Acta Biomed 2023; Vol. 94, N. 4: e2023191

DOI: 10.23750/abm.v94i4.14856 © Mattioli 1885

ORIGINAL ARTICLE

Mortality and complications in Omani patients with
beta-thalassemia major: a long-term follow-up study

Shahina Daar"?, Khalid Al-Naamani®, Vincenzo de Sanctis®, Sarah Al Rahbi,
Shoaib Zedjali6, Hammad Khan®, Vinodh K Panjfwani", Murtadha Al-Khabori’

'College of Medicine & Health Sciences, Sultan Qaboos University, Muscat, Oman; *Stellenbosch Institute for Advanced
Study, Wallenberg Research Centre at Stellenbosch University, Stellenbosch 7600, South Africa; 3Department of Medi-
cine, Armed Forces Hospital, Muscat, Oman; *Coordinator of ICET-A Network (International Network of Clinicians for
Endocrinopathies in Thalassemia and Adolescence Medicine), Ferrara, Italy; *Department of Hematology, Sultan Qaboos
University Hospital, Muscat, Oman; ®Research Laboratories, Sultan Qaboos Comprehensive Cancer Care & Research Centre,
Muscat, Oman

Abstract. Background and aim: Beta thalassemia major (B-TM) is a genetic blood disorder requiring lifelong
blood transfusions. The resulting iron overload damages multiple organs, particularly the heart and endo-
crine organs. This study aimed to describe and assess the predictors of survival and complications in Omani
patients with B-TM. Methods: All B-TM patients registered in the day care of Sultan Qaboos University
Hospital were included in this retrospective study. Resu/ts: There were 187 patients with B-TM with a median
follow-up of 24.9 years. The median ages at diagnosis and the start of chelation were 0.7 and 4.8 years, respec-
tively. The following complications developed at different time points [Median (age in years), Complication
Free Probability at 20 years]: Death (20.0 years;85%), hypogonadism (15.9 years;50%), insulin-dependent
or non-insulin dependent diabetes (20.0 years;88%), cardiac complications (20.3 years;91%), osteoporosis
(20.7 years;96%), hypothyroidism (25.7 years;97%), liver complications (7.3 years;54%). The number of compli-
cations predicted death (P=0.0038). Those born after 1980 had a lower risk of death (P=0.005), hypogonadism
(P=<0.0001), and cardiac complications (P = 0.004). Higher serum ferritin at the start of chelation was asso-
ciated with the development of diabetes (P = < 0. 001). Conclusions: This long-term study shows complications
development at different ages, and the number of complications is associated with survival. Later birth cohorts
had a lower risk of death, hypogonadism, and cardiac complications. There was a persistent negative impact of
delay in the start of iron chelation that is present even after a long follow-up. (www.actabiomedica.it)
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Introduction

The prognosis for B-thalassemia major (B-TM)
patients has markedly improved over the past four
decades as shown by studies from the United King-
dom (UK), Italy, Greece and Cyprus, particularly in
B-TM patients born after 1990 (1-4). This has been at-

tributed to better transfusion policies, improved access

to a wider range of iron chelators and the use of T2*
magnetic resonance imaging (T2*MRI) to identify
and appropriately treat patients at risk of cardiac death
(5). Currently, almost all the published data on long-
term survival and complications in f-TM are from the
western population, particularly Europe and the USA,
with some data available from other countries such as
Lebanon, Hong Kong and Iran (1-4, 6-10). There have
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been no long-term survival studies published from the
countries in the Arabian Peninsula, which have a rela-
tively younger health care system.

The current modern healthcare system in the
Sultanate of Oman only dates back to the 1970s, and
standard treatment of B-TM was not readily available
until the late 1980s. In 1991, almost all patients (age
range 2yrs-18yrs) with p-TM in Oman were trans-
ferred to the day care unit of the newly commissioned
Sultan Qaboos University Hospital (SQUH). It cur-
rently remains the largest unit, although smaller cen-
tres are now present in all regional hospitals. We report
here our experience of survival and complications in
a cohort of Omani patients with B-TM followed and
treated in the same unit over nearly 3 decades.

Methods

This is a retrospective study from a prospectively
collected database with long-term follow-up. A total
of 187 patients with B-TM were treated in the day care
unit of SQUH, Muscat, Oman, from April 1991 to Jan
2020. All patients with B-TM, based on Hb electro-
phoresis or HPLC, who started regular blood transfu-
sion before the age of 5 years (yrs) and were registered
in SQUH day care from April 1991 onwards, were
included. For the purposes of this study, we limited
the start of follow-up to 1991, as there was inadequate
data on deaths and causes of death prior to this date.
The last follow-up before data lock was 1 of January
2020. All patients had been transfused with packed red
cells 2-4 weekly, and iron chelation had been started
either when patients were transferred from other insti-
tutions if they were not on regular chelation, or when
the serum ferritin (SF) was 1000 ng/ml.

SF was measured using the immuno-turbidimetry
method (Roche), and mean yearly SF was calculated.
Yearly endocrine assessment after the age of 10 years
included 2-hour oral glucose tolerance test (OGTT),
pubertal assessment (physical and biochemical), and
biochemical assessment of thyroid and parathyroid
function. Growth hormone was tested in pubertal pa-
tients if the growth velocity/year was < 3™ centile for
age and sex or below the target height. All patients
over the age of 20 yrs had regular dual-energy X-ray

absorptiometry (DEXA) scans. DEXA scan was not
performed on younger patients as no control data were
available for Omani children and adolescents.

Additional data included age at diagnosis of B-
TM, age at starting regular iron chelation, age at on-
set of endocrine complications or other complications,
splenectomy status, hepatitis B, C and HIV data, past
history of severe infections, date and cause of death.
From September 2006, cardiac and liver MRI T2*
were available. Liver fibrosis was assessed using two-
dimensional shear wave elastography (2-D SWE) im-
aging (GE LOGIQ E9 XD clear 2.0; GE Healthcare,
Milwaukee, WI, USA). Liver elastography of > 8 KPas
represents stage 2 fibrosis (F2) which is considered
significant (11).

Chelation therapy

Only 4 patients of the first group transferred in
1991 to the day care unit of SQUH were on regular
chelation due to a lack of portable infusion pumps.
Thereafter, pumps were freely available, and all pa-
tients were offered subcutaneous (s.c.) iron chelation
with deferoxamine (DFO) for 8 hours/day, 5 days/
week. However, compliance in the early years was
poor, particularly with older patients, and some fami-
lies refused chelation. In 2000 the oral chelator, de-
feriprone (DFP), became available, and by 2001 most
patients were either on combination DFO and DFP
or monotherapy with DFP if SF levels dropped mark-
edly. Deferasirox (DFX) became available to our pa-
tients in 2010.

Statistical analysis

Continuous variables were described using me-
dians and interquartile ranges (IQR), while categori-
cal variables were described using frequencies and
percentages. Overall Survival (OS) was estimated
from the date of the centre registration till the date
of death or last follow-up. The probability of OS was
estimated using the Kaplan-Meier curve. The impact
of predictors was assessed using univariable and multi-
variable Cox-Regression analyses. Birth cohorts were
categorized using the following: born before 1980
(BC1), 1980 - 1989 (BC2), 1990 - 1999 (BC3), and
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2000 - 2009 (BC4). An alpha threshold of 0.05 was
used for statistical significance and no correction for
multiple testing was performed. All descriptive and
analytical statistics were performed using R program
version 3.5.2 (R Core Team (2013). R: A language
and environment for statistical computing. R Founda-
tion for Statistical Computing, Vienna, Austria. URL
http://www.R-project.org/).

Ethics

The study was approved by the Medical Research
Ethics Committee of the College of Medicine and
Health Sciences, Sultan Qaboos University, Muscat,
Oman (June 2020, MREC#2133).

Results

Baseline characteristics

A total of 187 patients with B-TM (Table 1) were
included in this study with a median follow-up dura-
tion of 24.9 years (IQR: 15.2 — 27.3) for all patients,
and 26.6 years (IQR: 24.0 — 27.9) for those alive. The
median ages of diagnosis and start of chelation were
0.7 and 4.8 years, respectively. At the start of chelation,
the median SF was 2276 ng/ml (IQR: 1372 - 4516)
compared to 2177 ng/ml (IQR: 1152 - 4882) at last
follow-up (P = 0.85). The majority of patients (55%)
were homozygous for the IVS1,5 G>C mutation, fol-
lowed by homozygous cod 44-C. Other mutations in-
cluded IVS1-3’end -25 bp deletion, IVS 11-1 G>A
and the 619 bp deletion. We were unable to identify
12 alleles as patients had died and DNA samples were
either too degraded or not available. A total of 67 pa-
tients underwent splenectomy before transferring to
our unit or during follow-up.

Owerall survival (OS)

During the study period, 51 patients died. Causes
of death (Figure 1) included cardiac complications in
24 (47%), infections in 14 (27.4 %), including 6 pa-
tients with acquired immunodeficiency syndrome

(AIDS) in the first 6 yrs of follow-up, bone marrow

Table 1. Baseline Characteristics (n = 187).

Characteristic Value
Age, median (IQR), years
Diagnosis 0.7 (0.4-1.2)
Seen at Thalassemia Centre 4.1(1.4-8.3)
Start of chelation 4.8(2.9 -8.0)
Gender, n (%)
Male 99 (53)
Female 88 (47)
Genotype, n (%)
homozygous IVS1,5 G>C (B*/B*) 103 (55)
homozygous COD 44 -C (B°/p°) 23 (12)
heterozygous IVS1,5 G>C (B*/p°) 26 (14)
heterozygous COD 44 -C (B°/p*) 4(2)
Others 19 (10)
Missing 12 (7)
Pre-transfusion Hb, g/dL 9.3(9.0-9.7)
Splenectomized, n (%) 67 (36%)
Serum Ferritin, ng/ml (IQR)
Start of chelation 2276 (1372 - 4516)
Last follow-up 2177 (1152-4882)
Highest 4736 (3118 - 7845)
Mean 2238 (1524 - 3779)
Annual blood requirement,
median (IQR), ml/Kg/year (IQR) 217 (186 - 250)

Abbreviations: IQR: Interquartile range; n: number; IVS: intervening
sequence; Cod: codon; g/l: grams per decilitre.

transplant-related in 5 (9.8 %), liver disease in 5 (9.8 %)
and other causes in 3 (5.9%). The OS probability at 20
years was 85% (95% CI: 80 - 90). After censoring for a
bone marrow transplant, the OS probability at 20 years
was 84% (95% CI: 79 - 90). Table 2 details the results
of the univariable and multivariable analyses of OS
and the other study outcomes. The probability of OS

according to the birth cohorts is shown in Figure 2.
Development of complications

A total of 146 (78.1%) patients developed at least
one complication related to B-TM or therapy. The
probability of developing one, two and three or more
complications during the follow-up was 21.9% (41 pa-
tients), 16.0% (30 patients), and 40.1% (75 patients),
respectively. The number of complications devel-
oped predicted the OS of these patients (P = 0.0038,
Figure 3).
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Figure 1. Causes of Death in the Total Cohort April 1991- January 2020 (51 patients).

Table 2. Impact of baseline factors on the risk of complications.

777

2011-2016

N\
N

2017-2020

Overall survival (n=51 died)

Cardiac Complications (n=29)

Hypogonadism (n =103)

(p-value)

Median age of 20.0 (16.0 - 24.0) 20.3 (16.4 -23.8) 15.9 (15.0-17.3)
complication (IQR),
years
Model Univariable Multivariable Univariable Multivariable Univariable Multivariable
Gender (M vs. F), 1.1 (0.66) NA 0.999 (0.997) NA 0.5 (0.0004) 0.5 (0.0007)
HR (p-value)
Age at the center, HR 1.1 (0.003) 1.03 (0.7) 1.06 (0.0076) 0.95 (0.55) 1.06 (<0.0001) 0.96 (0.4)
Birth Cohort, HR
(p-value), (Ref: BC1)
BC2 0.5 (0.04) 0.5(0.4) 0.4 (0.047) 0.4 (0.2) 0.6 (0.035) 0.5(0.1)
BC3 0.2 (0.0004) 0.5 (0.4) 0.1 (0.0007) 0.2 (0.2) 0.3 (<0.0001) 0.3 (0.08)
BC4 0.6 (0.47) 2.4 (0.4) 0.4 (0.42) 0.9 (0.92) 0.1 (0.005) 0.2 (0.06)
Serum Ferritin at 1.0002 (0.001) 1.0001 (0.2) | 1.0003 (<0.0001) 1.0003 1.0002 (<0.0001) | 1.0001 (0.1)
start of chelation, HR (0.026)

Probability of
Complication free
survival

At 20 years (95%CI)

85%

(80-90)

91%

(87-96)

50%

(43-58)
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Overall survival (n=51 died)

Cardiac Complications (n=29)

Hypogonadism (n =103)

Diabetes (n = 38)

Hypothyroidism (n = 24)

Hypoparathyroidism (n = 12)

start of chelation, HR
(p-value)

Median age 20.0 (16.8 -25.1) 25.7 (21.4 -31.4) 22.3 (18.8 -24.8)
complication (IQR),
years
Model Univariable Multivariable Univariable Multivariable Univariable Multivariable
Gender (M vs. F), 0.8 (0.5) NA 0.45 (0.07) NA 1.96 (0.3) NA
HR (p-value)
Age at the center, HR 1.1 (0.0003) 1..03 (0.67) 0.97 (0.5) NA 0.99 (0.8) NA
Birth Cohort, HR NA NA
(p-value), (Ref:BC1)

BC2 0.4 (0.02) 0.9 (0.9) 1.5 (0.5) 2.1(0.48)

BC3 0.1 <(0.0001) 0.1(0.1) 0.7 (0.6) 1.1 (0.93)

BC4 0.3(0.3) 1.5 (0.8) 1.04x1077 (0.998) 1.5 x 107 (0.998)
Serum Ferritin at 1.0003 (<0.001) | 1.0002 (0.02) 1.00001 (0.9) NA 1.0002 (0.3) NA
start of chelation, HR
(p-value)
Probability of 88% 97% 97%
Complication free
survival (83-93) (94-99.6) (94-99.6)
At 20yrs (95%CI)

Osteoporosis (n = 50) Liver complications (n = 104)

Median age of 20.7 (20.3 -23.1) 7.3 (3.4-17.6)
complication (IQR),
years
Model Univariable Multivariable Univariable Multivariable
Gender (M vs. F), 1.3(0.4) NA 1.1 (0.51) NA
HR (p-value)
Age at the center, HR 0.99 (0.8) NA 1.1 (<0.0001) 1.05 (0.32)
Birth Cohort, HR NA
(p-value), (Ref:BC1)

BC2 1.9 (0.14) 0.6 (0.045) 1.05 (0.9)

BC3 1.001 (0.999) 0.1 (<0.0001) 0.4 (0.1)

BC4 3.6 x 107 (0.997) 0.3 (0.0049) 0.8 (0.7)
Serum Ferritin at 1.00003 (0.7) NA 1.0002 (<0.0001) | 1.0001 (0.09)

Probability of
Complication free
survival

At 20 years (95%CI)

54%

(47-62)

Abbreviations: IQR: interquartile range; NA: not available; HR: hazard ratio; BC: birth cohort (BC1: born <1980, BC2: born 1980-1989, BC3: born
1990-1999, BC4: born 2000-2009); CI: confidence interval.
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Infections

There were 40 severe infections in which the caus-
ative organism was documented. Plasmodium falcipa-
rum malaria accounted for 14 infections, the majority
occurring before the year 2000. Of the remaining 26
infections, 19 (73.1%) were caused by gram negative
organisms, mainly Klebsiella pneumoniae; 14 (73%) of
those patients were splenectomized, seven were dia-
betic, and six were both splenectomized and diabetic.
Six patients had been infected by the Human Immu-
nodeficiency virus (HIV') before transfer to our unit.

Cardiac complications

Twenty-nine patients developed cardiac com-
plications. The median of the last cardiac T2* that
these patients had was 5.5 milliseconds (ms) (IQR:
4.7 — 18.9). The median SF before the development
of cardiac complication was 2793 ng/ml (IQR: 2052
- 6486). All 29 patients developed congestive cardiac
failure, and 24 (82.7%) of them died.

Endocrine complications

Hypogonadism developed in 103 (55%) patients
during the study period. The median SF, during puber-
tal age, before the development of hypogonadism was
3500 ng/ml (IQR: 2161 - 5079). Patients with hypo-
gonadism had a significantly higher median SF when
compared to those who were eugonadal (2703 vs. 1858
ng/ml, P= < 0.0001) and had a higher risk of develop-
ing osteoporosis (OR 3, P = 0.007).

Thirty-eight (20.3%) patients developed diabe-
tes mellitus (DM) during the follow-up; 27 patients
presented with insulin-dependent diabetes (IDDM),
and 15 first developed non-insulin-dependent diabe-
tes (NIDDM). The median SF before the develop-
ment of IDDM and NIDDM were 3776 ng/ml (IQR:
2637 - 6263) and 2738 ng/ml (IQR: 2242 - 5728),
respectively. Patients with diabetes were more likely
to have hypothyroidism (OR 5, P = 0.0004), hypog-
onadism (OR 13, P = < 0.0001), liver disease (OR 5,
P=0.0004), and to have been splenectomized (OR 17,
P= < 0.0001). All patients who had cardiac compli-
cations also had diabetes. Patients with diabetes had

a significantly higher median SF than those without
(3602 vs. 2036 ng/ml, P = 0.0002).

Twenty-four (12.8%) patients developed hypo-
thyroidism and 12 (6.4%) developed hypoparathy-
roidism. The median SF before the development of
primary hypothyroidism was 2473 ng/ml (IQR: 1897
- 3660) while it was 3954 ng/ml (IQR: 2484 - 4244)
before the onset of hypoparathyroidism.

A total of 100 adult patients had DEXA scan and
50 (50%) were found to be osteoporotic. The probabil-
ity of being free from osteoporosis at 25 years was 73%
(95% CI: 65-80). There was no statistically significant
predictor of these complications in the univariable
model (Table 2). One patient was treated for growth
hormone deficiency for 5 years.

Hepatic complications

A total of 104 (55.6%) patients developed at least
one hepatic complication. This was hepatitis C virus
infection (HCV) in 76 patients (40.6 %), hepatitis B
virus infection (HBV') in 3 patients (1.6%), and liver
abscess in 2 patients (1%). Significant liver fibrosis
(KPa>8.8) was found in 45 patients with or without
HCV. The median liver elastography value was 8.8 kPa
(IQR: 7.4 - 10.3). The median highest LIC in the co-
hort was 13.6 g/gram dry weight (g.d.w.) (IQR: 6.9 -
21.4).

Discussion

This study, encompassing 187 B-TM patients
treated in a single unit between 1991-2019 for a me-
dian follow-up of 24.9 years, is the longest reported
from the Middle East. Fifty-one patients (27.3%)
died over the study period, a relatively high number
compared to some published reports, e.g., Italy 8.47%,
Cyprus 10.9%, and Iran 8-23.3% (2-4,9,10). However,
one of the Iranian studies also included patients with
thalassemia intermedia, which would almost certainly
have affected their results. Both Italy and Cyprus
started good management of B-TM early, which may
explain their better survival, whereas many of our pa-
tients did not start iron chelation until their second

decade. On the other hand, reports from both the UK
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and Greece have shown overall mortality of >20%
(1,3). In both these latter studies, the highest percent-
age of deaths was due to cardiac complications, and
the risk of cardiac death improved after 2000. This has
been attributed to improved chelation availability and
the use of MRI T2* to better identify patients most
at risk. At least two studies have demonstrated that
cardiac T2* <10 ms increases the risk of heart failure,
and cardiac T2* of < 6 ms is even more strongly associ-
ated with the risk of cardiac arrhythmia (12,13). After
MRI T2* became available for our patients in 2006,
there were 20 deaths; all 8 cardiac-related deaths had
T2* < 10 ms at the time of death, and 6 of them had
T2* < 6 ms.

Intravenous (IV) or s.c. iron chelation has been
shown to reverse cardiac disease, and home delivery
of disposable infusers with DFO is regularly provided
in the UK to high-risk patients (14,15). Our study
showed no improvement in the number of deaths due
to cardiac iron load in the 13 years following the avail-
ability of cardiac MRIT2*. In our unit, patients identi-
fied as high risk had T2*MRI performed 3-4 monthly
and were given increased, focused counseling. We at-
tempted to provide 24-hour chelation, with continuous
DFO and oral DFP in divided doses. Although DFO
infusers (to be used with a port-a-cath) are available
to our patients, home delivery of newly filled infus-
ers is not Currently an option in our setting. Therefore,
these patients are advised to either use continuous s.c.
DFO chelation at home or be admitted long-term to
the hospital or, if using infusers, asked to come three
times a week for refills. The latter two strategies were
not sustainable for the long time it takes to improve
severe cardiac iron load. This lack and continued non-
compliance in most patients has continued to result in
deaths due to cardiac iron load.

It has also been postulated that females tolerate
iron toxicity better than males (16). However, pub-
lished data on the impact of gender on survival has
been variable, with studies from Italy, Greece and
Cyprus showing improved survival in females with
B-TM (2,4,17,18). In contrast, other studies from
Lebanon and Iraq showed no difference between the
genders (7,19). We found no significant difference
in overall survival between males and females in our
cohort, but this may change as our cohorts get older.

Some studies have shown that the f-globin geno-
type can affect cardiac function and organ iron over-
load (20,21). On the contrary, we found that genotype
had no impact on OS or morbidity in our cohort,
most of whom had either B or B* mutations. The
commonest mutation in our patients is IVS1,5 G>C
which is known to be a severe B* mutation and our
findings agree with a recently published large study
on 2019 patients by Musallam et al that showed that
B* mutations have the same severe risk profile as B°
mutations (22).

Twenty-nine patients had cardiac failure at some
point during follow-up. Low SF has been shown to
be a predictor of improved survival, and an early re-
port by Olivieri et al. (23) identified the majority of
SF values being < 2500 ng/ml as a factor affecting car-
diac disease-free survival (2,7). We found that age at
referral to our centre and SF at the start of iron chela-
tion were significant factors (univariable analysis) in
the development of cardiac complications. In addition,
the median SF was 2793 ng/ml before cardiac disease
occurred.

Deaths due to infection decreased after 2010
(Figure 1). AIDS accounted for 6 deaths; all patients
were infected before the availability of routine blood
donor testing for HIV and no patient became infected
after 1991. Over the nearly three decades of the study
period there was a marked reduction in patients dying
of bacterial infections. We attribute this improvement
to sensitization and increased awareness of doctors in
the regional hospitals (where patients are most likely to
present first) of the high likelihood of gram-negative
infections in B-TM patients, as well as to continued
education of patients themselves.

Endocrinopathies, secondary to organ iron over-
load, are major complications in B-TM and are com-
mon worldwide (24). Studies have shown that older
Italian B-TM patients and over 80% of Iranian patients
have at least one endocrinopathy (24,25). In North
Anmerica, the incidence rate for new onset of endocrine
disturbance was 14% for each of 5 years of advancing
age (6). The commonest endocrinopathy in all B-TM
populations is hypogonadism, with studies reporting
a prevalence of 23-78% (Table 3) (6,7,25-31). Fifty-
five percent of our cohort had hypogonadism. Gender
and birth cohort were significant in the multivariable
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Table 3. Comparison of endocrinopathies in thalassemia major between countries.

Country, number Hypogonadism Diabetes Hypothyroidism Hypoparathyroidism Osteoporosis
of patients (%) (%) (%) %) %)
Oman, 187 55 19.7 8.5 5.9 507
(current study)

Lebanon, 214 (7) 27.9 7 20.9 N.A.

USA, 342 & 236 35,51.3 10,141 9,12 4,21

(6, 26)

Italy,720 (27) 44-78 4.7-18 17-39 2-17 16.3-69.7
Hong Kong, 232 (8) 29.7 8.6 6.9

Taiwan, 454 (28) 23.1 21.2 8.8 2

Iran, 713 & 613 44.5 and 46.8 15.9,7.8 10.7 and 8.3 13.2 and 22

(25,29)

Cyprus, 435 (30) 32.5 9.4 5.9 1.2

UK®, 612 (31) 34 39.7

Legend: SUK reported that the sum of patients who had hypopituitarism, hypothyroidism, hypoparathyroidism was 40%; YDexascan only performed

on patients > 20 years age. N.A. not available.

analysis, with males having a lower incidence. The high
percentage of patients with hypogonadism in our total
cohort may possibly be due to late start in chelation in
older patients, as cohorts born after 1980 had a lower
incidence.

Diabetes, both NIDDM and IDDM, was the next
commonest endocrinopathy in our cohort, with a prev-
alence of 20.3%. An earlier report on 30 adult Omanis
with B-TM showed a similarly high prevalence (32). A
meta-analysis by He et al. has shown a high prevalence
of glucometabolic disorders in f-TM, with the highest
prevalence in the Middle East (33). An association be-
tween splenectomy and impaired glucose tolerance or
diabetes has also been reported (24,25,34). It has been
suggested that removal of the spleen decreases total
body iron storage capacity, thus increasing iron load in
other organs, including the pancreas (24). Our results
show that patients with diabetes were more likely to
have been splenectomized and to have hypogonadism,
cardiac disease and liver disease. However, this correla-
tion is confounded by the fact that most of our older
patients started iron chelation late, and, before 2010,
splenectomy was performed more frequently at a rela-
tively young age (Table 1). In addition, splenomegaly,
with increased transfusion requirements, is the com-
monest reason for performing a splenectomy in thalas-
semia, and so these patients already had a high iron

load. Our data analysis shows that SF at the start of
chelation, birth cohort and age at entry to our centre
were all significant predictors for the development of
diabetes in the univariable analysis. However, only SF
at the start of chelation was significant in the multivar-
iable model. In addition, patients with hypogonadism
or diabetes had a significantly higher median SF than
those without. It is notable that no patient reverted to
normoglycaemic status despite some patients achiev-
ing persistent SF <1000 ng/ml and some <500 ng/ml.
Iron removal from the pancreas has been shown to be
difficult and Calleja et al. showed that early chelation
could prevent diabetes, thus emphasizing the need for
early and adequate iron chelation (34,35).
Hypothyroidism and hypoparathyroidism were
present in 12.8% and 6.4% of patients, respectively, but
no significant predictors were associated with these
two endocrinopathies. These are similar findings to a
major Italian study where SF was also not associated
with hypothyroidism (2). It is noticeable that hypo-
thyroidism appears to be less common in our patients
than that reported in Italy (17-39%) and Lebanon
(20.9%), although comparable to that reported in the
USA, Iraq, Iran and Cyprus (Table 3). The reason for
this needs further exploration. Osteoporosis developed
in 50% of patients over the age of 20 yrs, and, as ex-
pected, was more prevalent in those individuals with



10

Acta Biomed 2023; Vol. 94, N. 4: ¢2023191

hypogonadism. Longer term studies are needed to see
if younger cohorts who have a lower incidence of hy-
pogonadism are similarly affected.

HCYV infection among multi-transfused patients
is known to enhance liver fibrosis. Angelucci et al. (36)
reported a high risk of liver fibrosis progression in the
presence of chronic HCV and high LIC > 22 mg/g d.w.
In contrast, the median highest LIC seen in our cohort
was 13.6 mg/g d.w. (IQR: 6.9 - 21.4), and the median
liver elastography Kpa was 8.8 (IQR: 7.4 - 10.3), indi-
cating significant liver fibrosis of more than F2 in the
METAVIR staging system but with a much lower LIC.
Similar findings of a lower level of LIC associated with
cirrhosis have been reported in 51 Egyptian p-TM pa-
tients, of whom 82% were anti-HCV positive with a
median LIC of 12 mg/g d.w. (37). Two of our patients
died of advanced hepatocellular carcinoma (HCC), and
two died secondary to decompensated liver cirrhosis.
The most common etiology of HCC is liver cirrhosis
secondary to chronic viral hepatitis and iron overload.
With the development of direct anti-viral agents to
treat chronic hepatitis C, most thalassemia patients will
be successfully treated. However, older patients with
cirrhosis remain at risk for HCC even after treatment
and sustained virological response (38).

Finally, our data show that the number of com-
plications developed impacted overall survival in our
cohort, with those patients having more than two com-
plications having a poorer outcome. Data from a single
tertiary care centre and lack of data before 1991 are lim-
itations of the current study. However, we present along
follow-up with prospectively collected data, and the ad-
vantage of a single centre is uniformity of treatment.

Conclusions

This is the first long term evaluation of morbidity
and mortality in B-TM patients from the Arab world.
Complications secondary to iron overload remain a
major challenge in Omani B-TM patients and there is
a strong association between the number of complica-
tions and mortality despite the universal availability of
chelators. Cardiac disease remains a significant cause
of morbidity, although the youngest cohort is showing
an improvement in this respect. European countries

have shown a marked decrease in cardiac-related
deaths over the past two decades, whereas our cohort
shows no such reduction, and it is clear that our cur-
rent chelation strategy for patients with heavy cardiac
iron load needs to be improved. Infections have been a
major cause of death, but 3rd and 4th generation anti-
biotics to treat septicaemia, particularly in splenecto-
mized patients, have improved survival. Liver-related
morbidity and mortality should improve in the coming
years due to the effective treatment of HCV.

The importance of starting early chelation has
multiple aspects, the most important being to prevent
irreversible damage to the endocrine organs, particu-
larly the pancreas and pituitary. In addition, our expe-
rience has been that, despite freely available chelation
and persistent focused counseling, families and pa-
tients are very resistant to regular chelation if they have
not been started in early childhood.

Our data shows a that delay in the start of iron
chelation has a persistent impact on morbidity and
mortality that is present even after a long follow-up.

Funding: None

Conflict of Interest: Each author declares that he or she has no
commercial associations (e.g. consultancies, stock ownership, equity
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article.

Authors Contribution: Authors Contributions: All Authors: Col-
lection and Review of data and analysis of literature. MAK, SZ, SD:
Analysis of data. SD, MAK and KAN: Writing of original draft
preparation. Revision of manuscript with editing: SD, MAK, VSD
and KAN. All authors have read and approved the final version of the

manuscript, ensuring the accuracy and integrity of the manuscript.

References

1. Modell B, Khan M, Darlison M, et al. Improved survival of
thalassaemia major in the UK and relation to T2* cardiovas-
cular magnetic resonance. ] Cardiovasc Magn Reson. 2008;
10(1):42. doi: 10.1186/1532-429X-10-42.

2. Borgna-Pignatti C, Rugolotto S, Stefano PD, et al. Sur-
vival and complications in patients with thalassemia major
treated with transfusion and deferoxamine. Haematologica
2004; 89(10):1187-93 PMID: 15477202.



Acta Biomed 2023; Vol. 94, N. 4: ¢2023191

11

3.Ladis V, Chouliaras G, Berdoukas V, et al. Survival in a
large cohort of Greek patients with transfusion-dependent
beta thalassaemia and mortality ratios compared to the gen-
eral population. Eur ] Haematol. 2011; 86(4):332-8. doi:
10.1111/j.1600-0609.2011.01582.x.

4. Telfer P, Coen PG, Christou S, et al. Survival of medically
treated thalassemia patients in Cyprus. Trends and risk
factors over the period 1980-2004. Haematologica 2006;
91:1187-92. PMID: 16956817.

5. Anderson L], Holden S, Davis B, et al. Cardiovascular T2-
star (T2*) magnetic resonance for the early diagnosis of
myocardial iron overload. European Heart Journal. 2001;
22(23):2171-9. doi: 10.1053/ euh;j.2001.2822.

6. Cunningham M], Macklin EA, Neufeld EJ, Cohen AR.
The Thalassemia Clinical Research Network Complications
of B-thalassemia major in North America. Blood. 2004;
104(1):34-9. doi: 10.1182/blood-2003-09-3167.

7. Charafeddine K, Isma’eel H, Charafeddine M, et al. Survival
and Complications of Beta-Thalassemia in Lebanon. Acta
Haematol. 2008;120(2):112—6. doi: 10.1159/000171088.

8.Li CK, Luk CW, Ling SC, et al. Morbidity and mortal-
ity patterns of thalassaemia major patients in Hong Kong:
retrospective study. Hong Kong Med J. 2002; 8(4):255-60.
PMID: 12167729.

9.Kosaryan M, Vahidshahi K, Karami H, Forootan MA,
Ahangari M. Survival of Thalassemic Patients Referred to
the Boo Ali Sina Teaching Hospital, Sari, Iran. Hemoglobin.
2007; 31(4):453-62. doi: 10.1080/03630260701641294.

10. Rajacefard A, Hajipour M, Tabatabaee HR, et al. Analysis of
survival data in thalassemia patients in Shiraz, Iran. Epidemiol
Health. 2015; 37:¢2015031 doi: 10.4178/epih/ €2015031.

11. Sporea I, Bota S, Gradinaru-Tagcau O, Sirli R, Popescu A,
Jurchis A. Which are the cut-off values of 2D-Shear Wave
Elastography (2D-SWE) liver stiffness measurements pre-
dicting different stages of liver fibrosis, considering Transient
Elastography (TE) as the reference method? Eur J Radiol.
2014; 83(3):e118-22. doi: 10.1016/j.¢jrad. 2013.12.011.

12. Kirk P, Roughton M, Porter JB, et al. Cardiac T2* Mag-
netic Resonance for Prediction of Cardiac Complications in
Thalassemia Major. Circulation. 2009; 120(20): 1961-8. doi:
10.1161/CIRCULATIONAHA.109.874487.

13. Carpenter J-P, Roughton M, Pennell DJ. Myocardial Iron in
Thalassemia (MINT) Investigators. International survey of
T2* cardiovascular magnetic resonance in beta-thalassemia
major. Haematologica. 2013; 98(9):1368-74. doi: 10.3324
/haematol. 2013. 083634.

14. Anderson L], Westwood MA, Holden S, et al. Myocardial
iron clearance during reversal of siderotic cardiomyopa-
thy with intravenous desferrioxamine: a prospective study
using T2* cardiovascular magnetic resonance. Br ] Hae-
matol. 2004;127(3):348-55. doi: 10. 1111/1.1365-2141
.2004.05202 x.

15.Modell B, Khan M, Darlison M. Survival in beta-
thalassaemia major in the UK: data from the UK Thalassae-
mia Register. Lancet 2000; 355(9220): 2051-2. doi: 10.1016
/50140-6736(00)02357-6.

16. Marsella M, Borgna-Pignatti C, Meloni A, et al. Cardiac iron
and cardiac disease in males and females with transfusion-
dependent thalassemia major: a T2* magnetic resonance
imaging study. Haematologica. 2011; 96(4):515-20. doi:
10.3324/haematol.2010.025510.

17. Pepe A, Gamberini MR, Missere M, et al. Gender differ-
ences in the development of cardiac complications: a multi-
centre study in a large cohort of thalassaemia major patients
to optimize the timing of cardiac follow-up. Br ] Haematol.
2018; 180(6):879-88. doi: 10.1111/bjh.15125.

18. Chouliaras G, Yiannoutsos CT, Berdoukas V, Ladis V. Car-
diac related death in thalassaemia major: time trend and
risk factors in a large Greek Unit. Eur ] Haematol. 2009;
82(5):381-7. doi: 10.1111/).1600-0609.2009.01218 x.

19. Al-Hafidh NM, Younis MS, Al Taee KF. Survival rate and
mortality causes in patients with B-thalassemia major in
Nineveh Governorate, Iraq. PIMHS 2020; 14(3):1274-77.

20. Pistoia L, Meloni A, Salvadori S, et al. Cardiac involvement
by CMR in different genotypic groups of thalassemia major
patients Blood Cells Mol. Dis. 2019; 77:1-7. doi: 10.1016/j
.bemd.2019.01.008.

21. Hassan TH, Abdel Salam MM, Zakaria M, et al. Impact of
Genotype of Beta Globin Gene on Hepatic and Myocardial
Iron Content in Egyptian Patients with Beta Thalassemia.
Indian J Hematol Blood Transfus. 2019; 35(2):284-91. doi:
10.1007/512288-018-1034-x.

22. Musallam KM, Vitrano A, Meloni A, et al. Primary HBB
gene mutation severity and long-term outcomes in a global
cohort of B-thalassaemia. Br ] Haematol. 2022; 196 (2) :
414-423. doi: 10.1111/bjh.17897.

23. Olivieri NF, Nathan DG, MacMillan JH, et al. Survival
in medically treated patients with homozygous beta-
thalassemia. N Engl ] Med. 1994;331(9):574-8. doi: 10.1056
/ NEJM199409013310903.

24.De Sanctis V, Elsedfy H, Soliman AT, et al. Endocrine
profile of P-thalassemia major patients followed from
childhood to advanced adulthood in a tertiary care center.
Indian ] Endocrinol Metab. 2016; 20(4):451-9. doi:
10.4103/2230-8210.183456.

25.Bordbar M, Bozorgi H, Saki F, et al. Prevalence of endo-
crine disorders and their associated factors in transfusion-
dependent thalassemia patients: a historical cohort study in
Southern Iran. ] Endocrinol Invest. 2019; 42 (12):1467-76.
doi: 10.1007/5s40618-019-01072-z.

26. Vogiatzi MG, Macklin EA, Trachtenberg FL, et al. Differ-
ences in the prevalence of growth, endocrine and vitamin D
abnormalities among the various thalassemia syndromes in
North America. Br ] Haematol. 2009; 146(5): 546—56. doi:
10.1111/j.1365-2141.2009.07793 x.

27.Pinto VM, Poggi M, Russo R, Giusti A, Forni GL.
Management of the aging beta-thalassemia transfusion-
dependent population - The Italian experience. Blood Rev.
2019; 38:100594. doi: 10.1016/j.blre.2019.100594.

28. Wu H-P, Lin C-L, Chang Y-C, et al. Survival and complica-
tion rates in patients with thalassemia major in Taiwan. Pediatr
Blood Cancer. 2017; 64(1): 135-8. doi: 10.1002/ pbc.26181.



12

Acta Biomed 2023; Vol. 94, N. 4: ¢2023191

29.

30.

Yaghobi M, Miri-Moghaddam E, Majid N, Bazi A,
Navidian A, Kalkali A. Complications of Transfusion-
Dependent B-Thalassemia Patients in Sistan and
Baluchistan, South-East of Iran. ] Hematol Oncol Stem
Cell Res. 2017;11(4):268-72. PMID: 29340121.

Toumba M, Sergis A, Kanaris C, Skordis N. Endocrine
complications in patients with Thalassaemia Major. Pediatr
Endocrinol Rev. 2007; 5(2):642-8. PMID: 18084158.

31. Jobanputra M, Paramore C, Laird SG, McGahan M, Telfer

32.

33.

34.

35.

P. Co-morbidities and mortality associated with transfusion-
dependent beta-thalassaemia in patients in England: a
10-year retrospective cohort analysis. Br ] Haematol. 2020;
191: 897-905. doi: 10.1111/bjh.17091.

Mula-Abed W-A, Al Hashmi H, Al Muslahi M, Al
Muslahi H, Al Lamki M. Prevalence of Endocrinopathies
in Patients with Beta-Thalassaemia Major - A Cross-
Sectional Study in Oman. Oman Med J. 2008; 23(4):
257-62 PMID: 22334838.

He L-N, Chen W, Yang Y, et al. Elevated Prevalence of
Abnormal Glucose Metabolism and Other Endocrine
Disorders in Patients with B -Thalassemia Major: A Meta-
Analysis. Biomed Res Int. 2019; 2019:6573497. doi:
10.1155/2019/6573497.

Pinto VM, Bacigalupo L, Gianesin B, et al. Lack of correla-
tion between heart, liver and pancreas MRI-R2*: Results
from long-term follow-up in a cohort of adult B-thalassemia
major patients. Am ] Hematol. 2018; 93(3):E79-E82. doi:
10.1002/ajh.25009.

Calleja EM, Shen JY, Lesser M, Grady RW, New MI,
Giardina PJ. Survival and morbidity in transfusion-
dependent thalassemic patients on subcutaneous desfer-
rioxamine chelation. Nearly two decades of experience.

Ann N'Y Acad Sci. 1998; 850:469-70. doi: 10.1111/j.1749
-6632.1998.tb10524 x.

36. Angelucci E, Muretto P, Nicolucci A, et al. Effects of
iron overload and hepatitis C virus positivity in determin-
ing progression of liver fibrosis in thalassemia following
bone marrow transplantation. Blood. 2002; 100(1):17-21.
doi:10.1182/blood.V100.1.17.

37.Elalfy MS, Esmat G, Matter RM, Abdel Aziz HEA,
Massoud WA. Liver fibrosis in young Egyptian beta-
thalassemia major patients: Relation to hepatitis C virus
and compliance with chelation. Ann Hepatol. 2013; 12(1):
54-61. doi:10.1016/51665-2681(19)31385-7.

38. De Sanctis V, Soliman AT, Daar S, et al. A concise review
on the frequency, major risk factors and surveillance of
hepatocellular carcinoma (HCC) in B-thalassemias: Past,
present and future perspectives and the ICET - A experi-
ence. Mediterr ] Hematol Infect Dis. 2020; 12(1):e2020006.
doi: 10.4084/MJHID.2020.006.

Correspondence:

Received: 3 June 2023

Accepted: 3 July 2023

Murtadha Al-Khabori MD,
Department of Hematology,

Faculty of Medicine & Health Sciences,
Sultan Qaboos University

Muscat, Oman

E-mail: mkkhabori@gmail.com



