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Abstract
Thalassemia, as the most prevalent genetic blood disorder, has many associated comorbidities including low bone mass. 
We studied the comparative effectiveness of alendronate (AL) and zoledronic acid (ZOL) on bone mass improvement in 
transfusion-dependent thalassemia (TDT) patients a year after treatment. Three hundred seventy-five TDT patients with 
low bone mass were enrolled in this study. After a year of treatment with either AL or ZOL, a second bone mineral density 
(BMD) test was ordered to compare the effectiveness of the two aforementioned drugs. Body mass index (BMI), physical 
activity, sun exposure, and biochemical laboratory data were also considered as associated factors in this study. The BMD 
test of both groups was almost the same at the baseline and it increased comparably after a year of treatment with AL and 
ZOL. However, there was a significant difference in lumbar spine BMD delta Z score between both groups of female patients. 
ZOL was more effective in increasing the lumbar spine BMD of female patients. The choice of bisphosphonates therapy 
(oral versus parenteral) should be individually selected by considering patient’s preference, compliance and the physician’s 
decision. Given the longer administration interval, and TDT patients’ compliance issue, it is justified to recommend ZOL as 
the drug of choice for patients suffering from low bone mass.
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Introduction

According to the World Health Organization (WHO), thalas-
semia is the most prevalent genetic blood disorder. As said 
by the censuses, there are approximately 26,000 thalassemia 
patients in Iran [1]. Transfusion-dependent thalassemia 
(TDT) patients face long-term complications, which requires 
ongoing treatment and follow-up. TDT patients’ longevity 
has increased noticeably over the years, using regular blood 
transfusions and iron chelating therapy [2]. Today, with 
more TDT patients reaching their third and fourth decades 
of life, age-related complications are more evident, which is 
a serious source of morbidity, such as bone mineral density 
disorder [3].

Initially, this disorder presents itself with facial and cra-
nial bones deformity due to bone marrow expansion caused 
by ineffective erythropoiesis, which is typical in TDT 
patients [4]. Later, various risk factors including iron over-
load, vitamin D deficiency, hypocalcemia, hypogonadism, 
growth hormone deficiency, insulin growth factor deficiency, 
and Desferrioxamine toxicity might gradually lead to early 
onset of low bone mass [5, 6].

Normal bone mass is indicative of a balance between 
osteoblasts bone formation and osteoclasts bone resorption. 
Dual-energy X-ray absorptiometry (DXA) of the lumbar 
spine and femoral neck is a practical method, available for 
measuring BMD [7]. The criteria we used to confirm low 
bone mass in TDT patients were according to the defini-
tion of the International Society for Clinical Densitometry 
(ISCD) [8].

Low bone mass in TDT patients requires a treatment 
which does not only slow down the process, but it is also 
preventative. Bisphosphonates (BP)s can increase BMD by 
inhibiting osteoclasts’ bone resorption. The basic mechanism 
is to prevent osteoclasts maturation and induce apoptosis [9]. 
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Hence, BPs seem to represent an ideal class of drugs for 
treating low bone mass. Alendronate (AL) is an approved 
oral BP which has been shown to be effective in increas-
ing bone density [10]. Another BP, zoledronic acid (ZOL), 
was recently evaluated in TDT patients and determined to 
successfully improve BMD [11, 12]. Therefore, this study 
aimed to compare the efficacy of both ZOL and AL in TDT 
patients in treating low bone mass while considering other 
associated factors, such as physical activity, sun exposure, 
body mass index (BMI), serum vitamin D, calcium (Ca), and 
phosphorus (Ph) levels.

Materials and Methods

Population

The subjects of this historical cohort study were selected 
from 734 TDT patients who had registered from March 2016 
to September 2017 in the comprehensive thalassemia center 
in Dastgheib hospital, affiliated to Shiraz University of Med-
ical Sciences, Iran. All patients older than 9 years with con-
firmed LBM (a Z score of − 2.0 or lower than the expected 
range for age based on ISCD’s standard) in the femoral neck 
or lumbar (L1-L4) spines who had been newly treated with 
either AL or ZOL for at least a year were included. Those 
with impaired renal and liver function, previous bisphospho-
nates treatments, and other forms of thalassemia including 
sickle-thalassemia and HbE-β thalassemia were excluded 
from the study, resulting in 359 exclusions. Patients were not 
on anticonvulsants drugs of any kind or corticosteroids for 
the past 12 months prior to the BMD. Also, there were no 
record of malabsorption syndromes (e.g., Crohn’s colitis, 
ulcerative colitis, cystic fibrosis, history of bariatric surgery) 
amongst our patients. The prevalence of other endocrine 
disorders in the remaining 375 TDT patients were hypog-
onadism (64.5%), diabetes mellitus (DM) (23.5%), hypopar-
athyroidism (18.4%) and hypothyroidism (7.7%).

Proper treatment of each endocrinopathy was determined 
for the patients during their annual endocrinologist visit: 
Levothyroxine for those with hypothyroidism, Calcitriol 
0.25–2.0 μg/day and calcium 1 g of calcium/day for those 
with hypoparathyroidism, either oral anti-diabetic agents or 
insulin therapy was prescribed for DM patients as appro-
priate and hormonal replacement therapy was utilized for 
hypogonadic patients. An informed written consent form 
was obtained from the participants. The study was approved 
by the local Ethics Committee of Shiraz University of Medi-
cal Sciences with the code number of 5359.

Treatment and BMD test assessment

Patients with confirmed LBM were divided into two 
groups of treatment. One group was treated with AL 
(Fosamax, Merck & Co., Inc) 70 mg weekly for a total 
duration of 1 year. The second group were treated with 
ZOL (Zometa, Novartis®) 4 mg (0.05 mg/kg in children) 
Iv infusion over 30 min twice a year (6 months apart). 
They were all eligible for receiving dosage of 4 mg. All 
patients were prescribed to take supplements of calcium 
500 mg and vitamin D 400 IU daily. Patients with vitamin 
D deficiency received weekly 50,000-unit vitamin D pearl 
for 8 weeks before starting bisphosphonates. In addition, 
patients with hypogonadism and other endocrinopathies 
were under direct supervision of endocrinologist and were 
receiving the required treatment.

The second BMD test was performed (as a part of the 
routine annual checkup) 12 months after initiating the 
treatment and the results were compared with the pre-
treatment BMD. The lumbar spines (L2–L4) and right 
femoral neck BMD were measured using Hologic system 
DXA (Discovery QDR, USA). The data of Hologic system 
DXA from the US Center for Disease Control’s “National 
Health and Nutrition Examination Survey” (NHANES) 
was used to interpret the bone density Z scores and nor-
mative data.

Safety and fracture

The patients were informed about the possible side effects 
of both drugs, such as gastrointestinal toxicity for AL, 
and fever/musculoskeletal pain for ZOL. The patients were 
asked to provide a report during monthly visits, if they 
had experienced any drug-related symptoms. Hematol-
ogy and biochemistry labs were tested before and after 
receiving both drugs. All unpleasant and unintentional 
clinical features were considered as adverse effects, and 
were appraised in terms of onset, duration and outcome by 
our physicians. There were no reported fractures amongst 
participants in the course of study.

Contributing factors

Sun exposure, physical activity, serum 25(OH) vitamin D, 
Ca and Ph levels, and BMI were also evaluated. Patients 
filled out a form that classified physical activity into three 
groups suggested by the American College of Sports 
Medicine: no physical activity, 1 h of physical activity 
less than three times a week, and at least 1 h of physical 
activity more than three times a week. To evaluate the 
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amount of sun exposure experienced by each patient, they 
were self-classified into three categories: less than 15 min, 
15–30 min, and more than 30 min a day of direct sun expo-
sure [1].

A technician took 5 ml venous blood after 8–12 h of fast-
ing during the yearly routine workup. Serum Ca and Ph were 
checked using colorimetric method with an auto-analyzer 
(Biosystem SA, Barcelona, Spain). 25-OH vitamin D levels 
were evaluated using electrochemiluminescent methods with 
Cobas 411 (Roche, Germany). Patients were classified into 
three groups with respect to their serum 25(OH) vitamin D 
level: sufficient (> 50 nmol/L), insufficient (30–50 nmol/L), 
and deficient (< 30 nmol/L) according to Institute Of Medi-
cine (IOM) [13]. Daily vitamin D tablet 400 IU was pre-
scribed for the latter two groups. BMI was measured and 
calculated by a trained health professional. Height was 
measured by a standard wall mounted meter and rounded 
to the nearest 0.5 cm. Weight was assessed via a standard 
scale (Seca, Germany), while the patients were wearing a 
light dress with shoes off. BMI was calculated using the 
standard formula, BMI (kg/m2) = weight(kg)/[height(m2)], 
and classified into four group: underweight (< 18.5), healthy 
(18.5–24.9), overweight (25.0–29.9), and obese (> 30) [14].

Statistical analysis

Data analysis was performed using SPSS, version 21. 
Descriptive data was presented in terms of mean, standard 
deviation, and 95% confidence interval. In each group bone 
mass indices were compared by Paired t test before and 
after treatment. Comparison of qualitative and quantitative 
variables between the two groups was done by χ2 test and 
Student’s t test respectively. P values less than 0.05 were 
considered to be statistically significant.

Results

The mean age of the 375 TDT patients in the study was 
29.1 ± 8 years [AL-treated group: 28.6 ± 8.8 (14–62), Zol-
treated group: 29.8 ± 6.7 (15–51)] and 58.1% of them were 
female. Table 1 shows the general characteristics and labora-
tory data of both groups (treated with AL or ZOL). Although 
age was matched in both groups, gender distribution was 
significantly different between the two (P = 0.008). Patients 
in both groups had similar bone mass indices before starting 
the treatment (P < 0.05). Considering the potential contribut-
ing factors such as BMI, Ca, Ph, sun exposure, and physical 
activity, there was no significant difference between the two 
groups. Despite taking vitamin D supplements, more than 
half of the patients in both groups had vitamin D deficiency.

DXA characteristics of both groups as well as the mean 
differences are summarized in Table 2. Lumbar spines BMD 

was significantly improved in both treatment groups, and the 
treatment effect was comparable in both groups. Conversely, 
Lumbar spines Z score were improved only in the ZOL-
treated arm. With regards to femoral neck BMD, neither 
ZOL nor AL could improve bone loss. On the other hand, 
femur neck Z score was increased in both groups without dif-
ference in treatment effect between the two drugs (Table 2).

Since gender distribution was significantly different 
between the AL and ZOL-treated groups, the analysis was 
repeated amongst females and males separately. The results 
revealed that the significant difference was more related 
to the female group (P = 0.01). ZOL increased lumbar Z 
score compared to AL only in the female strata (Table 3). 
Other variables such as age, height, weight, and BMI had 
no impact on the efficacy of the drugs. None of the bispho-
sphonates adverse event led to discontinuation of treatment 
(Table 4).

Since prevalence of hypoparathyroidism, an endo-
crine disorder with direct impact on bone mass, was 
18.4% amongst our patients (variable mean duration time: 
9 months–7 years), we excluded those with hypoparathy-
roidism and redid the analysis and achieved the same results. 
However, the treatment effect of ZOL on lumbar Z score in 
female subject was reduced, though it remained marginally 
significant (P = 0.051 95% CI − 0.34 to 0.0007).

Discussion

This study revealed that both AL and ZOL improved bone 
mass after a year of treatment in both femoral neck and lum-
bar spine of TDT patients; however, ZOL was more effective 
in female patients particularly in the lumbar spines area. 
Treatment of underlying endocrine disorders, particularly 
hypoparathyroidism and hypogonadism might help to 
achieve better results. Age, physical activity, sun exposure, 
BMI, as well as serum vitamin D, Ca, and Ph did not affect 
the efficacy of either ZOL or AL.

Low bone mass is a major cause of morbidity in TDT 
patients, caused by a variety of risk factors, different from 
risk factors for non-transfusion-dependent thalassemia 
patients. The impaired bone turnover is due to augmenta-
tion of bone reabsorption by osteoclasts, and reduction of 
osteoblasts caused by iron overload. In addition, bone mar-
row expansion due to ineffective erythropoiesis results in 
thinning of the cortex, making bones more prone to fractures 
[15–17].

Studies have suggested a correlation between the amount 
of bone mass and serum level of Ca, Ph, 25-(OH) vitamin 
D, ferritin as well as each individual’s gender, age, BMI, 
physical activity, and amount of sun exposure. Additionally, 
hypoparathyroidism acknowledged effects on bone mass was 
our consideration and verified its effect on bone mass by 
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some differences in results after excluding patients with this 
disorder [18].While different treatment options have been 
used to improve low bone mass in TDT patients, BPs remain 
to be the treatment of choice [9]. Since prior research have 
identified AL and ZOL as more efficient BPs, our study 
aimed to compare the effectiveness of these two drugs.

Our results showed that both drugs had a similar effect 
on bone mass improvement. However, when we compared 
the mean Z score difference of the lumbar spines bone 
mass, ZOL was shown to be more effective in female 

patients. With respect to male patients, the drugs showed 
equal efficacy in improving low bone mass, which was in 
agreement with the study by Orwoll et al. [19]. When we 
excluded patients with hypoparathyroidism and repeated 
the analysis, ZOL preference over AL in female patients 
became less significant. The fact that bone loss is dif-
ferent between genders amongst patients with thalas-
semia [16], the borderline result (P = 0.051) after gender 
stratification calls for further studies. Male participants 
with thalassemia suffer from bone loss more than their 

Table 1   Pre-treatment general 
characteristics and laboratory 
data of the study population

Vitamin D classification: (1) (< 30 ng/ml): deficient, (2) (30–50 ng/ml) insufficient, (3) (> 50 ng/ml) suf-
ficient
Sun exposure classification: (1) less than 15 min, (2) 15–30 min and (3) more than 30 min a day of direct 
sun exposure
Physical activity classification: (1) no physical activity, (2) 1 h of physical activity less than three times a 
week and (3): 1 h of physical activity more than three times a week
BMI sbody mass index, DXA dual-energy X-ray absorptiometry
* Statistically significant

Variable Alendronate- treated, 
n (218)

Zoledronate acid- treated, 
n (157)

P value

Weight (kg) (mean ± SD) 51.6 ± 10.1 52 ± 8.2 0.646
Height (cm) (mean ± SD) 159 ± 10 158 ± 9.7 0.458
BMI (%) 0.171
 < 18.5 26.2 18.5
 18.5–24.9 68.7 78.3
 25–29.9 3.7 3.2
 30 ≤ 1.4 0

Age (year) (mean ± SD) 28.6 ± 8.8 29.8 ± 6.7 0.127
Gender (%) 52.3 66.2 0.008*
 Female 47.7 33.8
 Male

Calcium (mg/dl) (mean ± SD) 9.4 ± 0.7 9.5 ± 2.4 0.957
Phosphorous (mg/dl) (mean ± SD) 4.4 ± 1.2 3.8 ± 1.3 0.054
25 (OH) D3 (%) 0.978
 < 30 nmol/L 63 64
 30–50 nmol/L 22 22
 > 50 nmol/L 15 14

Sun exposure (%)
 Group 1 28 36 0.279
 Group 2 45 41
 Group 3 27 23

Physical activity (%) 0.389
 Group 1 13.3 14.1
 Group 2 50.9 43.9
 Group 3 35.8 42

Parathyroid hormone 31.76 ± 27.84 37.83 ± 29.32 0.533
(ng/L) (mean ± SD)
Diabetes mellitus (%) 21.6 26.1 0.325
Hypogonadism (%) 62.4 67.5 0.326
Hypothyroidism (%) 7.8 7.6 1
Hypoparathyroidism (%) 16.1 21.7 0.179
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female counterparts. This difference also varies in differ-
ent regions of the body. Pollak et al. showed that men 
with thalassemia experience bone mass changes mostly in 

spinal region in contrast to female. Having not considered 
bone mass changes, comparing basic DXA characteristics 
of patients with thalassemia revealed that women face low 

Table 2   Comparison of the DXA characteristic indices between the two studied groups

Mean difference show the difference between the densitometry indices before and after treatment
BMD bone mineral density, DXA dual-energy X-ray absorptiometry
P value and Mean difference 1 are regarding to comparison of DXA characteristics between both treated groups
P value and Mean difference 2 are regarding to comparison of DXA characteristics of each drug before and after treatment
* Statistically significant

Variable Alendronate-treated n (218) Zoledronic acid-treated n (157) P value 1 Mean difference 1 (95% CI)

Pre-treatment lumbar spine L2–L4 BMD 
(g/cm2)

0.69 ± 0.1 0.69 ± 0.09 0.343 − 0.01 (− 0.03 to 0.01)

Post-treatment lumbar spine L2–L4 
BMD (g/cm2)

0.71 ± 0.09 0.71 ± 0.08 0.504 − 0.007 (− 0.02 to − 0.01)

Mean difference 2 lumbar spine L2–L4 
BMD (g/cm2) (95% CI)

0.01 (0.004–0.02) 0.02 (0.01–0.03) 0.490 0.005 (− 0.02 to 0.01)

P value 2 0.007* < 0.001* – –
Pre-treatment lumbar spine L2–L4 Z 

score
− 3.06 ± 0.99 − 3.2 ± 0.76 0.445 0.07 (− 0.11 to 0.25)

Post-treatment lumbar spine L2–L4 Z 
score

− 3.04 ± 0.83 − 3.01 ± 0.81 0.728 − 0.03 (− 0.23 to 0.16)

Mean difference 2 lumbar spine L2–L4 
Z score (95% CI)

0.01 (− 0.10 to 0.12) 0.21 (0.10–0.32) 0.013* 0.20 (− 0.36 to − 0.04)

P value 2 0.844 < 0.001* – –
Pre-treatment femoral neck BMD (g/

cm2)
0.60 ± 0.11 0.59 ± 0.10 0.317 0.01 (− 0.01 to 0.03)

Post-treatment femoral neck BMD (g/
cm2)

0.60 ± 0.10 0.60 ± 0.09 0.981 − 0.0003 (− 0.02 to 0.02)

Mean difference 2 femoral neck BMD 
(g/cm2) (95% CI)

− 0.006 (− 0.01 to 0.004) 0.003 (− 0.01 to 0.01) 0.264 0.01 (− 0.02 to 0.007)

P value 2 0.237 0.640 – –
Pre-treatment femoral neck Z score − 2.3 ± 0.9 − 2.3 ± 0.9 0.978 0.002 (− 0.19 to 0.19)
Post-treatment femoral neck Z score − 2.2 ± 0.79 − 2.1 ± 0.94 0.230 − 0.12 (− 0.33 to 0.08)
Mean difference 2 femoral neck Z score 

(95% CI)
0.11 (0.02 - 0.20) 0.26 (0.10–0.42) 0.110 0.14 (-.032 - 0.02)

P value 2 0.011* 0.001* – –

Table 3   Comparison of the mean differences values of the first and second bone mineral density indices in the treatment groups in both genders

* Statistically significant

DXA characteristics Alendronate-treated 
women

Zoledronic acid-treated 
women

P value Alendronate-treated 
men

Zoledronic acid-treated 
men

P value

Mean difference lumbar 
spine L2-L4 BMD 
(g/cm2)

0.01 (− 0.004 to 0.02) 0.01 (0.006 to 0.03) 0.589 0.02 (0.004 to 0.04) 0.03 (0.007 to 0.06) 0.430

Mean difference lumbar 
spine L2-L4 Z score

− 0.007 (− 0.10 to 
0.12)

0.19 (0.07 to 0.28) 0.017* 0.02 (− 0.21 to 0.23) 0.28 (− 0.01 to 0.57) 0.163

Mean difference 
femoral neck BMD 
(g/cm2)

− 0.01 (− 0.02 to 
0.003)

− 0.00 (− 0.01 to 0.01) 0.396 − 0.002 (− 0.01 to 
0.02)

0.01 (− 0.01 to 0.04) 0.326

Mean difference femo-
ral neck Z score

0.06 (− 0.06 to 0.14) 0.26 (0.05 to 0.39) 0.062 0.18 (0.03 to 0.34) 0.27 (0.05 to 0.58) 0.605
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bone mass mostly in lumbar spine while men mostly expe-
rience it in femoral neck. It is anticipated to observe more 
bone loss in spinal region due to its trabecular structure 
in comparison with cortical structure of femoral neck, but 
previous studies showed inconsistent results [20, 21]. We 
also concluded that bisphosphonates and ZOL in particular 
are more effective in improving bone mass in the lumbar 
spines, and not in femoral neck.

Although it is postulated that a single dose of ZOL infu-
sion might reduce bone resorption markers more quickly 
than weekly oral AL, we could not show such a difference 
in terms of efficacy with regards to other associated factors 
that were previously noted [22]. Shirani et al. evaluated the 
effect of AL in TDT patients with low bone mass reporting 
a significant improvement in bone mass density without any 
severe side effects [23]. Various studies compared AL with 
other available BPs to determine the most efficacious treat-
ment in TDT patients. Morabito et al. compared the effect of 
AL and Clodronate versus the placebo group and showed AL 
to be more efficient in improving bone mass [24].

A comprehensive study on the effect of BPs was con-
ducted by Giusti comparing AL, ZOL and Neridronate with 
paired placebo groups. Although all three drugs significantly 
improved bone mass in TDT patients, they were not com-
pared with each other to determine the most efficacious one 
[4].

In a recent study on non-thalassemic population by 
Boonen et al. ZOL improved bone mass equally in both 
genders [25]. McClung et al. proved the efficacy of ZOL in 
reducing bone loss in postmenopausal women with LBM 
by comparing the ZOL-treated group with placebo [26]. 
Gilfillan et al. also confirmed the effectiveness of ZOL by 
comparing BMDs of TDT patients treated with ZOL and 
a placebo group [7]. While studying the effect of ZOL on 
bone mass, positive results in reducing bone pain in TDT 
patients were observed by Voskaridou et al. focused on the 
proper dosage and interval of ZOL, indicating that this drug 
seems to be dose dependent with more efficacy at shorter 
intervals. Even though ZOL continues to improve bone mass 
for at least 3 years after its discontinuation, there are few 
experiences on how long the drug can be safely continued 
[15, 27–29].

Despite improvements in bone mass by AL and ZOL, 
drug side effects as well as patient compliance must be con-
sidered while choosing which drug to use and what dosages 
to prescribe for patients. One of the serious side effects of 
all BPs is atypical femoral shaft fracture. Gastrointestinal 
upset is the main side effect of AL, which necessitates the 
reformulation of the drug with less gastrointestinal irritant 
ingredients [28, 30]. One last thing to consider is the potency 
of prescribed drugs. ZOL is the most potent bisphosphonates 
ever used in patients with thalassemia major, hence, compar-
ing other bisphosphonate like AL with ZOL requires longer 
duration and follow-up to reach more reliable results [16]. 
Since TDT patients suffer from multiple complications, and 
they have to consume many drugs, they usually prefer to use 
medications with less frequent intervals. In our experience, 
TDT patients were more satisfied with using ZOL infusion 
every 6 months than taking AL orally every week which has 
a pivotal role in their compliance leading to higher efficacy.

Our study is the first study in Middle East which tried 
to compare two generations of BPs (AL and ZOL) in TDT 
patients. It is noteworthy to mention that the evaluation was 
done in Iran, one of the countries located in the thalassemia 
belt and in a comprehensive thalassemia center. Moreover, 
many associated risk factors of low bone mass were also 
considered.

Despite the above-mentioned strengths, this study faced 
some limitations. First, it was a retrospective study and the 
data were gathered through reviewing the electronic health 
records of our patients. Therefore, we did not have any role 
in randomizing the patients to any consumed drug or omit-
ting any possible confounding factor. Additionally, while 
we had more than 500 patients identified to have low bone 
mass in our initial screening, more than 100 patients had to 
be excluded as they did not have the second DXA scan. This 
also reinforces the necessity of a multi-center randomized 
clinical trial to assess and compare the long-term safety and 
efficacy of these two drugs and possibly new generations of 
BPs in TDT patients.

In conclusion, both ZOL and AL improved bone mass 
in TDT patients, but ZOL was more effective particularly 
in females. There was no significant difference in terms 
of other possible contributing factors of LBM between 

Table 4   Adverse effects of both 
Alendronate and Zoledronic 
acid through 1-year study

Adverse effects Alendronate-
treated

Adverse effects Zoledronic 
acid-treated

Abdominal pain (%) 6.2 Influenza-like symptoms (%) 36.5
Esophagitis (%) 0.8 Myalgia (%) 14
Acid regurgitation (%) 13.4 Arthralgia (%) 1.3
Dyspepsia (%) 2.2 Skin disorders (%) 0
Heartburn (%) 10 Headache (%) 21.3
Nausea (%) 16.8 Fever (%) 52.4



1002	 Journal of Bone and Mineral Metabolism (2019) 37:996–1003

1 3

ZOL-treated and AL-treated patients. Given the longer 
interval of administration and the compliance issue of TDT 
patients, it is advisable to recommend ZOL as the drug of 
choice in TDT patients suffering from LBM. A larger pro-
spective multi-center clinical trial is warranted to assess the 
long-term safety and efficacy of both drugs while consider-
ing the quality of life as a major determinant.
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