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Abstract

Purpose: This study addresses the efficacy of zoledronic
acid treatment in osteoporotic patients with 3-thalassemia.
Materials and Methods: Thirty-nine thalassemic patients
were enrolled in this study. Bone mineral density was
measured using Dual energy x-ray absorbtiometry
(DEXA), and biochemical markers of osteoporosis in
serum and urine were measured at 0, 6, and 12 months of
treatment. Patients with thalassemia were randomly
received either zoledronic acid 4 mg IV once every six
months or calcitriol 0.25 meg / day for 12 months. A
subgroup analysis was also performed according to
gonadal status.

Results: There were 21 males and 18 females, mean age
of 23.1 £ 1.3 and bone age of 16.3+0.35 years. At the end
of 12 months, bone mineral densities of the lumbar
vertebra and femoral neck significantly increased in the
zoledronic acid group. In patients with hypogonadism
who received hormone replacement therapy, t-scores
significantly increased. Serum NTX levels indicated
significant increase in both treatment groups compared
with the control group at the end of the treatment. A
significant increase was obtained in urinary NTX level in
hypogonadal patients who received zoledronic acid, and in
serum NTX and IGF-1 levels in normogonadal patients
who received calcitriol.

Conclusion: In our study, zoledronic acid resulted in
significant improvement in bone mineral density and t-
scores. This improvement was in correlation with IGF-1
levels.

Keywords: § -thalassemia, osteoporosis, zoledronic acid,
DEXA, serum and urinary NTX, IGF-I

Oz

Amag: Bu calismada osteoporozu olan [-talasemi
hastalarinda  zoledronik  asit  tedavisinin  etkinligi
incelenmistir.

Gereg ve Yontem: Calismaya 33 B-talasemili hasta ile
kontrol grubu olarak yas ve cinsiyetleri uyumlu 25 sagliklt
gbnilli alindi. Hastalarda 0. 6. ve 12.aylarda DEXA ve
serum ve idrarda osteoporozun bazi biyokimyasal
belirtecleri 6lctildii. Talasemili hastalar 12 ay stireyle her altt
ayda bir 4 mg IV zoledronik asit ve 0.25 mcg/gln kalsitriol
alanlar olmak tizere rastgele iki ayr1 gruba ayrildi. Gonadal
fonksiyonlarina goére de iki alt gruba ayrilarak takip
edildiler.

Bulgular: Hastalar yas ortalamast 23.1+1.3 ve kemik yast
ortalamast 16.3+0.35 yil olan 21 erkek, 18 kadindan
olusmaktaydi. On iki ay sonunda zoledronik asit grubunda
lumbar vertebra ve femur boynu kemik mineral yogunlugu
anlamli  artig  g6sterdi.  Hipogonadik olup hormon
replasmant yapilan hastalarda lumbar vertebra ve femur
boynu t-skoru anlamli artis gosterdi. Serum NTX diizeyleri
tedavinin sonunda her iki tedavi grubunda da kontrol
grubuna gére belirgin  olarak  yiikselme gdsterdi.
Hipogonadik hastalar icinde zolendronik asit alanlarda
idrar NTXduzeylerinde, normogonadik hastalar icinde
kalsitriol ~alanlarda idrar NTX ve serum IGF-1
diizeylerinde anlamli artis saptand.

Sonug: Calismamizda zoledronik asit kemik mineral
yogunlugu ve t-skorlarinda belirgin diizelmeler saglamistur.
Bu diizelme IGF-1 duzeyi ile korelasyon géstermistir.
Anahtar  kelimeler:  (-talasemi, zoledronik  asit,
osteoporoz, DEXA, serum ve idrar, NTX, IGF-I
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INTRODUCTION

Thalassemia-associated osteoporosis is among the
most commonly observed complications of the
disease seen as a result of various factors such as
hypogonadism, delayed puberty, bone marrow
expansion, iron ovetload, desferrioxamine (DFO)
toxicity, genetic factors, calcium, Vitamin D and GH
/IGF-1 deficiencies, hypoparathyroidism,
hypothyroidism and decreased physical activity!->>%5.
Severity of the bone disease in thalassemia is
associated with the underlying type of thalassemia
and its treatment. It was reported that hemoglobin
could prevent most bone related complications by
increasing to 9.5 g / dl 6. Bone mineral increase
begins in childhood and dramatically increases in
adolescence until sexual maturation develops®.

According to World Health Organization 2004
criteria, osteopenia and osteoporosis values were
classified as for adult women, but these criteria was
used on studies in patients with thalassemia. It was
shown that in B- thalassemic patients who have
treated with appropriate transfusion and chelation
therapy, the incidence of osteoporosis and vertebral
fracture were found to be higher in both sexes
compared to age-matched control groups.
Osteoporosis is detected in 42% of patients with
appropriate therapy of (-thalassemia. TLumbar
vertebrae and femur are affected in male patients,
while vertebral involvement is observed in females.
In B-thalassemic patients who have receiving
appropriate treatment, in studies which are using
biochemical parameters were found bone formation
decreased, but resorption increased. Since bone loss
continues in adult thalassemia, early diagnosis and
treatment is important.

Delayed puberty is present in approximately 70% of
patients with thalassemia and is the most common
endocrine  anomaly’.  Deterioration  of  the
hypothalamic-pituitary-gonadal axis is one of the
most  obvious of  abnormal
development in patients with thalassemia. More
severe osteoporotic findings are observed in the
femur and vertebral levels in the gonadal
insufficiency of the thalassemia than in the eugenadal.
These findings support the importance of sex
hormones on bone tissue and the importance of
hormone replacement with early sex steroids®. In
recent years there have been persuasive reports
indicating  the efficacy and tolerability of
bisphosphonates in beta-thalassemic patients. Several

causes sexual
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therapies including calcium, vitamin D, calcitonin,
sex steroids, and strontium ranelate provide
contribution to bone growth and remodeling®!!.
Furthermore, in recently one phase 2b study was
showed that denosumab is a fully human monoclonal
antibody against the receptor activator of nuclear
factor kappa-B ligand (RANKL) that has been
licensed for the treatment of different types of
osteoporosis'>!3. Although this drug has been used
for hypercalcemia in hematological malignancies,

there is insufficient evidence for its use in
osteoporotic patients with 3- thalassemia.
Unfortunately, rapid bone resorption and

osteoporosis are develops in - thalassemic patients
despite the therapeutic approach such as adequate
blood transfusion, appropriate iron chelation and
hormone replacement therapy'4. The increased bone
resorption observed in patients with thalassemia
related osteoporosis has led to the of
bisphosphonates in this subset of patients, as
bisphosphonates are potent inhibitors of osteoclastic
bone resorption!>16.

use

Zoledronic acid, a strong bisphosphonate molecule,
inhibits bone resorption in primary and secondary
osteoporosis even when it is used in low dose. In this
study, we tried to investigate the effect of zoledronic
acid treatment on markers of bone turnover and
mineral density in osteoporotic patients with (-
thalassemia. In our study, we emphasized also the
importance of hormone replacement therapy (HRT)
as well as zoledronic acid treatment by classifying
osteoporotic patients with - thalassemia according
to their gonadal status.

MATERIALS AND METHODS

A total of 39 patients with transfusion-dependent 3-
thalassemia of which six had thalassemia-intermedia
(TT), followed up by Cukurova University, Faculty of
Medicine, Hematology Unit were enrolled in this
study. Local Ethics Committee of our institution
approved the study and written informed consents
were given by all patients.

Forty osteoporotic patients were enrolled in the
study. A patient with the diagnosis of TI was
excluded from the study because her age impaired the
mean. Thirty-nine patients were included in the study
and 18 of them were female and 21 were male. Mean
age of them were 23.1% 2.1 years. All patients were
on chelation therapy with desferrioxamine (DFO)
40-60 mg/kg/day for 5-6 days/week. Twenty-five
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healthy controls (13 female) with a mean age of 26.4
+ 0.9 were also included. In this randomised
controlled trial patients are assigned to two treatment
groups. These groups were similar in terms of age,
bone age, hemoglobin level, osteoporosis level and
gonadal status.

Blood samples and laboratory analysis

In our study, biochemical tests in urine were collected
from 24-hours urine samples collected from patients.
In order to measure N-terminal cross-linking
telopeptide of type I collagen (NTX) levels, serum
samples taken from patients at 0, 6 and 12 months
wete stored at -70 © and utine at -20 °C. Urine NTX
results were corrected for urine creatinine in patients
with B-thalassemia. In each visit other than laboratory
investigations such as hematological and biochemical
indices, we obtained samples for serum and urinary
levels of NTX, osteocalcin, insulin-like growth factor
(IGF-I) levels, serum parathormone (PTH) and TSH
levels, sex hormones including follicle stimulating
hormone (FSH), luteinizing hormone (LH), estrogen,
testosterone, dehydroepiandrosterone-sulfate
(DHEAS)  levels.  N-terminal  cross-linking
telopeptide of type I collagen (NTX) levels in serum
and urine were measured by enzyme-linked
immunosorbent assay (ELISA) method (Osteomark,
Ostex International Inc., Seattle, WA, USA).

Serum osteocalcin levels were determined by
electrochemiluminescence method (Roche
Diagnostic Elecsys E-170, Germany). Twenty-four
hour urine OH-proline levels were measured by
colorimetric-manual method (FAR S.l, Italy).
Serum IGF-I levels were measured by ELISA
method (Quantikine, R & D Systems Inc., USA) at 0
and 12 months of the study.

Assessment of gonadal status

Pubertal assessments were made according to Tanner
Scale. The Tanner scale (also known as the Tanner
stages) is a scale of physical development in children,
adolescents and adults. Tanner stages are evaluated
as 5 stages in both sex. These parameters are height,
testicle size, pubic hair, penis size and other
secondary sex characters in male patients, and annual
growth, pubic hair, breast development, menarch age
in female patients !7.

Drug administration

Group 1 patients received zoledronic acid
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intravenously (IV) at a dose of 4 mg, every 6 months
for one year. In the other group, calcitriol 0.25 mcg
was administered by the oral route on a daily basis.
All the patients in both groups received 1000 mg
elemental calcium supplement once a day during the
study period. Patients in both groups were further
stratified according to their gonadal status. Six and
eight patients received sex HRT, respectively, in the
zoledronic and calcitriol treatment groups. A patient
in the calcitriol group left the treatment on his own
initiative without receiving any therapy. As HRT,
men received testosterone (every 3 weeks intra-
muscular testosterone 250 mg), and women received
estrogen-progesterone (3 mg drospirenone + 0.03
mg ethnylestradiol p.o./daily; 21 days daily and 7 days
break) treatment.

During the study, patients were allowed to take blood
transfusions and the medications which of needed,
such as DFO, elemental calcium, zinc and folic acid.
Zoledronic acid was administered IV for at least 15
minutes. Patients were followed up for hypocalcemia,
hypomagnesemia and hypophosphatemia.

No serious side effects were seen in patients. All
patients were ecvaluated at six-monthly intervals
during one year. Height, weight and bone age
measurements were performed in all patients.
Transfusion and iron chelation therapy datas were
recorded. A patient aged seventeen died due to
congestive heart failure and pneumonia 10 months
after the completion of the study.

Bone mineral density measurements

Osteoporosis was diagnosed as a t-score <-2.5 and z-
score <-2 in bone mineral density (BMD) measured
using Dual-energy X-ray absorptiometry (DEXA)
according to the standard criteria of the WHO 18.
Dual-energy X-ray absorptiometry is considered
the gold standard for the diagnosis of osteoporosis.
Osteoporosis is diagnosed when the BMD is less
than or equal to 2.5 standard deviations below that of
a young (30—40-year-old) healthy adult women
reference population. This is translated as a t-score (t-
score <-2.5). Osteopenia is the determination of t-
score between (-1) and (-2.5) 18,19.

Bone mineral density measurements of the our
patients were performed at six-monthly intervals on
antero-posterior and lateral lumbar vertebrae (IL1-1.4)
and left femoral neck (FN) using DEXA (Norland,
XR 46, USA). Bone mineral density results were
expressed as g / cm2 and t-score. The coefficient of
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variation (CV) was 1% for lumbar vertebrae and 1.2%
for femoral neck.

Statistical analysis

All data were analysed using SPSS (version 10.0)
package program. Values were expressed as mean
+SEM. Mean values were compared using Mann-
Whitney U and Wilcoxon Signed Rank test. For
comparison of repeated measurements according to
treatment groups, “repeated measures analysis of
variance” was used. Correlation  between
biochemical parameters and BMD was studied using
Spearman’s rank correlation test, and p values < 0.05
were considered significant.

RESULTS

Clinical characteristics of the study population are
presented in Table 1. There was a slight female
preponderance in the calcitriol arm compared to
zoledranate group (Table 1) (p=0.05). In patients
with TI included in the study, mean age was 34.1£5.6
years, bone age was 18.111.0 years, total number of
transfusions was 66£26 units, DFO starting age was
28%7 years, splenectomy age 2916 years, baseline Hb
level 8.810.6 g/dl, and baseline IGF-I level was
0.98+0.26 ng/ml. Pre-treatment laboratory findings
for all patients in both treatment arm was given in
Table 1. Baseline levels of NTX, osteocalcin, IGF-1,
PTH and BMD results are shown in Table 2. Baseline
IGF-1 level was significantly lower in both group of
patients compared to healthy controls (3.1 0.25
ng/ml) (p<0.001).

Zoledronic acid treatment in -thalassemia

Table 1. Baseline clinical characteristics

Zoledronate Calcitriol P
group group

Age (years) 223 %12 239 £ 2.4 0.7
Gender 7/12 15/5 0.05
M/B)

Hypogonadi 6 8 0.1
c (n)

Height (cm) 157+ 3.3 158 £ 2.2 0.6
Bone age 19.1 18.8 0.8
(years)

Weight (kg) 45.6 £ 2.1 505+ 1.7 0.07
Hemoglobin 72102 72104 0.9
(g/d)

Ca (mg/dl) 9.5+0.2 9.1+0.2 0.7
ALP (U/]) 340 £ 32 317+ 27 0.8
P (mg/dl) 51%+0.2 52+04 0.6

When zoledronic acid and calcitriol treatment groups
were compared in terms of baseline hemoglobin,
ferritin and other biochemical parameters including
serum Ca, P, ALP there were no significant difference
between the groups (p>0.05). Baseline serum NTX
levels were significantly elevated in both treatment
groups whereas baseline urinary NTX levels were
also significantly lower compared to healthy controls
(serum NTX 4.6 £ 0.8 U/ml and 518118 nMBCE
[amol/l BCE (Bone Collagen Equivalents)], in
healthy controls, respectively, p=0.01 and p=0.014)
(Table 2). When BMD changes were compared by
gender, BMD was found to be significantly lower in
male patients than in female patients (p=0.013 for
lumbar vertebrae (LV) and p<0.001 for FN).

Table 2. Baseline BMD measurements and laboratory characteristics *

Zoledronate group Calcitriol group P
Serum NTX (U/ml) 246 £27 157+ 2.8 0.03
Urinary NTX (NcBME/mMol) 95.6 £ 63.7 226 = 94 0.3
Osteocalcin (ng/ml) 195£23 27.5%+35 0.07
Urinary OH-proline (mg/day/m?) 276+ 6.2 264 £ 3.8 0.3
Ferritin (ng/ml) 1551 £ 408 2545 + 648 0.2
PTH (pg/ml) 351+37 346%6 0.5
1,25-(OH)2-vitamin D3 (pg/ml) 327+17 427 £ 3.7 0.06
IGF-I (ng/ml) 1.02 £ 0.08 1.0+ 0.1 0.9
Lumbar vertebra BMD
(t-score) -4.03£0.3 -3.77£0.22 0.2
(g/cm?) 0.62 £ 0.03 0.65 £ 0.02
Femoral neck BMD
(t-score) -1.3£03 -0.94 £0.7 0.1
(g/cm?) 0.74 £ 0.03 0.80 £ 0.03

IGF-1 Insulin-like growth factor-1, NTX N-terminal cross-linking telopeptide of type I collagen, BMD bone mineral density. "Data are

given as meantSEM
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The effects of zoledronic acid and calcitriol on study
parameters are presented in Table 3. In the
zoledronic acid and calcitriol groups, a meaningful
recovery was achieved in t-scores in DEXA
measurements of the LV and FN. There was a
progressive increase in BMD after treatment in both
groups (Table 3). The increase in LV BMD was
statistically significant at 12 months of zoledronic
acid treatment (p=0.032). Within the calcitriol treated
group BMD of the FN was significantly elevated
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(»p=0.038). Among bone turnover matkers, in
zoledronate treated group osteocalcin levels were
significantly elevated at the end of 12 months
(»p=0.04). Serum NTX was not changed in the same
group while urinary NTX levels were significantly
elevated (p =0.04). Within the calcitriol group urinary
NTX levels were also found to be elevated though
non-significantly. IGF-1 levels were significantly
increased in both groups (»p=0.04 and 0.000,
respectively) at the end of 12 months of treatment.

Table 3. Effects of both therapy groups on bone turnover parameters and BMD*

Zoledronate grouy Calcitriol group
Baseline 6th month 12th month Baseline 6th month 12th month

Osteocalcin 195123 20.4 £ 2.8 25.0 £ 6.0* 27.5 1 3.5 323+ 6.1 32,7+ 4.7
Serum NTX 24,6 £ 2.8 282t 3.6 2241 4.0 157 +£28 21.7+£29 254t 3.8
Urinary NTX 95.6 * 63.7 342.5 £ 160 361 = 104 * 226 + 94 144 + 50.7 461 £ 91
1,25(OH)2 D 327+ 1.7 339 £ 2.8 249 £ 2.3% 42.7 £ 3.7 30.012.0* 23.6 £ 1.7*
PTH 35.1 £ 3.7 49.2 £ 7.1* 50.4 = 8.0* 3466 33 £ 5.8 411 £6.2
IGF-1 11201 = 1.5 £ 0.1* 1.0 £0.1 = 1.7 £ 0.2%
Ca 9.5+ 0.2 9.4%0.2 9.5+ 0.1 9.1%0.2 93103 9.5+ 0.2%
P 51x0.2 52%02 4.9 + 0.3* 52+ 04 52+04 53104
ALP 340 * 31 308 = 40 296 * 36 317 £ 27 357 *+ 36 342 + 44
UOHP 27.6 £ 6.2 255145 2277 £ 4.2 26.4 + 3.8 271133 29.2 £ 5.6
UCa 87.6141 107£31 142153 130£40 134144 119429
BMD (g/cm?)

LV 0.62 £ 0.03 0.67 + 0.03* 0.67 + 0.04 * 0.6510.02 0.67 £ 0.02 0.66 £0.025

FN 0.74 £ 0.03 0.77 + 0.05 0.80 + 0.07 0.80 £0.03 0.80 = 0.03 0.91 +0.048*
BMD(t-score)

LV -4.03+0.3 39103 36+04 3.7+ 0.2 36102 3.6+ 0.2%

FN 13+0.3 -1.35£ 0.3 04+06 -0.4+ 0.3 -0.5+0.2 0.1+ 0.3

“Normal ranges: Osteocalcin (24-70 ng/ml); serum NTX (7.7-19.3 U/ml); urinary NTX (NecBME/mMol ); 1.25 (OH)2vitD3 (18.7-47
pg/ml); PTH (10-69 pg/ml); UOHP (Urinary OH-proline) (0.4-1.3 g/day); UCa (Urinary Calcium): 100-320 mg/day; IGF-I(ng/ml); Ca
(8.8-10.2 mg/dl); P (2.7-4.5 mg/dl); ALP (5-240 U/I), LV: Lumbar vertebrae, FN: Femoral neck

There were 14 hypogonadic patients within the study
population (6 patients in zoledronate and 8 in
calcitriol groups). Pubertal development was found
to be below Tanner 3 in 25 patients (65%). There
were no significant differences in terms of age,
gender, height and weight between hypogonadic and
normogonadic patients. Alkaline phosphatase levels
and ferritin levels were significantly higher in
hypogonadic patients compared to normogonadics
(p=0.04 and 0.02, respectively). The effects of
zoledronic acid and calcitriol on study parameters
according to gonadal status is presented in Table 4
and 5. Addition of hormone replacement therapy in
hypogonadic thalassemic patients had resulted in
significant elevation of BMD parameters (Table 5).
The analysis involving efficacy of therapy in addition
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to HRT favored zoledronic acid treatment. Lumbar
vertebrae BMD either as t-scote ot g/cm? both
elevated significantly (p=0.04 and 0.05, respectively)
in hypogonadic patients treated with zoledronic acid
compared to calcitriol treated patients (p =0.05). In
normogonadic patients although there was an
improvement at the end of 12 months of treatment
the difference was statistically significant for the FN
t-score measurements (p=0.04). In normogonadic
patients BMD parameters did not differ according to
the treatment arm. There was a positive correlation
between serum N-telopeptides and PTH level in
patients with thalassemia (r=0.353, p=0.03). Patients
who received more erythrocyte transfusions had
higher serum NTX levels (r=0.439, p=0.007).
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Table 4. Effects of both therapies on bone turnover parametets according to gonadal status

OC SNTx UNTx UOHP | IGF-I
Zoledronic acid | Hypogonadic Baseline 25.7£4.9 | 29+4.3 45+39 33.5%£9.7 | 0.9%£0.3
12th month | 32.4%14 | 26%6.1 635+212% | 164%2.5 | 1.6+0.3
Baseline 17.5£2.5 | 22.6%34 121494 2518 1.120.1
Normogonadic | 12th month | 20.945.7 | 20+5.5 178+46 26.5%6.4 | 1.4%0.1
Calcitriol Hypogonadic Baseline 29%5.1 10.1+2.6 438£205 28.5£5.7 | 1.1£0.2
12th month | 32.547.4 | 32.6+4.4* | 380£122 33.749.7 | 1.5+0.3
Baseline 25%5.0 19.7£4.1 72%25 25+5.4 0.920.1
Normogonadic | 12th month | 3346.5 19.6£5.3 510£127 * | 26£7.0 1.9£0.2*
*p<0.05

Table 5. BMD changes of both therapy groups according to gonadal status (mean + SEM)

Lumbar vertebra Femoral neck
t-scote g/cm? t-scote g/cm?

Zoledronic Hypogonadic Baseline -5.0%0.3 0.52+0.02 -2.2%1.0 0.66£0.06

acid 12th month -4.5+£0.2* 0.58+0.02 -0.7£1.3 0.81£0.17

Normogonadic Baseline -3.6£0.4 0.66£0.04 -1.0£0.4 0.77£0.04

12th month -2.9%0.5 0.72£0.05 -0.2£0.5 0.79£0.07

Calcitriol Hypogonadic Baseline -3.6£0.3 0.6410.03 -0.4£0.3 0.80£0.04

12th month -3.6+0.3 0.65+0.03 0.2+0.4 0.90£0.07

Normogonadic Baseline -3.810.3 0.65%0.03 -0.510.4 0.81£0.06

12th month -3.710.2 0.68+0.03 0.04£0.5 0.93£0.06

*p<0.05

DISCUSSION metabolism  in  thalassemia suggests that

Increased and ineffective erythropoiesis
expansion of bone marrow cavity, reduction in
cortical and trabecular bone tissue, and hence,
osteoporosis  in  beta-thalassemia  patients’.
Additionally, other factors including delayed puberty,
endocrine dysfunction and iron overload contribute
to the increased bone resorption. As a result of better
supportive care of these patients in recent years life
expectancy had significantly increased which resulted
in increased prevalence of  disease-related
complications. Osteoporosis is observed in 50% of
thalassemic patients. In our patients, osteoporosis
was diagnosed according to WHO’s standard
diagnostic criterial®1%. Several studies showed that in
patients who receive good transfusion and HRT,
osteoporosis develops generally in the LV, and the
FN is also affected in those who receive a poor
therapy>2%21. Both LV and FN BMD measurements
indicated  osteoporosis  in patients.
Hypogonadism and insufficient pubertal
development in most of our patients likely have
contributed to the pathogenesis. Bisphosphonates,
potent inhibitors of bone resorption, have shown to
be effective in primary and glucocorticoid-induced
osteoporosis??. Increased resorption phase in bone

causes

our

antiresorptive drugs such as BPs might be used in
treatment in order to limit bone turnover and prevent
fracture risk?3. In our study we tried to investigate the
efficacy of zoledronic acid in the treatment of
thalassemia-associated ~ osteoporosis.  After 12
months, patients treated with zoledronic acid
demonstrated significantly higher increases in LV
BMD (9.4 %) compared to calcitriol treated patients
(3.4%). There are two randomized controlled trials
testing zoledronic acid in thalassemia-associated
osteoporosis'>?%.  In the study performed by
Voskaridou et al. zoledronic acid was tested at two
different doses 4 mg i.v. every 3 months and 4 mg i.v.
every 6 months'>. Zoledronic acid demonstrated
significant improvement in BMD of LV and FN at
both dose levels. In the other study zoledronic acid 4
mg every 3 months for 2 years resulted again in where
1 mg IV zoledronic acid was administered at 3-month
intervals for a year, and significant recoveries were
found in biochemical parameters and BMD (t-score)
measurements?. In a meta-analysis, it was reported
that transfusion sessions of zoledronic acid doses
could be performed concomitantly, and hence,
zoledronic acid was a promising bisphosphonate 2.
Yigitoglu et al. saw meaningful recoveries in lumbar
BMD values of two sisters with thalassemia major
whom they treated with 4 mg IV zoledronic acid at
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intervals for 6 years (one of them had several major
fractures), and reported durable efficacy during the
follow-up period?’. However, despite positive results
favoring zoledronic acid treatment, it should be noted
that the frequency of osteonecrosis of the jaw might
increase as the dose and frequency of administration
increase 128, The recent detection of certain matkers
in urine and serum of patients with bone diseases has
led to better understanding of the pathophysiology.
It is well-known that ALP of bone origin and
osteocalcin are the most sensitive markers of bone
formation, and urinary N'TX levels are postulated as
the best marker of bone resorption®. In a study
performed by Lasco et al, it was found that urinary
pyridinoline and deoxypyridinoline levels, bone
resorption markers, were higher in patients with -
thalassemia than in healthy controls, whereas
osteocalcin, IGF-1, IGFBG-III levels were lower
than in controls. In the same study, LV and FN BMD
values were also low, and these wvalues showed
correlation with the bone formation markers cited
above®. Low setum IGF-I levels in patients with
beta-thalassemia were found to be correlated with
osteopenia and osteoporosis, unbalanced bone
turnover, increased resorptive phase and reduced
bone formation. In our study, baseline serum IGF-I
levels were significantly lower in both treatment
groups than in the control group, and showed a
significant increase in both treatment groups after the
treatment. According to the findings of our study, we
may suggest that bone formation and resorption are
increased in patients with B-thalassemia, and bone
formation is increased and resorption is slow in
healthy controls.

In our study we have used biochemical markers are
used to evaluate effectiveness of osteoporosis
treatment. There was a significant improvement in
osteocalcin levels in zoledronate group and IGF-1
levels were increase in both treatment arms at the end
of 12 months. Effects on bone resorptive markers
were not sufficiently observed in our cohort probably
due to the small sample size and short duration of the
study. In a major study where zoledronic acid was
used in a dose of 4 mg/year, it was obsetved that the
dose did not sufficiently affect bone resorption, and
the subsequent studies were generally performed
using a dose of 5 mg/year. In this study, zoledronic
acid was used at a moderate dose level compared to
other osteoporosis studies where zoledronic acid is
used. After a year of follow-up, despite the significant
recovery in both groups in BMD and t-scores, it may
be a better approach to correlate the absence of
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recovery in biochemical parameters with the shorter
term of treatment. Yet, Vaskoridau et al. reported
that recovery in bone resorption markers continued
even 2 years beyond discontinuation of therapy in a
study where they treated patients with zoledronic
acid!>31,

We have tried to monitor the efficacy of our
treatment by serial measurements of various
biomarkers. NTX measured either in serum or urine
are often used as a biomatker of bone resorption
while evaluating efficacy of treatment. While there
was a decrease in serum NTX levels in zoledronate
treated patients, in other group of patients who were
treated with calcitriol, serum NTX levels were
elevated. These changes did not reach statistically
significant levels in both groups. It was surprising to
find urinary NTX levels elevated at the end of
treatment period in both of our study groups. Rosen
et al. had previously demonstrated that the
interpretation of changes in biochemical markers of
bone turnover after treatment with antiresorptive
therapy could be problematic®. They explained the
fluctuations in NTX levels by spontaneous long-term
variability in these markers even in the absence of any
interventions. Additionally they have stated that these
markers differ in degree to which they decline with
antiresorptive therapy. Therefore, it is evident that
even if NTX levels are sensitive markers to monitor
efficacy of antiresorptive therapies they are not
specific. Thus NTX levels may provide limited
evidence of treatment effect as also partially reflected
in our study®2. We think that it might be more
appropriate to use serum C-terminal telopeptide level
which is known to be a more specific marker to
measure the rate of bone turnover, as well as bone
specific ALP levels®.

Hormone replacement therapy (HRT) has an
important role in the treatment and prevention of
osteoporosis in patients with B-thalassemia®?!. As
expected, despite that age, gender and other
auxological parameters did not differ between
hypogonadic and normogonadic patients with
thalassemia, baseline BMD values were lower in
hypogonadic patients. In our study, significant
improvements were seen in LV BMD wvalues of
hypogonadal patients treated with zoledronic acid at
the end of the treatment, whereas no change was
observed in BMD values of hypogonadal patients
treated with calcitriol. At the end of our study,
hypogonadal patients who received zoledronic acid
and HRT were the patients who most benefited from
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the treatment. Zoledronic acid was well-tolerated and
there were no serious adverse effects observed with
our regimen. Our results suggest that zoledronic acid
is an effective choice in treatment of osteoporosis in
thalassemia-associated osteoporosis. An important
restriction was that the duration of our study was
insufficient and the lack of BMD data of the healthy
control group.

Zoledronic acid appears to be an effective treatment
option that can be used safely in the treatment of
thalassemia-associated osteoporosis. Further
research is needed to establish long-term safety and
efficacy of zoledronic acid.
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