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β-Thalassemia (β-T)
Hereditary disorder characterized by a genetic deficiency in 
the synthesis of β-globin chains

 Three main “Classical” forms 

- β-T minor (the heterozygous “asymptomatic” state ) 

- β-T intermedia (β-TI) homozygous

- β-T major (β-TM) homozygous

 Two main “Treatment based” forms

- Nontransfusion dependent β-T (NTDT) requires 

occasional or short-course of regular transfusions

- Transfusion dependent β-T (TDT) present   

in early childhood with severe anemia that requires lifelong 

regular transfusion therapy for survival

 Adequate treatment improved survival. As patients get 
older previously unrecognized complications emerge, such 
us renal abnormalities



β-Thalassemia pathophysiology



β-Thalassemia Therapy
 Regular blood transfusions:  to ensure growth and prevent 

symptoms of anemia ineffective erythropoiesis and bone deformities. 
Every 2 to 5 weeks, pre transfusion Hb levels ~9.5g/dl

 Iron chelation: > 2 years of age, (>10–20 transfusions) 

Three agents are available for iron chelation

➢ Parenteral deferoxamine (DFO) SC or IV

➢ Oral deferiprone (DFP)

➢ Oral deferasirox (DFX) 

 Others

➢ Allogenic Stem Cell Transplant

➢ Gene therapy /β globin replacement

➢ Fetal globin reactivation

➢ Targeting Hepcidin to Reduce Iron Overload

➢ Ineffective Erythropoiesis Signaling Modulators

➢ Reducing Cardiac Iron



General monitoring recommendations across age groups in TDT

Taher & Cappellini, How I manage medical complications of β-thalassemia in adults, Blood, 2018

>6 years

Endo & Fertility tests as indicated: calcium, phosphate, vitamin D, thyroid,  parathyroid , luteinizing, follicle-stimulating, 

gonadotropin-releasing hormones, testosterone, estradiol; fasting blood sugar, oral glucose tolerance test.

BMD, bone mineral density; LIC, liver iron concentration; LVEF, left-ventricular ejection fraction; Q, every; TE, 
transient elastography; TRV, tricuspid-regurgitant jet velocity.



E. Khandros & J. Kwiatkowski. Beta Thalassemia Monitoring and New Treatment Approaches 
Hematology/Oncology Clinics of North America,2019

General monitoring recommendations related to chalators in TDT



Renal complications  in β-T

 Glomerular dysfunction

Etiology Mechanism Evaluation

Demosthenous et al, β-Thalassemia and renal complications. A narrative review

of pathophysiologic mechanisms Integr Mol Med, 2018



Renal complications  in β-T

 Tubular Dysfunction

Etiology Mechanism Evaluation

 Deferasirox (DFX) induced Fanconi syndrome (Yacobovich et al, 2010)

➢ Heightened form of proximal tubular wasting manifested by 
hypophosphatemia, normal anion gap metabolicacidosis, glucosuria, and 
proteinuria

➢ Deferasirox’s lipophilic properties allow it to penetrate cell membranes and 
to accumulate in the proximal tubular cells, cause direct nephrotoxic effects 
or deplete mitochondrial iron proximal and tubular dysfunction



Renal complications  in β-T

 Hematuria

Etiology Mechanism Evaluation

 Nephrolithiasis 

Etiology Mechanism Evaluation

Demosthenous et al, β-Thalassemia and renal complications. A narrative review

of pathophysiologic mechanisms Integr Mol Med, 2018



Mechanisms of renal complications  in β-T
 Chronic anemia

SVR, systemic vascular resistance; RPF, renal plasma flow 



Mechanisms of renal complications  in β-T

 iron 
overload



Mechanisms of renal complications  in β-T

 Chelation

therapy



Studies indicated or no tubular dysfunction in patients with β-T



Study aims and Methods

 Aims: 

To evaluate tubular and glomerular function of TDT 

To correlate the renal tubular function with the iron overload status and  
the type of chelation (2 different iron ICT regimes).

To compare renal function with the previous study (Smolking V. et al, 2008 Ped Neph)

 Population: 

TDT patients at the Pediatric Hematological Unit, Emek Medical Center

Treated by standard protocols: PC every 2-3 weeks and ICT:

1-Deferasirox (DFX) (20-40mg/kg/day) 

2-Deferoxamine (DFO) 20-40mg/kg/day S.C +/- Deferiprone (DFP) 
~75mg/kg per day

 Evaluations: 

Estimated glomerular filtration rate (eGFR) [Schwartz formula in pediatric 
pts and CKD EPI for adults].

Fractional excretion of: sodium (FeNa), potassium (FeK); calcium to 
creatinine ratio (Ca/Cr), uric acid excretion (UAE), tubular phosphorus 
reabsorption (TPR) and urinary N-acetyl-b-D-glucosaminidase (uNAG) as 
a marker of tubular injury. 

Demographic, clinical, laboratory and  iron-overload markers



Results: 
❖ 36 TDT pts (18 M/18 F), mean age  19.42 ±9.3 (range 5- 45)

❖ 26 received DFX and 10 DFO+/- DFP 

❖ The sCr, K, Na, FeNa and eGFR was in normal levels in all pts

❖ Hypercalciuria (Ca/Cr>0,25) in 28% of pts, increased FeK (>15%) in 
33%, high UAE (>0.56 mg/dl GFR) in 64%, and high TmP/GFR in 25%

❖ The DFX group compared to DFO+/- DFP :

• Younger age (mean 19.5 vs 24.8ys) and lower ferritin levels (2500 vs 
4800 ng/dl; p=0.006)

• Hypercalciuria in 30% vs.10%

• eGFR was slightly lower (100.9±17.09 vs 114.0±22.31 mL/min/1.73m2; 
P=0.0676)

• The urinary NAG was significant higher (10.4 vs. 5.3 IU/l, p=0.012). Abnormal 
values found in 30% vs 10% respectively

• No correlation was found between NAG and transfused iron while DFO+/-
DFP group showed + correlation. (Similar to the first study).



Results: 

In 20 pts  treated with DFX vs. 9 treated with DFO+/- DFP the renal function was 
previously evaluated (Smoking et al, 2008; all under with DFO treatment) and 
compared with the current values. 

❖ The sCr significantly increased from the previous study in pts treated with 
DFX but not in pts treated with DFO+/- DFP (mean 0.51 ±0.9 vs 
0.67±0.1, p=0.0008). 

❖ The same observation was found regarding urine Ca/Cr (mean 0.08±0.11 
vs 0.176±0.12, P=0.001). 

❖ The eGFR was significantly lower than the previous study in pts treated 
with DFX but not in pts treated with DFO +/- DFP ( mean GFR first study 
113.5 ±26 vs 100.1±17, p=0.0093



Conclusions

❖ A high prevalence of renal tubular abnormalities was observed in our 
TDT patients; most evident in patients treated with DFX. 

❖ The uNAG - marker of tubular injury - was associated with the 
transfusional iron burden in the DFO+/- DFP group, but not in the DFX 
treated pts; proposing an alternative mechanism than iron overload for 
the pathogenesis of tubular injury in DFX treated patients. 

❖ The glomerular function remained within the normal range in all 
patients; however a significant decline in glomerular function in respect 
a decade earlier was observed only in the patients currently treated 
with DFX. 

❖ The clinical consequences, reversibility and log term implications of 
renal dysfunction are  still unknown

❖ Strict follow up of renal function in β-T pts, especially children is 

warranted. 
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