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Abstract

Thalassemia is a disease with an extensive morbidity profile
affecting almost every organ system. Renal involvement, once
considered rare, is an underestimated and poorly studied compli-
cation that has been on the rise ever since medical advances grant-
ed patients longer life spans. Several studies and reports have
emerged recently to shed light on the seriousness of this compli-
cation, although data is still lacking in terms of pathophysiology,
diagnosis, prevention and treatment. In this review, we evaluate
and compare renal involvement in the transfusion-dependent and
independent variants of B-Thalassemia, highlighting the patho-
physiology of kidney damage that involves iron overload, chronic
anemia, and iron chelation therapy. An in-depth and focused
review of the types of injuries incurred is also presented along
with the diagnostic biomarkers accompanying each type of injury.
Most research so far has focused on the transfusion-dependent
thalassemia population being the group with most renal involve-
ment, however recent reports have shown evidence of compara-
ble, if not worse, involvement of the non-transfusion dependent
population, sometimes leading to end-stage renal disease. As
such, we try to shed light on distinct renal involvements in NTDT
whenever available.

Introduction

The thalassemias are common monogenic disorders present
worldwide. This inherited disorder of hemoglobin synthesis leads
to an imbalance in o/f-globin production, which manifests as a
chronic hemolytic anemia, ineffective erythropoiesis, and iron
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overload (IOL). Clinical presentation ranges from lifelong need of
blood transfusions, to careful observation with minimal transfu-
sions, to asymptomatic carriage. These are respectively coined
transfusion-dependent thalassemia (TDT), non-transfusion-depen-
dent thalassemia (NTDT), and thalassemia minor. However, with
both TDT and NTDT, there exists a multimorbidity profile that
stems either from the disease progression itself or from its long
term managements (blood transfusions and iron chelators).!

The thalassemias have long been diseases of the pediatric
population; nowadays, these inherited disorders present an equal-
ly significant burden among the adult population. The advances in
both the knowledge and the care of this disease, as well as the
increase in availability of treatments for those in need, have been
factors for the aging of the thalassemic population. Such a change
in demographics, however, allowed the recognition of complica-
tions associated with the longevity of patients living with tha-
lassemia.>? Long-term damage to the renal system has become
evident with more studies targeting renal biomarkers and preva-
lence of different types of renal injuries in thalassemia. We dis-
cuss herein the renal complications found in thalassemia along
with the role of iron overload, chronic anemia and iron chelation
therapy (ICT) in their pathophysiology. The bulk of the literature
tackles transfusion-dependent thalassemia patients, but informa-
tion will also be presented on patients with non-transfusion-
dependent thalassemia.

Methods

Publications from potentially relevant journals were found on
Medline and PubMed through advanced search option with “(tha-
lassemia) AND renal”. We excluded articles that cover other
hemoglobinopathies unless they invoke a relevance to tha-
lassemia. References of these articles were browsed and more
articles were used if they improve understanding of the different
aspects of the paper.

Mechanisms of renal complications

Chronic anemia, iron overload, and the use of specific iron
chelators have all been linked to renal manifestations in patients
with f-Thalassemia (Figure 1).* Although some studies on renal
function in f-Thalassemia exist before ICT was adopted, the inde-
pendent contribution to renal abnormalities by either chronic ane-
mia or iron overload is harder to pinpoint, given their coexistence
in the pathophysiology of the disease.!>>¢ Other factors that can
exaggerate this decrease in the thalassemic population may be
glomerular diseases associated with hepatitis B or C and HIV
infections (transfusion related), as well as iron-induced hepatic and
cardiac dysfunction.®

Iron overload

Different mechanisms of toxicity from local iron in the kidneys
are suggested. The nephrons may be exposed to heme and heme-
containing proteins when the body is oversaturated with iron con-
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taining elements from persistent hemolysis. Blood transfusions can
further dump both non-transferrin bound iron (NTBI) and heme
elements into the nephrons. Autopsy series on patients with TDT
showed iron deposition in terminal portions of the proximal
tubules and in the distal tubules.” Such hemosiderin deposits may
pave the way for tubular necrosis, cortical atrophy, and interstitial
fibrosis, which could be a factor in both acute and chronic kidney
injuries in thalassemia. Iron itself plays a role in worsening the
progression of chronic kidney disease (CKD), as studies on CKD
individuals without states of iron overload showed a deceleration
in CKD progression with the use of iron chelators.?

Iron is speculated to dissociate from transferrin in the acidic
milieu of the proximal tubules, producing reactive oxygen species
(ROS) that can damage the brush border of the renal tubular mem-
brane. Even transferrin bound iron that enters the proximal tubular
cells can still cause cellular damage by creating ROS once free iron
is released upon lysosomal digestion.”!® Mitochondrial stress is
linked to the resulting cellular injury, as it appears that an increased
release of cytochrome C, lactate dehydrogenase and reduction in
adenosine triphosphate (ATP) are noticed in damaged proximal
tubular cells.!! Oxidants also increase the susceptibility of
glomerular basement membranes to damage by decreasing synthe-
sis of proteoglycans, necessary for its integrity.'?

In addition, tubulointerstitial damage may result when growth
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factors and cytokines are released from injured tubular cells, creat-
ing a bed for tubulointerstitial fibrosis and glomerular sclerosis.!3

Chronic anemia

Renal tubular cells can equally be exposed to oxidative stress
and lipid peroxidation from states of chronic hypoxia and anemia,
even without iron overload.'* The severity of anemia correlated
well with markers of tubular abnormalities; the latter were reduced
in the thalassemia major group with hypertransfusion regimens.'
Mixed results however do exist.'® Renal manifestations in NTDT
patients who are ICT naive could thus be the result of the interplay
between chronic anemia and iron overload.

It is suggested that the decrease in systemic vascular resistance
in the anemic state can instigate the increased renal plasma flow
and subsequently the glomerular filtration rate (GFR), resulting in
what is known as “glomerular hyperfiltration”.'” Such a phenome-
non, reflected clinically as an increase of creatinine clearance
(CrCl) or estimated GFR (eGFR), is usually associated with dia-
betes, hypertension or their precursor states. It brings about a state
of glomerular hypertension, where glomerular capillary walls
stretch and endothelial/epithelial injury ensues. Macromolecular
leaks occur to relieve the intraglomerular pressure, but end up
causing glomerulo-tubular dysfunctions like increased albuminuria
and may lead to end-stage renal disease (ESRD).!'$:1°
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Figure 1. Pathophysiology behind the renal complications in thalassemia. (a) the suggested pathophysiology of renal disease due to iron
overload; (b) two possible mechanisms for renal complications due to iron chelation therapy; (c) the impact of chronic anemia and
hypoxia on kidney structure and function. NTBI, non transferrin bound iron; ROS, reactive oxygen species; GF, growth factor; GFR,
glomerular filtration rate; SVR, systemic vascular resistance; RPFE, renal plasma flow.
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On the other hand, chronic hypoxia can throw tubular cells,
whose metabolic demands are physiologically high, into a vicious
cycle of epithelial-mesenchymal transdifferentiation, apoptosis,
activation of fibroblasts and subsequent fibrosis. Fibrosis of the
interstitial space then worsens oxygen diffusion, further propagat-
ing the tubular damage that was initiated by hypoxia. The after-
math can vary between tubulointerstitial injury, glomerulosclerosis
and kidney fibrosis, especially in the setting of iron overload.*!>2°
GFR would eventually decrease after prolonged cellular injury,
possibly ending in ESRD.!%-22

Iron chelation therapy

Management of iron overload in both forms of f-Thalassemia
comes at an expense. Three agents are available for iron chelation
- oral deferiprone (DFP), deferasirox (DFX), and the parenteral
deferoxamine (DFO) - each with a spectrum of side effects.
Kidney injury is a prominent side effect with DFX and DFO, espe-
cially when tight dosage monitoring is absent. Increased urinary
excretion of beta-2 microglobulin and growth hormone after con-
tinuous DFO infusion suggests a role for over-chelation.?? Direct
nephrotoxic effect via tubular necrosis is the most likely mecha-
nism of kidney injury according to biopsy findings and due to the
reversible nature of the injury.>* Additionally, over-chelation and
depletion of serum iron has been hypothesized to play a role in
renal damage. This has been supported by a trend of increasing
serum creatinine in groups who showed significant decreases in
liver iron concentration (LIC) and serum ferritin (SF) or in those
with initially lower baseline iron indices.*?>2¢ Relative intracellular
iron depletion is also theorized to trigger an imbalance between
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vasodilating and vasoconstrictive prostaglandins. This is due to
tubular cell mitochondrial damage, reduction in ATP production
and interference with arachidonic acid cascade, which can ulti-
mately alter prostaglandin production and trigger tubuloglomerular
feedback in favor of reduced GFR.#

Types of renal Injury

Kidney dysfunctions in thalassemia, namely TDT, tend to
increase with age and correlate with risk factors (e.g. blood transfu-
sion duration) or renal function biomarkers (e.g. hypercalciuria).”’
Many aspects of kidney can be affected, and these often coexist in
the same patients.?® More is known about TDT renal complications
than NTDT at this point, as renal manifestations in NTDT patients
are poorly described and data on the subject are scarce with lack of
long-term follow-ups. So far, most studies on renal manifestations in
this subgroup have revolved around the potential nephrotoxic effects
of iron chelators.** It is very clear, however, that NTDT deserves
comparable attention when it comes to renal outcomes.*

Tubular injury

There is evidence for tubular damage in the TDT population.
Almost all patients are found to have low-molecular weight pro-
teinuria at some point in time. Urinary markers of proximal tubular
damage have been increased in several studies; these include N-
acetyl-f-D-glucosaminidase (NAG) and f,-microglobulin, calci-
um, phosphate, magnesium, uric acid, amino acids, and malondi-
aldehyde derived from the destruction of membrane lipids by per-
oxidation (Table 1).462831-33 These markers, when compared to age-

Table 1. Frequency of positive renal biomarkers throughout studies in TDT, organized by renal injury types.

A\\

_Marke
Hyperphosphaturia 0-9.2
Hypercalciuria 0-79.2
Aminoaciduria 5.9-314
Magnesiumuria 8.6
Hyperaciduricuria 9.9-82.4
Urinary 2-Microglobulin 0-64.6
Elevated FENa 0-29.1
Urinary N-acetyl- -D-glucosaminidase (NAG) 35.9-100
Elevated Serum 2-Microglobulin 5
Elevated urinary retinol binding protein (RBP) 69.4
Elevated urinary alpha-1 Macroglobulin 54.8
Decreased urinary osmolarity 58.1-100
Elevated serum Cystatin-C 33.2-50
Glomerular hyperfiltration by eGFR 17.8-39.6
Decreased eGFR 0-58.82
Proteinuria 0-90
Microalbumiruia 0-100
Hematuria 34-10.6
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matched patients, are reduced in TDT patients who are cured by
hematopoietic stem-cell transplantation.>

When urinary beta-2 microglobulin to creatinine ratio (BCR)
was used to predict renal tubular damage, the use of alendronate was
linked to less damage with TDT and NTDT patients. This however
was in patients requiring alendronate as indicated for osteoporosis,
and should be interpreted carefully, as cases of high dose bisphos-
phonates are known to cause proximal tubular nephrotoxicity.?®
When TDT and NTDT patients were compared, abnormal tubular
function tests, including elevations in fractional excretion of sodium
(FENa), urinary excretion of uric acid and alpha-1 macroglobulin
(alpha-1M), were similar. However, retinol-binding protein (RBP),
urine calcium/creatinine ratio (Uc,,) and BCR were higher in TDT
while being respectively normal, normal and mildly elevated in
NTDT. This might indicate that these parameters correlate better
with blood transfusion, and perhaps iron overload mediated kidney
damage.’* Hypercalciuria (elevated U, ,) evidently correlated with
blood transfusions in a previous study in NTDT.*

Glomerular injury
Glomerular disease in thalassemia is related either to GFR or
albuminuria.

Changes in GFR

Glomerular filtration rate is reportedly elevated in TDT patients
as compared to age-matched healthy individuals.’>* Glomerular
hyperfiltration can range from 20 to 40% of thalassemia cases.?3
Male gender and a previous history of splenectomy were found to be
independent predictors in multivariate analyses.?® In NTDT patients,
anemia may prove pivotal in the observed renal hyperfiltration.
Regular blood transfusions decreased this phenomenon, but were
also linked to increased hypercalciuria. This strengthens both the
role of chronic anemia/hypoxia in the pathophysiology of glomeru-
lar hyperfiltraion, as well as the role of blood transfusion in some
aspects of tubular dysfunction.’> Glomerular hyperfiltration might be
an early hallmark of NTDT renal manifestations. A retrospective
study of 50 NTDT patients revealed glomerular hyperfiltration to be
present early in the course of the disease with nearly half of the
patients exhibiting this finding. Importantly, age negatively correlat-
ed with GFR. Within the upcoming years, around 60% of these
patients had abnormal urine protein to creatinine ratio (UPCR) of
>200 mg/g, and 14% developed proteinuria with UPCR >500 mg/g.
Proteinuria positively correlated with higher levels of LIC and
NTBI.? However, contrary to diabetic and hypertensive glomerular
diseases, little evidence exists so far to claim that hyperfiltration in
thalassemia is indeed a harbinger for future renal damage, as it is
merely explained by the physiological hyperdynamic compensation
in anemic patients, which is understandably larger in a male habitus
or in splenectomized patients.?® Long term follow-up studies may
validate this assumption.

Although decreased GFR is rarely documented at pediatric
age, gradual decrease can creep up with progressive renal damage,
and it can start appearing in adult patients.?” 18.5% of adult tha-
lassemic patients had eGFR <90 mL/min by the end of a 10 year
follow up study. This decline in eGFR was more significant in
patients with tubular damage.’® Decreasing GFR might reflect
accumulating long-term damage to the kidneys. This follow-up
however was in a period without proper blood transfusion guide-
lines, and when iron chelation was still widely inadequately used.
More recent cohort studies are required.

Albuminuria

Different studies used different cut-off values of albumin to
creatinine ratio (ACR), and even different biomarkers, to detected
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proteinuria as a marker for glomerular damage, making it difficult
to interpret discrepancies. In pediatric TDT patients, proteinuria
ranged from 24% to 47%, and did not change with deferoxamine
therapy.’*#0 Significant glomerular proteinuria in adult patients
was 20% using ACR, but was found to be 33% in another study
using serum cystatin-C.2%3! Comparison of TDT vs NTDT revealed
elevated serum cystatin-C and spot ACR levels in both groups
compared to general population, but no clinical significant differ-
ence amongst them was found.’® When ACR was used in TDT and
NTDT patients, T2* value <20 msec on cardiac magnetic reso-
nance was the only independent predictor for glomerular dysfunc-
tion; it was not associated, however, with renal tubular damage or
hyperfiltration. A possible link between cardiac disease, renal dys-
function and iron overload in thalassemia could be suggested, but
this requires further targeted studies that include measurements
such as NTBI or free oxygen radicals in the serum.?® There is still
a debate over the link between ICT, mainly deferasirox, and
glomerular disease.?®3?

ICT-mediated acute kidney injury

Although rare, acute kidney injury (AKI) has been attributed to
ICT.#142 AKI has been reported in 40% of patients on DFO. This
mostly occurred with the intravenous method of administration
following overdose of the drug due to malfunction of the pump
and/or inadequate monitoring during treatment. AKI, should it
occur under such cases, appears to respond well to high-efficiency
hemodialysis.**# Several cases of AKI have also been reported in
the post marketing surveillance of DFX.*

In a multicenter randomized phase 3 trial comparing
deferasirox and deferoxamine in TDT patients, a dose-dependent
increase in serum creatinine was observed in 38% of patients
receiving DFX, and a similar increase was observed in 14% of
patients on DFO. The increases were mostly within normal range
and never exceeded twice the upper limit normal (ULN). In most
patients receiving DFX who experienced elevated serum creati-
nine, levels spontaneously normalized and thus dose reduction was
only required in 13% of patients.?

To determine if the elevated creatinine level was progressive,
the outcome of 1074 iron overloaded thalassemia patients treated
with DFX for one year was reviewed. 10% of the patients experi-
enced a rise in serum creatinine (>33% baseline or >ULN) on two
consecutive measurements. Most of these patients had high base-
line serum creatinine levels. One case of AKI was reported.
Overall, there was no progressive increase in mean serum creati-
nine.* In parallel, another study that investigated cystatin C levels
in TDT patients receiving DFX demonstrated stable levels over the
9 months period of the treatment.*®

Renal hemosiderosis

Although iron deposition is documented in biopsied tubules of
TDT patients, iron detection on magnetic resonance imaging
(MRI) R2* for adult patients was closer to the healthy population
group as compared to sickle cell disease (SCD) patients. The
mechanism for anemia in SCD is intravascular hemolysis as com-
pared to ineffective erythropoiesis in thalassemia; this may play a
role in the difference of outcomes.*’” Renal parameters, mainly
markers of tubular dysfunction, have correlated, albeit conflicting-
ly, with serum ferritin and LIC, as well as with iron chelation ther-
apy use, suggesting a possible impact of iron kidney accumulation
on the renal function.'®4%4 For example, Increases in NAG and /2-
M are higher in patients with high serum ferritin levels, and chela-
tion therapy showed reversal of the findings.33* More recently,
77% of a group of adult TDT patients showed evidence of hemo-
siderosis on kidney MRI T2*. 51.5% of the same group showed
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decreased eGFR.*! This could reflect that minimal iron accumula-
tion can have an impact on renal function, but as more accumula-
tion becomes detectable on MRI, kidney function can worsen.
Further studies are needed to prove such correlations.

End stage renal disease

In a cohort of 127 NTDT patients, 4% developed ESRD that
required regular hemodialysis. A review of their medical charts
over a 10 years observation period revealed that elevations in
serum creatinine and dipstick-positive albuminuria were the first
manifestations of renal disease.?> One patient with nephrotic range
proteinuria was found to have focal segmental glomerulosclerosis
(FSGS) on renal biopsy. Iron overload and paradoxically excessive
iron removal, as well as the hemodynamic maladaptation related to
anemia with resultant hyperfiltration, have all been suggested to
gradually result in tubular atrophy and eventual glomerulo-intersti-
tial fibrosis.*6-38:30

Fanconi sydrome

Renal wasting of electolytes, amino acids and glucose occurs
in thalassemia, and it is most likely a tubular dysfunction.’?3!
Deferasirox, which is minimally excreted in the kidneys, is linked
to fanconi syndrome (FS), a heightened form of proximal tubular
wasting manifested by hypophosphatemia, normal anion gap meta-
bolic acidosis, glucosuria, and proteinuria. During clinical trials
with DFX therapy, FS was a rare complication, occurring in 0.1 to
1% of patients.?>3? It is postulated that deferasirox’s lipophilic
properties allow it to penetrate cell membranes and to accumulate
in the proximal tubular cells. This can either cause direct nephro-
toxic effects or deplete mitochondrial iron, with resulting proximal
tubular dysfunction. To date, more than 14 cases of FS (mostly f-
thalassemia patients) have been reported secondary to DFX thera-
py->**° Management includes discontinuation of DFX and hospital-
ization for fluids and electrolytes repletion. Among three re-chal-
lenge attempts, one patient had recurrent tubulopathy leading to
permanent discontinuation, while the other two required long-term
electrolyte supplementation when restarted on a lower dose.’*
Plasmapheresis did not appear to be helpful in a case of acute
deferasirox toxicity.>> Monitoring guidelines for DFX therapy do
not suggest monthly testing for serum electrolytes and urine analy-
sis, and therefore detection is delayed until patients are sympto-
matic and need hospitalization for management. Given that most
patients affected with DFX tubulopathy are at the higher end of the
dosing range, it is advised to check serum electrolytes at baseline
and every 3 months following initiation of therapy. Prompt with-
drawal of DFX and referral to a nephrologist is advised with labo-
ratory evidence of electrolyte abnormalities.>®

Urolithiasis

Transfusion-dependent thalassemia patients have a higher
occurrence of both asymptomatic (59%) and symptomatic (18%)
kidney stones compared to the general population. Stones have a
mixed composition but they are most commonly calcium based.
The latter are associated with lower femoral z-scores on bone mar-
row densitometry; calcium stone formers were also found to have
lower ferritin levels and higher serum creatinine levels.>
Hypercalciuria and proteinuria also commonly co-exist with
urolithiasis, and hypercalciuria strongly correlated with
deferasirox body-adjusted dose, paralleling previous studies.®®
Data from a 19-year longitudinal study shows that a switch from
deferoxamine to deferasirox is associated with faster bone resorp-
tion.®! All these notions hint at deferasirox use as a link between
bone and kidney manifestations in thalassemia. Among other stone
types, thalassemic patients frequently form cysteine stones, and the
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reason could lie in an underlying tubulopathy. Moreover, the
occurrence of struvite stones may warrant searching for undetected
chronic kidney infections, especially in the splenectomized
patients.> Hematuria has ranged from 3.4 to 10.6% in observation-
al studies on TDT and NTDT patients, and it is mostly attributable
to asymptomatic kidney stones.’>¢? Splenectomy, with the subse-
quent high erythrocyte turnover, is associated with higher rates of
nephrolithiasis in NTDT.%3

Detection, prevention and management

There is a trend towards earlier detection of glomerular and tubu-
lar abnormalities, especially in pediatric thalassemic populations,
using early biomarkers of renal dysfunction. Table 1 and supplement
1 report the frequency and range of abnormal renal biomarkers from
studies on thalassemia variants. '5:16:27-33.35.36.39.4051.59.64-72 ACR and BCR
can predict initial signs of glomerular and tubular impairment,
respectively, in the general population; their use in many aforemen-
tioned studies reflects their validity in the thalassemic population.$73
Serum cystatin-C and serum or urinary beta-2 microglobulin have
received attention as better tools to assess sensitive changes GFR and
creatinine clearance in thalassemia as compared to serum creatinine
and eGFR.16346727476 Serum cystatin-C is filtered by the glomerulus,
but is neither secreted nor reabsorbed by tubular cells, so it is also a
reliable marker for glomerular dysfunction, while beta-2 microglob-
ulin is filtered but almost completely reabsorbed by the tubules, giv-
ing its importance in screening for tubular abnormalities.** It seems
that these markers may independently correlate with serum ferritin,
transfusion rate, duration of chelation therapy, albumin/creatinine
ratio, serum creatinine, LIC and age, while also negatively correlating
with eGFR, creatinine clearance, and hemoglobin.?'?>3% Serum cys-
tatin-C is high in thalassemia minor but higher in NTDT and TDT
groups as compared to healthy patients; this suggests its possible
value as an early precursor of glomerular dysfunction in patients with
thalassemia.* NAG is another marker worth use as it correlates with
proteinuria.?”7>”7 Hypercalciuria, tested by urine calcium to creati-
nine ratio, is consistent within many studies with proximal tubulopa-
thy. It correlates best with blood transfusion burden and deferasirox
body-adjusted dose.3!3340:3961.68 Byt it could also be found in patients
who are not blood transfused and should be carefully assessed with
concomitant mineral bone diseases.>33-%8787 Conflicting data prompt
creating meta-analyses which can provide conclusive correlations
and strong diagnostic statistical parameters for these biomark-
ers; 2836467680 However, these are difficult to achieve due to many rea-
sons (Table 2). UPCR remains an important and frequently used
marker for glomerular dysfunction.%6878

eGFR (using the Schwartz Formula) might not be an accurate
assessment in thalassemia, as some studies suggest it overestimates
the actual filtration rates when compared to 24-hour urine creati-
nine collections, especially in states of hyperfiltration.?’35¢7 eGFR
and serum ferritin have been correlated with tests like FENa, beta-
2 microglobulin, UPCR and cystatin-c, but alone they are not good
enough predictors of renal outcomes.?$3°

Studies show opposing relationships between FENa levels and
renal disease severity in beta thalassemia patients.?730-33.687681 Age
difference of study groups and its implication on renal dysfunction
might play a role in the different results, but systemic analysis is
needed to prove this.

Urinary RBP is a specific marker for tubular dysfunction, even
in the presence of massive proteinuria. Alpha-1M and RBP still
have limited data in thalassemia screening for renal function, but
they do show reliable results. RBP stands out in being elevated
only in TDT as compared to other factors that are equally elevated
in NTDT as well.30:82
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Table 2. Factors hindering proper meta-analyses for renal biomarkers in thalassemia studies.

Majority of studies have small sample size (<10 to 500)

Different parameters and definitions are used for different renal injury markers

Different techniques are used to detect same biomarkers across studies

Populations studied are not homogeneous (age, ICT use, transfusion burden, splenectomy, hemoglobin levels, iron overload status)

Studies do not account for concomitant medication (calcium, vitamin D, ICT, etc.)

Observational studies present data in different methods (incidence of abnormalities vs average value of tests), affecting uniform information collection
Other kidney diseases can affect results and not always accounted for (hep C, diabetes, etc.)

Table 3. Guidance for management of renal issues with iron chelation therapy.

Pre-cautionary Monitor patients for changes Special care must be taken in Measure serum creatinine and CrCl before
in renal function patients with renal impairment starting therapy; Monitor serum creatinine
since studies have not been regularly

conducted to evaluate its safety
and efficacy in these patients

Baseline renal impairment Contraindicated in patients with ~ DFP has not been evaluated in Impairment of CrCl 40—60 mL/min: reduce
severe renal disease or anuria patients with renal impairment starting dose by 50%; do not use if serum
creatinine >2x ULN or CrCl <40 mL/min

Increased serum creatinine Monitor patients for changesin ~ (No guidance provided) Treatment should be interrupted or reduced
renal function; increased serum if increase is >33% above baseline at 2
creatinine, acute renal failure, and consecutive visits (and above the age-appropriate
renal tubular disorders have been ULN in pediatric patients)
reported in postmarketing studies

Continued renal impairment (No guidance provided) (No guidance provided) Discontinue therapy if CrCl<40 mL/min, or serum

creatinine
>2x age-appropriate ULN

So far, according to the thalassemia international federation abnormalities, as well the current prevalence of these diseases in
(TIF) guidelines of 2014 for TDT management, periodic chemistry the era of new iron chelation and blood transfusion guidelines.
panel, urea and creatinine should be done every 3 months (monthly With enough data still lacking, there is a need for close monitor-

if on DFX). Urinalysis is to be done biannually.® Since iron over- ing and follow-up of renal function in NTDT patients as they live
load, chronic anemia and improper ICT use are all linked to renal longer, and this puts them at increased risk of severe renal dis-
complications, the judicial use of blood transfusion and iron chela- ease. Progress of research in this topic will allow the detection of

tors, along with proper follow-up testing, is recommended. It is renal dysfunction harbingers in hope to arrest the progress of
always important to rule out and manage other diseases that can renal injury, if not to reverse it.

affect the kidneys, such as diabetes, hypertension, etc.* Table 3 aids
in the choice and monitoring recommendations when using iron
chelation therapy. $3-% References
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