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Abstract: To date, in pediatric field, various hematological malignancies are increasingly treated 

with allogeneic hematopoietic stem cell transplantation (allo-HSCT). Iron overload and systemic 

siderosis often occur in this particular cohort of patients and are associated with poor prognosis. 

We describe herein the case of two allo-HSCT patients, on treatment with deferasirox; they 

showed histopathological elements compatible with venoocclusive disease or vanishing bile 

duct syndrome in ductopenic evolution before deferasirox started. The first patient developed 

drug-induced liver damage with metabolic acidosis and the second one a liver impairment with 

Fanconi syndrome. After withdrawing deferasirox treatment, both patients showed improvement. 

Measurements of drug plasma concentrations were performed by HPLC assay. The reduction 

and consequent disappearance of symptoms after the suspension of deferasirox substantiate its 

role in inducing hepatic damage, probably enabling the diagnosis of drug-induced liver dam-

age. But the difficulties in diagnosing drug-related toxicity must be underlined, especially in 

compromised subjects. For these reasons, in patients requiring iron-chelating therapy, close and 

careful drug therapeutic monitoring is strongly recommended.

Keywords: deferasirox, allogeneic hematopoietic stem cell transplantation, allo-HSCT, 

pediatric, ductopenia, therapeutic drug monitoring, adverse events

Introduction
Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is an increasingly 

used treatment modality for a wide variety of hematological malignancies and benign 

disease in the pediatric population. Iron overload (IO) has been associated with poor 

prognosis in patients undergoing allo-HSCT.1–5 Systemic siderosis in this cohort of 

patients is multifactorial and is not exclusively due to intense transfusion regimen.6 

Intensive cytotoxic therapy before HSCT destroys both bone marrow and neoplastic 

cells, releasing internal iron contents from cells and increasing free iron concentrations.7 

High-intensity myeloablative conditioning prior to HSCT can damage hepatic cells, 

which releases cellular iron pools and increases further iron load.8

Liver dysfunction (LD) is a common problem in these patients, both before and after 

transplantation. Almost half of pediatric HSCT patients have laboratory evidence of 

LD before transplantation, and 74% to 85.5% have post-transplantation transaminase 

elevations.9,10 Many causes of LD are well known, such as graft-versus-host disease 

(GVHD), drug hepatotoxicity, viral hepatitis, sepsis, venoocclusive disease (VOD), 

and disease recurrence. Nevertheless, a lesser proportion of liver complications are 

still classified as of undetermined cause.
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Deferasirox (DFX), an oral iron chelator, is widely used 

for the treatment of patients with IO. Excessive iron accumu-

lation often results in tissue damage and organ failure; it has 

been shown that pre-HSCT chelation with DFX leads to a 

rapid decrease in the labile plasma iron, improving survival. 

However, there are only few studies regarding the effects of 

chelation therapy in the post-transplant period in a pediatric 

setting or about the safety and tolerability of DFX in pediatric 

patients who developed LD after allo-HSCT.2,11

The aim of our study was to describe the adverse events 

(AEs) observed in two allo-HSCT patients treated with DFX. 

We have analyzed the development of symptoms before and 

after therapy discontinuation and the possible association 

with DFX.

Case reports
Case 1
The first patient was a 4-year-old male child (whose mother 

was an Ethiopian) affected by acute lymphoblastic leukemia 

who underwent allo-HSCT after total body irradiation (TBI)-

based myeloablative conditioning. GVHD prophylaxis 

was performed with tacrolimus only. Prophylaxis of liver 

complications was performed with ursodeoxycholic acid 

(UDCA), 30 mg/kg/day, from the first day of conditioning. 

During the pre-transplant work-up, the child was subjected 

to abdominal magnetic resonance evaluation of abdominal 

organ iron concentration. He was found to have severe IO 

with an iron concentration value higher than 200 µmol/g 

(normal value: ,40 µmol/g) in three of the four organs 

evaluated (ie, in spleen, bone, and liver, except pancreas), 

and the child underwent chelation therapy with deferoxamine 

(30 mg/kg/day, continuous intravenous infusion) during the 

entire stay in the Transplant Unit.

The post-transplantation period was complicated by a 

severe VOD, with a complete inversion of the portal flow 

and an important ascite (Figure 1). The severity of the clinical 

picture was further complicated by a hyperacute GVHD, 

characterized by hypertransaminasemia with aspartate 

aminotransferase and an alanine aminotransferase value 

higher than 800 U/L (normal values: ,38 U/L and ,25 U/L, 

respectively). The portal flow returned to normal after 10 days 

of defibrotide treatment. Hepatic GVHD resolved completely 

after three doses of infliximab.

After ascites resolution, a liver biopsy was performed 

and a histological evaluation showed the presence of 

central ischemic-hemorrhagic necrosis suggestive of VOD 

and a high degree of IO. Another histological feature was 

ductopenia (absence of interlobular bile ducts in portal tracts) 

suggestive of liver GVHD (Figure 2).

The patient underwent a second MRI-based iron load 

evaluation before discharge from our Transplant Unit and 

showed a general worsening of iron accumulation. All four 

abdominal organs evaluated had an abnormal iron concen-

tration. The liver, spleen, and bone showed a higher degree 

of siderosis compared to pre-transplant values. Ferritin 

values stabilized around 3,000 ng/mL (normal range: 

20–300 ng/mL).

Therefore, the patient was treated with DFX at a dosage 

of 375 mg/day (17.6 mg/kg). One month later, he was read-

mitted to our Unit with a marked deterioration of clinical 

conditions. He experienced fatigue, weakness, nausea, 

vomiting, abdominal pain, and anorexia that had begun one 

Figure 1 Case 1: color Doppler sonographic evaluation. Complete inversion of the 
portal venous flow.

Figure 2 Case 1: center lobular hemorrhagic confluent liver cells necrosis around a 
central vein showing few inflammatory infiltrates within lumen, suggesting diagnosis 
of venoocclusive disease (H&E, 100×).
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week before. Laboratory investigations on admission showed 

a normal white blood cell count with mild neutropenia, 

a normal platelets count, and hemoglobin concentration. 

His liver and renal function was mildly deranged. Further-

more, he was found to have a metabolic acidosis.

Primary disease recurrence was excluded. Prednisone at 

a dosage of 1 mg/kg was added to tacrolimus as systemic 

GVHD was suspected. To correct acidosis, the patient was 

hydrated by administering electrolyte solution enriched with 

bicarbonate.

Measurement, by high performance liquid chromatogra-

phy (HPLC) assay, previously described and validated,12,13 

of DFX plasma concentration confirmed a moderate 

increase of the drug plasmatic level (C
trough

 =27 mM; normal 

C
trough

 value ,20 mM; C
DFX

/D
DFX

 ratio =0.56). Tacrolimus 

therapeutic plasma concentrations were maintained at 

about 10 ng/mL.

He continued to demonstrate mild liver and renal dysfunc-

tion during the following month, while metabolic acidosis 

progressively worsened. The child underwent another liver 

biopsy that showed a histological feature suggestive of 

drug-induced liver injury (DILI) (Figure 3). After 79 days 

of chelation treatment, DFX was immediately stopped. 

His biochemical parameters normalized rapidly after dis-

continuation of DFX and the bicarbonate supplement was 

stopped two weeks later (see Table 1).

Case 2
The second clinical case was a 16-year-old male affected 

by X-linked lymphoproliferative syndrome. The diagnosis 

was performed at the beginning of January 2012, after a 

severe Epstein–Barr virus infection complicated by hepatic 

and respiratory failure, and erythrophagocytic histiocytosis 

affecting the brain.

In April 2012, he underwent a segmentectomy of the 

upper lung lobe, with a histological diagnosis of lymphoma-

toid granulomatosis. Then, he was treated with rituximab, 

vincristine, and dexamethasone.

In April 2013, after a busulfan-based myeloablative con-

ditioning, he underwent a matched unrelated donor-HSCT. 

GVHD prophylaxis was performed with tacrolimus and 

mycophenolate mofetil (MMF). The post-transplant period 

was uneventful and MMF was stopped at day +30.

In April 2014, one year later, the patient underwent a 

liver biopsy for a mild but steady alteration of liver func-

tional tests (LFT). The histological report highlighted portal 

tracts characterized by minimal fibrosis and marginal biliary 

ductular proliferation; numeric reduction of the interlobular 

bile ducts present in one of the eight portal tracts of the 

sample; Kupffer cells hyperplasia; and reticuloendothelial 

siderosis (2–3 degree). Widespread structural anomalies 

of the portal venous vessels appear numerically increased, 

with dilated lumen, sometimes herniated in the perivascular 

parenchyma (Figure 4).

The histological picture was compatible with chronic 

GVHD associated with vascular lesions such as hepatoportal 

sclerosis.

The MMF was again added to tacrolimus therapy and 

was suspended in May 2015, one year later. In June 2015, 

after a complete normalization of the LFT, tacrolimus was 

also stopped. The patient underwent an MRI-based iron-

load evaluation that demonstrated moderate liver siderosis 

(LIC 140 µmol/g). Ferritin also stabilized at values above 

2,000 ng/mL. At the end of June 2015, chelation therapy 

was started with DFX (1,500 mg/day; 26.4 mg/kg). The only 

concomitant drug was UDCA.

In July 2015, the patient returned to the observation of 

clinicians due to aggravating asthenia, which had started 

about 20 days earlier and became more complicated in the 

previous days, with symptoms such as severe abdominal 

pain, persistent vomiting, and anorexia, in particular after 

the intake of DFX.

A physical examination showed poor general condi-

tions, weight loss of 8 kg in the past 2 weeks, pallor, signs 

of dehydration, polypnea without dyspnea, tachycardia, and 

palpable liver at 2 cm from the costal arch. No other abnor-

malities were found.

Figure 3 Case 1: liver with normal architecture; inflammatory infiltrate is 
completely absent. Diffuse swelling of liver cells cytoplasm suggesting toxic-related 
damage (H&E, 40×).
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Laboratory tests showed a severe impairment of liver and 

renal functions; the patient was found to have metabolic aci-

dosis (see Table 2). Urinalysis showed abnormal proteinuria 

(192.9 mg/24 hours), albuminuria (25.89 mg/24 hours), 

β2-microglobulinuria (.50,000 ng/mL), and glycosuria 

(113 mg/24 hours), suggesting proximal tubular dysfunction. 

The patient was hydrated and corrected for acidosis with 

bicarbonates. As DFX liver toxicity associated with Fanconi 

syndrome was suspected, therapeutic drug monitoring of 

DFX was performed. It showed a minimum plasma concen-

tration (C
trough

) of 207 mM (C
DFX

/D
DFX

 ratio =2.93).

DFX was immediately discontinued. Four days later, 

fatigue and gastrointestinal symptoms cleared and the patient 

gained 3 kg of weight. One month later, LFT and laboratory 

findings associated with Fanconi syndrome were normal. 

DFX was not rechallenged to the patient and no recurrence 

of LD or Fanconi syndrome was evident for more than 

2 years.

Results
DFX is an oral iron-chelating agent used to treat chronic IO. 

It binds two iron molecules with high affinity and specificity, 

thus forming a stable complex with each iron (Fe3+) atom.14 

Table 1 Case 1: laboratory test results

Laboratory tests Conventional 
units

Reference 
range values

January 
2017*

February 
2017

March 
2017

April 
2017

Neutrophils ×103/mL 1.8–8.5 1.22 1.50 4.31 2.65
Lymphocytes ×103/mL 1.5–7.0 0.53 0.9 0.6 0.7
Platelets ×103/mL 150–450 # # # #
Hematocrit % 37.0–45.0 # 36.4 # #
Hemoglobin g/dL 10.5–13.5 # # 14.0 #
pH NA 7.350–7.450 7.309 7.31 7.314 #
pCO2 mmHg 38–52 # # 35 #
pO2 mmHg 83–108 # 45 # #
CO2 mEq/L 19–29 20 17 16 22
HCO3

− mEq/L 21–28 19 18 17 #
BE mmol/L −1.5 to +3.0 −3.6 −6.1 −7.6 −0.3
Natrium mEq/L 135–145 # # 134 #
Phosphorus mg/dL 4.33–7.21 # 2.12 2.34 3.83
Magnesium mg/dL 1.80–2.30 # 1.74 1.21 1.22
Blood creatinine mg/dL 0.26–0.55 0.73 0.66 0.65 #
Blood urea nitrogen mg/dL 16–45 56 54 57 #
Blood bilirubin mg/dL 0.18–0.88 # # 0.95 #
Blood direct bilirubin mg/dL 0.04–0.20 0.29 0.27 0.26 #
AST U/L 10–34 45 41 52 #
ALT U/L 10–45 68 102 98 44
Alkaline phosphatase U/L 142–335 # 354 460 #
g-GT U/L 5–14 # # 14 14
Bile salts mmol/L ,6 38.4 61.8 59.8 12.4
β2-microglobulin ng/mL 1,010–1,730 2,546 3,417 3,994 1,980
β2-microglobulinuria ng/mL ,300 # 23,052 12,500 #
Ferritin ng/mL 20–300 2,519 1,088 563.3 336.4
Liver biopsy NA NA NA NA X NA
DFX NA NA TDM§ NA Stopped** NA
Tacrolimus (TDM) ng/mL NA 11.8 11.6 9.3 9.9

Notes: *Lab tests performed one month after starting DFX treatment. **DFX was stopped after 79 days of treatment. §TDM performed at Ctrough plasma concentration. 
Checklist reports only lab results that are out of normal range. # Normal value.
Abbreviations: BE, base excess; AST, aspartate aminotransferase; ALT, alanine aminotransferase; g-GT, gamma-glutamyl transferase; DFX, deferasirox; TDM, therapeutic 
drug monitoring; NA, not applicable.

Figure 4 Case 2: widespread structural anomalies of the portal venous vessels 
with dilated lumen, sometimes herniated in the perivascular parenchyma (CD34 
immunoreaction, 40×).
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DFX is licensed for use as first-line therapy for chronic blood 

transfusion-related IO in patients aged 2 years and older.15

Although its use represents a great improvement in terms 

of patients’ quality of life, there have been reports of several 

AEs in both adult and pediatric patients.

Mild AEs are the most frequently reported in pediatric 

and adult patients with transfusion-dependent anemias, 

for example, transient gastrointestinal issues in 15%, skin 

rashes in 11%, and mild, dose-dependent increases in serum 

creatinine in 38% of patients.15 Uncommon, but potentially 

severe, AEs are renal failure, gastrointestinal bleeding, hyper-

sensitivity reactions, and bone marrow suppression mostly 

in patients with pre-existing hematologic disorders.16

Few data are available on tolerability and safety of DFX 

in allo-HSCT recipients. Jaekel et al have documented drug-

related AEs in 71.1% patients.3

As of December 2017, EudraVigilance (the European 

database of suspected adverse drug reaction reports) had 

identified 1,679 individual cases of suspected adverse drug 

reactions for DFX in the European Economic Area and 

11,570 in the non-European Economic Area.17 Independent 

of age and Economic Area, the number of individual cases 

of reported suspected hepatobiliary reactions for DFX was 

920 (29 cases of DILI, 2 cases of VOD, and 9 cases of bile 

duct obstruction or stenosis) and renal and urinary disorders 

was 1,774. EudraVigilance reports 101 individual cases of 

suspected metabolic acidosis, 62 cases of acquired Fanconi 

syndrome, 17 cases of acidosis, and 4 cases of hyperchlo-

remic acidosis. Several single cases of clinically apparent 

liver injury, which was often severe and occasionally fatal, 

arising during DFX therapy have been reported. The onset 

of acute liver injury occurred in a period ranging from a few 

days to eight weeks after beginning DFX, and the injury was 

usually hepatocellular. Immunoallergic and autoimmune 

features were absent. Once DFX was stopped, recovery was 

usually rapid but some cases were affected by progressive 

liver injury and hepatic failure. DFX is sold with a health 

warning regarding hepatotoxicity and a recommendation 

for regular monitoring of serum bilirubin and aminotrans-

ferase levels.18

We have described herein cases of two allo-HSCT 

patients who were treated with DFX; they showed histopatho-

logical elements compatible with VOD or vanishing bile duct 

syndrome in ductopenic evolution before DFX started. The 

first patient developed DILI with metabolic acidosis and the 

second one a liver impairment with Fanconi syndrome. After 

withdrawing DFX treatment, both patients improved.

According to both direct and indirect evidence, the 

main pathway of the DFX metabolism is through hepatic 

glucuronidation to metabolites M3 (acyl glucuronide) 

and M6 (2-O-glucuronide) and it is eliminated by biliary 

excretion mainly through the feces (78.5%–86.9% over 

7 days).19,20

We hypothesized that the DFX elimination pathway 

may not work optimally in these two patients; the biliary 

tract injury, leading to the reduction of the metabolism 

and biliary elimination of the drugs, could be considered 

the main cause of DFX overload in our patients, also 

confirmed by high DFX plasmatic concentrations (26 mM 

and 207 mM, respectively). Therefore, the excess of free 

DFX molecules cannot be effectively eliminated and it 

accumulates in blood and in organs, such as the liver and 

kidney, leading to a worsening of the liver damage (DILI) 

and metabolic acidosis as observed in our first patient (Pt 1) 

and the development of Fanconi syndrome in the second 

patient (Pt 2).

The mechanism of occurrence of liver injury during DFX 

therapy is still unclear. Hepatocellular injury may be caused 

due to the intrinsic toxicity of DFX which determined direct 

damage to the hepatocytes, associated with elevated serum 

transaminase levels, and a worsening outcome in patients 

with pre-existing liver disease as a result of IO.18 Patients 

affected by hepatic dysfunction often have acid-base dis-

orders and tend to be more susceptible to the development 

of metabolic acidosis.21 Moreover, in agreement with ScP 

and the EudraVigilance database, “… there have been post-

marketing reports of metabolic acidosis occurring during 

treatment with deferasirox. Acid-base balance should be 

monitored as clinically indicated in these populations”.

Table 2 Case 2: laboratory test results

Laboratory tests Conventional 
units

Reference 
range values

July 
2015

WBC ×103/mL 4.50–13.50 4.6
Neutrophils ×103/mL 1.8–8.5 1.2
Platelets ×103/mL 150–450 91
Hemoglobin g/dL 10.5–13.5 9.6
pH 7.350–7.450 7.2
HCO3

− mEq/L 21–28 15
BE mmol/L −1.5 to +3.0 −9.6
Potassium mEq/L 3.50–5.10 2.1
Phosphorus mmol/L 1.3–2.3 1.3
Blood creatinine mg/dL 0.26–0.55 2.21
Blood urea nitrogen mg/dL 16–45 98.8
Blood bilirubin mg/dL 0.18–0.88 2.70
Blood direct bilirubin mg/dL 0.04–0.20 1.62
AST U/L 10–34 213
ALT U/L 10–45 215
LDH U/L 136–260 454
Bile salts mmol/L ,6 68.4
β2-microglobulin ng/mL 1,010–1,730 2,889

Abbreviations: WBC, white blood cells; BE, base excess; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase.
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The data in the literature also show DFX renal toxicity 

in adult and pediatric patients, with an increase in plasma 

creatinine and onset of proteinuria in about 35% of adult 

patients and in 19%–50% of pediatric patients.22 As widely 

reported, several drugs show a direct toxicity to the renal 

proximal tubule and can cause Fanconi syndrome; among 

them, DFX has also been recently reported to be associated 

with Fanconi syndrome.23,24 By increasing hemodynamic iron 

removal, DFX causes elevated iron absorption in organs, 

mitochondrial dysfunction, and vacuolization of proximal 

tubular epithelial cells together with a diminished excretion 

of hydrogen ions (H +), which is consistent with Fanconi 

syndrome. All of these could lead to the development of 

acidosis.25

Our patients did not experience plasma electrolyte dis-

turbance prior to treatment with DFX during the routine 

follow-up. In our two patients, the first signs of acidosis 

appeared only after starting DFX – in the first patient, labora-

tory findings were compatible with mild renal dysfunction 

and in the second patient, laboratory findings were compatible 

with Fanconi syndrome. Hence, DFX was discontinued in 

both patients, and acidosis was corrected.

It is reasonable to think that the development of acidosis 

in both cases is correlated with the overload of DFX and its 

potential toxicity, but we believe that, in the first patient, 

there was also a clear hepatic histopathological feature, 

as revealed by the biopsy, that contributed to the onset of 

the acidosis itself that developed more slowly over time 

(29 days of therapy). According to our hypothesis, the second 

patient by contrast rapidly developed acidosis (Fanconi 

syndrome) following a greater direct renal toxic effect of the 

drug associated with hepatic damage, considering also the 

brevity of treatment before the onset of the clinical condi-

tion (12 days of therapy) and the high plasma concentration 

detected (279 mM).

In our patients, other potential causes of metabolic 

acidosis were ruled out, although the nephrotoxic effects 

of tacrolimus are also a major concern; coadministration 

of DFX with tacrolimus could have increased the risk of 

metabolic acidosis.26

The Naranjo adverse drug reaction scale27 was used to 

assess the probability that DFX caused acidosis. Based on 

this scale, there is a “probable” (Naranjo score =5) associa-

tion between DFX and the development of acidosis in both 

patients.

In line with the literature, our clinical cases do not seem 

to be the first to highlight the onset of metabolic acidosis 

due to the use of DFX also in a pediatric setting.23,26,28,29 

The reduction and consequent disappearance of symptoms 

after the suspension of DFX substantiate its role in inducing 

hepatic damage, probably enabling the diagnosis of DILI. 

The clinical suspicion of drug toxicity was also supported by 

the measurement of DFX plasma concentrations.

Conclusion
One of the greatest difficulties when dealing with iron chela-

tion therapy is tailoring the dose of chelators to the individual 

patient. This has to be done according to the patient’s clinical 

condition and considering available pharmacokinetic data. 

Indeed, it is known that DFX pK parameters show a wide 

intra- and interindividual variability that strongly supports 

the adoption of therapeutic drug monitoring protocols. 

To date, DFX pharmacokinetic data in pediatric allo-HSCT 

patients is still lacking. In this particular cohort of patients, 

various factors can affect DFX kinetics, thereby exposing 

the patient to a non-negligible risk of adverse reactions. 

Increasingly, clinical practice requires a complex assess-

ment of the interaction between the metabolic effects of the 

drug and individual susceptibility through pharmacokinetic 

approaches.

Based on our previously study in pediatric HSCT patients, 

we suggest a DFX starting dose of 10 mg/kg/day with close 

monitoring of DFX plasma concentrations (normal C
trough

 

value ,20 mM), in order to reduce the incidence of AEs and 

the discontinuation of therapy. Moreover, monitoring DFX 

plasma concentrations over time may be useful in restoring 

adequate exposure to the drug following any changes in the 

clinical picture of patients which can lead to a variation in 

drug dosage.

The difficulties in diagnosing drug-related toxicity must 

be underlined, especially in compromised subjects. For 

these reasons, in patients requiring iron-chelating therapy, 

close and careful drug therapeutic monitoring is strongly 

recommended.
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