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Executive Summary:  

Efficacy:

· Deferasirox is an oral, tridentate chelator that is highly selective for iron.  The drug-iron complex is primarily excreted in the feces with minimum renal excretion.

· The FDA indication is for the treatment of chronic iron overload due to blood transfusions in patients 2 years of age and older.
· The daily dose is 20mg/kg rounded to the nearest tablet size.  The tablet(s) are dispersed in water, orange juice or apple juice.  Doses may be escalated to 40mg/kg based on ferritin levels.  Doses should not be administered with aluminum containing antacids.
· In a phase III trial comparing stepped dosing of deferasirox base on Liver Iron Content (LIC) to deferoxamine given for 5 days every week, results did not show noninferiority to deferoxamine in maintaining or decreasing LIC.

· Study design problems that included using an unvalidated noninvasive assessment of LIC in some patients and allowing patients to remain on pre-treatment deferoxamine doses contributed to the overall results of the study.

· Patients who received 20mg/kg doses were able to maintain their LIC, and many patients receiving 30mg/kg were able to decrease their LIC.

· These dose-dependent results were confirmed in a number of smaller phase II trials.

· Dosing was limited to 1 year and did not assess the ability to treat or protect mycocardial tissue from iron deposition (the primary cause of mortality in thalassemia) nor did it assess an effect on life expectancy.

· Serum ferritin levels did change in relation to changes in LIC, but were widely varied without a strong statistical correlation.

· Clinical trials showing increased survival or confirming a clinical benefit have not been completed.

Safety:

· Contraindications:

· Hypersensitivity to the drug

· Creatinine clearance < 40 mL/min or serum creatinine >2 times the age-appropriate upper limit of normal

· Poor performance status and high-risk MDS or advanced malignancies

· Platelet count < 50 x 109/L

· Boxed Warnings:  the following were reported in post-marketing studies and were more frequently observed in patients with advanced age, high risk MDS, underlying renal or hepatic impairment, or low platelet counts (< 50 x 109/L):

· Renal impairment including failure

· Hepatic impairment including failure

· Gastrointestinal hemorrhage

· The most common adverse events were diarrhea, vomiting, nausea, headache, abdominal pain, pyrexia, cough, and increased serum creatinine.  GI events, creatinine increase, and skin rash were dose related events.
· There were 2 cases of drug induced hepatitis and 2 cases of increased transaminases; serum transaminases and bilirubin should be monitored every 2 weeks for the first month, then monthly.
· Creatinine should be measured twice at baseline and then monitored monthly.  In patients with underlying renal impairment or risk factors for renal impairment, monitor serum creatinine or creatinine clearance weekly for the first month, then monthly.  Although increases in creatinine were primarily in the normal range, dose interruption and reduction may be considered if creatinine increases.  .
· Fatal GI hemorrhages and non-fatal GI irritation, ulceration, and hemorrhage have been reported.  Initiate evaluation and treatment immediately if a severe GI adverse event is suspected.  Use caution with concomitant administration of drugs with ulcerogenic or  hemorrhagic potential.

· In post-marketing reports include cases of neutropenia, agranulocytosis, and thrombocytopenia.  The relationship to deferasirox therapy is uncertain; blood counts should be monitored regularly.

· Because of changes in auditory and ophthalmic function may occur, baseline audiometry and ophthalmologic exams are suggested.
The purpose of VA Pharmacy Benefits Management Services (PBM), Medical Advisory Panel (MAP), and VISN Pharmacist Executives drug monographs is to provide a comprehensive drug review for making formulary decisions. These documents will be updated when new clinical data warrant additional formulary discussion. Documents will be placed in the Archive section when the information is deemed to be no longer current.

Introduction

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating deferasirox for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics

Deferasirox (ICL670) is an orally bioavailable tridentate chelator that is highly selective for trivalent iron over zinc or copper.  In animal models, it was 4-5 times as potent as a subcutaneous dose of deferoxamine.  The deferasirox-Fe complex is primarily excreted in the feces.  It did not increase uptake of dietary iron in animal models.
Table #1
Pharmacokinetic Parameters
	Parameter
	Drug

	Metabolism
	Glucuronidation (mainly UGT1Aa and less commonly UGT1A3) with biliary excretion is the primary pathway.  Enterohepatic recycling is likely.  CYP450 oxidative metabolism is minor in humans (8%).

	Elimination
	Deferasirox and metabolites (84%) are excreted in the feces.  Renal elimination is minimal (8%).

	Half-life
	Mean elimination half-life is 8-16 hours

	Protein Binding
	99% bound to albumin.

	Bioavailability
	Median time to max concentration of 1.5-4 hours.  The Cmax and AUC increase linearly with doses with both single doses and during steady state. The absolute bioavailability of deferasirox oral suspension is 70%.


Special Populations
· Renal Insufficiency:  Deferasirox has not been studied in patients with renal insufficiency.

· Hepatic Insufficiency:  Deferasirox has not been studied in patients with hepatic impairment.  It has been administered to patients with baseline liver transaminase levels up to 5 times the upper limit of normal with no affect on deferasirox pharmacokinetics.
· Pediatric/Geriatric: Systemic exposure in children and adolescents is less than in adults.  In children under 6, exposure is about 50% less than in adults.  Pharmacokinetics have not been studied in geriatric patients.

· Females have a 17.5% lower clearance than males.

FDA Approved Indication(s) and Off-label Uses

Deferasirox is indicated for the treatment of chronic iron overload due to blood transfusions in patients 2 years of age and older.  In these patients, deferasirox therapy reduces liver iron content and serum ferritin levels.  Clinical trials to demonstrate increased survival or to confirm clinical benefit have not been completed.
Initiation of deferasirox therapy should be individualized and the decision should be based on consideration of the expected benefit and risks, taking into consideration life expectancy and comorbities.

The safety and efficacy of deferasirox when administered with other iron chelation therapy have not been established. 

Current VA National Formulary Alternatives

Deferoxamine injection
Dosage and Administration

Therapy should be started when there is evidence of chronic iron overload, such as the transfusion of approximately 100ml/kg of packed red blood cells and a serum ferritin consistently greater than 1000mcg/L.
Obtain baseline serum ferritin and iron levels.  The risk for toxicity may be increased in patients with low iron burden or with serum ferritin concentrations that are only slightly elevated.

The starting dose of deferasirox is 20 mg/kg body weight daily.  

Administration of Tablets for Suspension:

1. Administer deferasirox once a day on an empty stomach at least 30 minutes before food and preferably at the same time each day.

2. Tablets should not be chewed or swallowed whole.

3. Deferasirox should not be given with aluminum containing antacids.

4. The dose should be calculated to the nearest whole tablet (available as 125 mg, 250 mg, and 500 mg tablets).
5. Tablets should be completely dispersed by stirring in water, orange juice, or apple juice until a fine suspension is formed.  After swallowing the suspension, resuspend any residue with a small volume of liquid and swallow.

6. Doses less than 1 gram should be suspended in 3.5 ounces (1/2 cup) of liquid, and doses > 1 gram in 7 ounces (approximately 1 cup) of liquid.

Dose Modifications
Based on Serum Ferritin
Serum ferritin should be monitored every month and the dose of deferasirox should be adjusted every 3-6 months based on ferritin trends.  Dose changes should be made in 5 or 10mg/kg steps based on response and therapeutic goals.  If serum ferritin is consistently below 500mcg/L, temporary interruption of deferasirox therapy should be considered.  In patients not adequately controlled (i.e. serum ferritin concentrations persistently above 2500 mcg/L without a downward trend), doses of up to 40 mg/kg may be considered.  Daily doses should not exceed 40 mg/kg.

Based on Serum Creatinine
Reduce the daily dose of deferasirox by 10mg/kg if a rise in serum creatinine to >33% above the average of the baseline measurements is seen on 2 consecutive visits and is not attributed to other causes.
Concomitant UGT inducers or cholestyramine
Concomitant use of UDT-glucuronosyltransferase (UGT) inducers (rifampicin, phenytoin, phenobartital, ritonavir) or cholestyramine decreases the AUC of deferasirox.  If you must co-administer these agents, consider increasing the initial dose of deferasirox to 30 mg/kg and monitor serum ferritin concentrations and clinical response for further dose modifications.
Efficacy 

Efficacy Measures

Study 1- Pivotal Phase III Trial

1. Primary Response Criteria

· Maintenance or reduction of Liver Iron Content (LIC)

Table #2
Success Criteria for LIC

	LIC Baseline
	Success, LIC after 1 year
	Failure, LIC after 1 year

	2 to <7 mg Fe/G dw
	1 to <7 mg Fe/g dw
	<1 mg Fe/g dw or >7 mg Fe/g dw

	≥7 to <10 mg Fe/g dw
	1 to <7 mg Fe/g dw
	<1 mg Fe/g dw or >7 mg Fe/g dw

	≥10 mg Fe/g dw
	Decrease in LIC ≥3 mg Fe/g dw
	Decrease <3 mg Fe/g dw


dw=dry weight
2.  Secondary Response Criteria

· Evaluate the change in serum ferritin over time; evaluate net iron balance over time; evaluate absolute and relative change of LIC and total body iron excretion rate in subgroups with baseline LIC ≥7 mg Fe/g dw.
Summary of efficacy findings 

· Phase III, open-label, randomized, multinational non-inferiority trial comparing deferasirox to deferoxamine over 1 year in children and adults with β-thalassemia receiving regular blood transfusions
· 586 patients were randomized between deferasirox oral therapy or continuation of previous deferoxamine infusion therapy for 52 weeks

· LIC for iron concentration was obtained by biopsy and quantification was performed at one central laboratory.  Three centers measured liver iron content using the non-invasive technique of magnetic liver susceptometry using quantum interference devices (SQUID) in patients with contraindications to liver biopsy.

· Deferasirox was dosed on an escalating weight-based dosing algorithm based on baseline LIC.  Deferoxamine was also based on an escalating weight-based dosing algorithm based on baseline LIC; however treating physicians were allowed to keep patients on their current deferoxamine dose, even if it was higher than recommended in the dosing algorithm.
Table #3
Dosing algorithm according to baseline LIC

	LIC group
	≤3 mg Fe/g dw
	>3 – 7 mg Fe/g dw
	>7 – 14 mg Fe/g dw
	>14 mg Fe/g dw

	Deferasirox

Assigned Dose

Median Daily Dose
	N=15

5mg/kg

5.0 mg/kg/d
	N=78

10mg/kg

10.0 mg/kg/d
	N=84

20mg/kg

20.0 mg/kg/d
	N=119

30mg/kg

30.0 mg/kg/d

	Deferoxamine
Assigned Dose

Median Daily Dose
	N=14

20-30mg/kg/d

30.0 mg/kg/d
	N=79

25-35mg/kg/d

35.0 mg/kg/d
	N=91

35-50mg/kg/d

40.8 mg/kg/d
	N=106

≥50mg/kg/d

51.0 mg/kg/d

	Ratio of mean deferasirox dose to mean deferoxamine dose
	1:5.5
	1:3.6
	1:2.2
	1:1.8


Table #4
Success rates in primary population

	LIC Values
	Deferasirox

N=276
	Deferoxamine

N=277

	All LIC

Success Rate (%)

95%CI

Difference and 95%CI

Mean ∆ in LIC from baseline to end of study
	52.9

47.0 , 58.8

-13.5 (-21.6, -5.4)*
-2.4
	66.4

60.9 , 72.0

-2.9

	LIC <7 mg Fe/g dw

Success Rate (%)

95%CI

Difference and 95%CI
	N=85

40

29.6 , 50.4

-42.8 (-55.9 , -29.7)
	N=87

82.8

74.8 , 90.7

	LIC ≥7 mg Fe/g dw

Success Rate (%)

95%CI

Difference and 95%CI

Mean ∆ in LIC from baseline to end of study

Difference (95%CI)
	N=191
58.6

51.7 , 65.6

-0.3 (-10.2, 9.6)*
-5.08

-0.56 (-1.79-0.6)
	N=190
58.9

52.0 , 65.9
-4.52


* The pre-specified non-inferiority threshold for the lower end of the 95% confidence intervals is -15%.
· A validation study of SQUID for evaluating liver iron content found that SQUID underestimated LIC by approximately 50%.  If data from patients assessed with SQUID are excluded, the success rates in patients with a baseline LIC ≥7 mg Fe/g dw are comparable, and the lower limit of the 95% confidence interval is above the pre-defined non-inferiority threshold of -15%.
· Reduction in the LIC by deferasirox was proportional to the dose administered.  Doses of 5 to 10 mg/kg were too low to maintain or reduce LIC.  Doses of 20mg/kg/day were able to maintain and doses of 30mg/kg/day were able to reduce LIC.

· The study failed to demonstrate the non-inferiority of deferasirox compared to deferoxamine because the lower bound of the Confidence Interval for the point estimate exceeded the pre-specified margin of -15.

· Contributing factors for the failure include: patients were disproportionately assigned to lower doses of deferasirox because of SQUID LIC determinations that were later found to underestimate LIC by one-half; patients assigned to the deferoxamine arm were allowed to remain on the dose of deferoxamine they were receiving prior to the study even if their LIC was relatively low.
· Changes in serum ferritin levels mirrored the changes in LIC over time in both treatment groups.  Monthly ferritin levels were able to distinguish responses to different doses of deferasirox after 12 weeks:  after 12 weeks deferasirox doses of 5-10 mg/kg resulted in increasing serum ferritin, 20mg/kg led to stable ferritin levels, and 30mg/kg resulted in reduced ferritin levels.
· Changes in net body iron balance were similar in both treatment arms over 1 year.  The mean values (in patients who had liver biopsies for LIC) for the ratio of iron excretion to iron intake in the deferasirox group was 1.21, the same as in the deferoxamine group (values less than 1 indicate iron intake in excess of excretion, values greater than 1 indicate excretion greater than intake).  Values were lower in those patients who had LIC measured by SQUID.

· When comparing all 3 parameters (serum ferritin, LIC, and net body iron balance over 1 year), changes in all three parameters were consistent.  The relationship between dose and outcome was observed in the deferasirox arm, with patients receiving 5-10 mg/kg/day showing an increase in iron burden, those receiving 20mg/kg showing no change in iron burden, and those receiving 30mg/kg showing a decrease in iron burden.
Efficacy Measures

Study 0108 – Supportive Phase II, noncomparative, multicenter, open label, single arm trial

· Evaluate deferasirox effects on LIC after one year of drug therapy in patients with chronic anemia and transfusional hemosiderosis who had either β-thalassemia or patients with acquired or congenital rare anemias (including 47 patients with myelodysplastic syndrome).  Dosing was the same as in the pivotal trial.

Primary Outcome: Success Rate as defined by the final LIC compared to the baseline LIC (Table #2)
Secondary Outcomes:  evaluate tolerability, estimate absolute and relative change in LIC and total body iron excretion rate for subgroups based in baseline LIC, evaluate relationship between LIC and potential surrogate markers for efficacy such as serum ferritin, serum iron, transferrin, evaluate pharmacodynamics and safety variables, evaluate genetic factors related to iron stores in patients with β-thalassemia to predict response to treatment, susceptibility to drug interactions or predisposition to serious Adverse Events.

Summary of efficacy findings 

Table #5 Success Rates based on change in LIC (ITT and PP-1)

	
	PP-1 population
	ITT population

	
	β-thalassemia

N=80
	Rare Anemias

N=85
	All

N=165
	All

N=184

	Biopsy and SQUID

Success Rate %

95% CI

P value
	56.3

45.4, 67.1
	56.5

45.9, 67.0
	56.4
48.8, 63.0

0.051 (NS)
	50.5

43.3,  57.8
0.44` )NS)

	LIC <7 mg Fe/g dw
Success rate %

95%CI
	N=10
20

2.5, 55.6
	N=13
61.5

31.6,86.1
	N=23
43.5

23.2, 65.5
	N=25
40

21.1, 61.3

	LIC≥7 mg Fe/g dw
Success Rate %

95%CI

P value
	N=70
61.4

50.0, 72.8


	N=72
55.6

44.1, 67.0
	N=142
58.5

50.3, 66.5

P=0.022
	N=159
52.2

44.4, 60.0

P=0.101


· Patients assigned to the lower doses of deferasirox had increases in LIC over the study period, those assigned to 20mg/kg had equal or slightly better LIC at end of study, and those receiving 30mg/kg had a mean decrease in LIC between 5-10 mg Fe/d dw.
· Serum ferritin varied widely but did track the changes in LIC.  In patients receiving lower doses of deferasirox, serum ferritin tended to rise over the year.  For those receiving 20mg/kg serum ferritin was stable or fell somewhat, and at 30mg/kg serum ferritin decreased.
· Serum iron, transferrin, and transferring saturation were of no value in studying the course of treatment with deferasirox.
· Almost half of the patients with rare anemia had their LIC measured by SQUID, and the proportion of patients with LIC above and below 7 mg Fe/mg dw suggest SQUID underestimated the true LIC.
Other phase II clinical trials enrolled small numbers of patients to determine the daily dose of deferasirox versus deferoxamine (Study 0105
) and the safety and tolerability of once-daily deferoxamine in pediatric patients with β-thalassemia.
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 14).
Adverse Events (Safety Data)

Table #6 Adverse Events in >5% of β-thalassemia Patients in Pivotal Trial
	Adverse Event
	Deferasirox

N=296

%
	Deferoxamine

N=290

%

	Pyrexia
	18.9
	23.8

	Headache
	15.9
	20.3

	Cough
	13.9
	9.7


	Nasopharyngitis
	13.2
	14.5

	Diarrhea
	11.8
	7.2

	Creatinine increase
	11.1
	0

	Influenza
	10.8
	10

	Pharyngolaryngeal pain
	10.5
	14.8

	Vomiting
	10.1
	9.7

	Respiratory Infection
	9.5
	7.9

	Bronchitis
	9.1
	11

	Rash
	8.4
	3.1

	Upper abdominal pain
	7.8
	5.2

	Pharyngitis
	7.8
	10.3

	Arthralgia
	7.4
	4.8

	Acute tonsillitis
	6.4
	5.2

	Fatigue
	6.1
	4.8

	Rhinitis
	6.1
	7.6

	Back pain
	5.7
	11

	Ear infection
	5.4
	2.4

	Urticaria
	3.7
	5.9


Deaths and Other Serious Adverse Events (optional)

In the pivotal comparative trial there were 4 deaths in 586 patients: 1 in the deferasirox group and 3 in the deferoxamine group.  A pediatric patient died suddenly on the 84th day of deferasirox therapy.  No cause of death was established.

In the supportive trial 0108, there were 6 deaths in the rare anemia subgroup.  Five of the deaths were in patients with myelodysplastic syndrome.  Two deaths were due to cardiorespiratory problems, including one pulmonary embolism in a patient with a pre-existing embolic event.  Three deaths were attributed to sepsis with neutropenia, with all three patients neutropenic before starting deferasirox.  It is unclear if deferasirox worsened the existing neutropenia.  One patient died of post-operative complications to repair a hepatic laceration induced by a previous biopsy.
Common Adverse Events

The most common adverse events were diarrhea, vomiting, nausea, headache, abdominal pain, pyrexia, cough, and increased serum creatinine.  Maintenance of adequate hydration for patients with diarrhea or vomiting is recommended.  GI, creatinine increase, and skin rash were dose related events.
Other Adverse Events

Uncommon Adverse Events (0.1 to 1%): gastritis, edema, sleep disorder, pigmentation disorder, dizziness, anxiety, maculopathy, cholelithiasis, early cataract, hearing loss.  In post-marketing data, one elderly patient with an 18 year history of myelodysplastic syndrome developed agranulocytosis.
Proteinuria:  Intermittent proteinuria (urine protein/creatinine ratio >0.6 mg/mg) occurred in 18.6 % of deferasirox treated patients and 7.2% of deferoxamine treated patients in clinical trials.  No patients on deferasirox treatment for up to 1 year were discontinued due to proteinuria; monthly monitoring is recommended.  The mechanism and clinical significance of proteinuria are uncertain.

Tolerability

Adverse events leading to dose interruption or dose adjustments: rash, GI disorders, infections, increased serum creatinine, glycosuria/proteinuria, hyperactivity/insomnia, drug fever, cataract, and increased serum transaminases.
Contraindications

· Deferasirox is contraindicated in patients with hypersensitivity to the drug or any of its components.

· Creatinine clearance < 40 mL/min or serum creatinine >2 times the age-appropriate upper limit of normal;

· Poor performance status and high-risk MDS or advanced malignancies;

· Platelet counts < 50 x 109/L

Precautions/Contraindications

Warnings

Boxed Warning
Deferasirox may cause:  renal impairment including failure, hepatic impairment including failure, or gastrointestinal hemorrhage.  These were most frequently observed in patients with advanced age, high risk MDS, underlying renal or hepatic impairment, or low platelet counts (< 50 x 109/L).  Deferasirox therapy requires close patient monitoring including laboratory tests for renal and hepatic function:
· Serum creatinine and/or creatinine clearance prior to initiation of therapy and then monthly; in patients with underlying renal impairment or risk factors for renal impairment, monitor creatinine and/or creatinine clearance weekly for the first month, then monthly;

· Serum transaminases and bilirubin prior to initiation of therapy, every 2 weeks for the first month, then monthly.

Renal
In post-marketing experience, cases of acute renal failure, some with a fatal outcome, have been reported.  Most fatalities occurred in patients with multiple comorbidities and in advanced stages of their hematologic disease.  Monitor serum creatinine and/or creatinine clearance in patients who are at increased risk for complications, have preexisting renal impairment, are elderly, have comorbid diseases, or are receiving drug products that impair renal function.  Closely monitor patient’s renal function if the creatinine clearance is between 40 and ≤ 60 mL/min, especially in patients with additional risk factors that may impair renal function: concomitant drug therapy, dehydration, or severe infections.
Serum creatinine should be assessed in duplicate prior to initiating therapy to establish a reliable baseline and monitored monthly thereafter.  In patients with the risk factors listed above, serum creatinine should be monitored weekly during the first month of therapy or following a dose modification, and then monthly.

If there is an elevation in the serum creatinine, consider dose reduction, interruption, or discontinuation.  if the serum creatinine progressively increases above the age-appropriate upper limit of normal, deferasirox should be interrupted.  When the serum creatinine returns to the normal range, therapy may be re-instituted as a lower dose followed by a gradual dose escalation if the clinical benefit outweighs the potential risk.

For adults, the daily deferasirox dose should be reduced by 10mg/day if the rise in serum creatinine is >33% above the average of pretreatment levels on two occasions and is not attributed to another cause.

Deferasirox can cause dose-related increases in serum creatinine.  Increases in serum creatinine occurred at a greater frequency compared to deferoxamine treated patients.  Most elevations remained within the normal range.
In clinical trials, patients experienced dose-dependent increases in serum creatinine with greater frequency than patients receiving deferoxamine infusions.  Most creatinine elevations remained within the normal range.  Reports of tubulopathy have been reported primarily in children an adolescents with β-thalessemia.

Intermittent proteinuria (urine protein/creatinine ratio >0.6 mg/mg) occurred in 18.6% of patients in clinical trials compared to 7.2% in the deferoxamine arm.  No patients were discontinued up to 1 year of treatment for proteinuria; monthly monitoring is recommended.  The mechanism is unknown.

Hepatic
In the pivotal trial, 2 patients discontinued deferasirox because of drug induced hepatitis and 2 due to increased serum transaminases.  There have been post-marketing reports of hepatic failure, some which were fatal.  Most reports of hepatic failure occurred in patients with significant comorbidities including liver cirrhosis and multiorgan failure.  Monitor serum transaminases and bilirubin at initiation of therapy, every 2 weeks for the first month, then monthly.  Dose modifications or interruption should be considered for severe or persistent elevations of serum transaminases.
Gastrointestinal
Fatal GI hemorrhages have been reported, especially in elderly patients with advanced malignanices and/or low platelets. Non-fatal GI irritation, ulceration, and hemorrhage have been reported in all patient populations.  If signs and symptoms of GI ulceration or hemorrhage occur during therapy, promptly initiate additional evaluation and treatment if a serious GI adverse event is suspected.  Concomitant use of other drugs with ulcerogenic or hemorrhagic potential (NSAIDs, corticosteroids, oral bisphosphonates, or anticoagulants) should be done with caution.

Pancytopenia
There have been post-marketing reports of cytopenias including neutropenia, agranulocytosis, and thrombocytopenia.  Most patients had preexisting hematologic disorders associated with bone marrow failure.  The relationship of these episodes to deferasirox treatment is uncertain.  As with standard management of these hematologic disorders, blood counts should be monitored regularly.  Dose interruption should be considered for unexplained cytopenias.  Re-initiation of therapy can be considered once the cause of the cytopenia has been elucidated.
Rash
Deferasirox therapy may be continued in patients with rashes of mild or moderate severity without dose adjustments as most will resolve spontaneously.  For patients with severe cases of rash, deferasirox therapy may be interrupted.  Reintroduce at a lower dose with escalation in combination with a short period of oral steroid administration.  Cases of erythema multiforme have been reported.
Co-morbidities
There are no completed clinical trials with deferasirox showing increased survival or confirming clinical benefits.  Deferasirox therapy has been shown to decrease liver iron content and serum ferritin concentration.  Because of post-marketing reports of serious adverse reactions, some with fatalities, consider individual patient factors, prognosis, and risks before initiating therapy.

Special Senses
Auditory (high frequency hearing loss, decreased hearing) and ophthalmologic (lens opacity, cataracts, elevations in intraocular pressure, and retinal disorders) disturbances have been reported in <1% of patients.  Baseline auditory and ophthalmologic testing (including slit lamp examination and dilated fundoscopy) are recommended and should be repeated at 12 month intervals.  Consider dose interruption or reduction if disturbances are noted.

Precautions

General:  Skin rashes that are mild to moderate do not require a dose adjustment.  In severe cases, deferasirox may be interrupted and reintroduced at a lower dose with escalation in combination with a short course of steroids.
Geriatric Use
Four hundred thirty-one patients ≥65 years old have been studied.  The majority had myelodysplastic syndrome (MDS).  In clinical trials, elderly patients experienced a higher frequency of adverse reactions and should be closely monitored for early signs or symptoms of adverse reactions that may require a dose modification.  Elderly patients are at increased risk for toxicity due to the higher frequency of decreased hepatic, renal, or cardiac function and of concomitant diseases and drug therapy.
Pregnancy: Category C

There are no adequate and well controlled trials in pregnant women.

In animal models during pregnancy and lactation:

· Decrease in viability of offspring

· Increased in renal anomalies in male offspring

· No fetal harm when given during organogenesis

Look-alike / Sound-alike (LA / SA) Error Risk Potential

The VA PBM and Center for Medication Safety is conducting a pilot program which queries a multi-attribute drug product search engine for similar sounding and appearing drug names based on orthographic and phonologic similarities, as well as similarities in dosage form, strength and route of administration. Based on similarity scores as well as clinical judgment, the following drug names may be potential sources of drug name confusion:

LA/SA for generic name deferasirox:  deferoxamine, Desferal, divalproex, dexferrum
LA/SA for trade name Exjade®:  Excedrin, Velcade, Endrate, Estrace, exemestane
.

Drug Interactions

Drug-Drug Interactions

The concomitant administration of aluminum containing antacids and deferasirox has not been studied.  Deferasirox has a lower affinity for aluminum (versus iron), but it should NOT be taken with aluminum containing antacids.
Effect of deferasirox on Drug Metabolizing Enzymes
Deferasirox inhibits CYP3A4, 2C8, 1A2, 2A6, 2D6, and 2C19 in vitro.  The clinical significance of inhibition of CYP1A2, 2A6, 2D6, and 2C19 is unknown.

Interaction with drugs metabolized by CYP3A4
The concomitant administration of deferasirox and midazolam (a CYP3A4 probe substrate) resulted in a decrease of midazolam peak concentration by 23% and exposure by 17%.  This effect may be more pronounced in the clinical setting.  Due to a possible decrease in CYP3A3 substrate concentration and loss of effectiveness, use caution when administering deferasirox with drugs metabolized by CYP3A4 (e.g. cyclosporine, simvastatin, hormonal contraceptives).

Interaction with drugs metabolized by CYP2C8
Concomitant administration of deferasirox (30 mg/kg for 4 days) and repaglinide (a CYP2C8 probe substrate) resulted in an increase in the repaglinide AUC to 2.3 fold of control and an increase in Cmax of 62%.  If deferasirox and repaglinide are co-administered, consider reducing the dose of repaglinide and carefully monitoring glucose levels.  Use caution when administering deferasirox with other CYP2C8 substrates like palcitaxel.
Interaction with drugs inducing UDP-glucuronosyltransferase (UGT) metabolism
Concomitant administration of deferasirox and the potent UGT inducer rifampicin resulted in a decrease of the deferasirox AUC by 44$ which may result in a decrease in deferasirox efficacy.  Avoid the concomitant use of deferasirox with UGT inducers (rifampicin, phenytoin, Phenobarbital, and ritonovir).  If they must be co-administered, consider increasing the initial dose of deferasirox to 30 mg/kg and monitor serum ferritin levels and clinical response for further dose modifications.

Interaction with chlolestyramine
Concomitant administration of deferasirox with cholestyramine resulted in a 45% decrease in the deferasirox AUC.  Avoid concomitant use of deferasirox and cholestyramine.  If they must be co-administered, consider increasing the initial dose of deferasirox to 30 mg/kg and monitor serum ferritin levels and clinical response for further dose modifications.
Acquisition Costs as of January 2007
Deferasirox 125mg  Bottles of 30 = $251.20

Deferasirox 250mg  Bottles of 30 = $502.40
Deferasirox 500mg  Bottles of 30 = $1004.78

Table #7
Deferasirox Cost Comparison
	Drug
	Dose
	Cost/Day/patient ($)
	Cost/Year/patient ($)

	Deferasirox
	20mg/kg/day
	100.48 (3 x 500)
	36,675.20

	Deferasirox
	30mg/kg/day
	142.34 (1 x 125 + 4 x 500)
	51,954.10

	Deferoxamine
	30-50mg/kg/day for 5 days
	44.47 – 78.70 

plus the cost of syringes, infusion pump, butterfly needles, tubing
	11,562.20 – 20,462.00


Pharmacoeconomic Analysis
There are no published pharmacoeconomic models for deferasirox.  Several models are available in abstract form, but it is not possible to evaluate the model transparencies from these abstracts.
Conclusions

Efficacy:
· When compared to deferoxamine in a phase III trial, deferasirox did not demonstrate non-inferiority in maintaining or lowering LIC in patients with transfusional iron overload due to β-thalassemia.

· The reasons for not achieving the primary objective included giving an insufficient dose of deferasirox (5-10 mg/kg/day) to patients with lower LIC values, assessing LIC using SQUID without validation of SQUID in this setting, and allowing patients to continue on pre-trial doses of deferoxamine that were higher than the specifies deferoxamine doses for patients with baseline LIC <7 mg/g dry weight.

· Data from the pivotal trial and the supporting trials show that deferasirox reduces LIC in a dose-dependent manner:  at doses of 5-10 mg/kg/day it does not reduce or maintain LIC; at doses of 20mg/kg/day deferasirox maintains LIC; and at doses of 30 mg/kg/day deferasirox demonstrates excretion of iron based on LIC.

· Serum ferritin serum levels decrease as LIC decreases but the correlations between the measurements is not perfect.
· Although deferasirox at high doses does cause excretion of iron, the mortality from iron-overload in β-thalassemia is due to deposition of iron in cardiac tissue and to date, there is no evidence in human studies that deferasirox reduces cardiac iron concentration and delays or reverses cardiac dysfunction in patients with transfusional iron overload.

Safety:

· The most common adverse events were diarrhea, vomiting, nausea, headache, abdominal pain, pyrexia, cough, and increased serum creatinine.  GI, creatinine increase, and skin rash were dose related events.

· About 33% of patients had an increase in serum creatinine which led to drug interruption or dose decrease.  The clinical significance is not clear but it is dose-dependent.  Some patients had proteinuria.  Serum creatinine or creatinine clearance should be measured twice at baseline and monthly thereafter.  In patients with underlying renal impairments or risk factors for impairment, monitor creatinine weekly for the first month, then monthly.
· Adverse events leading to discontinuation: increased transaminases, drug-induced hepatitis, drug fever, skin rash, cataract formation, hyperactivity/insomnia, glycosuria/proteinuria, Henoch Schonlein purpura.

· Most deaths in clinical trials occurred in patients with myelodysplastic syndrome (4 patients)

· 2 patients had increases in serum transaminases to more than twice the upper limit of normal.  Measure baseline serum transaminases and bilirubin, then every 2 weeks for the first month, then monthly.
· Post-marketing reports of renal impairment, hepatic impairment, both including failure, and gastrointestinal hemorrhage, all of which had fatalities reported.  These occurred more frequently in patients with advanced age, high risk myelodysplastic syndromes, underlying renal or hepatic impairment or low platelet counts (<50 x 109/L).  This lead to a Boxed Warning for close monitoring and regular measurement of serum creatinine or creatinine clearance, transaminases, and bilirubin.

· The risk for toxicity may be increased in patients with low iron burden or serum ferritin levels that are only slightly elevated.

· Potent UCT inducers and cholestyramine decrease deferasirox AUC and concomitant use should be avoided.  If they must be used together, consider starting deferasirox at 30mg/kg dose.

.
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Appendix:  Clinical Trials

Table Deferasirox Clinical Trial Results 

	Citation

Design

Analysis type

Setting
	Eligibility Criteria
	Interventions
	Patient Population Profile
	Efficacy Results


	Safety Results

	Cappellini, et al 2006
Phase III, MN, R
0107
	Inclusion criteria

1. At least 2 y.o.
2. β-thalassemia and chronic iron overload from transfusions’

3.  Receiving at least 8 transfusions per year

4. LIC ≥2 mg Fe/g dw

Exclusion criteria 
1. ALT >250 Units/mL

2. Chronic Hep B

3. Active Hep C

4. Positive HIV test

5. Creatinine > ULN

6. Urine protein/creatinine ration >0.5mg/mg

7. Nephrotic syndrome

8. uncontrolled hypertension

9. Prolonged QTc interval

10. Systemic infection w/I 10 days

11. GI condition preventing absorption of oral medications

12. Concomitant conditions requiring deferoxamine or deferasirox therapy
13. History of ocular toxicity from iron chelation therapy

14. Poor response to deferoxamine
	Baseline LIC dose assignments

<3

>3-7

>7-10

>14

Deferasirox

Dose (mg/kg)

5.0

10.0

20.0

30.0

Deferoxamine

Dose(mg/kg/d)

20-30

25-35

35-50

>50


	Deferas

Deferox

Age

17

17.3

Gender

47.3% M

49% M

Race

88.9% Caucasian
86.6% Caucasian
LIC Med

11.3

11.0

Ferritin

2212

2091


	NR = 586 

LIC

Deferas

N=276

Deferox

N=277

All

Success%

95%CI

Diff & 95%CI

52.9

47,58.8

-13.5

-21.6,     -5.4

66.4

60.9,72

LIC <7

Success%

95%CI

Diff & 95%CI

40

29.6,50.4

-42.8

-55.9,     -29.7

82.8

74.8,90.7

LIC ≥7

Success%

95%CI

Diff & 95%CI

58.6

51.7,65.6

-0.3

-10.2,   9.6

58.9

52, 65.9

The prespecified boundary for non-inferiority was a lower 95%CI greater than -15%
Absolute Changes in LIC

LIC

Deferas

Deferox

All, mean

-2.4

-2.9

LIC <7

4.0

0.13

LIC ≥7

-5.3

P<0.001

-4.3

Biopsy only

All, mean

LIC <7

LIC ≥7

-3.0

5.6

-5.6

P<0.001

-3.2

-4.4

SQUID only

All, mean

LIC <7

LIC ≥7

0.5

1.4

-1.5

-1.1

-0.5

-2.9

∆ in ferritin, LIC, ratio excretion/intake
LIC/iron burden

Deferas

Mean

Deferox

Mean

LIC <3

∆ ferritin

∆ LIC

Ratio
1189

4.8

0.58

211

0.5

0.95

LIC >3-7

∆ ferritin

∆ LIC

Ratio
833

3.8

0.67

32

0.0

0.98

LIC >7-14

∆ ferritin

∆ LIC

Ratio
-36

-0.4

1.02

-364

-1.9

1.13

LIC >14

∆ ferritin

∆ LIC

Ratio
-926

-8.9

1.67

-1003

-6.4

1.44


	See text

	Porter, et al. 2004
Phase II, NC, MC, Open-label, single arm

Supportive trial 0108
	Inclusion:
1. Age ≥2 y.o.

2. β-thalassemia or chronic anemia with LIC ≥2 mg Fe/g dw

3. Blood requirement ≥8 transfusions per year

Exclusion:

1. Sickle-cell disease

2. Non-transfusional hemosiderosis

3. ALT >250 units/L for 1 year

4. Chronic HepB

5. Active HepC

6. Known HIV

7. Uncontrolled hypertension

8. Serum creatinine >ULN

9. Proteinuria (urine protein:creatinine ratio >0.5)

10. H/O nephritic syndrome

11. 2nd or 3rd degree AV block or relevant QTc interval prolongation or patients needing drugs (e.g. digoxin) that may induce AV block or prolong QTc interval

12. Clinically relevant cataract or ocular toxicity related to iron chelation
13.  Medical condition that might alter absorption, distribution, excretion
	Doses dependent on baseline LIC:
LIC 2-3 mg Fe/g dw = 5mg/kg deferasirox

LIC>3 to 7 mg Fe/g dw = 10mg/kg

LIC >7 to 14 mg Fe/g dw = 20mg/kg

LIC >14 mg Fe/g dw = 30mg/kg
	Age: med 27
Sex:  Male 50.5%

Race:  Caucasion 78.8%


	Success Rates based on ∆ in LIC
LIC

Method

PP-1

N=165

ITT

N=184

Rare anemia

ALL

ALL

Biopsy +SQUID

Success%

95%CI

P value

LIC <7

Success%

95%CI

LIC >7

Success%

95%CI

P value

56.5

45.9,67

61.5

31.6,86.1

55.6

44.1,67

56.4

48.8,63.9

0.051

43.5

23.2,65.5

58.5

50.3,66.6

0.022

50.5

43.3,57.8

0.441

40

21.1,61.3

52.2

44.4,60

0.289

Biopsy Only

Success%

95%CI

P value

LIC <7

Success%

95%CI

LIC >7

Success%

95%CI

P value

60.9

46.8,75

N=0

60.9

46.8,75

60.9

51.8,70

0.011

0

0,45.9

64.4

55.2,73.6

0.002

55.8

46.9,64.7

0.101

0

0,41

59.3

50.2,68.4

0.024

SQUID Only

Success%

95%CI

LIC <7

Success%

95%CI

LIC >7

Success%

95%CI

51.3

35.6,67

61.5

31.6,86.1

46.2

27,65.3

47.3

34.1,60.5

58.8

32.9,81.6

42.1

26.4,57.8

40.6

28.6,52.7

55.6

30.8,78.5

34.8

21,48.5

LIC baseline values showed a 2:1 ration between values measured by biopsy and by SQUID

In patients with biopsy and a baseline LIC ≥7 mg Fe/g dw, there was a decrease of 6.5 mg Fe/g dw by end of study.

Mean ratio of iron excretion to iron intake was 1.45 in all patients.

Serum ferritin did track the changes in LIC but was variable.  At lower deferasirox doses, serum ferritin tended to increase, was stable at 20mg/kg, and decreased at doses of 30mg/kg
	See Text

	Piga, 2006
Phase II, MC, R, open-label for 48 weeks

Supportive trial 0105
	1. Inclusion:

2. Age ≥18 y.o.

3. transfusional hemosiderosis
4. Mean deferox dose ≥30mg/kg 5 days a week

5. Regular transfusions

6. Serum ferritin twice within the previous 12 mos or SQUID of 5-15 mg Fe/g dw

Exclusion:

1. AST or ALT >250 units/L

2. Hypertension

3. AV block

4. clinically relevant QTc prolongation

5. Requires a drug that could cause AV block or QTc prolongation

6. Cataract or ocular toxicity from iron chelation
	Deferasirox 10mg/kg/day or 20mg/kg/day
Compared to 

Deferoxamine 40mg/kg/day 5 days per week
	Deferas

10mg/kg

N=24

Deferas

20mg/kg

N=24

Deferox

N=23

Mean

Age

23.7

25.6

22.7

Male

25%

42%

44%


	% ∆ LIC

Deferas

10

Deferas

20

Deferox

No change

25%

18.2%

19%

>10% decrease

45.8

72.7

76.2

>10% increase

29.2

9.1

4.8

Serum ferritin levels remained stable in the deferasirox 20mg/kg group and the deferoxamine group, but tended to increase over time in the deferasirox 10mg/kg group.
Other measures of iron balance (serum iron, transferrin and transferrin saturation) did not show consistent changes.
	No deaths during study.
4 patients withdrew early (2 in deferasirox 20 and 2 in the deferoxamine)

3 due to AEs and 1 due to lack of efficacy.

No difference in frequency and severity of AE’s between groups except for nausea and vomiting.

	Nisbet-Brown 2006
R, DB, PC, Phase II, dose escalation
	Inclusion:
1. Age ≥16 y.o.

2. β-thalassemia

3. transfusional iron overload

4. LIC >3.5 mg Fe/g dw on biopsy

5. Deferoxamine 20mg/kg/d or higher for at least 4 weeks
	12 day, 21 patient dose escalation trial
Deferasirox 10mg/kg, 20mg/kg, and 40mg/kg

2 out of every 7 patient cohort were randomized to received placebo
	P

D

10

D

20

D

40

Age

32

28

24

27

M/F

2/3

3/2

3/3

¾

Ferritin

Base

EOS

4265

5215

2452

2344

4753

4872

2644

1756


	No relevant changes in any safety variable were seen between the groups.
No abnormalities in renal settlement.

No relevant changes from baseline in ECG, audiometric, or ophthalmologic exams except for 1 patient with a myelinated fiber bundle or retinal infarct, thought to be due to diabetes by independent exam.

No significant changes in copper or zinc concentrations.

Unsaturated iron-binding capacity in serum over time rises within hours of a deferasirox dose and is detectable for 12 hours.
Net iron excretion was linear and related to the dose of deferasirox received.
	

	Piga 2004

Phase II, MC, open-label, NC, exploratory trial in pediatrics

Supportive study 0106
	Inclusion:

1. Age 12 - ≤17 y.o. Group 1

2. Age 2-<12 Group 2

3. Transfusion-dependent β-thalassemia

4. Previous treatment with deferoxamine

5. Serum ferritin >1000 ng/mL or LIC ≥2.5 mg Fe/g dw

6. Regular transfusions during past year

Exclusion:

1. Sickle cell disease

2. Active HepB

3. ALT >250 units/L or AST >300%

4. Hypertension

5. AV block, clinically relevant QTc prolongation

6. Requires drugs that may cause AV block or QTc prolongation

7. Cataract or clinically relevant ocular toxicity

8. H/O immunocompromise including HIV
	Initial dose of deferasirox 10mg/kg/day.
Dose adjustments were dependent on LIC by SQUID.
	Children

N=20

Adolescent

N=20

Med Age

6.5

14

M/F

8/12

9/11


	Children

Adolescent

All

Baseline

LIC

5.9

5.2

5.6

LIC

Week 12

5.1

5.5

5.3

LIC

Week 24

5.8

5.9

5.8

:LIC

Week 36

6.1

5.8

5.9

EOS

7.4

6.8

7.1

Iron Balance: mean ratio of Fe excretion to Fe intake was 0.93 indicating continued accumulation of iron.
Serum ferritin increased from a mean baseline of 2006.8 to a mean at EOS of 2947 in both age groups.

Treatment successes were seen mainly in patients with a baseline LIC of 2-<7 who remained within that band even though many had higher levels at EOS.

The use of unvalidated SQUID makes this difficult to interpret.
	Mild transient GI complaints (nausea, vomiting, abdominal pain or diarrhea) during first days of therapy were the principal AEs reported.


NR, Number randomized; MN=multinational; R=randomized; LIC=liver iron content; ALT=alanine aminotransferase; ULN=upper limits of normal; w/i=within;LIC=liver iron content; NC-non-comparative; MC=multicenter; AEs=adverse events; DB=double blind; PC=placebo controlled; EOS=end of study; 
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