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Abstract

CALYPSO (clinicaltrials gov. Identifier: NCT02435212), a randomized, open-label, multicenter, phase II study evaluated the 
compliance, clinical benefits, and safety of deferasirox granules and dispersible tablets (DT) in pediatric patients with iron 
overload. Iron chelation therapy-naive and iron chelation therapy-pretreated patients aged 2 to <18 years with transfu-
sion-dependent anemias were enrolled. Patients were randomized 1:1 to deferasirox granules or DT for 48 weeks, stratified 
by age group and prior iron chelation therapy. In this study, the co-primary objectives are to evaluate compliance and change 
from baseline in serum ferritin after 24 weeks for both formulations in iron chelation therapy-naive patients. In total, 224 
patients, mostly with β-thalassemia major (63.4%), were randomized to granules (N=112) or DT (N=112). Primary analysis was 
conducted when 96 iron chelation therapy-naive patients had completed 24 weeks of treatment/discontinued early; least 
squares mean (LSM) compliance in the deferasirox granules and DT groups, was 86.8% and 84.3% (difference 2.6%; P=0.360) 
respectively, while least squares mean change from baseline in serum ferritin was +4.8 and -171.5 ng/mL (difference: 176.4 
ng/mL; P=0.255). Slight differences were observed in the observer/patient-reported outcome scores between the granule 
and dispersible-tablet groups and the overall scores indicate good adherence, satisfaction/preference, fewer concerns and 
good palatability with both deferasirox formulations. Safety analyses (N=221) found that the most frequently observed ad-
verse events (granules and DT) were increased urine protein/creatinine ratio (>0.5 mg/mg; 24.5% and 34.2%), upper respi-
ratory tract infection (28.2% and 29.7%), and pyrexia (26.4% and 23.4%). In iron chelation therapy-naive patients, mean 
compliance and change from baseline in serum ferritin with both deferasirox formulations were not significantly different. 
The safety profile was comparable between granule and DT formulations, and was consistent with the general safety pro-
file of deferasirox.

Introduction

In pediatric patients with transfusion-dependent hemo-
globinopathies, such as thalassemia and sickle cell dis-
ease, iron chelation therapy (ICT) is an important part of 
supportive care owing to the risk and consequences of 
iron overload, including hypogonadism, growth retardation, 
organ dysfunction, cardiomyopathy and arrhythmias, and 
increased mortality.1-4 Currently, three main iron chelators 

are commonly used: deferoxamine, deferiprone, and defer-
asirox. The once-daily oral deferasirox dispersible-tablet 
(DT) formulation, available since 2005, has a well-defined 
safety and efficacy profile in pediatric patients with trans-
fusional iron overload5-7 and offers an alternative option 
with greater compliance over parenteral deferoxamine.8-10 

However, the DT formulation has been associated with 
compliance issues due to palatability and gastrointestinal 
(GI) tolerability, which are important factors for appropri-
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ate administration and compliance with ICT, particularly 
in pediatric patients.10,11 Compliance with ICT can have an 
impact on iron overload-related consequences, organ 
dysfunction, and survival.12-14

Deferasirox film-coated tablet (FCT) and granule formula-
tions were developed to improve palatability, tolerability, 
and patient compliance. Both formulations contain the same 
active substance as the DT formulation (strength-adjusted 
to maintain comparable DT dosage), but are lactose and 
sodium lauryl suphate-free and can be taken with a light 
meal.15 Granules (sprinkled onto soft food, e.g., yogurt) are 
convenient for pediatric patients unable to swallow the 
FCT.15

The phase II CALYPSO study (clinicaltrials gov. Identifier: 
NCT02435212) was designed to evaluate the compliance 
and clinical benefit of deferasirox granules and deferasirox 
DT, in addition to assessing palatability/treatment satis-
faction and safety in pediatric patients with transfusional 
iron overload.

Methods

Study design
CALYPSO is a randomized, open-label, multicenter (37 sites 
in 17 countries), two-arm, phase II study (Online Supple-
mentary Figure S1). The study was initiated on October 21, 
2015. The key changes that occurred after the commence-
ment of the study are listed in the Online Supplementary 
Table S1. ICT-naive and ICT-pretreated patients aged 2 to 
<18 years with transfusion-dependent anemias and a his-
tory of transfusion of ~20 packed red blood cell units and 
serum ferritin (SF) level >1,000 ng/mL at screening visits 1 
and 2, requiring ICT owing to iron overload, were enrolled. 
Patients were randomized 1:1 to receive treatment with 
deferasirox DT or deferasirox granules for a 48-week core 
treatment phase. Randomization was stratified based on 
age (2 to <10 years or 10 to <18 years) and prior ICT (yes/
no). Patients who benefit from the granules or DT in the 
core phase may continue to the optional extension phase 
where the patients would be provided with granules for up 
to 5 years or until they have local access to the granules 
or FCT.
Deferasirox is available in three dosing strengths for each 
formulation (DT: 125, 250, and 500 mg; granules: 90, 180, 
and 360 mg); dose calculations are based on the patient’s 
weight. The deferasirox granules’ dose was strength-ad-
justed owing to higher bioavailability compared to DT. 
ICT-naive patients started on deferasirox DT 20 mg/kg/day 
or granules 14 mg/kg/day, with adjustment after 4 weeks 
based on SF levels. ICT-pretreated patients underwent a 
5-day chelation washout period prior to commencement 
of study treatment. Their starting dose corresponded to 
their closest prewashout dose, with adjustments every 3 
months as needed.

This study was conducted in accordance with the Good 
Clinical Practice guidelines and the Declaration of Helsinki 
and was approved by independent ethics committee or 
institutional review board at participating sites (Online 
Supplementary Table S2). Patients (or parents/guardians) 
provided written informed consent prior to enrollment.  

Outcomes
The primary objective of the study is to evaluate defera-
sirox granules or DT formulations on patient compliance 
and change from baseline in SF levels over 24 weeks of 
treatment in ICT-naive patients during the core phase. The 
co-primary endpoints are patient compliance (using stick 
pack/tablet count) and change from baseline in SF levels, 
both evaluated over 24 weeks of treatment in ICT-naive 
patients with deferasirox granules or DT formulations.
Secondary endpoints include change from baseline in SF 
levels and compliance after 48 weeks in ICT-naive, ICT-pre-
treated patients and all patients; patient/observer-reported 
outcome (PRO/ObsRO) assessments using questionnaires 
for domain scores for treatment satisfaction (modified 
Satisfaction with Iron Chelation Therapy [mSICT]) and 
palatability in all patients; compliance using a daily PRO/
ObsRO questionnaire, assessing the rate of dosing instruc-
tion deviations (doses missed or not taken at the same 
time every day); and overall safety (adverse events [AE], 
laboratory values, vital signs, physical, ophthalmological, 
audiometric, cardiac, and growth and development evalua-
tions). Pre-dose and post-dose pharmacokinetic (PK) data 
are also assessed to support the assessment of compli-
ance and exposure-response relationships for measures 
of safety and effectiveness.
In this article, we report the primary and secondary out-
comes in pediatric patients with iron overload.

Statistical analysis
Descriptive statistics were used to summarize the contin-
uous data. Intention-to-treat principle was used to analyze 
the results. Co-primary endpoints (patient compliance and 
change from baseline in SF levels) were evaluated using 
ANCOVA model in ICT-naive patients where significant re-
sults (at a one-sided 5% level) had to be shown for both 
endpoints for the trial to meet the primary objective. The 
data from the completed core phase (data cutoff of January 
18, 2021) were summarized. Secondary efficacy endpoints 
were assessed in ICT-naive, ICT-pretreated, and all ran-
domized patients during the core phase; patients in each 
of these three analyses sets who received at least one 
dose of study drug were included in the safety analysis. 
Patients with at least one evaluable pre-dose or 3 hours 
post-dose PK concentration (deferasirox) were included 
in the PK analysis set. Descriptive analysis was used to 
analyze adverse events. Further details are described in 
the Online Supplementary Appendix.
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Results

The primary analysis was performed when approximate-
ly 96 randomized ICT-naive patients had completed 24 
weeks of treatment/discontinued early (data cutoff of May 
31, 2018). The primary endpoint and PK assessments used 
this data cutoff.
Additional analyses were conducted at the end of the core 
phase (data cutoff of January 18, 2021). The data for sec-
ondary endpoints and safety assessments from all patients 
who completed or discontinued the treatment in the core 
phase used this data cutoff.

Patient disposition and demographics
A total of 224 patients (overall patient population) were 
randomized into deferasirox DT or granules treatment 
arms (N=112 in each treatment arm). When stratified by 
prior ICT treatment, the overall patient population was 
divided into ICT-naive (N=108; 54 in each treatment arm) 
and ICT-pretreated patients (N=116; 58 in each treatment 
arm). The safety analysis included 221 patients (DT: N=111; 
granules: N=110); three patients were randomized and not 
treated. The reasons for not receiving treatment include 
protocol deviation, consent withdrawal prior to treatment 
initiation, and lost to follow-up. Patient disposition for the 
overall patient population at the end of the core phase is 
shown in Figure 1. Overall, 186 patients (83.0%) complet-
ed the core phase, and 38 patients (17.0%) discontinued. 
Treatment discontinuation was reported in 11.6% and 22.3% 
of patients receiving deferasirox granules and DT, respec-
tively. The main reasons for discontinuation in both arms 
were AE and withdrawal by parent/guardian. The main 
reasons for parent/guardian withdrawal included the in-
ability or difficulty to comply with study visit/procedures 
schedules, wish to change to another iron chelator and/
or combination therapy, personal reasons or decision to 
discontinue treatment.
The majority of patients in the overall, ICT-naive, and 
ICT-pretreated patient populations were aged between 
2 and <10 years (81.7%, 92.6%, and 71.6%, respectively). 
The median age of patients in the overall, ICT-naive, and 
ICT-pretreated patient populations was 5 (range, 2-16), 2 
(range, 2-13), and 7.5 (range, 2-16) years. The majority (63.4%) 
of patients in the overall population had β-thalassemia 
major as the underlying condition for transfusion (Table 1).

Deferasirox exposure for core phase
In the overall patient population, the majority of patients 
in both treatment groups (90.0% and 78.4% in the defer-
asirox granules and deferasirox DT groups, respectively) 
had study drug exposure of ≥44 weeks, and the median 
duration of exposure was similar in deferasirox granules 
and deferasirox DT groups (337 and 336 days respectively). 
The mean (standard deviation [SD]) deferasirox doses re-

ceived were 18.0 (4.1) and 25.1 (6.7) mg/kg/day in patients 
receiving granules and DT, respectively (Table 2).
In the ICT-naive patients, an exposure of ≥44 weeks was 
observed in 94.2% and 79.6% of patients in the deferasirox 
granules and deferasirox DT groups, respectively, and the 
median duration of exposure was similar in the deferasirox 
granules (337.0 days) and deferasirox DT groups (336.5 days).
Efficacy and safety results for the ICT-pretreated patient 
population are described in the Online Supplementary 
Appendix.

Efficacy
Co-primary endpoint
Based on the ANCOVA model, the least squares mean 
(LSM) compliance after 24 weeks for ICT-naive patients in 
the deferasirox granules (N=54) and deferasirox DT (N=54) 
groups, respectively, was 86.8% (standard error [SE]: 3.0; 
95% confidence interval [CI]: 80.9-92.8) and 84.3% (SE: 3.1; 
95% CI: 78.2-90.4) (Figure 2A). The difference between the 
treatment groups was not statistically significant (2.6% 
[SE: 2.8; 95% CI: -3.0 to 8.2; P=0.360]).
The LSM (SE) changes from baseline in SF after 24 weeks 
for ICT-naive patients in the deferasirox granules and defer-
asirox DT groups, respectively, were 4.8 ng/mL (SE: 170.6; 
95% CI: -333.6 to 343.3) and -171.5 ng/mL (SE: 174.4; 95% 
CI: -517.4 to 174.4) (Figure 2B). The difference between the 
treatment groups was not statistically significant (176.4 ng/
mL [SE: 153.9; 95% CI: -129.0 to 481.7; P=0.255]).
The study objective based on the co-primary endpoints 
of patient compliance and change from baseline in SF in 
the ICT-naive patients after 24 weeks of treatment was 
therefore not met. The results of the compliance and SF 
changes from baseline analyses repeated in the overall 
patient population were similar to those of the ICT-naive 
patients (Figure 2).
After stratification by baseline SF levels (≤1,500, >1,500-
2,500, and >2,500 ng/mL; Online Supplementary Figure 
S2) in ICT-naive patients, mean SF changes from baseline 
to the end of the treatment core phase were comparable 
between both treatment groups. A similar pattern was 
observed in the overall patient population.

Secondary efficacy endpoints
Figure 3A shows the mean compliance for deferasirox 
granules and deferasirox DT for the ICT-naive and overall 
populations after 48 weeks. After 48 weeks, the mean (SD) 
compliance in the ICT-naive, ICT-pretreated and overall 
populations, respectively, was 94.8% (11.9%), 90.4% (12.7), 
and 92.5% (12.5%) for deferasirox granules (N=52, N=58, 
and N=110, respectively), and 91.6% (14.4%), 87.1% (18.0), and 
89.2% (16.4%) for deferasirox DT (N=54, N=58 and N=112, 
respectively).
Figure 3B shows the mean change from baseline in SF 
for deferasirox granules and deferasirox DT for all patient 
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Figure 1. Patient disposition. (A) Iron chelation therapy-naive (ICT-naive)*; (B) ICT-pretreated**; (C) all patients***. Based on 
January 18, 2021 cutoff date; *2 patients were randomized and not treated; **1 patient was randomized and not treated; ***3 
patients were randomized and not treated. AE: adverse event; DT: dispersible tablet; ICT: iron chelation therapy.

A

B

C
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populations after end of treatment (EOT)-core. After EOT-
core, mean (SD) changes from baseline in SF with defera-
sirox granules and deferasirox DT, respectively, were 317.0 
(834.8) ng/mL and 305.8 (1,026.8) ng/mL in the ICT-naive 
patients (N=46 and N=47, respectively), 215.7 (936.7) ng/mL 
and 207.7 (1,084.7) ng/mL in the ICT-pretreated patients 
(N=50 and N=52, respectively) and 264.3 (886.1) ng/mL and 
254.2 (1,053.4) ng/mL in the overall population (N=96 and 
N=99, respectively).

PRO/ObsRO questionnaires
The mSICT questionnaire domain scores by both ObsRO 
and PRO for the overall population are presented in On-
line Supplementary Table S3. Higher scores for adherence 

and satisfaction/preference indicate worse adherence and 
satisfaction/preference, while higher scores for concerns 
indicate fewer concerns. Mean (SD) scores for adherence 
and satisfaction/preference at EOT-core were 6.8 (2.6) 
by ObsRO caregiver and 3.1 (0.9) by PRO respectively with 
deferasirox granules and 7.5 (2.5) by ObsRO and 4.8 (2.2) 
by PRO respectively with deferasirox DT, indicating better 
adherence and satisfaction/preference with granules versus 
DT. Mean scores for concerns with deferasirox granules and 
deferasirox DT at EOT-core were 4.6 (0.8) and 4.0 (1.2) by 
ObsRO caregiver, respectively, indicating fewer concerns 
with granules versus DT (Online Supplementary Table S3).
The palatability questionnaire has a minimum score of 0 
and a maximum score of 11, with a higher score represent-

ICT-naive patients, N (%) ICT-pretreated patients, N (%) All patients, N (%)
DFX GRAN

N=54
DFX DT
N=54

Overall
N=108

DFX GRAN
N=58

DFX DT
N=58

Overall
N=116

DFX GRAN
N=112

DFX DT
N=112

Overall
N=224

Median age in 
years (range)

2.0  
(2.0-13.0)

2.0  
(2.0-13.0)

2.0  
(2.0-13.0)

8.0  
(4.0-10.0)

7.0  
(5.0-10.0)

7.5  
(4.0-10.0)

4.5  
(2.0-15.0)

5.0  
(2.0-16.0)

5.0  
(2.0-16.0)

Sex
Male
Female

29 (53.7)
25 (46.3)

29 (53.7)
25 (46.3)

58 (53.7)
50 (46.3)

27 (46.6)
31 (53.4)

29 (50.0)
29 (50.0)

56 (48.3)
60 (51.7)

56 (50.0)
56 (50.0)

58 (51.8)
54 (48.2)

114 (50.9)
110 (49.1)

Race
White
Asian
Black/African 
American
Other
Missing

25 (46.3)
19 (35.2)

4 (7.4)
6 (11.1)

0

25 (46.3)
19 (35.2)

5 (9.3)
4 (7.4)
1 (1.9)

50 (46.3)
38 (35.2)

9 (8.3)
10 (9.3)
1 (0.9)

27(46.6)
25 (43.1)

4(6.9)
2(3.4)

-

32 (55.2)
19 (32.8)

6(10.3)
1(1.7)

-

59(50.9)
44 (37.9)

10(8.6)
3(2.6)

-

52 (46.4)
44 (39.3)

8 (7.1)
8 (7.1)

0

57 (50.9)
38 (33.9)

11 (9.8)
5 (4.5)
1 (0.9)

109 (48.7)
82 (36.6)

19 (8.5)
13 (5.8)
1 (0.4)

Median time 
since diagnosis in 
years (range)

1.9  
(0.0-13.0)

2.1 
(0.4-8.1)

2.0 
(0.0-13.0)

5.86 
(1.4-13.9)

6.46 
(0.1-16.0)

6.26 
(0.1-16.0)

3.6 
(0.0-13.9)

3.6 
(0.1-16.0)

3.6 
(0.0-16.0)

Underlying condition for transfusion, N (%)
β-thalassemia 
major 29 (53.7) 36 (66.7) 65 (60.2) 38 (65.5) 39 (67.2) 77 (66.4) 67 (59.8) 75 (67.0) 142 (63.4)

Sickle cell 8 (14.8) 6 (11.1) 14 (13.0) 4 (6.9) 5 (8.6) 9 (7.8) 12 (10.7) 11 (9.8) 23 (10.3)
Hemoglobin 
E-disorder 3 (5.6) 4 (7.4) 7 (6.5) 9 (15.5) 8 (13.8) 17 (4.7) 12 (10.7) 12 (10.7) 24 (10.7)

Hemolytic anemia 2 (3.7) 2 (3.7) 4 (3.7) 1 (1.7) 1 (1.7) 2 (1.7) 3 (2.7) 3 (2.7) 6 (2.7)
β-thalassemia 
intermedia 1 (1.9) 2 (3.7) 3 (2.8) 0 1 (1.7) 1 (0.9) 1 (0.9) 3 (2.7) 4 (1.8)

Diamond-
Blackfan anemia* 1 (1.9) 1 (1.9) 2 (1.8) 1 (1.7) 1 (1.7) 2 (1.7) 2 (1.8) 2 (1.8) 4 (1.8)

Fanconi’s anemia 1 (1.9) 0 1 (0.9) - - - 1 (0.9) 0 1 (0.4)
Sideroblastic 
anemia 1 (1.9) 0 0 - - - 1 (0.9) 0 1 (0.4)

Other 8 (14.8) 3 (5.6) 11 (10.2) 5 (8.6) 3 (5.2) 8 (6.9) 13 (11.6) 6 (5.4) 19 (8.5)
Prior ICT 2 (3.7) 0 2 (1.9) 57 (98.3) 58 (100.0) 115 (99.1) 59 (52.7) 58 (51.8) 117 (52.2)
DFX prior to 
study

Yes
No
Missing

2 (3.7)
52 (96.3)

-

0
54 (100.0)

-

2 (1.9)
106 (98.1)

-

41 (70.7)
17 (29.3)

-

38 (65.5) 
20 (34.5)

-

79 (68.1)
37 (31.9)

-

43 (38.4)
16 (14.3)
53 (47.3)

38 (33.9)
20 (17.9)
54 (48.2)

81 (36.2)
36 (16.1)

107 (47.8)
Median time 
since last ICT† in 
years (range)

6.81  
(4.5-9.1) 0 6.81 

(4.5-9.1)
0.73  

(0.0-8.6)
1.31 

(0.0-9.5)
0.91 

(0.0-9.5)
0.8 

(0.0-9.5)
1.3 

(0.0-9.5)
0.9 

(0.0-9.5)

*Including red cell aplasia; †N values: 48, 51, and 99 for deferasirox granules, deferasirox DT, and overall, respectively. DFX: deferasirox; DT: 
dispersible tablet; GRAN: granules; ICT: iron chelation therapy.

Table 1. Patient demographics and baseline characteristics.
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 Exposure variable
ICT-naive patients, N (%) ICT-pretreated patients, N (%) All patients, N (%)
DFX GRAN

N=52
DFX DT
N=54

DFX GRAN
N=58

DFX DT
N=57

DFX GRAN
N=110

DFX DT
N=111

Average planned dose, 
mg/kg/day

Mean (SD) 16.7 (3.22) 22.8 (5.39) 19.5 (4.61) 27.7 (7.1) 18.2 (4.2) 25.3 (6.8)
Median (range) 15.7 (10.0-23.5) 21.4 (8.6-35.2) 18.6 (10.5-28.0) 28.2 (10.0-40.0) 17.8 (10.0-28.0) 23.6 (8.6-40.0)

Average planned dose category, 
mg/kg/day

<15 DT/<10.5 granule 1 (1.9) 3 (5.6) 0 2 (3.5) 1 (0.9) 5 (4.5)
15 to <25 DT/10.5 to <17.5 
granule 32 (61.5) 37 (68.5) 18 (31.0) 19 (33.3) 50 (45.5) 56 (50.5)

25 to <35 DT/17.5 to <24.5 
granule 19 (36.5) 13 (24.1) 30 (51.7) 26 (45.6) 49 (44.6) 39 (35.1)

≥35 DT/≥24.5 granule 0 1 (1.9) 10 (17.2) 10 (17.5) 10 (9.1) 11 (9.9)
Average actual dose, mg/kg/day

Mean (SD) 16.7 (3.15) 22.9 (5.73) 19.1 (4.51) 27.2 (6.9) 18.0 (4.1) 25.1 (6.7)
Median (range) 16.2 (10.5-24.4) 22.5 (7.7-37.8) 18.7 (10.2-28.8) 27.9 (8.7-39.4) 17.5 (10.2-28.8) 24.0 (7.7-39.4)

Average actual dose category, 
mg/kg/day

<15 DT/<10.5 granule 0 3 (5.6) 1 (1.7) 4 (7.0) 1 (0.9) 7 (6.3)
15 to <25 DT/10.5 to <17.5 
granule 34 (65.4) 37 (68.5) 21 (36.2) 18 (31.6) 55 (50.0) 55 (49.6)

25 to <35 DT/17.5 to <24.5 
granule 18 (34.6) 12 (22.2) 26 (44.8) 28 (49.1) 44 (40.0) 40 (36.0)

≥35 DT/≥24.5 granule 0 2 (3.7) 10 (17.2) 7 (12.3) 10 (9.1) 9 (8.1)
Cumulative actual dose, mg/kg

Mean (SD)
Median (range)

104.1 (75.71)
83.2

(12.4-351.5)

142.0 (149.50)
90.3

(17.9-886.1)

159.6 (150.90)
97.9

(10.2-698.8)

220.6 (221.16)
178.9

(20.6-1,495.3)

133.4 (123.9)
93.0

 (10.2-698.8)

182.3 (192.9)
129.8

 (17.9-1,495.3)
Percentage of planned dose 
taken 75.8 (19.91) 71.7 (23.46) 65.9 (24.03) 64.1 (19.76) 70.6 (22.6) 67.8 (21.9)

Mean (SD) 72.0 63.9 62.3 60.1 67.2 62.6
Median (range) (40.6-114.9) (35.3-123.8) (27.1-116.6) (23.0-106.1)  (27.1-116.6)  (23.0-123.8)

Days on treatment
Mean (SD) 332.4 (45.02) 303.6 (84.9) 308.3 (80.0) 290.8 (95.5) 319.7(66.6) 297.0 (90.3)
Median (range) 337.0 (27-370) 336.5 (14-378) 336 (8-366) 336 (7-355) 337.0 (8-370) 336.0 (7-378)

Exposure categories
<4 weeks 1 (1.9) 1 (1.9) 2 (3.4) 3 (5.3) 3 (2.7) 4 (3.6)
4 weeks to <12 weeks 0 2 (3.7) 0 1 (1.8) 0 3 (2.7)
12 weeks to <20 weeks 0 2 (3.7) 3 (5.2) 2 (3.5) 3 (2.7) 4 (3.6)
20 weeks to <28 weeks 0 2 (3.7) 1 (1.7) 2 (3.5) 1 (0.9) 4 (3.6)
28 weeks to <36 weeks 0 1 (1.9) 1 (1.7) 4 (7.0) 1 (0.9) 5 (4.5)
36 weeks to <44 weeks 2 (3.8) 3 (5.6) 1 (1.7) 1 (1.8) 3 (2.7) 4 (3.6)
≥44 weeks 49 (94.2) 43 (79.6) 50 (86.2) 44 (77.2) 99 (90.0) 87 (78.4)

Total patient years
Mean (SD) 0.9 (0.12) 0.8 (0.23) 0.8 (0.22) 0.8 (0.26) 0.9 (0.2) 0.8 (0.2)
Median (range) 0.9 (0.1-1.0) 0.9 (0.0-1.0) 0.9 (0.0-1.0) 0.9 (0.0-1.0) 0.9 (0.0-1.0) 0.9 (0.0-1.0)

DFX: deferasirox; DT: dispersible tablet; GRAN: granules; ICT: iron chelation therapy; SD: standard deviation.

Table 2. Exposure to deferasirox.

ing better palatability. Mean palatability scores by ObsRO 
with deferasirox granules and deferasirox DT at EOT-core 
were 10.9 (1.0) and 9.0 (3.1), respectively, indicating better 
palatability with granules versus DT (Online Supplementary 
Table S4). Supportive analysis, conducted to check the 

robustness of the results obtained from the mSICT and 
palatability ObsRO questionnaires, concurs with these 
results (using data from the overall patient population; 
Figure 4 and ICT-naive and ICT-pretreated data in Online 
Supplementary Figures S3 and S4).
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For the compliance ObsRO diary, the weekly dose viola-
tion rate indicated overall lower mean weekly violation 
rates from week 1 to week 48 in the defarasirox DT arm 
compared with defarasirox granules (mean weekly dose 
violation rate range for weeks 1 to 48, 7.8 to 18.8 and 13.7 
to 27.8, respectively). For the compliance PRO diary, the 
results should be interpreted with caution due to the low 
number of patients completing the questionnaire (Online 
Supplementary Figure S5).

Pharmacokinetic analysis
As there were fewer than 12 patients with an evaluable PK 
profile, no PK parameters were derived. Geometric means 
(CV% geo-mean) of dose-adjusted pre-dose data for defer-
asirox granules and deferasirox DT, respectively, were 1.4 
mmol/L (235.4%) and 2.9 mmol/L (369.5%) at week 1, 17.7 
mmol/L (106.5%) and 16.9 mmol/L (148.2%) at week 25, and 
19.8 mmol/L (119.1%) and 28.2 mmol/L (141.7%) at week 45 
(Online Supplementary Figure S6).
Pre-dose PK analysis was used to support the assessment 

of compliance. Predicted steady-state pre-dose concen-
trations from a power model (using the log-transformed 
weight-adjusted dose and treatment group as fixed effects 
and patient as a random effect) were used to derive differ-
ences between predicted and observed concentration values. 
The mean differences between the deferasirox granules and 
DT groups were comparable (-6.9 and -9.3, respectively). 
However, the variance of the differences in the deferasirox 
granules and DT groups were 700.6 and 1,370.9, respectively. 
Higher compliance is expected to lead to lower variability of 
differences between the predicted and observed concen-
trations; as such, the higher variance of difference in defer-
asirox DT arm than in deferasirox granules arm suggested 
better compliance in deferasirox granules arm. At low pre-
dose concentrations, SF change from baseline increased 
over time and at high pre-dose concentrations, SF change 
from baseline decreased over time. Increases in pre-dose 
concentrations and time were associated with an increase 
in serum creatinine, urinary protein/creatinine ratio (UPCR) 
and a decrease in creatinine clearance from baseline.

Figure 2. Co-primary endpoints for iron chelation therapy-naive, iron chelation therapy-pretreated patients and overall patient 
populations at 24 weeks. (A) Compliance. (B) Change from baseline in serum ferritin*. *Based on ANCOVA analysis showing least 
squares mean change in serum ferritin from baseline to 24 weeks. DT: dispersible tablet; ICT: iron chelation therapy.

A

B
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Safety
An overview of safety for the overall patient population is 
shown in Table 3. The incidence of overall AE was similar in 
the two treatment groups (97.3% in the deferasirox DT group 
vs. 90.9% in the deferasirox granules group). The most com-
monly (≥ 20%) reported AE (by PT) in either of the treatment 
groups (in deferasirox DT group or the deferasirox granules 
group respectively) in the core phase were: upper respiratory 
tract infection (29.7% vs. 28.2%), pyrexia (23.4% vs. 26.4%), 
and urine protein/creatinine ratio increased (34.2% vs. 24.5%). 
The number of patients who had experienced AE suspected to 
be study drug related were similar in both treatment groups 
(57.7% and 52.7%) in the core phase. All AE suspected to be 
study drug-related were reported in <10% of the patients (in 
either of the treatment groups) with the exception of urine 
protein/creatinine ratio increased (27.9% in deferasirox DT 
group vs. 20.0% in deferasirox granules group) and ALT in-
creased (7.2% in deferasirox DT group vs. 10.9% in deferasirox 
granules group) in the core phase. Overall, the incidence of 
SAE (regardless of study drug relationship) was similar in 

both treatment groups (20.7% vs. 24.5%) in the core phase. 
All SAE were reported in either one or two patients, with the 
exception of pyrexia (3.6% in both treatment groups), sickle 
cell anemia with crisis (4.5% vs. 2.7%), pneumonia (2.7% vs. 
0.9%) and bronchitis (2.7% vs. 0) in the deferasirox DT and 
the deferasirox granules groups, respectively. No deaths were 
reported with either of the two treatments (Table 4).
In ICT-naive patients, the overall incidence of AE in the gran-
ules and DT groups was 90.4% and 100%, respectively. The 
most commonly reported AE in the deferasirox granules and 
deferasirox DT groups, respectively, were pyrexia (28.8% and 
20.4%), upper respiratory tract infection (32.7% and 25.9%), 
and UPCR increased (21.2% and 24.1%). The profile was sim-
ilar across treatment groups, as no AE were observed with 
a difference of >10%.
In the overall patient population, 32.7% and 41.4% of patients 
in the deferasirox granules and DT groups, respectively, expe-
rienced GI disorder AE. Vomiting (deferasirox granules, 8.2%; 
deferasirox DT, 13.5%) and diarrhea (deferasirox granules, 8.2%; 
deferasirox DT, 12.6%) were the most common GI AE in the 

Figure 3. Summary of overall compliance and absolute change from baseline in serum ferritin. (A) Mean compliance after 48 
weeks. (B) Mean change in serum ferritin from baseline after 48 weeks*. *Based on observed mean change in serum ferritin from 
baseline to 48 weeks. DT: dispersible tablet; ICT: iron chelation therapy.

A

B
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overall patient population (Table 4). In the ICT-naive patients, 
28.8% and 35.2% of patients in the deferasirox granules and 
DT groups, respectively, experienced GI disorder AE. Diarrhea 
(deferasirox granules, 5.8%; deferasirox DT, 11.1%), abdominal 
pain (deferasirox granules, 9.6%; deferasirox DT, 1.9%), and 
vomiting (deferasirox granules, 7.7%; deferasirox DT, 7.4%) were 
the most common GI AE in the ICT-naive patients.
The incidence of AE leading to study drug discontinuation, 
regardless of study drug relationship, was low and similar 
in both treatment groups in the overall patient population 
(deferasirox granules, 4.5%; deferasirox DT, 7.2%) (Online Sup-
plementary Table S5). In ICT-naive patients, the incidence of 
AE leading to study drug discontinuation, regardless of study 
drug relationship, was low in both treatment groups (defera-
sirox granules, 3.8%; deferasirox DT, 7.4%). The AE leading to 
study drug discontinuation were upper GI hemorrhage and 
transaminases increases in the deferasirox granules group 
and vomiting, blood creatinine increases, conjugated bilirubin 
increases, and proteinuria in the deferasirox DT group. Details 
of safety are covered in Online Supplementary Tables S5-S9.

Discussion

CALYPSO is a randomized, open-label, phase II study com-
paring the compliance and clinical benefit of two different 
deferasirox formulations (granules and DT) in pediatric pa-
tients with transfusion-dependent anemia requiring chelation 

therapy because of transfusional iron overload. The study 
did not meet its primary objective. No statistically significant 
difference was observed in compliance and SF change from 
baseline between granules and DT after 24 weeks. There 
was no improved compliance and clinical benefit in terms 
of changes in SF over time with granules.
This study was designed to show a difference of 10% between 
the two treatment groups and given the high compliance 
rate observed in the deferasirox DT group (84.3%), this ob-
jective was challenging to achieve. The ICT-naive patient 
population included mostly very young children (median 
age 2 years) who had limited capacity to decide treatment 
administration and required parental assistance. It has been 
previously shown that compliance with ICT in thalassemia 
patients is highest in children, followed by adolescents and 
adults aged 35 years and older. Thus, the high compliance 
in children most likely reflects parental adherence.16 A sim-
ilar observation was made in the overall patient population, 
which also included a young population (median age 5 years).
Increases in SF were observed after 24 weeks and 48 weeks; 
the mean SF levels were found to be slightly increased 
during the core phase (i.e., approximately 1 year) and were 
similar between the two treatment arms at the end of the 
treatment core phase. However, a consistent decrease in 
mean SF values was observed with continuous deferasirox 
treatment beyond the core phase and during the extension 
phase. Earlier studies have reported a similar pattern of slight 
increase or maintenance of SF levels at 24 weeks with an 

ICT-naive patients, N (%) ICT-pretreated patients, N (%) All patients, N (%)

Category

DFX GRAN
N=52

DFX DT
N=54

DFX GRAN
N=58

DFX DT
N=57

DFX GRAN
N=110

DFX DT
N=111

All 
AE

Severe 
AE

All 
AE

Severe 
AE

All 
AE

Severe 
AE

All AE
Severe 

AE
All 
AE

Severe 
AE

All 
AE

Severe 
AE

AE 47 
(90.4)

18 
(34.6)

54 
(100)

14 
(25.9)

53 
(91.4)

15 
(25.9)

54
(94.7)

20 
(35.1) 100 (90.9) 33 (30.0) 108 

(97.3) 34 (30.6)

Suspected AE 25 
(48.1)

7 
(13.5)

22 
(40.7)

3 
(5.6)

33 
(56.9)

8 
(13.8)

42 
(73.7)

11 
(19.3) 58 (52.7) 15 (13.6) 64 (57.7) 14 (12.6)

SAE 14 (26.9) 9 (17.3) 13 (24.1) 10 (18.5) 13 
(22.4) 7 (12.1) 10 (17.5) 8 (14.0) 27 (24.5) 16 (14.5) 23 (20.7) 18 (16.2)

Suspected SAE 1 
(1.9)

1 
(1.9) 0 0 2 

(3.4)
2 

(3.4)
2 

(3.5)
2 

(3.5)
3 

(2.7)
3 

(2.7)
2 

(1.8)
2 

(1.8)
AE leading to study drug 
discontinuation

2 
(3.8)

2 
(3.8)

4 
(7.4)

1 
(1.9)

3 
(5.2)

1 
(1.7)

4 
(7.0)

4 
(7.0)

5 
(4.5)

3 
(2.7)

8 
(7.2)

5 
(4.5)

AE requiring dose 
adjustment and/or 
interruption

24 
(46.2) 7 (13.5) 32 

(59.3)
8 

(14.8)
29 

(50.0)
8 

(13.8)
37 

(64.9)
15 

(26.3) 53 (48.2) 15 (13.6) 69 (62.2) 23 (20.7)

AE requiring additional 
therapy

39 
(75.0)

11 
(21.2)

44 
(81.5)

11 
(20.4)

43
 (74.1)

9 
(15.5)

41 
(71.9)

10 
(17.5) 82 (74.5) 20 (18.2) 85 (76.6) 21 (18.9)

AE of special interest 30 
(57.7) 12 (23.1) 27 (50.0) 5 

(9.3)
35 

(60.3)
9 

(15.5)
41 

(71.9)
13 

(22.8) 65 (59.1) 21 (19.1) 68 (61.3) 18 (16.2)

Table 3. Incidence of adverse events.

Patients with multiple events in the same category were counted only once in that category. Patients with events in more than 1 category 
were counted once in each of those categories. AE: adverse event; DFX: deferasirox; DT: dispersible tablet; GRAN: granules; ICT: iron chelation 
therapy; SAE: serious adverse event.
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initial dose of deferasirox DT 20 mg/kg; this was attributed 
to the disproportionately low initial doses given to regularly 
transfused patients with moderate iron overload.17,18

The PRO analyses were performed using PRO/ObsRO scores 
from the mSICT questionnaire and palatability scores. The 
study results indicated that the adherence and satisfac-
tion/preference scores were numerically lower (indicates 
better) and the concerns score higher (indicates fewer) 
with granules versus DT. The palatability scores were nu-
merically higher (indicates better) with granules versus DT. 
These results were further confirmed by supportive analysis. 
However, due to the small number of patients old enough/
able to complete PRO questionnaires (N=41, 18.3%), PRO 
data should be interpreted with caution. Despite slight 
differences between deferasirox granules and DT arms in 
the ObsRO/PRO scores for adherence, satisfaction/prefer-
ence (ObsRO only), concerns, and palatability, the overall 
scores for both formulations were closer to the lower 
score range for adherence and satisfaction/preference and 
the higher score range for concerns and palatability. This 
indicates overall good adherence, satisfaction/preference, 
fewer concerns, and good palatability with both deferasirox 
formulations.

A similar, yet limited, observation was reported in a retro-
spective study by Higashino et al. (5 adult patients).19 Patient 
satisfaction was higher for deferasirox granules than for 
deferasirox DT considering all four assessed items (for hand-
iness: 85±6 vs. 40±17 mm, P=0.001; ease of administration: 
64±28 vs. 27±12 mm, P=0.037; administration timing: 90±6 vs. 
21±17 mm, P<0.001; and taste: 66±19 vs. 39±10 mm, P=0.033, 
using a 100-mm visual analog scale for all 4 items).19 In the 
ECLIPSE study, the PRO analyses indicated that overall sat-
isfaction scores were higher with deferasirox FCT compared 
with deferasirox DT.20 The FCT formulation, similar to the 
granule formulation, was developed to improve palatability, 
tolerability, and patient compliance.
The pre-dose PK exposure analysis demonstrated a lower 
variance of the differences between predicted and ob-
served concentration values in the deferasirox granules 
group compared with the deferasirox DT group, indicating 
better compliance with granules.
In the present study, a higher proportion of patients in 
the overall patient population in the deferasirox DT group 
experienced GI AE compared with the deferasirox granules 
group (41.4% vs. 32.7%). As deferasirox granules can be 
taken with a light meal, and also lack the excipients lac-

ICT-naive patients, N (%) ICT-pretreated, N (%) All patients, N (%)

DFX GRAN
N=52

DFX DT
N=54

DFX GRAN
N=58

DFX DT
N=57

DFX GRAN
N=110

DFX DT
N=111

All AE
Severe 

AE
All AE

Severe 
AE

All AE
Severe 

AE
All AE

Severe 
AE

All AE
Severe 

AE
All AE

Severe 
AE

UPCR 
increased 11 (21.2) 2 (3.8) 13 

(24.1) 1 (1.9) 16 
(27.6) 2 (3.4) 25 

(43.9) 3 (5.3) 27 
(24.5) 4 (3.6) 38 

(34.2) 4 (3.6)

Upper 
respiratory tract 
infection

17 (32.7) 0 14 
(25.9) 0 14 

(24.1) 0 19 
(33.3) 0 31 

(28.2) 0 33 
(29.7) 0

Pyrexia 15 (28.8) 2 (3.8) 11 
(20.4) 0 14 

(24.1) 2 (3.4) 15 
(26.3) 2 (3.5) 29 

(26.4) 4 (3.6) 26 
(23.4) 2 (1.8)

ALT increased 7 (13.5) 5 (9.6) 5 (9.3) 0 13 
(22.4) 3 (5.2) 10 

(17.5) 7 (12.3) 20 
(18.2) 8 (7.3) 15 

(13.5) 7 (6.3)

Bilirubin 
conjugated 
increased

5 (9.6) 0 5 (9.3) 0 7 
(12.1) 0 11 

(19.3) 0 12 
(10.9) 0 16 

(14.4) 0

Vomiting 4 (7.7) 0 4 (7.4) 0 5 (8.6) 0 11 
(19.3) 0 9 (8.2) 0 15 

(13.5) 0

Cough 6 (11.5) 0 5 (9.3) 0 8 
(13.8) 0 7 

(12.3) 0 14 
(12.7) 0 12 

(10.8) 0

Diarrhea 3 (5.8) 0 6 (11.1) 0 6 
(10.3) 0 8 

(14.0) 0 9 (8.2) 0 14 
(12.6) 0

Nasopharyngitis 6 (11.5) 0 7 (13.0) 1 (1.9) 5 (8.6) 0 6 
(10.5) 0 11 

(10.0) 0 13 
(11.7) 1 (0.9)

AST increased 5 (9.6) 1 (1.9) 3 (5.6) 0 7 
(12.1) 2 (3.4) 8 

(14.0) 1 (1.8) 12 
(10.9) 3 (2.7) 11 (9.9) 1 (0.9)

Abdominal pain 5 (9.6) 0 1 (1.9) 0 7 
(12.1) 0 3 (5.3) 0 12 

(10.9) 0 4 (3.6) 0

Pharyngitis 5 (9.6) 1 (1.9) 1 (1.9) 0 6 
(10.3) 0 2 (3.5) 0 11 

(10.0) 1 (0.9) 3 (2.7) 0

Table 4. Overall incidence of common (>10%) adverse events.

AE: adverse event; ALT: alanine aminotransferase; AST: aspartate aminotransferase; DFX: deferasirox; DT: dispersible tablet; GRAN: granules; 
ICT: iron chelation therapy; UPCR: urinary protein/creatinine ratio.
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Figure 4. PRO/ObsRO questionnaires (all patients). (A) Modified SICT ObsRO (child adherence). (B) Modified SICT ObsRO (care-
giver adherence). (C) Modified SICT ObsRO (child concerns). (D) Modified SICT ObsRO (caregiver concerns). (E) Palatability ObsRO. 
DT: dispersible tablet; ObsRO: observer-reported outcome; PRO: patient-reported outcome; SICT: satisfaction iron chelation 
therapy.

A

B

C

D

E
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tose and sodium lauryl sulfate, both found in the original 
DT formulation and possibly implicated in GI AE, it was 
expected that deferasirox granules would show improved 
GI tolerability. The present study results suggest that the 
GI tolerability profile may be improved with granules com-
pared with DT, which could be because of the change in 
excipients and/or the ability to take the medicine with a 
light meal. However, long-term study data are required to 
confirm this observation.
One patient on deferasirox DT experienced acquired Fanconi 
syndrome, leading to discontinuation of the drug. There 
are earlier reports of development of this AE in defera-
sirox-treated patients, with cessation of deferasirox lead-
ing to prompt recovery.21,22 Overall, the safety profile was 
comparable between deferasirox granules and deferasirox 
DT and consistent with previous studies; no new safety 
signals were observed.
In conclusion, the study did not meet its primary objective. 
In ICT-naive patients, mean compliance and change from 
baseline in SF with deferasirox granules and DT formula-
tions were not significantly different. No new safety signals 
were identified in this study and the study treatments 
were well tolerated.
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