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Summary

Liver iron concentration (LIC) assessment by magnetic resonance imaging

(MRI) remains the gold standard to diagnose iron overload and guide iron

chelation therapy in patients with non-transfusion-dependent thalassaemia

(NTDT). However, limited access to MRI technology and expertise

worldwide makes it practical to also use serum ferritin assessments.

The THALASSA (assessment of Exjade� in non-transfusion-dependent

THALASSemiA patients) study assessed the efficacy and safety of deferasirox

in iron-overloaded NTDT patients and provided a large data set to allow

exploration of the relationship between LIC and serum ferritin. Using data

from screened patients and those treated with deferasirox for up to 2 years,

we identified clinically relevant serum ferritin thresholds (for when MRI is

unavailable) for the initiation of chelation therapy (>800 lg/l), as well as

thresholds to guide chelator dose interruption (<300 lg/l) and dose escala-

tion (>2000 lg/l). (clinicaltrials.gov identifier: NCT00873041).

Keywords: iron overload, chelation therapy, non-transfusion-dependent

thalassaemia, liver iron concentration, serum ferritin.

The non-transfusion-dependent thalassaemias (NTDTs) com-

prise a heterogeneous group of diseases, primarily haemoglo-

bin (Hb) H disease, HbE/b thalassaemia and b thalassaemia

intermedia. Patients with NTDT do not require regular

transfusions for survival, but are at risk of iron overload, pri-

marily due to increased intestinal iron absorption (Rivella,

2012; Weatherall, 2012; Musallam et al, 2013a). Iron over-

load in these patients is associated with the development of

serious morbidities (Mancuso et al, 2006; Vichinsky, 2007;

Taher et al, 2010; Musallam et al, 2013a), including an

increased risk of hepatic, vascular, endocrine and bone com-

plications (Musallam et al, 2011, 2012). The monitoring of

iron overload and management with iron chelation therapy

when needed is therefore of great importance.

Liver iron concentration (LIC) assessment by magnetic

resonance imaging (MRI) is robust and recommended for

the assessment of iron overload in NTDT patients (Taher

et al, 2013a). Although an indirect measure of total body

iron, a significant relationship has been shown to exist

between predicted LIC and biopsy in patients with iron load-
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ing disorders, including patients with HbE/b thalassaemia

who had not received regular blood transfusions or chelation

therapy (St Pierre et al, 2005). However, access to specialized

equipment is limited in many parts of the world where

NTDT syndromes are prevalent; therefore, it would be prac-

tical to also use serum ferritin assessments as a marker of

iron overload in this patient population. Measurement of

serum ferritin levels is convenient, inexpensive and also

widely used as a marker of iron overload in transfusional

iron overload settings. A significant positive correlation

between serum ferritin and LIC has been established in small

observational studies across a variety of patients with various

underlying diseases, including patients with the main NTDT

subtypes (Pakbaz et al, 2007; Taher et al, 2008; Lal et al,

2011; Cheong et al, 2014; Eghbali et al, 2014). However, it

was also noted that the ratio of serum ferritin to LIC was

lower than that observed in regularly transfused patients

(Origa et al, 2007; Pakbaz et al, 2007; Taher et al, 2008),

suggesting that further investigation of this relationship is

needed before serum ferritin can be widely used in clinical

practice to monitor and treat iron overload in NTDT

patients. The largest data set investigating iron chelation in

NTDT patients to date comes from the THALASSA (assess-

ment of Exjade� in non-transfusion-dependent THALASSe-

miA patients) trial (Taher et al, 2012a, 2013b). With

appropriate dose adjustments and continued treatment with

deferasirox, iron overload was progressively reduced in

patients with NTDT. As both LIC and serum ferritin were

measured throughout the 2-year trial, further subanalyses of

these data have been conducted to explore the relationship

between LIC and serum ferritin.

Data from patients with both serum ferritin and LIC

assessments at screening and after up to 2 years of treatment

with deferasirox were examined to evaluate the relationship

between serum ferritin and LIC cut-offs used to guide initia-

tion and tailoring of chelation therapy. Screened patients

were deferasirox-na€ıve at the start of the trial and had a

broad range of baseline LICs and, therefore, data from these

patients were most appropriate for assessing the serum ferri-

tin threshold for treatment initiation [LIC ≥5mg Fe/g dry

weight (dw)] (Taher et al, 2012a, 2013a,b). However, to opti-

mally assess thresholds with respect to tailoring iron chela-

tion therapy, such as withholding treatment (LIC <3 mg Fe/g

dw) and dose escalation (LIC ≥7 mg Fe/g dw), a data set of

patients exposed to treatment was considered to be more

suitable (Taher et al, 2012a, 2013a,b).

Methods

Patients and study design

THALASSA was a multinational, prospective, randomized,

double-blind, placebo-controlled Phase II study

(NCT00873041), as previously described (Taher et al, 2012a,

2013b). Briefly, NTDT patients aged ≥10 years with iron

overload (defined as LIC ≥5 mg Fe/g dw) and serum ferritin

levels >300 lg/l were enrolled. Deferasirox (starting dose 5

or 10 mg/kg/day) was evaluated versus placebo in a 1-year

core study, followed by a 1-year extension in which placebo

patients switched to deferasirox treatment. Deferasirox or

placebo dose in the core study could be doubled at Week 24

in patients with insufficient response (LIC >7 mg Fe/g dw

and reduction <15% compared with baseline). Deferasirox

starting dose in the extension was based on absolute LIC

value and LIC decrease by the end of the core study. The

study was conducted in accordance with Good Clinical Prac-

tice guidelines and the Declaration of Helsinki and was

approved by local ethics committees of study sites. An inde-

pendent data monitoring committee reviewed safety data and

advised on study continuation and/or changes to protocol.

All patients (or parents/guardians) provided written,

informed consent prior to enrolment.

Assessments

LIC was measured at the initial screening and then every

6 months, and read centrally using a validated R2 MRI tech-

nique (FerriScan�; Resonance Health Ltd, Claremont, WA,

Australia) (St Pierre et al, 2005). Serum ferritin was mea-

sured at a central laboratory at screening (defined as the

mean of two consecutive values measured ≥14 days apart

prior to study treatment) and subsequently either monthly

for patients receiving deferasirox or quarterly for those no

longer on treatment, having reached their therapeutic target

of LIC <3 mg Fe/g dw. Data from screened patients were

used to assess thresholds for treatment initiation (LIC

≥5 mg Fe/g dw), while data from treated patients (at end of

treatment) were used to assess thresholds for treatment inter-

ruption (LIC <3 mg Fe/g dw) and dose escalation (LIC

≥7 mg Fe/g dw).

Statistical analyses

To determine whether serum ferritin can predict LIC at

thresholds of ≥3, ≥5 and ≥7 mg Fe/g dw, all patients were

classified as true positives, true negatives, false positives or

false negatives depending on their LIC and serum ferritin

values, as summarized in Table I. Serum ferritin cut-off val-

ues were tested at 100-lg/l intervals. A receiver operating

characteristic (ROC) analysis was conducted; positive predic-

tive value (PPV) was defined as the percentage ratio of true

positives (patients with LIC ≥3, ≥5 and ≥7 mg Fe/g dw cor-

rectly identified by serum ferritin values above a certain cut-

off value to all patients with that serum ferritin value), and

negative predictive value (NPV) was defined as the percent-

age ratio of true negatives (patients with LIC <3, <5 and

<7 mg Fe/g dw correctly identified by serum ferritin values

below or equal to a certain cut-off value to all patients with

that serum ferritin value). Sensitivity was defined as the per-

centage ratio of true positives among conditional positives
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(patients with LIC greater than or equal to a specified LIC

cut-off) and specificity was defined as the percentage ratio of

true negatives among conditional negatives (patients with

LIC less than a specified LIC cut-off).

A ROC plot was generated for LIC ≥5 mg Fe/g dw, the

level used to initiate deferasirox therapy in the THALASSA

study, by plotting sensitivity against 1-specificity.

Data from both screened and treated patients (at base-

line and end of treatment) with available serum ferritin

and LIC were used to assess the correlation between these

parameters. Correlations between paired serum ferritin and

LIC were evaluated using Pearson correlation coefficient

analysis (r).

Results

A serum ferritin threshold for initiating iron chelation
therapy

A total of 339 NTDT patients were screened for study eligi-

bility and 282 had both LIC and serum ferritin determined

at screening before the start of treatment (Table II). All

patients included in this analysis were deferasirox-naїve and

were required to have not received no other chelation ther-

apy within 1 month of study entry.

In order to identify a serum ferritin threshold to reliably

predict LIC ≥5 mg Fe/g dw for initiating iron chelation ther-

apy, a ROC curve was generated by plotting sensitivity

against 1-specificity (Fig 1). A serum ferritin threshold with

perfect discrimination (no overlap in the two distributions)

would have a ROC curve that passes through the upper left

corner of the graph. A threshold with 100% sensitivity indi-

cates that no false negatives are predicted (i.e a serum ferritin

value <800 lg/l would lead to LIC ≥5 mg Fe/g dw), and

likewise 100% specificity indicates that there would be no

false positives (i.e a serum ferritin value ≥800 lg/l would

lead to LIC <5 mg Fe/g dw); therefore, the closest point of

the curve to the upper left corner indicates the highest over-

all accuracy of a serum ferritin value to predict LIC ≥5 mg

Fe/g dw. A serum ferritin level of 800 lg/l has the highest

overall accuracy for predicting LIC ≥5 mg Fe/g dw (Fig 1).

Using a serum ferritin threshold of ≥800 lg/l to predict

LIC ≥5 mg Fe/g dw, 91�7% of patients would be correctly

started on treatment and there would be minimal risk of

unnecessary early treatment initiation – only 8�3% of patients

would be affected (based on the PPV in Table III). At the

serum ferritin threshold of <800 lg/l, there is some risk of

delayed treatment in 46�4% of patients who would have LIC

≥5 mg Fe/g dw (based on the NPV in Table III). Further

descriptive analysis on the distribution of LIC and serum fer-

ritin values by NTDT subgroup and age consistently indicates

that approximately a quarter of patients with LIC ≥5 mg Fe/

g dw do not have serum ferritin levels ≥800 lg/l, and would

therefore be undertreated if the decision to initiate chelation

therapy was based on serum ferritin data alone (Fig 2).

Serum ferritin thresholds for tailoring iron chelation
therapy

In total, 130 patients completed up to 2 years of deferasirox

treatment and had both serum ferritin and LIC measure-

ments at the end of treatment. The predictive values of

serum ferritin for LIC thresholds to withhold treatment (LIC

<3 mg Fe/g dw) and dose escalation (LIC ≥7 mg Fe/g dw)

are shown in Table IV.

During the THALASSA trial, 86�1% of patients with serum

ferritin levels >300 lg/l also had LIC ≥3 mg Fe/g dw, indi-

cating that above this serum ferritin level only 13�9% of

Table I. Relationship among terms used for the receiver operating characteristic (ROC) analysis.

Liver iron concentration (LIC) status (Condition)

Higher than cut-off Lower than cut-off

Serum ferritin status (Test)

Higher than cut-off True positive (TP) False positive (FP) Positive predictive value = Σ TP/Σ (TP + FP)

Lower than cut-off False negative (FN) True negative (TN) Negative predictive value = Σ TN/Σ (TN + FN)

Sensitivity = Σ TP/Σ (TP + FN) Specificity = Σ TN/Σ (TN + FP) Accuracy = Σ (TP + TN)/Σ (TP + FP + FN + TN)

Table II. Summary of liver iron concentration (LIC) and serum ferritin categories for all patients with both LIC and serum ferritin measured at

screening.

LIC category (mg Fe/g dw)

Serum ferritin categories (lg/l)

All patients≤100 >100–≤300 >300–≤800 >800–≤2000 >2000

<3 3 9 26 1 1 40

3–<5 0 1 28 10 1 40

5–<7 0 2 25 13 0 40

≥7 0 0 31 105 26 162

All patients 3 12 110 129 28 282

A. T. Taher et al

286 ª 2014 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.
British Journal of Haematology, 2015, 168, 284–290

 13652141, 2015, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.13119 by H

IN
A

R
I-L

E
B

A
N

O
N

, W
iley O

nline L
ibrary on [16/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



patients would have LIC <3 mg Fe/g dw and be at risk of

continuing chelation despite achieving their therapeutic tar-

get (based on the PPV in Table IV). Within this 13�9% of

patients, median (range) LIC was 2�5 (1�4–2�9) mg Fe/g dw.

However, 60% of patients with serum ferritin levels <300 lg/
l would still have LIC ≥3 mg Fe/g dw. Those patients would

thus be at risk of early treatment discontinuation (based on

the NPV in Table IV). Nevertheless, additional analysis

showed that at this serum ferritin threshold only 13�3% of

these patients would have LIC ≥5 mg Fe/g dw – the level at

which there is a further increased risk of iron overload-

related complications (Musallam et al, 2013b) – and there-

fore a much smaller risk of sub-therapeutic treatment.

The results presented here indicate that serum ferritin

thresholds from >1700 to >2000 lg/l were 100% predictive

of LIC ≥7 mg Fe/g dw, in that all patients would have an

LIC above this threshold (based on the PPV in Table IV).

Among patients with LIC ≥7 mg Fe/g dw, there was no

patient with serum ferritin <300 lg/l. Therefore, chelation

treatment should be continued and would help those patients

without the appropriate dose escalation to further reduce

iron overload.

Correlations between serum ferritin and LIC

There was a moderate-to-strong correlation between serum

ferritin and LIC regardless of iron overload status in deferasi-

rox-na€ıve screened patients (r = 0�713; Fig 3). Patients with

confirmed iron overload and enrolled in the THALASSA trial

also demonstrated a good correlation between serum ferritin

and LIC at baseline (r = 0�638), which increased slightly by

the end of treatment (r = 0�721).

Discussion

With limited access to MRI technology in many parts of the

world, it would be practical if decisions regarding iron chela-

tion therapy initiation, interruption and escalation could also

be evaluated using serum ferritin measurements. Here, we

have shown a good correlation between serum ferritin and

LIC, which was not adversely altered by deferasirox treatment

during the study. Based on data from screened patients and
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Fig 1. ROC curve for using serum ferritin to predict LIC ≥5 mg Fe/

g dw in deferasirox-na€ıve patients. NOTE: data presented are based

on all screened patients with paired serum ferritin and LIC data.

Obtained from Taher et al (2012b): Haematologica/the Hematology

Journal website http://www.haematologica.org.

Table III. Predictive values of serum ferritin cut-offs for LIC

≥5 mg Fe/g dw used to initiate chelation therapy in the THALASSA

trial.

Serum

ferritin

cut-off (lg/l) PPV

Risk of initiating

chelation despite

LIC <5 mg Fe/g

dw* (%) NPV

Risk of not

initiating chelation

despite LIC ≥5 mg

Fe/g dw† (%)

500 82�3 17�7 66�1 33�9
600 87�0 13�0 61�8 38�2
700 87�6 12�4 55�8 44�2
800 91�7 8�3 53�6 46�4
900 91�9 8�1 46�9 53�1
1000 94�7 5�3 44�0 56�0

The grey shading highlights each of the identified clinically relevant

serum ferritin thresholds that may reliably predict LIC cut-offs used

to initiate, withhold and escalate chelation therapy.

*Based on 1-PPV.

†Based on 1-NPV.

LIC, liver iron concentration; THALASSA, assessment of Exjade� in

non-transfusion-dependent THALASSemiA patients; PPV, positive

predicted value; NPV, negative predicted value.
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Fig 2. Percentage of deferasirox-na€ıve patients with LIC ≥5 mg Fe/

g dw and serum ferritin ≥800 lg/l by NTDT subgroup and age.

NOTE: numbers indicate the percentage difference between the num-

ber of patients with LIC ≥5 mg Fe/g dw and the number of patients

with serum ferritin ≥800 lg/l at screening, highlighting the risk of

patients not receiving deferasirox therapy when initiation is based on

serum ferritin data only. LIC, liver iron concentration; NTDT, non-

transfusion-dependent thalassemia.
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those treated with deferasirox, we have identified clinically

relevant serum ferritin thresholds to guide the initiation of

chelation therapy (>800 lg/l), as well as chelator dose inter-

ruption (<300 lg/l) and dose escalation (>2000 lg/l).

It is important to identify the need for chelation and to

initiate therapy promptly, particularly as NTDT patients with

serum ferritin levels ≥800 lg/l have been shown to be at a

significantly greater risk of long-term morbidities (Musallam

et al, 2013c). Based on a ROC analysis, a serum ferritin level

of 800 lg/l had the highest overall accuracy for predicting

LIC ≥5 mg Fe/g dw, the level above which initiation of iron

chelation therapy is recommended (Musallam et al, 2013b;

Taher et al, 2013a). Although the majority of patients would

be correctly started on treatment, of those with serum ferri-

tin levels <800 lg/l there was a risk of delaying treatment in

almost 50% of patients who would have had LIC ≥5 mg Fe/

g dw. However, this conservative approach may be accept-

able when balanced against the very low probability of

administering therapy to patients who do not yet need it.

In THALASSA, LIC <3 mg Fe/g dw was used as an indi-

cator to interrupt iron chelation therapy as it represents a

low, near-normal iron burden. Drug-related adverse events

reported during the pivotal THALASSA trial were manage-

able (mostly gastrointestinal), even as patients achieved low

LIC towards the end of the study (Taher et al, 2012a, 2014).

Furthermore, incidences of liver and renal abnormalities were

low and non-progressive. In a post-hoc analysis, a consistent

safety profile was demonstrated as patients approached this

target, indicating that such low iron burdens may be

achieved with minimal risk of over-chelation (Taher et al,

2014). A serum ferritin threshold of <300 lg/l was selected

as a good predictor of LIC <3 mg Fe/g dw as it provided an

acceptable balance between the risk of over and under chela-

tion in patients already receiving deferasirox therapy. LIC

confirmation by MRI, where available, would still be desir-

able in patients with serum ferritin levels ranging from 300

to 800 lg/l in order to avoid missing the need for treatment.

Patients should be evaluated on a case-by-case basis with the

risks and benefits of withholding or initiating treatment care-

fully considered. Further investigation may inform physicians

on the indication for chelation therapy in such patients, who

would require close monitoring of iron levels using serum

ferritin or LIC assessments, where available.

Deferasirox dose was escalated in THALASSA when LIC

was ≥7 mg Fe/g dw. Almost half of all patients received a

dose increase after 24 weeks as a result of very high baseline

LIC relative to the low starting deferasirox doses of 5 and

10 mg/kg/day, resulting in a progressive reduction in iron

overload in deferasirox-treated patients (Taher et al, 2012a,

2013b). The more conservative serum ferritin threshold of

>2000 lg/l is suggested here to allay any safety concerns

associated with higher deferasirox doses in NTDT patients.

In clinical practice, and because regular monitoring with LIC

may not always be feasible during treatment, using a serum

ferritin threshold of >2000 lg/l for dose escalation would

result in the majority of patients having their dosage

increased appropriately. However, there are still approxi-

mately 40% of patients who would not receive the appropri-

ate dose escalation (based on the NPV in Table IV).
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Fig 3. Relationship between liver iron concentration (LIC) and

serum ferritin in all screened patients.

Table IV. Predictive values of serum ferritin cut-offs for clinically

relevant LIC thresholds used to tailor treatment in the THALASSA

trial.

Threshold: LIC ≥3 mg Fe/g dw to interrupt chelation therapy

Serum

ferritin

cut-off (lg/l) PPV

Risk of

chelating

despite LIC <3 mg

e/g dw* (%) NPV

Risk of

interrupting

chelation despite

LIC ≥3 mg

Fe/g dw† (%)

100 83�7 16�3 100 0

200 85�4 14�6 57�1 42�9
300 86�1 13�9 40�0 60�0
400 91�4 9�2 37�8 62�2
500 90�8 3�8 27�8 72�2

Threshold: LIC ≥7 mg Fe/g dw to escalate dose of iron chelation

therapy

Serum

ferritin

cut-off

(lg/l) PPV

Risk of dose

escalation despite

LIC <7 mg

Fe/g dw* (%) NPV

Risk of not

dose escalating

despite LIC ≥7
mg Fe/g dw† (%)

1600 88�9 11�1 61�2 38�8
1700 100 0 61�0 39�0
1800 100 0 60�0 40�0
1900 100 0 59�5 40�5
2000 100 0 59�5 40�5

The grey shading highlights each of the identified clinically relevant

serum ferritin thresholds that may reliably predict LIC cut-offs used

to initiate, withhold and escalate chelation therapy.

*Based on 1-PPV.

†Based on 1-NPV.

LIC, liver iron concentration; THALASSA, assessment of Exjade� in

non-transfusion-dependent THALASSemiA patients; PPV, positive

predicted value; NPV, negative predicted value.

A. T. Taher et al

288 ª 2014 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.
British Journal of Haematology, 2015, 168, 284–290

 13652141, 2015, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.13119 by H

IN
A

R
I-L

E
B

A
N

O
N

, W
iley O

nline L
ibrary on [16/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



The serum ferritin thresholds proposed here derive from

the only prospective randomized trial of chelation therapy in

patients with NTDT to date and represent the relative stud-

ied thresholds used. Alternative serum ferritin thresholds

have not been comprehensively evaluated in a clinical setting.

Furthermore, the thresholds defined here for dose interrup-

tion and dose escalation are specific to tailoring iron chela-

tion therapy with deferasirox; as such, these thresholds

should be reviewed with caution when considering the use of

other iron chelators until larger, randomized studies have

been conducted.

In conclusion, when MRI is unavailable, serum ferritin can

be a useful marker to help tailor iron chelation therapy in

NTDT patients; including b thalassaemia intermedia, a thal-

assaemia (mainly HbH disease) and mild/moderate forms of

HbE/b thalassaemia. Serum ferritin levels above 800 lg/l were
highly predictive of LIC ≥5 mg Fe/g dw for starting chelation

therapy. A serum ferritin threshold of <300 lg/l was selected
as a good predictor of LIC <3 mg Fe/g dw, when treatment

should be withheld. Patients already receiving treatment

whose serum ferritin levels rise above 2000 lg/l, which was

highly predictive of LIC ≥7 mg Fe/g dw, should be consid-

ered for dose escalation. These findings are in line with the

Thalassaemia International Federation guidelines for deferasi-

rox use in NTDT patients (Taher et al, 2013a); although,

when both LIC and serum ferritin measurements are avail-

able, LIC should always be considered ahead of serum ferritin

data. Therefore, the serum ferritin thresholds identified herein

may be carefully considered to initiate and tailor iron chela-

tion therapy with deferasirox in NTDT patients, where access

to liver iron assessment by MRI is limited.
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