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ABSTRACT 

 

Data on iron overload status and change thresholds that can predict mortality in 

patients with transfusion-dependent β-thalassemia (TDT) are limited. This was a 

retrospective cohort study of 912 TDT patients followed for up to 10 years at 

treatment centers in Italy (median age 32 years, 51.6% female). The crude mortality 

rate was 2.9%. Following best-predictive threshold identification through receiver 

operating characteristic curve analyses, data from multivariate Cox-regression 

models showed that patients with Period Average Serum Ferritin (SF) >2145 vs 

≤2145 ng/mL were 7.1-fold (P <0.001) or with Absolute Change SF >1330 vs ≤1330 

ng/mL increase were 21.5-fold (P <0.001) more likely to die from any cause. Patients 

with Period Average Liver Iron Concentration (LIC) >8 vs ≤8 mg/g were 20.2-fold (P 

<0.001) or with Absolute Change LIC >1.4 vs ≤1.4 mg/g increase were 27.6-fold (P 

<0.001) more likely to die from any cause. Patients with Index (first) cardiac T2* 

(cT2*) <27 vs ≥27 ms were 8.6-fold (P <0.001) more likely to die from any cause. 

Similarly, results at varying thresholds were identified for death from cardiovascular 

disease. These findings should support decisions on iron chelation therapy by 

establishing treatment targets, including safe iron levels and clinically meaningful 

changes over time.  

 

Keywords: serum ferritin; liver; heart; MRI; iron overload; iron chelation. 
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INTRODUCTION 

 

Improved survival in patients with transfusion-dependent β-thalassemia (TDT) over 

the years is largely attributed to the introduction of safe transfusion practices and 

advances in iron overload monitoring and management [1-5]. Beyond serial 

measurement of serum ferritin (SF) levels, it is now possible to estimate iron 

concentration in the liver and heart by non-invasive magnetic resonance imaging 

(MRI) techniques (R2 and T2*) which have been validated against biopsies, showed 

international reproducibility, and have now become standards of care [6-12]. This has 

allowed tailoring of iron chelation therapy to the patient’s heart/liver iron overload 

profile, as informed by data on organ-specific efficacy of different types and doses of 

iron chelators [13].  

 

The iron overload thresholds used today to aid clinical decision making are primarily 

based on the associated mortality risk. For instance, SF levels ≥1000 ng/mL and 

≥2500 ng/mL have been associated with cardiovascular disease and death; and are 

commonly used to indicate the need for treatment initiation and intensification, 

respectively [3, 13-16]. Liver iron concentration (LIC) values of >7 and >15 mg/g [dry 

weight] and cardiac T2* (cT2*) values of <20 and <10 ms have also been associated 

with cardiovascular disease and death in TDT [16-23]. Despite wide use of such 

thresholds, evidence mostly stems from very few, small, single-center, outdated 

(using liver biopsy for LIC), or short-term follow-up studies that often used pre-

assigned thresholds; and they have been rarely revisited [24]. More importantly, 

evidence on the relationship between ‘changes’ (rather than spot measurements) in 
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iron parameters and long-term outcomes is limited; and thus, clinically meaningful 

changes remain undefined.  

 

Correlations between SF and LIC or cT2* have also shown mixed results in various 

cross-sectional and longitudinal studies; and have been shown to vary based on the 

type of iron chelator and dynamics of iron loading and unloading in various organs 

[25-27]. Knowledge of such correlations and the ability of SF to predict 

cardiac/hepatic iron concentrations remain essential, both in resource-limited 

settings where MRI availability can be limited as well as in settings when MRI is 

available but patient prioritization is required.   

 

With this background, the current study aims to revisit and identify iron overload 

status and change thresholds that can predict long-term all-cause and 

cardiovascular disease-related mortality in a large cohort of patients with TDT 

followed for 10 years, and to further investigate correlations between various iron 

parameters.  

 

METHODS 

 

This was a retrospective cohort study of β-thalassemia patients attending treatment 

centers in Italy, using pooled data from DB-INTHEM. DB-INTHEM is a database that 

automatically collects data of Italian patients with β-thalassemia who are followed by 

centers that use Webthal®, a computerized medical record software currently owned 

by the Italian Society of Thalassemias and Hemoglobinopathies (SITE), which was 

developed in 2000 to aid in standardized clinical, laboratory, and imaging data 
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recording across participating centers. A Secure Socket Layer system and 

passwords are used to ensure data safety and confidentiality. At each center, an 

Ethics Committee approval is obtained and written informed consents for data 

collection and use are retrieved from patients. 

 

For this study, we retrieved data for a 10-year period starting 01 January 2010 for all 

β-thalassemia patients attending participating centers and followed until 31 

December 2019, death, transplant, or loss to follow-up. This period was chosen to 

represent a long-term observation, during a timeframe that reflects modern 

management of the disease with all advances in MRI monitoring and oral iron 

chelation therapy being routinely available, and before the onset of the Covid-19 

pandemic which may have disrupted standard patient management. Among these, 

we selected patients who had an original diagnosis of β-thalassemia major and had 

received an average of at least ten red blood cell units per year during the 10-year 

observation period, in keeping with recent definitions of transfusion-dependence in 

clinical trials [28]. Two patients who had been receiving luspatercept therapy were 

excluded. A total of 912 patients were eventually included in the analyses. 

 

For each patient, we retrieved data on age, sex, center of treatment, pretransfusion 

hemoglobin (observation period average), and status at last follow-up date (dead, 

alive, transplant, lost to follow-up). We also retrieved data on SF, LIC, and cT2*. For 

these, we considered the annual average of all available records for each 

consecutive year during the 10-year observation period. All LIC values were 

retrieved using hepatic MRI T2* with standard calibration techniques.  
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At least one annual average was available for SF in 892 patients, for LIC in 412 

patients, and for cT2* in 454 patients. For these, the median number of years with an 

annual average available was 10 (min: 1, max: 10) for SF, 4 (min: 1, max: 10) for 

LIC, and 4 (min: 1, max: 10) for cT2*. The median number of records available per 

individual year ranged between 6-8 (min: 1, max: 28) over the 10 years for SF, and 

was 1 (min: 1, max: 4) for LIC, and 1 (min: 1, max: 4) for cT2*. Other than being in 

the period following patient death/loss to follow-up, absence of records would be 

attributed to missing documentation (rare), no assessment due to management 

recommendations (e.g., monitoring frequency >1 year), limited access (patients living 

in remote areas), a physician decision, or a patient choice.  

 

For the purposes of this analysis, we assigned the following for each patient for SF, 

LIC, and cT2*: Y1-10 value (annual average of corresponding year), Index value (first 

annual average during the 10-year observation period; to represent a spot 

measurement of iron status at the beginning of observation and its association with 

mortality within 10 years), Period Average (average of all annual averages during the 

10-year observation period; to represent average iron status patient was maintained 

on during 10 years), Absolute Change (the difference between last and first values; 

to represent the magnitude of change in iron status during 10 years), Relative 

Change (the difference between last and first values divided by first value and 

multiplied by 100; to represent the magnitude of change in iron status during 10 

years as a function of initial iron status). With such interpretations, it is assumed that 

the last observation is carried forward and first observation carried backward to 

represent the full 10 years. 
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All patients were receiving iron chelation therapy. For each patient, we retrieved data 

on the annual chelation type received for each consecutive year during the 10-year 

observation period, which was grouped as: deferoxamine (DFO), deferiprone (DFP), 

deferasirox (DFX), DFO-DFP, DFO-DFX, DFP-DFX, DFO-DFP-DFX; based on all 

iron chelators used during the individual year. Combinations reflected simultaneous 

or alternating chelation. We used a majority rule to assign a chelation type for the 

entire 10-year observation period (type used in most years, or a combination in case 

of equal number of years).  

 

For each patient, we also retrieved data on active morbidities at study start. These 

included the following morbidities which were diagnosed per local standards: heart 

disease, liver disease, and diabetes mellitus. These morbidities were selected owing 

to their direct association with iron overload and impact on mortality [29].  

 

Statistical analysis 

Data for SF, LIC, and cT2* did not follow a normal distribution (Shapiro Wilk test P 

<0.001), hence nonparametric tests were used. Descriptive statistics are represented 

as median (interquartile range [IQR], min, max) or percentages. Bivariate 

correlations were done using the Mann Whitney U t-test and Spearman’s correlation 

coefficient (rs). Receiver operating characteristic (ROC) curves were used to identify 

the best thresholds to predict all-cause and cardiovascular disease-related mortality 

within 10 years, using the highest Youden Index (sensitivity + specificity – 1), and 

areas under the curve (AUC) were estimated. Kaplan-Meier survival curves were 

constructed to estimate cumulative survival, and the Log-rank test was used for 

comparisons of survival curves. Cox regression analyses were used to estimate 
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hazard ratios (HR) and 95% confidence intervals (CI) of all-cause and cardiovascular 

disease-related mortality. Multivariate forward stepwise models were used to adjust 

for confounding effects. For all analyses on mortality, missing SF, LIC, and cT2* 

values for dead patients were imputed with dead patients’ median to avoid losing 

events in outcomes analyses. Sensitivity analyses were also carried out for Index 

LIC and Period Average LIC by replacing missing values for the entire cohort with 

ones imputed from the linear regression formula as predicted from SF values. All P-

values were two-sided with the level of significance set at <0.05. 

 

RESULTS 

 

A total of 912 TDT patients were included in this analysis, with 471 (51.6%) being 

female. The median age at study start was 32 years (IQR: 24.1-36, min: 0.1, max: 

61), including 133 (14.6%) children (<18 years) and 779 (85.4%) adults. The median 

pretransfusion hemoglobin level (observation period average) was 9.7 g/dL (IQR: 

9.5-10, min: 7.5, max 11.8), reflecting optimal transfusion per international guidelines 

(9.5-10.5 g/dL) [13]. Among evaluated morbidities 149 (16.3%) patients had single 

and 18 (2%) patients had multiple active morbidities at study start including heart 

disease n = 112, liver disease n = 10, diabetes mellitus n = 64. The distribution of 

iron chelation used over the observation period was: DFO (n = 84, 9.2%), DFP (n = 

151, 16.6%), DFX (n = 428, 46.9%), DFO-DFP (n = 176, 19.3%), DFO-DFX (n = 25, 

2.7%), DFP-DFX (n = 23, 2.5%), DFO-DFP-DFX (n = 25, 2.7%). Evaluated iron 

parameters are summarized in Table 1, which generally showed a low iron burden in 

our patient population and a slight decline or stable values over the 10 years.  

 



10 

Correlations between iron parameters 

Cross-sectional correlations between iron parameters for each individual year are 

summarized in Supplementary Table S1, with Spearman’s rs ranging from 0.587 to 

0.772 for SF vs LIC, -0.091 to -0.495 for SF vs cT2*, and -0.109 to -0.432 for LIC vs 

cT2* (P <0.05 for all except Y1 SF vs cT2* and Y1 LIC vs cT2*). When looking at 

longitudinal changes over time (Supplementary Table S2), numerically higher rs 

values were also observed for the correlation between Absolute Change SF vs LIC 

(0.508, P <0.001) than for Absolute Change SF vs cT2* (-0.124, P = 0.025) or 

Absolute Change LIC vs cT2* (-0.186, P = 0.001). Similar trends were also noted for 

Relative Change. When longitudinal correlations were stratified per iron chelation 

type in patients who remained on the same monotherapy for most of the observation 

period, correlations between SF vs LIC were only significant for DFO and DFX and 

rs values were numerically higher than for DFP (Supplementary Table S1). 

 

Iron overload status and change thresholds for predicting mortality 

All patients were followed for the full 10 years, except for 20 patients who were lost 

to follow up/transferred outside the Webthal® network, 7 patients who underwent 

bone marrow transplantation, and 26 (2.9%, 95%CI: 1.9-4.2) patients who died 

during the observation period at a median age of 40.5 years (IQR: 36.8-44, min: 28, 

max: 49). These included 17 (1.9%, 95%CI: 1.1-3) patients who died of 

cardiovascular disease, and 9 who died of other causes (cirrhosis/hepatocellular 

carcinoma n =3, sepsis n = 3, renal failure n = 1, accident n = 2). The death rates in 

patients without any SF (n = 20), LIC (n = 500), and cT2* (n = 458) records were 0%, 

3% (95%CI: 1.7-4.9), and 3.3% (95%CI: 1.8-5.3), respectively; comparable to the 

overall population.  
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Table 2 summarizes differences in median SF, LIC, and cT2* according to death 

status. ROC curve analyses for the prediction of all-cause and cardiovascular 

disease-related mortality within 10 years by evaluated iron parameters (Index and 

Period Average values to represent status, and Absolute Change and Relative 

Change values to represent change over time) are summarized in Table 3. Upon 

considering AUCs and P-values, we considered Period Average SF, Absolute 

Change SF, Period Average LIC, Absolute Change LIC, and Index cT2* as best 

predictors for both all-cause and cardiovascular disease-related mortality. Thresholds 

with the highest Youden Index (sensitivity + sensitivity – 1) for all-cause mortality 

were: Period Average SF (>2142 ng/mL, sensitivity: 65.4%, specificity: 74.1%; 

Figure 1A), Absolute Change SF (>1329 ng/mL increase, sensitivity: 61.5%, 

specificity: 92.4%; Figure 1B), Period Average LIC (>8.2 mg/g, sensitivity: 80.8%, 

specificity: 79%; Figure 1C), Absolute Change LIC (>1.4 mg/g increase, sensitivity: 

88.5%, specificity: 75%; Figure 1D), and Index cT2* (<27.2 ms, sensitivity: 72.7%, 

specificity: 80.8%; Figure 1E). Thresholds with the highest Youden Index (sensitivity 

+ sensitivity – 1) for cardiovascular disease-related mortality were: Period Average 

SF (>3261 ng/mL, sensitivity: 70.6%, specificity: 87.7%; Figure 2A), Absolute 

Change SF (>764 increase ng/mL, sensitivity: 64.7%, specificity: 87.1%; Figure 2B), 

Period Average LIC (>8.2 mg/g, sensitivity: 88.2%, specificity: 77.7%; Figure 2C), 

Absolute Change LIC (>1.4 mg/g increase, sensitivity: 88.2%, specificity: 73.1%; 

Figure 2D), and Index cT2* (<27.2 ms, sensitivity: 71.3%, specificity: 82.4%; Figure 

2E). The sensitivity and specificity of conventional thresholds are also indicated in 

Figure 1 and Figure 2.  
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Sensitivity analyses for Period Average LIC imputed using a linear regression 

formula for correlation with SF [LIC = SF*0.0026 + 1.9376; R = 0.716, P <0.001) 

yielded similar results (n = 892): AUC for all-cause mortality 0.711, P <0.001; AUC 

for cardiovascular-disease related mortality: 0.803, P <0.001. 

 

Survival according to iron overload status and change thresholds 

Identified iron overload status and change thresholds were carried forward for 

survival analyses. Kaplan-Meier survival curve data and comparisons are 

summarized in Table 4. For all-cause mortality, survival was significantly shorter in 

patients with Period Average SF >2145 vs ≤2145 ng/mL (Figure 3A), Absolute 

Change SF >1330 vs ≤1330 ng/mL increase (Figure 3B), Period Average LIC >8 vs 

≤8 mg/g (Figure 3C), Absolute Change LIC >1.4 vs ≤1.4 mg/g increase (Figure 3D), 

and Index cT2* <27 vs ≥27 ms (Figure 3E), P <0.001 for all comparisons. For 

cardiovascular disease-related mortality, survival was also significantly shorter in 

patients with Period Average SF >3265 vs ≤3265 ng/mL (Figure 4A), Absolute 

Change SF >765 vs ≤765 ng/mL increase (Figure 4B), Period Average LIC >8 vs ≤8 

mg/g (Figure 4C), Absolute Change LIC >1.4 vs ≤1.4 mg/g increase (Figure 4D), 

and Index cT2* <27 vs ≥27 ms (Figure 4E), P <0.001 for all comparisons.  

 

We constructed multivariate Cox regression models with the outcome of death as the 

dependent variable, and iron overload status and change thresholds as independent 

variables. Unadjusted HR and 95%CI for all-cause and cardiovascular disease-

related mortality are summarized in Table 5. We further adjusted the associations for 

potential confounders that may affect iron parameters as well as the outcome of 

death, whether directly or as a reflection of overall patient management including 



13 

age, sex, center of treatment, pretransfusion hemoglobin level (observation period 

average), iron chelation type, and active morbidity at study start. Iron overload status 

and change thresholds remained independently associated with all-cause and 

cardiovascular disease-related mortality (Table 5).  

 

Patients with Period Average SF >2145 vs ≤2145 ng/mL were 7.1-fold (P <0.001) or 

with Absolute Change SF >1330 vs ≤1330 ng/mL increase were 21.5-fold (P <0.001) 

more likely to die from any cause. Patients with Period Average LIC >8 vs ≤8 mg/g 

were 20.2-fold (P <0.001) or with Absolute Change LIC >1.4 vs ≤1.4 mg/g increase 

were 27.6-fold (P <0.001) more likely to die from any cause. Patients with Index cT2* 

<27 vs ≥27 ms were 8.6-fold (P <0.001) more likely to die from any cause. Similarly, 

patients with Period Average SF >3265 vs ≤3265 ng/mL were 37.2-fold (P <0.001) or 

with Absolute Change SF >765 vs ≤765 ng/mL increase were 19.6-fold (P <0.001) 

more likely to die from cardiovascular disease. Patients with Period Average LIC >8 

vs ≤8 mg/g were 34.1-fold (P <0.001) or with Absolute Change LIC >1.4 vs ≤1.4 

mg/g increase were 33.9-fold (P <0.001) more likely to die from cardiovascular 

disease. Patients with Index cT2* <27 vs ≥27 ms were 8.6-fold (P = 0.001) more 

likely to die from cardiovascular disease (Table 5). 

 

DISCUSSION  

 

In this study, we have established iron overload status and change thresholds that 

are associated with increased mortality in patients with TDT, though analysis or a 

large cohort of patients followed for 10 years. Patients who remained on average at 

SF levels >2145 and >3265 ng/mL had increased risk of all-cause and 
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cardiovascular disease-related mortality, respectively. At the moment, a SF level 

>1000 ng/mL is generally used to indicate the need for iron chelation therapy, while 

levels >2500 ng/mL are commonly used to indicate severe iron overload requiring 

treatment intensification [13]. These values primarily stem from few older studies. In 

one analysis from Italy on 720 patients (receiving deferoxamine therapy) born after 

1970 and followed until the end of 1999, with SF values available from 1991 

onwards, both pre-assigned cut-offs of 1000 ng/mL and 2500 ng/mL (average prior to 

event) were prognostic for heart failure (HR: 3.2 and 4.8, respectively) and mortality 

(HR: 2.6 and 4.4 respectively) [15]. In an updated analysis of the same cohort, the 

SF value of 1140 ng/mL (observation period average) was the best predictor of death 

on ROC analysis on a subset of 417 patients [3]. In an older study of 97 patients 

from the US born between 1954 and 1975 and followed for a median of 12 years 

after the initiation of iron chelation with deferoxamine, a pre-assigned SF level >2500 

ng/mL (measured as proportion of values above this cut-off) was associated with 

poorer cardiovascular disease-free survival (HR: 19.1) [14]. In a smaller study of 32 

patients from the UK who received a liver biopsy between 1984 and 1986 and 

followed for a median of 13.6 years afterwards, there was a statistically significant 

difference in cardiovascular disease-free survival in patients with pre-assigned SF 

(period average) >2500 ng/mL (12.5%) and 1500-2500 ng/mL (78.6%) compared 

with <1500 ng/mL (90%) [16]. A small, more recent study from Greece on 75 patients 

with TDT aimed to revisit established iron overload thresholds and identified a SF 

level >1700 ng/mL (patients stratified around population mean) as prognostic for 

mortality (HR: 3.8) [24].  
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Our study comes in to confirm findings of an increased risk of death with high SF 

levels in TDT and provides predictive SF thresholds that were not pre-assigned. It is 

evident that SF levels >2000-3000 ng/mL are a ‘red flag’ and indicate uncontrolled 

iron overload requiring immediate treatment optimization. Target levels, however, 

may need to be lower (<1000-1500 ng/mL) to keep patients in a safe zone, in 

keeping with previous literature indicating some degree of risk above such lower 

levels, and in view of their association with other morbidities like endocrinopathies 

[30]. Our study has also determined clinically meaningful change thresholds for SF 

(765-1330 ng/mL), which to our best knowledge, were not available in the literature. 

 

With respect to LIC, evidence on association with long-term outcomes and mortality 

is even more limited. The original values of 7 mg/g and 15 mg/g where in fact 

‘inherited’ from studies on hereditary hemochromatosis owing to their association 

with hepatic fibrosis [7, 18, 31]. In the aforementioned study from the UK following 32 

patients after liver biopsy, these thresholds were revisited and  there was a 

statistically significant difference in cardiovascular disease-free survival in patients 

with LIC (single measurement) >15 mg/g (50%) and 7-15 mg/g (71.4%) compared 

with <7 mg/g (93.3%) [16]. In another study of 211 post-transplant (1983-1989) 

thalassemia patients followed for a median of 64 months following liver biopsy, a LIC 

of 16 mg/g was identified as a threshold for hepatic fibrosis progression [19]. Our 

study is the first to establish an association between LIC, measured by MRI, and 

mortality in TDT patients and revealed the threshold of 8 mg/g as most predictive of 

death within 10 years. Changes in LIC by 1.4 mg/g were also associated with 

mortality risk. Clinically meaningful changes for LIC have not been previously 

established in TDT, although in one trial, a change of 3 mg/g was used to establish 
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iron chelation response based on expert opinion [32]. In patients with non-

transfusion-dependent thalassemia, changes of 1 mg/g LIC have been associated 

with the risk of multiple morbidities [33].  

 

Data on the association of cT2* values with long-term outcomes are more robust, 

with levels <20 ms associated with increased risk of arrythmia and heart failure, and 

levels <10 ms associated with increased risk of heart failure and death in several 

studies [16-23], although studies were mainly looking at cross-sectional associations 

or event occurrence within 1 year of assessment. Our study identified a higher 

threshold of <27 ms for the prediction of death within 10 years, which may reflect that 

lower iron overload levels in the heart may lead to cardiovascular disease-related 

death in the long-term (vs more acutely). Similar findings were also noted in the 

aforementioned study from Greece which identified a threshold of cT2* ≤34 ms as a 

better prognostic factor for cardiac mortality or hospitalization than 20 ms [24]. 

Accumulation of toxic iron species within myocytes is not necessary to induce 

cardiac dysfunction, and only initial exposure to non-transferrin-bound iron may be 

enough to cause damage to cardiac tissue. Thus, even without evidence of cardiac 

iron overload by MRI, patients may still be at risk of cardiovascular disease [34-36]. It 

should also be noted that non-iron related cardiovascular disease is also common, 

especially in older adults with thalassemia [37]. 

 

Our study confirmed a good correlation between SF and LIC, yet a weaker 

correlation between SF (or LIC) and cT2* on both cross-sectional (spot 

measurements) and longitudinal (change over time) analysis, which is in general 

agreement with earlier studies using both liver biopsy and MRI for the assessment of 
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LIC [20, 25-27, 38-50]. This may be attributed to several factors. Both SF and LIC 

are considered indirect measures of systemic and total body iron [51], while cT2* 

primarily reflects organ-specific (heart) iron levels. More importantly, it has been 

previously established that longitudinal iron changes in the heart significantly lagged 

behind those in the liver and may partially explain the weak association between 

these parameters. Although a correlation between SF and LIC is noted, it should be 

acknowledged that it is not perfect. Cross-sectionally, correlation was shown to be 

poor at SF levels >4000 ng/mL, which we could not assess in this study owing to the 

generally low iron burden [25, 50, 52]. Longitudinally, a discordance between 

response to iron chelation therapy as measured by changes in SF vs LIC is noted in 

up to 30% of patients [25, 49, 50]. We have also identified variation in the correlation 

between changes in SF and LIC by iron chelator type, where such correlation was 

weaker for deferiprone than for deferoxamine and deferasirox. This may be 

attributed to deferiprone’s slower effects on hepatic iron stores compared with 

deferoxamine or deferasirox [13, 26], although other studies with smaller patient 

numbers did not observe such variation [43]. Collectively, these findings highlight the 

added value of MRI monitoring of iron overload status over reliance on serial serum 

ferritin levels alone. It is understandable that this may not be conducted at the 

regularity recommended by international guidelines [13, 45], and patient prioritization 

through practical algorithms may be needed in resource-limited countries where 

access and affordability remain an issue [53]. It is often the combination of 

information from two or more iron indices that allows the understanding of the 

patient’s overall iron overload ‘profile’ and subsequent treatment optimization needs. 

Other measures of iron overload such as non-transferrin-bound iron and labile 

plasma iron have also been used in clinical trials of iron chelation therapy but their 
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wide routine use in clinical practice has been hampered by the limited number of 

laboratories that can perform such studies [13]. 

 

Our study has two key limitations. First, data may not be generalizable to the global 

TDT population and may be more relatable to patients managed in Western 

countries with adequate resources, where mortality is more attributable to disease 

progression or lack of response to therapy rather than challenges in access to 

optimal care. The overall iron overload burden and mortality rate in our cohort was 

low, and thus the observed associations between iron parameters and outcomes 

may only be relevant in this context. Second, a large proportion of patients did not 

have MRI measurements for iron overload. Although the remaining samples used for 

various analyses were still considerably large compared to previous studies, a 

potential bias could not be dismissed. We cannot fully ascertain if absence of MRI 

assessment was fully random. In a previous study from Webthal, we have identified 

low iron intake (transfusion burden), low serum ferritin level, and young age as the 

main risk factors for not having LIC or cT2* assessment by MRI [45], implying that 

patients who had less severe iron burden were less likely to get an MRI. On the 

other hand, it may also be assumed that such patients will go on to develop higher 

iron burden in the liver/heart as a consequence of lack of MRI assessment and 

subsequent tailoring of iron chelation therapy. Irrespectively, patients who did not 

have MRI assessment in this study had a comparable rate of mortality to the overall 

population, rendering any over- or underestimation of mortality risk for evaluated iron 

overload status and change thresholds minimal.  
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Our findings should add to the evidence base supporting decisions on iron chelation 

therapy by establishing treatment targets, including safe iron levels and clinically 

meaningful changes over time. These thresholds may also be used, individually or in 

combination, to develop prognostic scoring models along with other risk factors that 

moderate mortality risk.  

 

STATEMENTS AND DECLARATIONS 

 

Acknowledgments 

Members of the Webthal® project also include Valeria Pinto (Galliera Hospital, 

Genoa, Italy), Roberta Sciortino (ARNAS Garibaldi, Catania, Italy), Domenico 

Roberti (Università Vanvitelli, Napoli, Italy), Lucia De Franceschi (Università di 

Verona AOIU, Verona, Italy), Martina Culcasi (Azienda Ospedaliero Universitaria S. 

Anna, Ferrara, Italy), Valeria Orecchia (S.C. Centro delle Microcitemie e Anemie 

Rare, ASL Cagliari, Cagliari, Italy), and Carmen Maria Gaglioti (Hemoglobinopathies 

and Rare Anemia Reference Center, San Luigi Gonzaga University Hospital, 

Department of Biological and Clinical Sciences, University of Turin, Turin, Italy). 

 

Author contribution 

Study conception and design: KMM, GLF. Data collection: SB, RO, GBF, RL, AP, FL, 

BG, GLF. Statistical analysis: KMM, BG. Review and interpretation of results: KMM, 

SB, RO, GBF, RL, AP, FL, BG, GLF. Manuscript drafting: KMM, GLF. Manuscript 

review for important intellectual content: SB, RO, GBF, RL, AP, FL, BG. All authors 

approved the manuscript before submission.  

 



20 

Funding 

The study was funded by Pharmacosmos A/S, Denmark. 

 

Competing interests 

KMM reports consultancy fees from Novartis, Celgene Corp (Bristol Myers Squibb), 

Agios Pharmaceuticals, CRISPR Therapeutics, Vifor Pharma, and Pharmacosmos; 

and research funding from Agios Pharmaceuticals and Pharmacosmos. SB reports 

being on the advisory board of Vertex Pharmaceuticals and Bristol Myers Squibb and 

receiving speaker honoraria from Bristol Myers Squibb and Chiesi. RO reports being 

on the advisory board of Chiesi and Bristol Myers Squibb and consultancy fees from 

Vertex Pharmaceuticals and Bristol Myers Squibb. GBF reports consultancy fees 

from Bristol Myers Squibb, Agios Pharmaceuticals, FORMA Therapeutics, Vertex 

Pharmaceuticals. RL reports receiving speaker honoraria from Bristol Myers Squibb. 

AP reports receiving speaker honoraria from Bristol Myers Squibb. FL reports being 

on the advisory board of Vertex Pharmaceuticals and Bristol Myers Squibb. GLF 

reports receiving speaker honoraria and being on the advisory board Vertex 

Pharmaceuticals, Bristol Myers Squibb, Hemanext and Garuda Pharmaceuticals. 

The remaining authors have no relevant financial or non-financial interests to 

disclose. 

 

Data Sharing and data availability 

Data can be made available upon reasonable request to the corresponding author. 

 

Ethics approval 

An Ethics Committee approval was obtained at each participating center. 



21 

 

Consent to participate 

Written informed consents for data collection and use were retrieved from all 

patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 

REFERENCES 

1. Chouliaras G, Berdoukas V, Ladis V, Kattamis A, Chatziliami A, Fragodimitri C, 
Karabatsos F, Youssef J, Karagiorga-Lagana M (2011) Impact of magnetic resonance 
imaging on cardiac mortality in thalassemia major. J Magn Reson Imaging 34:56-59. 

2. Modell B, Khan M, Darlison M, Westwood MA, Ingram D, Pennell DJ (2008) 
Improved survival of thalassaemia major in the UK and relation to T2* cardiovascular 
magnetic resonance. J Cardiovasc Magn Reson 10:42. 

3. Forni GL, Gianesin B, Musallam KM, Longo F, Rosso R, Lisi R, Gamberini MR, Pinto 
VM, Graziadei G, Vitucci A, Bonetti F, Musto P, Piga A, Cappellini MD, Borgna-
Pignatti C, Webthal p (2023) Overall and complication-free survival in a large cohort 
of patients with beta-thalassemia major followed over 50 years. Am J Hematol 
98:381-387. 

4. Nichols-Vinueza DX, White MT, Powell AJ, Banka P, Neufeld EJ (2014) MRI guided 
iron assessment and oral chelator use improve iron status in thalassemia major 
patients. Am J Hematol 89:684-688. 

5. Kwiatkowski JL, Kim HY, Thompson AA, Quinn CT, Mueller BU, Odame I, Giardina 
PJ, Vichinsky EP, Boudreaux JM, Cohen AR, Porter JB, Coates T, Olivieri NF, 
Neufeld EJ, Thalassemia Clinical Research N (2012) Chelation use and iron burden 
in North American and British thalassemia patients: a report from the Thalassemia 
Longitudinal Cohort. Blood 119:2746-2753. 

6. Carpenter JP, He T, Kirk P, Roughton M, Anderson LJ, de Noronha SV, Sheppard 
MN, Porter JB, Walker JM, Wood JC, Galanello R, Forni G, Catani G, Matta G, 
Fucharoen S, Fleming A, House MJ, Black G, Firmin DN, St Pierre TG, Pennell DJ 
(2011) On T2* magnetic resonance and cardiac iron. Circulation 123:1519-1528. 

7. St Pierre TG, Clark PR, Chua-anusorn W, Fleming AJ, Jeffrey GP, Olynyk JK, 
Pootrakul P, Robins E, Lindeman R (2005) Noninvasive measurement and imaging of 
liver iron concentrations using proton magnetic resonance. Blood 105:855-861. 

8. Hankins JS, McCarville MB, Loeffler RB, Smeltzer MP, Onciu M, Hoffer FA, Li CS, 
Wang WC, Ware RE, Hillenbrand CM (2009) R2* magnetic resonance imaging of the 
liver in patients with iron overload. Blood 113:4853-4855. 

9. Kirk P, He T, Anderson LJ, Roughton M, Tanner MA, Lam WW, Au WY, Chu WC, 
Chan G, Galanello R, Matta G, Fogel M, Cohen AR, Tan RS, Chen K, Ng I, Lai A, 
Fucharoen S, Laothamata J, Chuncharunee S, Jongjirasiri S, Firmin DN, Smith GC, 
Pennell DJ (2010) International reproducibility of single breathhold T2* MR for 
cardiac and liver iron assessment among five thalassemia centers. J Magn Reson 
Imaging 32:315-319. 

10. Wood JC, Enriquez C, Ghugre N, Tyzka JM, Carson S, Nelson MD, Coates TD 
(2005) MRI R2 and R2* mapping accurately estimates hepatic iron concentration in 
transfusion-dependent thalassemia and sickle cell disease patients. Blood 106:1460-
1465. 

11. Wood JC, Zhang P, Rienhoff H, Abi-Saab W, Neufeld E (2014) R2 and R2* are 
equally effective in evaluating chronic response to iron chelation. Am J Hematol 
89:505-508. 

12. St Pierre TG, El-Beshlawy A, Elalfy M, Al Jefri A, Al Zir K, Daar S, Habr D, Kriemler-
Krahn U, Taher A (2014) Multicenter validation of spin-density projection-assisted R2-
MRI for the noninvasive measurement of liver iron concentration. Magn Reson Med 
71:2215-2223. 

13. Cappellini MD, Farmakis D, Porter J, Taher A, Guidelines for the management of 
transfusion dependent thalassaemia (TDT). 4th ed. 2021, Nicosia, Cyprus: 
Thalassaemia International Federation. 

14. Olivieri NF, Nathan DG, MacMillan JH, Wayne AS, Liu PP, McGee A, Martin M, Koren 
G, Cohen AR (1994) Survival in medically treated patients with homozygous beta-
thalassemia. N Engl J Med 331:574-578. 



23 

15. Borgna-Pignatti C, Rugolotto S, De Stefano P, Zhao H, Cappellini MD, Del Vecchio 
GC, Romeo MA, Forni GL, Gamberini MR, Ghilardi R, Piga A, Cnaan A (2004) 
Survival and complications in patients with thalassemia major treated with transfusion 
and deferoxamine. Haematologica 89:1187-1193. 

16. Telfer PT, Prestcott E, Holden S, Walker M, Hoffbrand AV, Wonke B (2000) Hepatic 
iron concentration combined with long-term monitoring of serum ferritin to predict 
complications of iron overload in thalassaemia major. Br J Haematol 110:971-977. 

17. Daar S, Al Khabori M, Al Rahbi S, Hassan M, El Tigani A, Pennell DJ (2020) Cardiac 
T2* MR in patients with thalassemia major: a 10-year long-term follow-up. Ann 
Hematol 99:2009-2017. 

18. Olivieri NF, Brittenham GM (1997) Iron-chelating therapy and the treatment of 
thalassemia. Blood 89:739-761. 

19. Angelucci E, Muretto P, Nicolucci A, Baronciani D, Erer B, Gaziev J, Ripalti M, Sodani 
P, Tomassoni S, Visani G, Lucarelli G (2002) Effects of iron overload and hepatitis C 
virus positivity in determining progression of liver fibrosis in thalassemia following 
bone marrow transplantation. Blood 100:17-21. 

20. Anderson LJ, Holden S, Davis B, Prescott E, Charrier CC, Bunce NH, Firmin DN, 
Wonke B, Porter J, Walker JM, Pennell DJ (2001) Cardiovascular T2-star (T2*) 
magnetic resonance for the early diagnosis of myocardial iron overload. Eur Heart J 
22:2171-2179. 

21. Kirk P, Roughton M, Porter JB, Walker JM, Tanner MA, Patel J, Wu D, Taylor J, 
Westwood MA, Anderson LJ, Pennell DJ (2009) Cardiac T2* magnetic resonance for 
prediction of cardiac complications in thalassemia major. Circulation 120:1961-1968. 

22. Carpenter JP, Roughton M, Pennell DJ, Myocardial Iron in Thalassemia I (2013) 
International survey of T2* cardiovascular magnetic resonance in beta-thalassemia 
major. Haematologica 98:1368-1374. 

23. Ambati SR, Randolph RE, Mennitt K, Kleinert DA, Weinsaft JW, Giardina PJ (2013) 
Longitudinal monitoring of cardiac siderosis using cardiovascular magnetic 
resonance T2* in patients with thalassemia major on various chelation regimens: a 6-
year study. Am J Hematol 88:652-656. 

24. Kamperidis V, Vlachou M, Pappa Z, Pantelidou D, Karamitsos T, Papadopoulou D, 
Kartas A, Boutou A, Ventoulis I, Vlachaki E, Giannakoulas G, Karvounis H (2021) 
Prediction of long-term survival in patients with transfusion-dependent 
hemoglobinopathies: Insights from cardiac imaging and ferritin. Hellenic J Cardiol 
62:429-438. 

25. Bayraktaroglu S, Karadas N, Onen S, Karapinar DY, Aydinok Y (2022) Modern 
management of iron overload in thalassemia major patients guided by MRI 
techniques: real-world data from a long-term cohort study. Ann Hematol 101:521-529. 

26. Danjou F, Origa R, Anni F, Saba L, Cossa S, Podda G, Galanello R (2013) 
Longitudinal analysis of heart and liver iron in thalassemia major patients according 
to chelation treatment. Blood Cells Mol Dis 51:142-145. 

27. Noetzli LJ, Carson SM, Nord AS, Coates TD, Wood JC (2008) Longitudinal analysis 
of heart and liver iron in thalassemia major. Blood 112:2973-2978. 

28. Musallam KM, Taher AT, Cappellini MD, Hermine O, Kuo KHM, Sheth S, Viprakasit V, 
Porter JB (2022) Untreated Anemia in Nontransfusion-dependent beta-thalassemia: 
Time to Sound the Alarm. Hemasphere 6:e806. 

29. Vitrano A, Musallam KM, Meloni A, Karimi M, Daar S, Ricchi P, Costantini S, Vlachaki 
E, Di Marco V, El-Beshlawy A, Hajipour M, Ansari SH, Filosa A, Ceci A, Singer ST, 
Naserullah ZA, Pepe A, Cademartiri F, Pollina SA, Scondotto S, Dardanoni G, 
Bonifazi F, Sankaran VG, Vichinsky E, Taher AT, Maggio A, International Working 
Group on T (2023) Development of a Thalassemia International Prognostic Scoring 
System (TIPSS). Blood Cells Mol Dis 99:102710. 

30. Belhoul KM, Bakir ML, Saned MS, Kadhim AM, Musallam KM, Taher AT (2012) 
Serum ferritin levels and endocrinopathy in medically treated patients with beta 
thalassemia major. Ann Hematol 91:1107-1114. 



24 

31. Bassett ML, Halliday JW, Powell LW (1986) Value of hepatic iron measurements in 
early hemochromatosis and determination of the critical iron level associated with 
fibrosis. Hepatology 6:24-29. 

32. Cappellini MD, Cohen A, Piga A, Bejaoui M, Perrotta S, Agaoglu L, Aydinok Y, 
Kattamis A, Kilinc Y, Porter J, Capra M, Galanello R, Fattoum S, Drelichman G, 
Magnano C, Verissimo M, Athanassiou-Metaxa M, Giardina P, Kourakli-Symeonidis 
A, Janka-Schaub G, Coates T, Vermylen C, Olivieri N, Thuret I, Opitz H, Ressayre-
Djaffer C, Marks P, Alberti D (2006) A phase 3 study of deferasirox (ICL670), a once-
daily oral iron chelator, in patients with beta-thalassemia. Blood 107:3455-3462. 

33. Musallam KM, Cappellini MD, Wood JC, Motta I, Graziadei G, Tamim H, Taher AT 
(2011) Elevated liver iron concentration is a marker of increased morbidity in patients 
with beta thalassemia intermedia. Haematologica 96:1605-1612. 

34. Sonakul D, Thakerngpol K, Pacharee P (1988) Cardiac pathology in 76 thalassemic 
patients. Birth Defects Orig Artic Ser 23:177-191. 

35. Link G, Pinson A, Hershko C (1985) Heart cells in culture: a model of myocardial iron 
overload and chelation. J Lab Clin Med 106:147-153. 

36. Nathan DG (2005) Thalassemia: the continued challenge. Ann N Y Acad Sci 1054:1-
10. 

37. Taher AT, Cappellini MD (2018) How I manage medical complications of beta-
thalassemia in adults. Blood 132:1781-1791. 

38. Aessopos A, Fragodimitri C, Karabatsos F, Hatziliami A, Yousef J, Giakoumis A, 
Dokou A, Gotsis ED, Berdoukas V, Karagiorga M (2007) Cardiac magnetic 
resonance imaging R2* assessments and analysis of historical parameters in 
patients with transfusion-dependent thalassemia. Haematologica 92:131-132. 

39. Origa R, Galanello R, Ganz T, Giagu N, Maccioni L, Faa G, Nemeth E (2007) Liver 
iron concentrations and urinary hepcidin in beta-thalassemia. Haematologica 92:583-
588. 

40. Taher A, El Rassi F, Isma'eel H, Koussa S, Inati A, Cappellini MD (2008) Correlation 
of liver iron concentration determined by R2 magnetic resonance imaging with serum 
ferritin in patients with thalassemia intermedia. Haematologica 93:1584-1586. 

41. Vitrano A, Calvaruso G, Tese L, Gioia F, Cassara F, Campisi S, Butera F, 
Commendatore V, Rizzo M, Santoro V, Cigna V, Quota A, Bagnato S, Argento C, 
Fidone C, Schembari D, Gerardi C, Barbiera F, Bellisssima G, Giugno G, Polizzi G, 
Rosso R, Abbate G, Caruso V, Chiodi E, Gamberini MR, Giorgi B, Putti MC, Filosa A, 
De Ritis MR, Oliva E, Arcadi N, Fustaneo M, Mistretta L, Di Maggio R, Sacco M, 
Veronica DS, Giangreco A, Maggio A (2016) Real-life experience with liver iron 
concentration R2 MRI measurement in patients with hemoglobinopathies: baseline 
data from LICNET. Eur J Haematol 97:361-370. 

42. Brittenham GM, Cohen AR, McLaren CE, Martin MB, Griffith PM, Nienhuis AW, 
Young NS, Allen CJ, Farrell DE, Harris JW (1993) Hepatic iron stores and plasma 
ferritin concentration in patients with sickle cell anemia and thalassemia major. Am J 
Hematol 42:81-85. 

43. Vitrano A, Sacco M, Rosso R, Quota A, Fiorino D, Oliva E, Gerardi C, Roccamo G, 
Spadola V, Filosa A, Tese L, Calvaruso G, Pitrolo L, Mistretta L, Cassara F, Di 
Maggio R, Maggio A (2018) Longitudinal changes in LIC and other parameters in 
patients receiving different chelation regimens: Data from LICNET. Eur J Haematol 
100:124-130. 

44. Voskaridou E, Douskou M, Terpos E, Papassotiriou I, Stamoulakatou A, Ourailidis A, 
Loutradi A, Loukopoulos D (2004) Magnetic resonance imaging in the evaluation of 
iron overload in patients with beta thalassaemia and sickle cell disease. Br J 
Haematol 126:736-742. 

45. Piga A, Longo F, Musallam KM, Cappellini MD, Forni GL, Quarta G, Chiavilli F, 
Commendatore F, Mulas S, Caruso V, Galanello R (2013) Assessment and 
management of iron overload in beta-thalassaemia major patients during the 21st 



25 

century: a real-life experience from the Italian WEBTHAL project. Br J Haematol 
161:872-883. 

46. Di Tucci AA, Matta G, Deplano S, Gabbas A, Depau C, Derudas D, Caocci G, Agus 
A, Angelucci E (2008) Myocardial iron overload assessment by T2* magnetic 
resonance imaging in adult transfusion dependent patients with acquired anemias. 
Haematologica 93:1385-1388. 

47. Tanner MA, Galanello R, Dessi C, Westwood MA, Smith GC, Nair SV, Anderson LJ, 
Walker JM, Pennell DJ (2006) Myocardial iron loading in patients with thalassemia 
major on deferoxamine chelation. J Cardiovasc Magn Reson 8:543-547. 

48. Wood JC, Kang BP, Thompson A, Giardina P, Harmatz P, Glynos T, Paley C, Coates 
TD (2010) The effect of deferasirox on cardiac iron in thalassemia major: impact of 
total body iron stores. Blood 116:537-543. 

49. Puliyel M, Sposto R, Berdoukas VA, Hofstra TC, Nord A, Carson S, Wood J, Coates 
TD (2014) Ferritin trends do not predict changes in total body iron in patients with 
transfusional iron overload. Am J Hematol 89:391-394. 

50. Porter JB, Elalfy M, Taher A, Aydinok Y, Lee SH, Sutcharitchan P, El-Ali A, Han J, El-
Beshlawy A (2017) Limitations of serum ferritin to predict liver iron concentration 
responses to deferasirox therapy in patients with transfusion-dependent 
thalassaemia. Eur J Haematol 98:280-288. 

51. Angelucci E, Brittenham GM, McLaren CE, Ripalti M, Baronciani D, Giardini C, 
Galimberti M, Polchi P, Lucarelli G (2000) Hepatic iron concentration and total body 
iron stores in thalassemia major. N Engl J Med 343:327-331. 

52. Worwood M, Cragg SJ, Jacobs A, McLaren C, Ricketts C, Economidou J (1980) 
Binding of serum ferritin to concanavalin A: patients with homozygous beta 
thalassaemia and transfusional iron overload. Br J Haematol 46:409-416. 

53. Viprakasit V, Ajlan A, Aydinok Y, Al Ebadi BAA, Dewedar H, Ibrahim AS, Ragab L, 
Trad O, Wataify AS, Wong LLL, Taher AT (2018) MRI for the diagnosis of cardiac and 
liver iron overload in patients with transfusion-dependent thalassemia: An algorithm 
to guide clinical use when availability is limited. Am J Hematol 93:E135-E137. 

 

 

 

 



26 

Table 1. Evaluated iron parameters. 

Parameter n Median IQR min max 

SF 

Y1 (ng/mL) 760 1466.1 782.2-2431.9 53.1 19,032 

Y2 (ng/mL) 755 1470 701-2651.4 64.6 22,711.3 

Y3 (ng/mL) 774 1417.3 732-2682.2 38.6 19,003 

Y4 (ng/mL) 764 1281.4 638.6-2476.2 66.7 17,773.5 

Y5 (ng/mL) 768 1233.4 598.7-2323 49.6 17,673.9 

Y6 (ng/mL) 689 1040.5 504.9-2046 74.4 13,390 

Y7 (ng/mL) 708 1050.5 537.7-2130.6 92.8 20,358 

Y8 (ng/mL) 713 997.9 515.5-1956.7 89 14,951 

Y9 (ng/mL) 722 996.3 506.5-1921 68 14,645 

Y10 (ng/mL) 775 841.5 434.7-1800.5 68.3 16,026.5 

Index (ng/mL) 892 1380.5 723.4-2392.8 53.1 19,032 

Period Average (ng/mL)  892 1253.8 674.4-2212.3 99 15,101.3 

Absolute Change (ng/mL) 820 (-)276 (-)938.5-(+)212.2 (-)11,129.9 (+)9707.4 

Relative Change (%)  820 (-)26 (-)57-(+)22 (-)97.1 (+)2881.4 

LIC 

Y1 (mg/g) 130 3.7 1.9-8.3 0.8 26.9 
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Y2 (mg/g) 140 4.3 1.9-8.6 0.9 31.2 

Y3 (mg/g) 154 4.4 1.9-9.3 0.8 32 

Y4 (mg/g) 169 4.2 1.5-9.2 0.6 29.7 

Y5 (mg/g) 182 3 1.4-6.3 0.6 32.4 

Y6 (mg/g) 144 2.8 1.6-7.3 0.5 35.5 

Y7 (mg/g) 147 3.1 1.9-8.2 1 33.2 

Y8 (mg/g) 191 3.8 2.2-9.1 0.5 37.6 

Y9 (mg/g) 138 3.5 2-6.6 0.6 46.4 

Y10 (mg/g) 145 2.9 1.8-7 1 44 

Index (mg/g) 412 3.7 1.8-8.4 0.7 31.2 

Period Average (mg/g)  412 3.9 2.1-8.1 0.8 34.2 

Absolute Change (mg/g) 306 0 (-)2.3-(+)1.5 (-)18.9 (+)27.8 

Relative Change (%)  306 (-)0.3 (-)41.9-(+)66.3 (-)92 (+)1983.2 

cT2* 

Y1 (ms) 140 34.5 20.3-41.8 6.6 61.1 

Y2 (ms) 157 35.9 25.5-43 8 69.7 

Y3 (ms) 198 34 23-43 4.4 88.6 

Y4 (ms) 197 32.4 24.7-40.9 1.8 70 

Y5 (ms) 188 34.7 26.3-43.7 6.3 70 
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Y6 (ms) 143 36.1 28-42.7 6.3 62.2 

Y7 (ms) 158 37.5 24.8-43.3 6.6 78.6 

Y8 (ms) 195 36 24.7-44 5.1 67.1 

Y9 (ms) 147 38 30.5-43.6 6 62.6 

Y10 (ms) 148 37.9 30.3-42 5.5 67.5 

Index (ms) 454 35 24-41.4 5 88.6 

Period Average (ms) 454 36 27.3-41.5 5 57.9 

Absolute Change (ms) 326 (+)1.8 (-)4.5-(+)8.9 (-)49.4 (+)39.2 

Relative Change (%)  326 (+)5.5 (-)14.9-(+)29 (-)76.2 (+)426.3 

IQR, interquartile range; SF, serum ferritin; LIC, liver iron concentration; cT2*, cardiac T2*. 
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Table 2. Iron parameters according to death status. 

Parameter 

All-cause mortality Cardiovascular disease-related mortality 

Yes No 
P-value 

Yes No 
P-value 

n Median  n Median  n Median  n Median  

SF 
     

Index (ng/mL) 26 2705.1 866 1368.6 0.050 17 2935.7 875 1367.5 0.011 

Period Average (ng/mL)  26 2899.7 866 1242.9 0.001 
17 

4118.5 875 1241.3 <0.001 

Absolute Change (ng/mL) 26 (+)1554.3 798 (-)309.5 <0.001 
17 

(+)1771.9 805 (-)295 <0.001 

Relative Change (%)  26 (+)36.2 798 (-)27.8 <0.001 
17 

(+)38.8 805 (-)26.7 <0.001 

LIC 
     

Index (mg/g) 26 6.4 401 3.6 0.027 17 6.4 410 3.7 0.021 

Period Average (mg/g)  26 8.3 401 3.8 <0.001 17 8.3 410 3.9 <0.001 

Absolute Change (mg/g) 26 (+)1.4 300 (-)0.02 <0.001 17 (+)1.4 309 (+)0.1 0.002 

Relative Change (%)  26 (+)9.2 300 (-)0.3 0.140 17 (+)9.2 309 (+)3.6 0.274 

cT2* 
     

Index (ms) 26 27 443 35.1 0.003 17 27 452 34.9 0.022 

Period Average (ms) 26 33.1 443 36 0.160 17 33.1 452 35.9 0.180 

Absolute Change (ms) 26 (+)2 319 (+)1.8  0.614 17 (+)2 328 (+)1.9 0.784 

Relative Change (%)  26 (+)7.4 319 (+)5.1 0.731 17 (+)7.4 328 (+)7 0.644 

SF, serum ferritin; LIC, liver iron concentration; cT2*, cardiac T2*. 
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Table 3. Receiver operating characteristic curve analyses for the prediction of mortality within 10 years. 

Parameter n 
All-cause mortality Cardiovascular disease-related mortality 

AUC 95%CI P-value AUC 95%CI P-value 

SF 

Index (ng/mL) 892 0.601 0.460-0.743 0.078 0.670 0.501-0.838 0.017 

Period Average (ng/mL)  892 0.681 0.547-0.815 0.002 0.787 0.643-0.931 <0.001 

Absolute Change (ng/mL) 824 0.767 0.651-0.882 <0.001 0.768 0.626-0.909 <0.001 

Relative Change (%)  824 0.759 0.681-0.836 <0.001 0.787 0.705-0.870 <0.001 

LIC 

Index (mg/g) 427 0.642 0.548-0.735 0.016 0.677 0.584-0.770 0.014 

Period Average (mg/g)  427 0.749 0.669-0.828 <0.001 0.796 0.742-0.851 <0.001 

Absolute Change (mg/g) 326 0.735 0.672-0.798 <0.001 0.729 0.657-0.801 0.002 

Relative Change (%)  326 0.587 0.518-0.656 0.140 0.579 0.506-0.652 0.274 

cT2* 

Index (ms) 469 0.687 0.595-0.780 0.001 0.675 0.572-0.779 0.015 

Period Average (ms) 469 0.611 0.515-0.707 0.059 0.625 0.521-0.729 0.082 

Absolute Change (ms) 345 0.470 0.395-0.546 0.615 0.520 0.444-0.595 0.784 

Relative Change (%)  345 0.480 0.399-0.560 0.731 0.533 0.450-0.617 0.645 

AUC, area under the curve; CI, confidence interval; SF, serum ferritin; LIC, liver iron concentration; cT2*, cardiac T2*. 

 

 



31 

Table 4. Survival according to identified iron overload status and change thresholds. 

 

Parameter 

All-cause mortality Cardiovascular disease-related mortality 

Deaths 
n (%) 

5-year  
survival 

10-year  
survival 

Log-rank 
Chi-square 
(P-value) 

Deaths 
n (%) 

5-year  
survival 

10-year  
survival 

Log-rank 
Chi-square 
(P-value) 

SF 

Period Average (ng/mL)  

≤2145 (n = 659) 10 (1.5) 99% 98% 
17.497 

(<0.001) 

    

>2145 (n = 233) 16 (6.9) 97% 93%     

≤3265 (n = 776)     5 (0.6) 100% 99% 
52.812 

(<0.001) 
>3265 (n = 116)     12 (10.3) 95% 89% 

Absolute Change (ng/mL) 

≤1330 increase (n = 747)  10 (1.3) 99% 99% 
93.439 

(<0.001) 

    

>1330 increase (n = 77) 16 (20.8) 92% 79%     

≤765 increase (n = 709)     6 (0.8) 99% 99% 
40.438 

(<0.001) 
>765 increase (n = 115)     11 (9.6) 97% 90% 

LIC 

Period Average (mg/g)  

≤8 (n = 313) 5 (1.6) 99% 98% 
44.363 

(<0.001) 

2 (0.6) 100% 99% 
37.763 

(<0.001) 
>8 (n = 114) 21 (18.4) 88% 81% 15 (13.2) 92% 86% 
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Absolute Change (mg/g) 

≤1.4 increase (n = 228) 3 (1.3) 99% 99% 
48.904 

(<0.001) 

2 (0.9) 100% 99% 
32.361 

(<0.001) 
>1.4 increase (n = 98) 23 (23.5) 87% 76% 15 (15.3) 91% 83% 

cT2* 

Index (ms)  

≥27 (n = 320) 5 (1.6) 99% 98% 
30.932 

(<0.001) 

3 (0.9) 100% 99% 
21.688 

(<0.001) 
<27 (n = 149) 21 (14.1) 92% 86% 14 (9.4) 95% 90% 

SF, serum ferritin; LIC, liver iron concentration; cT2*, cardiac T2*. 
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Table 5. Multivariate Cox regression analyses for the outcomes of all-cause mortality and cardiovascular disease-related mortality.  

Parameter 

All-cause mortality Cardiovascular disease-related mortality 

Unadjusted 
HR 

95% CI 
(P-value) 

Adjusted 
HRa 

95% CI 
(P-value) 

Unadjusted 
HR 

95% CI 
(P-value) 

Adjusted 
HRa 

95% CI 
(P-value) 

SF 

Period Average (ng/mL)  

≤2145 (n = 659) 
1.00 

(referent) 2.100-10.196 
(<0.001) 

1.00 
(referent) 2.857-17.524 

(<0.001) 

    

>2145 (n = 233) 4.627 7.076     

≤3265 (n = 776)     
1.00 

(referent) 5.956-48.001 
(<0.001) 

1.00 
(referent) 11.406-121.029 

(<0.001) 
>3265 (n = 116)     16.909 37.154 

Absolute Change (ng/mL) 

≤1330 increase (n = 747)  
1.00 

(referent) 7.781-37.813 
(<0.001) 

1.00 
(referent) 9.266-49.835 

(<0.001) 

    

>1330 increase (n = 77) 17.153 21.488     

≤765 increase (n = 709)     
1.00 

(referent) 4.563-33.375 
(<0.001) 

1.00 
(referent) 6.520-58.660 

(<0.001) 
>765 increase (n = 115)     12.341 19.557 

LIC 

Period Average (mg/g)  

≤8 (n = 313) 
1.00 

(referent) 4.877-34.334 
(<0.001) 

1.00 
(referent) 7.509-54.478 

(<0.001) 

1.00 
(referent) 5.352-102.428 

(<0.001) 

1.00 
(referent) 7.492-155.596 

(<0.001) 
>8 (n = 114) 12.940 20.226 23.413 34.144 

Absolute Change (mg/g) 
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≤1.4 increase (n = 228) 
1.00 

(referent) 6.135-68.123 
(<0.001) 

1.00 
(referent) 8.185-92.794 

(<0.001) 

1.00 
(referent) 4.649-88.999 

(<0.001) 

1.00 
(referent) 7.541-152.296 

(<0.001) 
>1.4 increase (n = 98) 20.443 27.560 20.341 33.889 

cT2* 

Index (ms)  

≥27 (n = 320) 
1.00 

(referent) 3.604-25.354 
(<0.001) 

1.00 
(referent) 3.140-23.673 

(<0.001) 

1.00 
(referent) 3.071-37.198 

(<0.001) 

1.00 
(referent) 2.398-30.870 

(0.001) 
<27 (n = 149) 9.559 8.621 10.688 8.603 

SF, serum ferritin; LIC, liver iron concentration; cT2*, cardiac T2*; HR, hazard ratio; CI, confidence interval. 
aAdjusted for age, sex, center, pretransfusion hemoglobin (observation period average), baseline morbidity, iron 
chelation type. 
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FIGURE LEGENDS 

Figure 1. Receiver operating characteristic (ROC) curves for the prediction of all-cause mortality within 10 years by: (A) 

Period Average SF, (B) Absolute Change SF, (C) Period Average LIC, (D) Absolute Change LIC, and (E) Index cT2*. Red circles 

indicate thresholds with the highest Youden Index (sensitivity + specificity – 1). Green circles indicate commonly used conventional 

thresholds. AUC, area under the curve; SF, serum ferritin; LIC, liver iron concentration; cT2*, cardiac T2*. 

 

Figure 2. Receiver operating characteristic (ROC) curves for the prediction of cardiovascular disease-related mortality 

within 10 years by: (A) Period Average SF, (B) Absolute Change SF, (C) Period Average LIC, (D) Absolute Change LIC, and (E) 

Index cT2*. Red circles indicate thresholds with the highest Youden Index (sensitivity + specificity – 1). Green circles indicate 

commonly used conventional thresholds. AUC, area under the curve; SF, serum ferritin; LIC, liver iron concentration; cT2*, cardiac 

T2*. 

 

Figure 3. Kaplan-Meier survival curves for all-cause mortality by: (A) Period Average SF, (B) Absolute Change SF, (C) Period 

Average LIC, (D) Absolute Change LIC, and (E) Index cT2*. SF, serum ferritin; LIC, liver iron concentration; cT2*, cardiac T2*. 
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Figure 4. Kaplan-Meier survival curves for cardiovascular disease-related mortality by: (A) Period Average SF, (B) Absolute 

Change SF, (C) Period Average LIC, (D) Absolute Change LIC, and (E) Index cT2*. SF, serum ferritin; LIC, liver iron concentration; 

cT2*, cardiac T2*, CVD, cardiovascular disease. 
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