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Abstract Labile plasma iron (LPI) levels are proposed as
marker of iron overload in thalassemia patients and are also
known to be the earliest parameter to indicate efficacy of
chelation therapy. It was a prospective study in 35 patients
of thalassemia major. Patients were recruited in two
groups—group A (n = 13) patients not on chelation ther-
apy and group B (n = 22) patients who were on regular oral
chelation therapy. Ten age and gender matched healthy
controls were also studied. For all patients, ferritin levels
and LPI levels were measured at baseline, 6 months and
12 months. For group B patients paired samples for LPI
were taken (before and 2 h after chelator). LPI levels were
found to be significantly higher in group B patients versus
group A patients versus normal healthy controls at all time-
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points. (P value—< 0.0001, 0.001) In group A, both LPI
levels and ferritin levels follow an upward trend and cor-
related well with each other (P value—< 0.0001). In group
B, the serum ferritin trend was not significant over follow
up period of 1 year (P value 0.16), however LPI levels
showed a significant decreasing trend on continued chela-
tion (P value 0.0347) In patients on chelation therapy, the
immediate change (2 h) in LPI levels on administration of
chelators was not found to be significant (P value 0.22).
LPI assay appears potentially attractive alternate to serum
ferritin and can serve to monitor the trend of iron overload
during long-term follow up.

Keywords Labile plasma iron - Thalassemia major - Non
transferrin bound iron - Transfusion - Ferritin - Chelation

Background

Despite steady advances in iron chelation therapy, iron
mediated cardiotoxicity remains a leading cause of mor-
tality in iron overloaded thalassemia patients [1]. The
existing marker which is routinely used to measure iron
overload is serum ferritin levels which has its own limi-
tations [2]. Labile plasma iron (LPI) levels have been
found to correlate well with ferritin levels in iron over-
loaded patients and have been found to be useful in
assessing the short term efficacy of chelation [3-5]. It
represents that component of non-transferrin bound iron
which is capable of freely permeating into organs and
deposited causing tissue iron overload [6]. Sustained higher
levels of LPI over time compromise functions of vital
organs (e.g. heart and liver) and affect patient survival.
This has led to increasing new interest recently to measure
this component in iron overloaded patients.
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LPI assays have been mostly studied in thalassemia
patients and at present, the research studies of LPI in tha-
lassemia major have concentrated around it being a mea-
sure of iron overload, as measure of chelation efficiency
and as surrogate marker for early cardiac damage in iron
overloaded patients. Cabantchik et al. [7, 8] demonstrated
the usefulness of assessing LPI levels periodically to
monitor iron overload in his study on thalassemia inter-
media patients. The data regarding the use of LPI to
measure iron burden in transfusion dependant thalassemia
major patients is limited. Due to its high redox activity, LPI
is rapidly inhibited by exogenously added chelator in
contrast to generally used indices of body iron stores, such
as serum ferritin or transferrin saturation which respond to
chelator treatment over a period of weeks to months
[9-11]. Though the effect of chelators on labile plasma iron
levels is well established, data regarding what cut offs of
LPI levels to be used for dose escalation/change of treat-
ment is not available. In iron overload, extrahepatic iron
loading occurs through unregulated transport of non-
transferrin bound iron species causing unabated tissue iron
overload. T2* MRI have shown to have high predictive
value to detect early iron deposits before functional
impairment occurs and remains gold standard till now
[12, 13]. Piga et al. [14] in their study on thalassemia major
patients found that none of the patient without a high LPI
or transferrin saturation below 70% had any heart symptom
suggesting the possibility of LPI levels as early marker of
cardiac damage.

LPI assays have been extensively studied in thalassemia
patients in research settings. In this study, we attempted to
explore the utility of LPI assay in practical settings and to
assess whether its levels can help guide the physicians
regarding chelation therapy. To the best of author’s
knowledge, this is the first Indian study on labile plasma
iron assay in thalassemia major patients.

Methods

This was a prospective study covering a period of nineteen
months (May 2016-Nov 2017) done on thalassemia major
patients who visited our OPD. A total of 35 patients were
recruited in two major groups:

Group A Transfusion dependent thalassemia major
patients who were newly diagnosed and were not on any
form of chelation therapy yet (n = 13).

Group B Transfusion dependent thalassemia major
patients who were on some form of regular oral chelation
(deferasirox or deferiprone or combination of both) therapy
(n = 22).

LPI levels in 10 age and gender matched controls were
also studied for comparison. The patients were followed up

for a period of one year. Their ferritin and LPI levels were
measured at baseline, 6 months and 12 months. Their
clinical profile and other investigations were taken from
patient’s record file. For group B patients, paired samples
for LPI were taken (before and 2 h after oral chelator) to
assess the immediate change in LPI levels due to chelation
in order to see chelation efficiency at these time points.

Patients on injectable chelation therapy and all
seropositive cases were excluded from study. The study
was approved by the institute’s ethics committee and
informed written consent was obtained in all cases. Serum
ferritin was done using enzyme linked immunosorbent kits
(based on principle of sandwich ELISA). For LPI assay,
blood was collected in plain vial and serum was separated
within 45 min. For batchwise processing, it was stored at
— 70 °C. Repeated thawing and exposure of samples to
direct sunlight was avoided at all times. LPI was measured
by fluorescent quenching methods using FeROS LPI kit
(Produced and marketed by Aferrix Ltd, Tel Aviv, Israel).
The fluorescence was measured on multiplate reader in
fluorescence mode using flourescin filters at 37 °C. Posi-
tive and negative standards were used in each batch as
provided in the kit. The tests were done in duplicates and
mean value was taken. The following cut offs were used in
the study (as recommended by the kit);

LPI Negative (normal)—< 0.4 ng/mL or LPI units.

LPI low positive/borderline—0.4-0.6 ng/mL or LPI
units.

LPI positive—> 0.6 ng/mL or LPI units.

For statistical analysis, quantitative variables were
compared using independent T test/Mann—Whitney Test
(when the data sets were not normally distributed) between
the two groups and ANOVA between three groups. One
sample “#” test was used to compare LPI and ferritin trend
with test value ‘0’. Qualitative variables were correlated
using Chi Square test/Fisher exact test. Pearson correlation
coefficient was used to assess the association of various
parameters with each other. P value of < 0.05 was con-
sidered statistically significant. The data was analyzed
using Statistical Package for Social Sciences (SPSS) ver-
sion 21.0.

Results

a. Study population—The details of group A and B and
their clinical parameters have been outlined in Table 1.
b. Serum ferritin and labile plasma iron levels.

At baseline, the mean LPI levels in healthy controls,
patients of group A and group B were 0.27 ng/mL
(0.27 £ 0.1), 0.36 ng/mL (0.36 + 0.18) and 1.83 ng/mL
(1.83 £ 0.97) respectively with P value of < 0.001.
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Table 1 Demographic, clinical and laboratory parameters of both the study groups

Parameter Group A—thalassemia major patients not on any Group B—thalassemia major patients on regular
chelation therapy (n = 13) oral chelation therapy (n = 22)
Male/females (n) 9/4 16/6
Age, mean *+ SD (years) 1.48 £ 0.72 9.14 £ 345
Splenomegaly 11 patients 21 patients
Average size of spleen (mean == SD  3.46 £ 1.29 7.24 £ 2.90
cms)
Average pretransfusion Hemoglobin, 5.86 & 1.38 6.79 £ 1.10

mean £ SD (gm %)
Deranged LFT 3 patients (23.08%)
Chelation therapy -
Ferritin, mean + SD (ng/mL)

Baseline 256.17 (256.17 + 170.73)

6 months 344.46 (344.46 £ 210.46)

12 months 435.27 (435.27 £ 155.24)
LPI levels, mean £+ SD (ng/mL)

Baseline 0.36 (0.36 £+ 0.18)

6 months 0.40 (0.40 £ 0.19)

12 months 0.46 (0.46 £+ 0.16)

9 patients (40.91%)
Deferasirox/defriprone/both—20/1/1 patients

2570.77 (2570.77 £ 1864.01)
2349.25 (2349.25 £ 1638.74)
2273.22 (2273.22 +£ 2133.85)

*1.83 (1.83 £ 0.97)
*1.64 (1.64 + 0.84)
*1.58 (1.58 £ 1.12)

*Mean LPI 1 levels (before Chelator)

In group A, both ferritin and labile plasma iron levels
correlated with each other and showed an upwards trend
during the follow-up period as shown in Figs. 1 and 2
(P value < 0.0001, P value—0.001). In group B, the mean
level of labile plasma iron level before oral chelator (i.e.
LPI 1) at three time points were 1.83 ng/mL (1.83 £ 0.97),
1.64 ng/mL (1.64 £ 0.84) and 1.58 ng/mL (1.58 £ 1.12)
respectively. The LPI levels showed a downwards trend
over 1 year (P value of 0.0347) follow-up while ferritin did
not show a significant down trend (P value—0.16) (Figs. 1,
2). The mean LPI levels post chelator administration (i.e.
LPI 2) was 1.68 ng/mL (baseline), 1.49 ng/mL (6 months)
and 1.49 ng/mL(12 months). The average fall of LPI levels
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Fig. 1 Ferritin levels in Group A and B at baseline, 6 and 12 months.
Group A shows a significant (P value < 0.0001) upwards trend of

ferritin while in group B the trend was not found to be significant
(P value 0.16)
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Fig. 2 Mean LPI levels in Group A and B (LPI1) at baseline, 6 and
12 months. Group A shows a significant (P value 0.001) increasing
trend of LPI (matching with ferritin) while in group B, LPI levels
showed a significant downwards trend (P value 0.0347) over one year
when ferritin trend was not found to be significant (P value 0.16)

(LPI 2—-LPI 1) 2 h post chelator in group B was 0.15, 0.05
and 0.09 at three time points which was not found to be
significant at any timepoint (P value 0.22) as shown in
Fig. 3.

c. Correlation of iron with other

parameters.

labile plasma

We found correlation of mean LPI levels with some clin-
ical parameters like increasing age of patients
(P value < 0.0001, Pearson’s correlation coefficient 0.647)
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Fig. 3 Fall in LPI levels (LPI 2-LPI1) 2 h after administration of
chelator at baseline, 6 months and 12 months in patients of group B

and splenomegaly (P value 0.004, correlation coefficient
0.49); but no correlation was found between LPI levels and
frequency of transfusion (P value 0.246, correlation coef-
ficient; — 0.201) or liver function tests i.e. serum bilirubin
and liver enzymes (P value 0.463, correlation coefficient;
— 0.391). Information about other markers of iron overload
like transferrin saturation (TSAT) and T2*cardiac MRI
were available only in few patients of group B (08 and 04
patients respectively). We did not find any significant
correlation between LPI levels (both LPI 1 and LPI 2) with
TSAT (P value 0.929, correlation coefficient; — 0.038) or
with T 2* cardiac MRI findings (P value 0.521, correlation
coefficient — 0.479).

Discussion

This study was undertaken to assess the utility of LPI levels
in clinical settings in management of transfusion dependant
thalassemia major patients. We studied both thalassemia
major patients not on chelation (group A)and on chelation
therapy (group B). The mean age of patients in group A
was higher than group B because of our selection criteria
(usually the chelation is started in patients by the age of
2-2.5 years). The age of onset of symptoms in the study
group was 6.25 months which correlates well with estab-
lished literature [15]. All 35 patients in the study cohort
were symptomatic with anemia requiring regular transfu-
sions ranging from fortnightly to two monthly. (group A vs.
group B—P value 0.062). The patients in Group B had
significantly larger spleen (P value 0.003) and lower
average pretransfusion haemoglobin (P value—0.03) due
to longer duration of disease in this group. The mean age of
starting chelation therapy in the group B was 3.54 years
and a large majority of the patients (81.82%) were irregular
with their chelation therapy before inclusion in the study.

Ferritin Levels

Group A patients had normal or near normal serum ferritin
at baseline which persistently increased on follow up due to
accumulation of transfusional iron. The mean ferritin levels
in group B patients (on oral chelation therapy) was sig-
nificantly higher than the patients in group A at all the time
points (P value < 0.0001, 0.0001 and 0.002 respectively)
which can be attributed to longer duration of disease and
more number of transfusions in this group.

An important observation in our study was that while the
ferritin trend of patients in group A was significant (up-
wards trend and P value < 0.0001), the ferritin trend in
patients of group B did not come out to be significant
(P value 0.16) on 1 year follow up indicating that at later
stages of the disease the ferritin changes are not sensitive to
increasing burden of tissue iron overload. This observation
is in concordance with findings of Adamkiewicz et al. [16]
wherein they concluded that a lack of fall in ferritin levels
with chelation does not necessarily prove that the patient is
a ‘non responder’ to the chelation regime. This could be
because the relationship between body iron and ferritin is
not always linear, particularly in the context of inflamma-
tion tissue damage or late stages of disease [16]. Davis
et al. [17] in their study on thalassemia major patients
demonstrated that below 3000 pg/L. ferritin values are
influenced mainly by iron stores in the macrophage system,
whereas above 3000 pg/L they are determined increasingly
by ferritin leakage from hepatocytes.

LPI Levels

We found mean LPI levels in thalassemia major patients to
be significantly higher than in healthy controls even for
newly diagnosed cases at baseline P value of < 0.001)
which could be due to increased absorption of iron from
intestine in patients of thalassemia. In group A, patients
showed increasing LPI levels from baseline to 1 year on
follow-up which correlated very well with increasing fer-
ritin (P value 0.001) in group A.

The mean LPI1 levels (i.e. LPI levels before chelator) in
group B was significantly higher than the patients in group
A at all the time points (P value < 0.0001, < 0.0001 and
< 0.0001 respectively). However, in patients of group B,
while the ferritin trend over 1 year follow up was
insignificant (P value 0.16) the LPI trend showed a sig-
nificant decreasing trend from baseline to 1 year (P value
0.0347) on follow up indicating that LPI levels are more
sensitive to chelation therapy (thereby better indicator of
tissue iron load) as compared to serum ferritin. Study by
Cabantchik et al. demonstrated LPI levels to be signifi-
cantly higher in thalassemia patients on chelation as
compared to controls (controls—0.20 ng/mL, thalassemia
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patients on chelation, baseline LPI—0.80 ng/mL) [11].
However, they did not include any chelation naive patients
in their study [7, 8]. Zanninelli et al. [4] also demonstrated
that LPI levels to be higher in thalassemia patients and that
these assays are better suited for measurements when iron
chelators are present in the plasma.

In group B patients paired samples for LPI were taken
(LPI 1—before chelator and LPI 2—2 h after chelator) to
assess the immediate change in LPI levels due to chelation
in order to see chelation efficiency. However, we did not
find significant change/fall in LPI levels (LPI 2-LPI 1) post
chelator administration at any timepoint (P value 0.22).
This finding is in contrast with the findings of previous
studies by Pootrakul et al. and Alymara [8, 18] wherein
they demonstrated that being the redox active component
of plasma, LPI activity is rapidly inhibited by exogenously
added chelator and is the earliest measurable parameter
affected by chelator ingress into body fluids. Zanninelli
et al. [4] demonstrated a significant fall of LPI levels
(before chelator—0.95 ng/mL, 2 h post chelator—0.16 ng/
mL P value 0.023) post administration of chelators by daily
measurement of LPI levels and concluded that
detectable levels of LPI post chelator is an indicator of
ineffective chelation. The authors proposed that daily
measurement of LPI levels can help assessing the early
effectiveness of chelation protocol [4]. In our study, since
we did not find a significant fall of LPI level 2 h post
chelation at any time points of measurements, such infer-
ence cannot be made.

LPI Assay—The LPI assay by fluorescence is conve-
nient and procedure is fairly simple. The test can be per-
formed batchwise with proper storage of serum at
appropriate temperatures. However, exposure to direct
sunlight and high temperature at any step can lead to fal-
lacious results. Also, requirement of a multiplate fluores-
cence reader may be a limitation in few settings.

Limitations of the Study

Due to small sample size, the findings of our study may be
at variance with other similar studies. We could not per-
form daily LPI levels in patients on chelation which would
have served as more appropriate indicator of chelation
efficiency. The follow-up period of one year is too short to
comment on cardiac damage in patients of thalassemia.
Also, correlation with T2* cardiac MRI and Liver iron
concentration would have added more information to the
study.
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Conclusion

Iron overload is inevitable in thalassemia patients and a
single ideal test to measure the same is yet to be discov-
ered. Labile plasma iron assay appears potentially attrac-
tive candidate and can serve as an alternate to serum
ferritin in cases where ferritin appears to be fallacious
(particularly with deranged liver function). It may also
serve to monitor the trend of tissue iron overload during
long-term follow up where they’re better than ferritin
levels. However, the extent to which LPI profiles can
contribute towards assessing chelation efficiency remains
to be established by long term prospective studies.

Acknowledgements The authors thank Aferrix Itd (Tel Aviv, Israel)
for the LPI kits and the Dept of Biophysics, AIIMS, New Delhi for
the technical support provided.

Compliance with Ethical Standards

Confict of interest The authors declare that they have no conflict of
interest.

References

1. Zurlo MG, DeStefano P, Borgna PC (1989) Survival and causes
of death in thalassemia major. Lancet 2:27-30

2. Pippard MJ (1989) Measurement of iron status. Prog Clin Biol
Res 309:85-92

3. Esposito BP, Breuer W, Sirankapracha P, Poortakul P, Hershko
C, Cabantchik ZI (2003) Labile plasma iron in iron overload:
redox activity and susceptibility to chelation. Blood
102(7):2670-2677

4. Zannineli G, Breuer W, Cabantchik ZI (2009) Daily labile plasma
iron as an indicator of chelator activity in thalassemia major
patients. Br J Haematol 147:744-751

5. Daar S, Pathare A, Nick H (2009) Reduction in labile plasma iron
during management with Deferasirox a once daily oral iron
chelator in heavily iron overloaded patients with Beta-tha-
lassemia. Eur J Haematol 82:454—457

6. Paffeti P, Perrone S, Longini M, Ferrari A, Tanganelli D, Mar-
zoozchi B (2006) Non Protein bound iron detection in small
samples of biological fluids and tissues. Biol Trace Elem Res
112:221-232

7. Cabanatchik ZI, Breuer W, Zanninelli G, Cianciulli P (2005) LPI-
labile plasma iron in iron overload. Best Pract Res Clin Haematol
18(2):277-287

8. Pootrakul P, Breuer W, Sametband M, Sirankapracha P, Hershko
C, Cabanatchik ZI (2004) Labile plasma iron as an indicator of
chelatable plasma redox acticvity in iron overloaded Beta tha-
lassemia/Hb E patients. Blood 104:1504-1510

9. Hider RC (2002) Nature of non transferrin bound iron. Eur J Clin
Investig 32:50-54

10. Breuer W, Hershko C, Cabantchik ZI (2000) The importance of
non transferrin bound iron in disorders of iron metabolism.
Transfus Sci 23:185-192

11. Hershko H, Graham G, Bates GW, Rachmilewitz E (1978) Non
specific serum iron in thalassemia: an abnormal serum iron
fraction of potential toxicity. Br J Haematol 40:255-263



Indian J Hematol Blood Transfus (Apr-June 2019) 35(2):272-277

271

12.

13.

15.

16.

Wood JC (2007) Magnetic resonance imaging measurement of
iron overload. Curr Opin Hematol 14:183-190

Brittenham GM, Farrell DE, Harris JW et al (1982) Magnetic
susceptibility measurement of human iron stores. N Engl J] Med
307:1671-1675

. Piga A, Longo F, Duca L, Roggero S, Vinciguerra T, Calabrese R

(2009) High non transferring bound iron levels and heart diseases
in thalassemia major. Am J Haematol 84(1):29-33

Cappellini MD, Cohen A, Porter J et al (2014) Guidelines for the
management of transfusion dependent thalassaemia (TDT), 3rd
edn. Thalassaemia International Federation, Nicosia
Adamkiewicz TV, Abboud MR, Paley C et al (2009) Serum
ferritin level changes in children with sickle cell disease on

17.

18.

chronic blood transfusion are nonlinear and are associated with
iron load and liver injury. Blood 114:4632-4638

Davis BA, O’Sullivan C, Jarritt PH et al (2004) Value of
sequential monitoring of left ventricular ejection fraction in the
management of thalassemia major. Blood 104:263-269
Alymara V, Bourantas D, Chaidos A, Bouranta P, Gouva M,
Vassou A, Tzouvara E (2004) Effectiveness and safety of com-
bined iron chelation therapy with deferoxamine and deferiprone.
Hematol J 5:475-479

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Utility of Labile Plasma Iron Assay in Thalassemia Major Patients
	Abstract
	Background
	Methods
	Results
	Discussion
	Ferritin Levels
	LPI Levels

	Limitations of the Study
	Conclusion
	Acknowledgements
	References




