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Abstract

Iron overload disorders represent a variety of conditions that lead to increased
total body iron stores and resultant end-organ damage. An elevated ferritin
and transferrin-iron saturation can be commonly encountered in the evalua-
tion of elevated liver enzymes. Confirmatory homeostatic iron regulator (HFE)
genetic testing for C282Y and H63D, mutations most encountered in heredi-
tary hemochromatosis, should be pursued in evaluation of hyperferritinemia.
Magnetic resonance imaging with quantitative assessment of iron content or
liver biopsy (especially if liver disease is a cause of iron overload) should be
used as appropriate. A secondary cause for iron overload should be consid-
ered if HFE genetic testing is negative for the C282Y homozygous or C282Y/
H63D compound heterozygous mutations. Differential diagnosis of secondary
iron overload includes hematologic disorders, iatrogenic causes, or chronic
liver diseases. More common hematologic disorders include thalassemia
syndromes, myelodysplastic syndrome, myelofibrosis, sideroblastic anemias,
sickle cell disease, or pyruvate kinase deficiency. If iron overload has been ex-
cluded, evaluation for causes of hyperferritinemia should be pursued. Causes
of hyperferritinemia include chronic liver disease, malignancy, infections, kid-
ney failure, and rheumatic conditions, such as adult-onset Still's disease or he-
mophagocytic lymphohistiocytosis. In this review, we describe the diagnostic
testing of patients with suspected hereditary hemochromatosis, the evaluation
of patients with elevated serum ferritin levels, and signs of secondary overload
and treatment options for those with secondary iron overload.

INTRODUCTION

Iron overload disorders represent a variety of condi-
tions that lead to systemic iron overload (I0) and organ
damage. Primary 10 is from hereditary hemochromato-
sis (HH), while secondary 10 can result from iatrogenic
iron administration, hematologic conditions that lead to
ineffective erythropoiesis (IE) or repeated packed red
blood cell (PRBC) transfusions, and from liver disease.
In this review, we describe the clinical manifestations of

secondary 10 disorders and a diagnostic approach to
10 and treatment options for these disorders.

IRON METABOLISM

Dietary ferric iron (Fe>*) is reduced to ferrous form
(Fe2+) through a brush border protein called duodenal
cytochrome B in enterocytes and transported through
the apical brush border through divalent metal iron
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transporter (DMT1).'"3l Ferroportin, the iron efflux
transporter, then transports ferrous iron across the
basolateral membrane of enterocytes, following which
iron enters into the circulation bound to transferrin.%*°!
Cells take up the transferrin-bound iron through trans-
ferrin receptor 1-mediated endocytosis.[el Otherwise,
iron will remain in the enterocyte and be lost with en-
terocyte villi sloughing a few days later.2#!

Total body iron is approximately 3—4 g, while 1-2
mg are absorbed from the gastrointestinal tract and ap-
proximately 20 mg are recycled from hemoglobin after
senescent erythrocytes are phagocytosed by reticu-
loendothelial macrophages.[7'8] There are no effective
physiological mechanisms to remove iron, and only ap-
proximately 1-2mg of iron are lost from gastrointestinal
mucosal sloughing of cells.”! Each unit of transfused
blood provides 200-250mg, and thus it is inevitable
that repeated blood transfusions will lead to 10.

Hepcidin is a peptide synthesized by the liver and
a key regulator of iron homeostasis. Hepcidin binds
to ferroportin and suppresses ferroportin-mediated
dietary iron absorption and iron transport.[s] It also
promotes ferroportin ubiquination, internalization,
and degradation.[5'1°] Systemic conditions can lead to
hepcidin overexpression and subsequently anemia of
chronic disease.”!

DISORDERS LEADING TO
SECONDARY IO

Thalassemia syndromes

Thalassemia is the most common cause of secondary
IO from IE, while myelodysplastic syndromes (MDSs)
and sideroblastic anemias (SAs) represent other com-
mon causes.l'""? Thalassemias are inherited genetic
disorders caused by mutations in the a-globin or f-
globin genes. The most severe forms of a-thalassemia
are hemoglobin H (HbH) disease, with mutations/dele-
tions affecting three out of four a-globin genes, causing
chronic hemolysis due to unstable p-globin tetramers
of HbH; and hemoglobin Barts' hydrops fetalis, in which
the absence of all four a-globin genes causes severe
anemia in utero. p-thalassemia phenotypes include f-
thalassemia minor (or trait, with clinically silent anemia
without 10), p-thalassemia intermedia (TI; with mild to
moderate anemia), and p-thalassemia major (TM; with
severe anemia and early transfusion dependence).m]
The combination of thalassemia mutations with the
structural variant hemoglobin E (HbE), common in
Southeast Asia, causes HbE/fB-thalassemias.
Thalassemias can be transfusion dependent (TDT),
encompassing TM and severe HbE/p-thalassemia,
and nontransfusion dependent (NTDT), including TI,
mild to moderate HbE/p-thalassemia, and HbH dis-
ease.'"¥ Patients with TDT have a higher propensity

to develop cardiac siderosis in addition to hepatic and
endocrine involvement, whereas patients with NTDT
typically have more hepatic involvement." There is a
geographic variation in terms of prevalence of cardiac
siderosis, even among TDT (>25% in Southeast Asia
versus 15%—20% in Europe/Middle East).l'¥

10 in patients with NTDT is secondary to both trans-
fusions during their lifetime and IE with hepcidin sup-
pression, which leads to increased intestinal absorption
and increased iron circulation.™ In animal models of
B-thalassemia, bone marrow and spleen erythroid pre-
cursors make erythroferrone, which inhibits hepcidin
production." Growth differentiation factor 15 (GDF-
15) is produced by late erythroblasts, and apoptosis of
those precursors in IE generates circulating levels that
are most elevated in TDT,"®'® |ess so in TI, and normal
in HbH disease.l'"" This supports GDF-15 as a marker
of IE, even if its role in suppressing hepcidin production
has not been confirmed in patients.”‘”

The incidence of hepatocellular carcinoma (HCC)
(estimated annual incidence of 2%!"®) is increasing in
patients with thalassemia." These patients were pre-
viously dying at a younger age from iron-related car-
diac disease, but longer life expectancy with effective
iron chelation therapy (ICT) thus accounts for a rise in
HCC morbidity."® Patients with TI are more affected
than patients with TM because they are living longer
and have a combination of spontaneous 10 and chronic
viral hepatitis from blood transfusions.!" In a study of
57 patients with thalassemia, 3.5% developed HCC
and incidence was higher in patients with Tl than those
with TM (p = 0.032).2% In this cohort, 33% of those pa-
tients with HCC had only liver siderosis and advanced
fibrosis secondary to delayed introduction of ICT.2%
However, hepatitis C virus (HCV) antibody is positive in
up to 85% of patients with thalassemia and 50%—-57%
can be viremic.?%2" |n the era of direct antiviral agents,
a single-center study also reported an increased cu-
mulative incidence of HCC among patients with thal-
assemia from 1.47% to 3.36% despite 50% of patients
with HCV eradication,?? underscoring the role of aging
and IO in the pathogenesis of HCC. Iron can gener-
ate reactive oxygen species (ROS) and toxic byprod-
ucts that lead to DNA mutations in repair and tumor
suppressor genes.“g] Most guidelines suggest patients
with HCC and thalassemia should be treated similarly
to patients without thalassemia, with case reports
showing good outcomes in liver transplantation.”g'zﬂ In
a series of nine patients with thalassemia with HCC,
survival was 69months in a transplant recipient ver-
sus a median of 25months in those without a trans-
plant.[23] Good outcomes were further reported in an
additional five patients with HCC and thalassemia who
underwent transplantation, and only two died after the
transplant from causes not related to thalassemia.?+2°
In the largest series to date of 62 patients with HCC
and thalassemia who were treated with a variety of
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therapies, including liver transplantation (n = 3), the
average survival time from diagnosis to death was
only 11.5months.?” However, long-term outcomes
in patients with HCC and thalassemia are currently
Iacking.”gl

MDSs

IO in MDS can occur either from repeated PRBC trans-
fusions or from IE. The most commonly used prognos-
tic models for MDS are the International Prognostic
Scoring System (IPSS) and revised IPSS (IPSS-R),
which are based on bone marrow blast percentage,
cytopenias, and karyotype.[26] The median survival for
IPSSis 5.7, 3.5, 1.2, and 0.4 years for low, intermediate-
1, intermediate-2, and high risk, respectively,[8] and 8.8,
5.3, 3.0, 1.6, and 0.8years for IPSS-R very low, low,
intermediate, high, or very high risk, respectively.[27]
Patients with MDS manifesting primarily with anemia
in the absence of other cytopenias, blast percentage
increase, or cytogenetic abnormalities will be classi-
fied into either IPSS low or IPSS-R very low/low risk
or lower risk MDS (LRMDS). PRBC transfusion is the
primary therapy for LRMDS, with approximately one
third being transfusion dependent (TD) while two thirds
of high-risk MDS (HRMDS) are TD.!?®! Patients with
TD LRMDS have elevated hepcidin but with levels that
are significantly lower than healthy controls,?8 which
suggests increased iron absorption and release into an
extracellular pool.[zg] In a European registry, TD-MDS
and ringed sideroblast subtype had the highest amount
of 10 and the worst survival.?”

Secondary 10 from other
hematologic disorders

Most patients with sickle cell disease (SCD) do not
require regular PRBC transfusions but are at risk of
10 if they do.®"! Compared to thalassemia, endocrine
and cardiac IO are rare in SCD because less of the
transfused iron distributes extrahepatically.[32] Cardiac
siderosis in SCD is associated with high transfusion bur-
den, top-up transfusions instead of red cell exchanges,
and noncompliance with ICT.B¥ In thalassemia, trans-
fused PRBCs are mostly destroyed by macrophages,
whereas in SCD there is more significant intravascular
hemolysis that provides for potential iron elimination
through biliary or urinary iron in hemosiderin, heme,
and hemoglobin.2? In SCD, the bone marrow produc-
tion of factors, such as GDF-15 or erythroferrone, is
less marked than in thalassemia, with less hepcidin
suppression.m’m]

Thus, ICT in SCD aims to improve hepatic compli-
cations. Advanced hepatic fibrosis can be seen in one
third of patients with SCD and be associated with liver

iron concentration (LIC) >9mg Fe/g liver dry weight
(dw).B4 Cirrhosis can occur in 11% of patients with
SCD.B? Ferritin levels correlate well with magnetic
resonance imaging (MRI) LIC but not necessarily with
cardiac 10.2% One study showed that the number of
transfusions per year correlated better to LIC than total
lifetime transfusions.!*®! None of the patients who had
received <10 PRBC units/year had significant 10.5!

Other hematologic disorders that can lead to 1O in-
clude primary myelofibrosis (PMF), Diamond-Blackfan
anemia (DBA), SA, aplastic anemia (AA), and pyruvate
kinase deficiency (PKD). PMF is a myeloproliferative
neoplasm in which clonal myeloproliferation with atyp-
ical megakaryocytic hyperplasia leads to progressive
bone marrow reticulin fibrosis; it is clinically character-
ized by extramedullary hematopoiesis, splenomegaly,
and progressive cytopenias.[37] Approximately 40% of
patients with PMF are anemic at diagnosis, but 60%
can have progression with frequent transfusion re-
quirements.[37] 10 is not well characterized in PMF, and
most studies are extrapolated from MDS cohorts.?’]
No prospective or large retrospective studies have
demonstrated the benefit of ICT.”! Ferritin >500 pg/L
is associated with worse survival, and a very small
study showed patients with ICT-treated PMF had de-
creased transfusion requirements and better overall
survival 3738

AA and SA can both be hereditary due to genetic
mutations but can also be acquired.[39'4°] In AA, IO is
typically from transfusions.®®! AA is defined by pancy-
topenia (hemoglobin <10g/dL, neutrophils <1.5x 10%/L,
and platelets <50x10%L) and hypocellular bone mar-
row with absent signs of marrow fibrosis or dyspla-
sia.’¥ Acquired AA can be secondary to viral infections
(viral hepatitis, human immunodeficiency virus [HIV],
Epstein-Barr virus, human herpesvirus 6, and other
herpesvirus) or exposure to toxic chemicals (e.g., ben-
zene) or medications (e.g., antiseizure agents, nonste-
roidal anti-inflammatory drugs, temozolomide, immune
checkpointinhibitors) butis most frequently autoimmune
and can respond to immunosuppression.[39’41’42] ICT
can improve ferritin, decrease hepatic and cardiac iron,
and improve left ventricular ejection fraction (LVEF) and
hemoglobin.[43] SA is characterized by bone marrow
findings of ring sideroblasts,*4 which are erythroid pre-
cursors that have ineffective iron utilization leading to
nonheme iron deposition in mitochondria.*# Common
causes of SA are lead toxicity, use of antibiotics, hor-
mone therapy, copper-chelating agents, isoniazid, and
chemotherapy.**! X-linked SA (XLSA) most commonly
results from mutations of delta-aminolevulinic acid syn-
thase 2 (ALAS2) in the heme synthesis pathway, but it
can arise from glutaredoxin-5 (GLRX5) or solute car-
rier family 25 member 38 (SLC25A38) mutations, and
mutations cause XLSA/ataxia syndrome.*¥ Severe
SA leads to ineffective erythropoiesis and systemic
IO that is similar to what is found in thalassemia.*¥
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XLSA/ataxia syndrome caused by adenosine triphos-
phatase binding cassette B7 (ABCB7) mutations has
not been reported to be associated with systemic 10.144

DBA is a rare congenital disorder caused by ri-
bosomal protein mutations that lead to macrocytic
anemia, with over 80% of patients presenting within
6 months of age.[45] Patients with DBA are at increased
risk of MDS, acute myeloid leukemia (AML), osteosar-
coma, and colon malignancy.*®! A study found 54%
of patients with DBA had significant hepatic 10 (LIC
>15mg Fe/g liver dw),*®! with higher LIC than matched
patients with TDT. Patients also had hypothyroidism,
hypoparathyroidism, diabetes, and subclinical cardiac
disease,*®! and 23% suffered from iron-related compli-
cations that occurred on average 13 years after diagno-
sis.*®! Acute-on-chronic liver failure has been reported
in DBA because of severe massive 10" with a ferritin
level of 21,000 pg/L, and autopsy showed advanced he-
patic fibrosis and zone 3 hepatocyte necrosis.*’]

PKD is a rare autosomal recessive hemolytic ane-
mia caused by mutations in the pyruvate kinase L/R
(PKLR) gene encoding the glycolytic enzyme pyruvate
kinase. In the PKD Natural History Study, 10 was found
to affect 38%—82% of patients, as defined by ferritin
>1000pg/L or an MRI T2* with LIC >3mg/g.*® 10 is
caused by transfusions and increased iron absorption
associated with elevated GDF-15 and hepcidin sup-
pression.*?! Cirrhosis was found in 8/240 patients,®”
and severe liver failure with the use of liver transplant
has been reported.[sﬂ

IO IN CHRONIC LIVER DISEASE

IO can also be observed in chronic liver diseases
(CLDs). Dysmetabolic 10 syndrome (DIOS) can be
found in up to one third of patients with nonalcoholic
fatty liver disease (NAFLD) and is characterized by
metabolic syndrome, high serum ferritin (SF) and
transferrin-iron saturation (TS) levels, but normal serum
iron levels.®? Increased total body iron stores are as-
sociated with decreased pancreatic insulin secretion
and increased peripheral and hepatic insulin resist-
ance.®® In nonalcoholic steatohepatitis (NASH) animal
models, mice that developed IO after being fed dietary
iron and had increased expression of NLR family pyrin
domain containing 3 (NIrp3; a component of inflam-
masome) and inflammatory cytokines (tumor necrosis
factor alpha [TNF-a] and interleukin-6 [IL-6]), sugges-
tive that IO can lead to hepatic oxidative stress, inflam-
masome activation, up-regulation of inflammatory and
immune mediators, and hepatocellular baIIooning.[54] In
humans, the pattern of hepatic IO has been associated
with NAFLD severity.*® Stainable iron in DIOS associ-
ated with NASH may be observed in a hepatocellular
pattern alone, reticuloendothelial system (RES) alone,
or a mixed pattern and RES alone pattern is associated

with more severe NASH and fibrosis.®®! A study from
the National Institute of Diabetes and Digestive and
Kidney Diseases NASH-Clinical Research Network
found 34.5% had stainable iron; an RES alone pattern
of IO was associated with advanced fibrosis (p = 0.049),
portal inflammation (p = 0.002), hepatocellular balloon-
ing (p = 0.0006), and NASH (p = 0.0007) compared to
those with hepatocellular iron alone or even a mixed
pattern.®®! RES iron may contribute to NASH because
of increased oxidative stress, hepatocyte apoptosis,
and necrosis when compared to those with a hepato-
cellular pattern of iron alone.l®®

The pathogenesis of DIOS remains unknown, but
in contrast to homeostatic iron regulator (HFE) HH,
patients with NAFLD have increased hepcidin, and
DIOS may regulate the NAFLD to NASH transition
(Figure 1).5% Patients with NALFD with hepatic IO had
increased hepcidin expression (3.1-fold, p = 0.04) and
lower expression of inflammatory cytokines compared
to patients with NAFLD without 10, suggesting that
hepcidin may mitigate inflammation.®"! Iron export and
regulation may be impaired in DIOS. In one study, oral
iron challenge led to appropriate hepcidin increases but
did not regulate increases in TS.58 |n another study,
patients with NAFLD with 10 had decreased hepatic
hemojuvelin and ferroportin-1 expression, leading to
hepatic iron retention.>® Lastly, patients with NASH
can have increased duodenal iron absorption through
up-regulated DMT1 despite elevated hepcidin.[GO]

Hepatic IO is also observed in viral hepatitis (hepa-
titis B virus [HBV], HCV). Approximately 35%—42% of
patients with HCV have stainable iron in the hepato-
cytes and Kupffer cells."%2 Mouse with HCV poly-
protein expression have reduced hepatic hepcidin
messenger RNA (mRNA) and increased duodenal, he-
patic, and spleen ferroportin expression, which leads
to increased iron absorption and circulation.®¥! HCV
increases ROS, leading to decreased hepcidin expres-
sion, and antioxidants have been shown to restore hep-
cidin function.’®¥ While most patients with HCV have
mild 10,%%" 10 is associated with more severe HCV dis-
ease.[®? Cirrhosis is observed more frequently in those
with 10 than those without (17% vs. 3%, p = 0.004).5% |n
HBYV, approximately 35% of patients have hepatic iron,
and it correlated with ferritin level (odds ratio [OR], 1.2;
p = 0.002).%¢! |0 is also associated with coinfection
with hepatitis delta virus (OR, 4.23; p = 0.003), and pa-
tients who are coinfected typically have more advanced
fibrosis and higher iron deposition.[ﬁs]

Patients with HCV with HFE mutations (C282Y or
H63D) also have more severe disease.l®”! Presence
of HFE mutations independently predict risk of hav-
ing bridging fibrosis or cirrhosis (OR, 18; 95% confi-
dence interval [Cl], 1.7-193) after adjusting for disease
duration; and HFE mutations correlated with ferritin,
transferrin-iron saturation, and hepatic iron index.[68!
Subsequently, multiple studies show HFE mutations
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With Additional
Mechanisms

JAK2/STAT3
Pathway

HEPCIDIN
INCREASES }7

FIGURE 1

Nonalcoholic Fatty Liver Disease (NAFLD)

— NAFLD with
t Hepatic Iron

Hepcidin in transition from NAFLD to NASH. IL, interleukin, JAK2, Janus kinase 2; NAFLD, nonalcoholic fatty liver disease;

NASH, nonalcoholic steatohepatitis; STAT3, signal transducer and activator of transcription 3; TMPRSS6, transmembrane serine protease

6; TNFa, tumor necrosis factor alpha.

predict a 3-fold to 6-fold increased risk of cirrhosis
in HCV.16789-" |n NAFLD, the data are conflicting in
terms of whether HFE mutations are associated with
more severe disease. One study showed that patients
with NASH with C282Y heterozygosity are at increased
risk of having stainable hepatic iron and having bridg-
ing fibrosis or cirrhosis (44% vs. 21%, p = 0.05).l"2
However, other studies subsequently showed it did not
predict advanced fibrosis or cirrhosis.l’>74

In alcoholic liver disease (ALD), ethanol metabo-
lism decreases hepcidin mRNA production secondary
to oxidative stress and is accompanied by increased
DMT1 and ferroportin expression, leading to increased
iron circulation and overload.[”>"® Serum ferritin can
be elevated in 63% of patients with ALD, and hepatic
parenchymal iron and RES iron have been observed
in 52% of patients./””! Similarly, the data are conflict-
ing in terms of whether HFE mutations increase risk of
disease severity. In one study, patients with ALD had
a greater probability of carrying HFE mutations as op-
posed to patients with alcoholism without liver disease
(49.5% vs. 31.6%, p = 0.02)."®1 However, another study
showed the prevalence of HFE mutations was similar
between patients with decompensated alcohol cirrho-
sis and those with alcoholism without liver disease.”
While carrying HFE mutations is also associated with
hepatic 10 in ALD, it does not predict severity of necro-
inflammation or liver fibrosis.®%8" The contribution of
hepatic 10 to severity of ALD needs further exploration.

CLINICAL MANIFESTATIONS IN
SECONDARY IO

Mortality in secondary 1O is predominantly from cardiac
complications in MDS and thalassemia, but patients
also have hepatic and endocrine manifestations. The
cardiac events include congestive heart failure (CHF),
arrhythmias, and myocardial infarctions.’®! Patients with
anemia and TD-MDS have increased mortality when
compared to those without anemia and those without
transfusion dependence.[&gzl Transfusion-independent
chronic anemia in MDS is associated with cardiovascu-
larremodeling, CHF, valvular disease, and arrythmias.lg]
In a retrospective Japanese study of 292 patients with
TD-MDS, AA, and PMF, 24% and 6.7% of deaths were
from cardiac and liver failure, respectively.®®! Similarly,
in an Italian cohort of patients with MDS, the most com-
mon cause of nonleukemic death was cardiac failure
(51%) followed by infections (31%), hemorrhage (8%),
and cirrhosis (8%).22 In a study using a Medicare
database, 73.2% of patients with MDS had a cardiac
event during a 3-year follow-up and had increased risk
of diabetes (40.1% vs. 33.3%), hepatic diseases (0.8%
vs. 0.2%), and infections (22.5% vs. 6.1%) (p <0.01),
respectively, when compared to a Medicare population
without MDS.[8

Although more patients die from cardiac complica-
tions in secondary IO, hepatic IO occurs before cardiac
siderosis.®® In a series of 27 patients with TD-MDS and
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myelofibrosis, T2* MRI observed hepatic IO only after a
median of 24 units of PRBC transfusion versus 46 units of
PRBCs for cardiac 10.%° Serum ferritin did not correlate
or predict the degree of cardiac or hepatic 10 in MDS.®°!

Patients with TDT present with hepatic and cardiac
siderosis along with endocrinopathies depending on
how early they start transfusions and ICT. Patients with
cardiac MRI T2* <6 milliseconds had a 47% chance
of developing CHF in the following year, and cardiac
T2* was more accurate in predicting CHF than SF.18¢!
In NTDT, clinical manifestations include extramedullary
hematopoiesis, thrombotic events, pulmonary hyper-
tension, osteoporosis, hypogonadism, leg ulcers, and
liver disease based on abnormal liver enzymes.[87] In
patients with Tl, SF 2800 pg/L predicted a LIC of 25mg
Fe/g dw, with a 91.7% positive-predictive value (PPV)
and 53.6% negative-predictive value (NPV),8 while in
a-thalassemia, a lower cutoff 2600 pg/L predicted simi-
lar hepatic iron concentrations.["!

In patients with SCD, 10 is almost exclusively hepatic
and presents later than in TDT.B? |n a cohort of patients
without thalassemia from Latin America with chronic
anemias (where most had SCD), hepatic IO was seen in
80% of patients with SCD, 78% with AA, 73% with MDS,
100% with pure red cell aplasia, and 71% with DBA.[%
Only 19.3% of the patients had cardiac 10 in contrast to
36.7% observed in patients with TI.189:90]

Transferrin Saturation =45%

And
Farritin Elevatad
300 pg'L In Men and
=200 pg'L in Women

Evaluate for Chronic Liver
Diseass and Consider Liver

By
*  Alooholic Liver Diseass
= Nonaleoholic Falty
Liver DiseasaMon
alcoholic Stestohepatitis
« Chronic Hepatitis ¢
» Chronic Hepatitis B

DIAGNOSIS

Patients with elevated liver enzymes or family history
of HH should have SF and TS measured, and those
with elevated SF (200 pg/L in women and 300 pg/L in
men) or TS >45% should have genetic testing for HFE
HH (Figure 2).°" A normal SF with TS <45% excludes
10 with a 97% NPV.®? Evaluation for hepatic 10 should
be pursued either with MRI T2* or consideration of liver
biopsy if MRI is unavailable. In cases of secondary IO,
quantification of degree of IO can be calculated by life-
time of total PRBC transfused or ferritin can be used as
a surrogate measure. However, ferritin can be highly
inaccurate, given false elevations in setting of infec-
tions, inflammation, and even in malignancy. Liver bi-
opsy is the gold standard for hepatic iron quantification,
but because of its risks and invasiveness, MRI T2* is
the preferred method for iron quantification. However, if
liver biopsy proves to be helpful in diagnosing concomi-
tant CLD, it should be highly considered. MRI T2* is a
noninvasive method for hepatic and cardiac iron detec-
tion based on how iron affects the protons in water in
the tissue of interest.[®¥ It leads to signal intensity loss,
and iron is quantified by measuring the ratio of signal
intensity loss to a reference tissue.®3-%°! An in-depth
review of methods used to quantify tissue iron with MRI
is beyond the scope of this review and can be found

C282YICZBZY or
HE3D/C282Y on
HFE Genea Testing .

Manage as Hereditary

Hamochromatosis

Consider Evaluation for
Hemnatological Disorders
*  Thalagsemia
+  Myelodysplastic Syndromae
»  Myelofibrosis.
= Sickle Cell Disease
= Pyruvate Kinase Deficiency
*  Diamond-Bilackfan Anemia
*  Hereditary Spherocytosis
*  Aplastic Anemia
+  Sideroblastic Anemia

Megative

Evaluation for Causes of Hyparferritinemia Signs of Hepatic lron Overload with
[Tabla 1) * No Neninvasive TZ* MRI

Yes

Consider Genatic Testing for Non-HFE

Hemechromatosis

FIGURE 2 Evaluation of elevated ferritin and transferrin saturation. HFE, homeostatic iron regulator; MRI, magnetic resonance

imaging.
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elsewhere ¢! Concurrently, in a patient with elevated
iron tests with or without evidence of hepatic 10, evalu-
ation for CLD, such as NAFLD, ALD, HCV, and HBYV,
should be pursued. If there are signs of hepatic IO on
MRI, an additional evaluation for secondary causes
of hepatic 10 should also be considered. Mutations in
hemojuvelin, hepcidin, transferrin receptor 2, and fer-
roportin or non-HFE hemochromatosis are extremely
uncommon causes of 10 and should only be pursued
if there are no alternative explanations or if there is a
family history of 10.%7! Advanced genetic sequencing
can be considered in atypical cases, such as a young
patient with cardiac and endocrine involvement.®”!

EVALUATION OF
HYPERFERRITINEMIA

In patients with elevated SF who are negative for com-
mon HFE mutations and without IO, evaluation for re-
active hyperferritinemia should be considered. Ferritin
is an acute-phase reactant and is elevated in inflamma-
tory conditions, including rheumatic, hematologic, and
infectious diseases and ALD, NAFLD, and viral hepati-
tis.°" In ineffective erythropoiesis, ferritin increases as
a result of macrophages phagocytosing senescent red
blood cells and directly from 1O in liver tissue.[®®
Serum ferritin levels >1000 pg/L should prompt eval-
uation for diagnoses listed in Table 1.°1:98%% |5 3 US
study, the most common cause of high SF levels was
malignancy (24%) followed by 10 syndromes (22%)
and hepatocellular disease (17%)."°7 However, in
younger patients (<50years old), the top three causes
were [0 (30%), hepatocellular disease (18%), and in-
fectious causes (17%).°? In a Japanese study, the
most common cause was non-HIV infection (44.8%)
followed by solid tumor (26.3%), liver dysfunction
(20.3%), and renal failure (20.3%).1"°" Thus, in patients
with elevated SF and lack of 10, malignancy and liver
disease should be considered. With SF >10,000 pg/L,
conditions, such as adult-onset Still's disease (AOSD)
and hemophagocytic lymphohistiocytosis (HLH), may
be suspected.[gﬂ In both US and Japanese studies,
mean ferritin was highest for inflammatory diseases,
with average ferritin often >10,000pg/L in patients
with AOSD, systemic juvenile idiopathic arthritis, and
HLH.1901%1 |n AOSD, high ferritin is thought to be cy-
tokine driven.'? Ferritin has various isoforms, with
H-ferritin found predominantly in heart and pancreas
whereas L-ferritin is found in liver, spleen, and the
histiocyte—macrophage system.“oz] Inflammatory me-
diators, such as IL-1«, interferon-gamma, and TNF-«
induce H-ferritin expression.“oz] Similarly, the cytokine
storm in HLH has been implicated in H-ferritin produc-
tion through nuclear factor-kappa B signaling by TNF-
. [1031 Hereditary hyperferritinemia-cataract syndrome
is a rare disorder caused by an autosomal-dominant

TABLE 1 Etiologies of hyperferritinemia

Ferritin >1000 pg/L
« Infections (HIV and non-HIV)
« Malignancy

Ferritin >10,000 pg/L
* Hemophagocytic
lymphohistiocytosis

* lIron overload (HLH)

o Primary hereditary » Adult-onset Still's
hemochromatosis (C282Y disease
homozygous or C282Y/

H63D)

o Secondary hemochromatosis
(ineffective erythropoiesis or
transfusion related)

o Non-HFE hereditary
hemochromatosis
W Juvenile Hemochromatosis

(HJV- hemojuvelin or
HAMP- hepcidin mutated
gene)
W TFR2 (transferrin receptor 2)
W FPN (ferroportin)
o Aceruloplasminemia
 Liver dysfunction or disease
(alcoholic liver disease,
NAFLD, viral hepatitis)
* Renal Failure
« Rheumatological conditions

o Adult onset Still's disease

o Systemic juvenile idiopathic
arthritis

« Hereditary-hyperferritinemia

Cataract Syndrome

Abbreviations: HAMP, hepcidin antimicrobial peptide; HFE, homeostatic iron
regulator; HIV, human immunodeficiency virus; HJV, hemojuvelin.

2Source: Adapted from Beaton and Adams®".

mutation in the iron-responsive element of the L-ferritin
gene, which leads to deposition of L-ferritin in various
fluids and tissues.®® Patients present with elevated SF
(603-3432pg/L) and normal TS; a personal or family
history of early onset bilateral cataracts may be useful
to identify such patients who are not at risk of systemic
10 and its complications.®

TREATMENT AND MANAGEMENT

The mainstay of treatment for HFE HH is induction and
subsequent maintenance phlebotomy, with target SF
between 50 pg/L and 100 pg/L.[97] Compound heterozy-
gotes (H63D/C282Y) and H63D homozygotes have a
lower risk of developing significant 10, but advanced
fibrosis has been reported in patients with concomitant
liver disease (NAFLD) and with other risk factors, such
as significant alcohol use and type 2 diabetes.®’! Thus,
the decision to pursue phlebotomy should be individu-
alized in those patients and based on risk factors.[®”]
Patients with HH should have family members tested
for ferritin, TS, and HFE genetic testing. Genetic test-
ing is particularly important to characterize the risk of
liver disease as even C282Y and H63D carriers may
have significant risk factor of advanced fibrosis or CLD
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with concomitant alcohol use.®”! Further management
of HFE HH is reviewed in detail in another review."!
We do not recommend phlebotomy for isolated hyper-
ferritinemia without further evaluation.

In secondary 10, ICT is the primary therapy as pa-
tients have anemia and are intolerant of phlebotomy.
ICT has been recommended for patients with SF >1000
pg/L or LIC of 7mg Fe/g dw in TD-SCD and other
transfusion-dependent chronic anemias.®?3% National
Institutes of Health guidelines recommend ICT in pa-
tients with >120cm® of PRBC/kg of transfusions.®? In
TM, ICT is commonly started after 2—3 years of regular
PRBC transfusions, >10 PRBC transfusions, or if SF is
21000 pg/L.“O‘” There are three iron chelators currently
approved for clinical use: (1) deferoxamine (DFO), (2)
deferiprone (DFP), (3) deferasirox (DFX) (Table 2).l'%
DFO is the oldest drug and administered intravenously
or subcutaneously, while DFP and DFX are taken
orally. Patients with TDT are initially treated with a sin-
gle agent, and effectiveness of ICT can be followed with
serial iron quantification on MRL.I'% Ferritin correlates
well to LIC in thalassemia but is only used to guide ICT
if MRI iron quantification is unavailable. Because early
mortality in TDT is predominantly cardiac, aggressive
ICT is indicated for cardiac siderosis."® Cardiac MRI
T2* of 10—20milliseconds indicates mild to moderate
involvement, while <10milliseconds indicates severe
myocardial overload.l'*¥

In patients with TDT, a combination of DFO and DFP
has been shown to be superior in improving cardiac
iron, LVEF, and SF levels!'® than DFO alone.!"%41%€]

TABLE 2 Various types of iron chelation therapy?®

ICT with DFO or DFX has been shown to also reverse
hepatic fibrosis (by two stages) or maintains stability of
fibrosis (-1, 0, +1) in 82.6% of patients with TDT, inde-
pendent of LIC or HCV positivity."%"]

In NTDT, transfusion therapy reduces the risk of pul-
monary hypertension, extramedullary hematopoiesis,
heart failure, cholelithiasis, thrombotic events, and leg
ulcers.®®”) However, transfusions are associated with in-
creased risk of hypogonadism, hypothyroidism, and os-
teoporosis.'®”! The largest data for ICT in NTDT come
from the Assessment of Exjade in Nontransfusion-
Dependent Thalassemia (THALASSA) study, which
enrolled 166 patients (22 with a-thalassemia) 218 years
old with signs of hepatic 10 (LIC 25mg Fe/g dw) and
SF >300 pg/L.[88] Patients received either DFX (5mg/
kg or 10 mg/kg) or placebo for 1year with crossover to
DFX for a 1-year extension.® Ferritin correlated with
LIC, and Taher et al.’®® provided recommendations for
continuation, escalation, and interruption of ICT based
on ferritin levels when MRI was unavailable. With SF in
the range of 1700-2000 pg/L, there was 100% PPV in
predicting LIC >7 mg Fe/g dw. Thus, ferritin 22000 pg/L
has been proposed for dose escalation in NTDT.8
Ferritin of 300 pg/L could be used as a threshold to
interrupt chelation therapy in the absence of MRI eval-
uation because of a PPV of 86% for LIC >3mg Felg
dw.B8 |n patients with a-thalassemia, a lower cutoff of
2600 pg/L predicted LIC >7 mg Fe/g dw, with area under
the receiver operating characteristic curve of 0.76.1%
Therefore, it is recommended that patients with thalas-
semia be evaluated and followed serially with MRI for

Drug

Route of administration

Dose

Half-life
Excretion

Adverse events

Deferoxamine

Subcutaneous or infusion

20—-40mg/kg/day over 8—24 hours,
5days/week

20-30minutes
Fecal/urinary
Local skin reactions

Allergic reactions

Growth retardation and bone
abnormalities

Auditory
Ophthalmologic

Pulmonary and neurologic (high
doses)

Deferiprone

Oral tablet or suspension

75-100 mg/kg/day over three
divided doses

3—4hours
Urinary
Gastrointestinal

Agranulocytosis/neutropenia
(weekly CBC recommended)

Arthralgias

Elevated liver enzymes

Deferasirox

Oral tablet for suspension

20mg/kg/day and up to 40 mg/kg/
day

8—16hours
Fecal
Gastrointestinal
Rash

Increased creatinine (one third of
patients but rarely significantly
abnormal)

Proteinuria

Elevated liver enzymes (rare
fulminant hepatic failure,
LFTs every 2weeks for first
month followed by monthly
recommended)

Auditory
Ophthalmologic

Abbreviations: CBC, complete blood count; LFT, liver function test.
aSource: Adapted from Poggiali et al.['4!
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hepatic and cardiac 10 improvement and ferritin alone
only if MRI iron quantification is unavailable.

ICT in TD-MDS has been controversial, with initial
studies showing patients with ICT to have better sur-
vival than patients without ICT.BB! However, most studies
were retrospective or not randomized.®! A prospective
study showed ICT improved overall survival (median
5.2 vs. 2.1years in chelated vs. nonchelated) in patients
with low-risk TD-MDS.I'®! Subsequently, the MDS
Event Free Survival With Iron Chelation Therapy Study
(TELESTO), the only prospective, placebo-controlled,
randomized trial, showed ICT to prolong event-free sur-
vival by almost 1year (3.9 vs. 3.0years for chelated vs.
nonchelated with a hazard ratio [HR] of 0.64 (95% ClI,
0.42-0.96]).'% In that study, 225 patients with IPSS
low to intermediate-1 risk TD-MDS were randomized
to either DFX or placebo, and the primary endpoint
was a composite of cardiac events, liver dysfunction,
transformation to AML, or death.'® The 3-year proba-
bility of event-free survival was higher (61.5% vs. 47.3)
in treated patients compared to untreated patients.”og]
However, there were no statistically significant differ-
ences in hematologic improvement, hypothyroidism,
glucose intolerance, or infections."% This study was
limited by the lack of long-term follow-up data, small
number of primary endpoint events, relative younger
age of participants in Western countries, and imbal-
ances in baseline characteristics.

DFX has improved LIC, hemoglobin and platelets,
and liver enzymes.""%"" |n another MDS-specific
study, ICT improved hematologic parameters and
decreased the risk of AML progression (34% of the
chelated group vs. 17% of the nonchelated group,
p = 0.087)."2™3 pegpite the suggested benefits from
ICT, most MDS trials evaluate only DFX, and the dis-
continuation rate secondary to adverse effects is high
(48%—75%).1109112114.115] | one study, 46% discontin-
ued its use because of side effects and sepsis was
the most common cause of death.l'"'¥ Thus, the deci-
sion to pursue ICT in MDS should be weighed against
risks and typically managed by an expert hematologist.
Currently, most guidelines suggest starting ICT for pa-
tients with TD-MDS who have had >20units of PRBCs
or have SF 1000-2500 pg/L, with a goal to reduce fer-
ritin to <1000 pg/L.1®

Similarly, DFX has also been shown to improve ferri-
tin and survival and reduce risk of leukemic transforma-
tion in primary myelofibrosis.[”e'”” In SA, iron chelators
are recommended after at least 10 blood transfusions
or if SA is >1000 pg/L, but in patients whose anemia
can be normalized with pyridoxine, phlebotomy can be
considered for 10.[*4

With regards to phlebotomy and NAFLD/DIOS, phle-
botomy was originally shown to be effective in improv-
ing insulin resistance,!''® but subsequent randomized
control trials (RCTs) have led to opposite results. In
one study in patients with SF =250 pg/L and NAFLD

activity score>1, the iron-depleted group had improved
liver enzymes, more histologic improvement, and re-
duction in hepatic steatosis at the 2-year follow-up than
the nondepleted group.!""® However, an RCT of 74 sub-
jects showed no difference in liver enzymes, hepatic
steatosis, or insulin resistance.[®”! Phlebotomy is not
currently recommended for DIOS and NAFLD.

CONCLUSIONS

In patients with elevated iron tests but HFE genetic
testing negative for C282Y or H63D, evaluation for CLD
is indicated and hematologic disorders, such as thalas-
semia or MDS, should be considered if the patient is
anemic. Suspicion of 10 should be pursued either with
noninvasive T2* MRI or liver biopsy in such patients.
If there are no signs of organ |10, evaluation for other
causes of hyperferritinemia should be considered. For
patients with secondary IO, ICT should be implemented
and preferably monitored with MRI.
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