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Abstract: Hereditary hemochromatosis (HH) is an inherited iron overload. The most 
common form of HH is type 1 hereditary hemochromatosis (HFE-related), which is asso
ciated with mutation of the HFE gene located on chromosome 6 and inherited in an 
autosomal recessive pattern. Type 2 hereditary hemochromatosis or juvenile hemochroma
tosis is less frequent autosomal recessive disease that results from mutations in the HJV gene 
on chromosome 1 (type2a) or the HAMP gene on chromosome19 (type2b). Mutation of type 
2 transferrin receptor gene and mutation of the ferroportin gene result in hemochromatosis 
type 3 and hemochromatosis type 4, respectively. Juvenile hemochromatosis is characterized 
by an early onset of excess accumulation of iron in various organs. It could affect the liver, 
heart, pancreas and joints, resulting in arthropathy. Most juvenile hemochromatosis cases 
exhibit severe symptoms due to early onset. Cardiac and hypogonadism are the dominating 
features of the disease. Prevalence of arthropathy in juvenile hemochromatosis is higher than 
classic HH. Early diagnosis and intervention of juvenile hemochromatosis may prevent 
irreversible organ damage. The diagnosis can be made based on laboratory testing (of 
increased transferrin saturation, serum iron and ferritin levels), liver biopsy, imaging or 
genotype. According to international guidelines, treatment of HH is indicated when serum 
ferritin concentrations are above the upper limit of normal. We report two sisters who 
presented to the rheumatology clinic with arthralgia, which was subsequently found to 
have a homozygous mutation variant of unknown significance in the HFE2 gene: 
c.497A>G;p.(His166Arg) and has been treated with deferasirox (Exjade®). 
Musculoskeletal symptoms completely resolved in both patients in two months and remained 
so for one year on treatment. 
Keywords: hereditary hemochromatosis, HFE gene, arthritis, deferasirox

Introduction
Hemochromatosis is an overload in iron storage, classified into hereditary hemochro
matosis (HH) (due to a mutation in HFE gene in 80% of cases, non-HFE hemochro
matosis in 20% of HH cases) or acquired due to frequent packed red blood cell 
(PRBC) transfusion or high dietary iron intake. HH is an autosomal recessive and 
potentially lethal disorder of iron metabolism. The first description of hemochroma
tosis gene was by Feder et al in 1996.1 It is characterized into four types, the most 
frequent type is HH type, which results from HFE gene mutation (HFE gene); 
hemochromatosis type 2 or juvenile hemochromatosis is divided into two subtypes, 
mutation of hemojuvelin (HJV) results in type 2a, while mutation of the hepcidin 
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HAMP gene results in type 2b; mutation of type 2 transferrin 
receptor gene results in hemochromatosis type 3; hemochro
matosis type 4 is the only autosomal dominant form caused 
by the mutation of the ferroportin gene.2,3

Previous reports indicate that most Asian cases of HH 
are due non-HFE mutation.4,5

HH course in childhood is either asymptomatic or 
exhibits non-specific symptoms. The diagnosis is typically 
delayed till adulthood during investigation for the cause of 
organ damage such as diabetes mellitus, heart failure, liver 
cirrhosis, hypogonadism and arthritis. Arthropathy, osteo
penia and osteoporosis are well-studied musculoskeletal 
features of HH.6 Arthritis may precede other symptoms, 
and involvement of the second and third metacarpopha
langeal (MCP) joints is a characteristic feature of HH. 
Generally, the arthropathy of HH is non-inflammatory.7

In contrast, juvenile hemochromatosis cases exhibit 
severe symptoms due to early onset that may manifest with 
cardiac dysfunction and hypogonadotropic hypogonadism. 
The prevalence of arthritis was reported as high as 87.5%.8

To increase the awareness of pediatric rheumatolo
gists and to contribute to the literature on the use of 
deferasirox in HH, we report the data of two sisters who 
presented in the rheumatology clinic with polyarthralgia. 
Both have homozygous variant of unknown significance 
in the HFE2 gene: c.497A>G;p.(His166Arg) and their 
musculoskeletal symptoms resolved with deferasirox 
treatment.

Case Series
A 9-year-old girl was referred to the rheumatology clinic 
due to high ferritin and transaminases for 3 years and a non- 
specific, infrequent bone and joint pain that increases over 
the wrists and ankles whenever she engages in any activity. 
She had no joint swelling, morning stiffness, gelling or skin 

rash. There was no history of fever, headache, visual symp
toms or jaundice. She had hepatomegaly, and liver ultra
sound showed hyperechoic liver structure with a hypodense 
lesion in segment 4A/B, likely representing focal fatty infil
tration. A liver biopsy then revealed hemosiderosis with 
parenchymatous (hepatocellular) distribution, consistent 
with HH, grade 4 (0–4 grading system) (Figure 1). 
Genetic testing revealed homozygous variant of unknown 
significance in HFE2 gene: c.497A>G;p.(His166Arg). This 
variant was homozygous in the affected sisters, while het
erozygous in both parents. This variant has not been 
described in Exome Aggregation Consortium (ExAC); 
gnomAD.; 1000 genome and 1410 individuals in our local 
Saudi genome database. Furthermore, it was predicted to be 
damaging by software prediction tools like PolyPhen and 
Mutation taster.

Family history was remarkable, given a history of 
a similar complaint in an older sister, a 25-year-old who 
had been suffering from forearm and calf pain and unsettled 
hyperferritinemia for several years. Musculoskeletal pain 
was significant and disturbed her sleep with not much 
response to analgesia. She had occasional stiffness over 
her hands but no joint pain, swelling or gelling.

There was no skin rash, no headache or visual symp
toms. Description of laboratory findings for both sisters is 
provided in (Table 1).

Liver magnetic resonance imaging (MRI) was done for 
the older sister and showed dark signals of the liver (L) 
relative to normal signals of spleen (S) due to iron deposi
tion (Figure 2). Like the case of her sister, a diagnosis of 
hemochromatosis type 2A was made and genetic testing 
revealed, a homozygous variant of unknown significance 
in HFE2 gene: c.497A>G;p.(His166Arg).

In the second case, she had morbid obesity with BMI 
of 43 and depression and underwent gastric sleeve surgery 

Figure 1 Liver biopsy is histologically unremarkable on H&E stain (A). On higher magnification, there is intra-hepatocyte brown pigments which represents iron 
accumulation (B).The pigments appear blue with Perls stain (C). Grade 4 hepatocyte iron overload. The biopsy is negative for significant fibrosis.
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at age of 22. It was noticed that serum ferritin level 
decreased after surgery but never went back to normal.

Deferasirox (Exjade®) was introduced for both 
patients at a dose of 500 mg daily, 8 mg/kg/day for the 
older sister and 15mg/kg/day for the younger sister, 
respectively and serum ferritin was monitored. 
Deferasirox dose was calculated to the nearest whole tablet 
for easy administration. Their musculoskeletal complaints 
improved gradually and faded away in two months with 
improvement in serum ferritin level. Aspartate aminotrans
ferase and alanine aminotransferase levels improved in the 
young girl and remained normal in the young woman 
following the administration of deferasirox. Renal function 
continued normally in both.

The mother was also diagnosed with rheumatoid arthri
tis and was treated with methotrexate and penicillamine. 

She had normal serum ferritin and her response to 
DMARDS was acceptable.

Discussion
Gottschalk et al report that, among approximately 5000 
patients referred to the rheumatology outpatient clinics in 
two German centers with different rheumatologic diag
noses, 11 patients with typical signs of hemochromatosis 
arthropathy were identified.9

In a large cohort which evaluated 93 patients with HH 
looking specifically to musculoskeletal manifestations, 
24% of patients have arthropathy.10

In some cases musculoskeletal symptoms alone might 
lead to the diagnosis of HH.11 Common joints to be 
involved are metacarpophalangeal joints (MCPs), the 
wrist, hip, knee and ankle. The classical joint involvement 
of HH is the second and third metacarpophalangeal joints. 
HH arthropathy tends to be symmetrical in most cases.12 

In a survey by McDonnell et al, arthralgias were present in 
44% of patients with hemochromatosis and were the most 
common and troublesome complaints.13 In our patient, 
arthralgia appeared at the age of 6 in the first case and 
age of 14 in the older sister. It involved MCP joints, wrist 
and knees in the younger girl and ankle and hips in the 
older one.

It is difficult to differentiate HH arthropathy from 
inflammatory arthropathy due to autoimmune 
problems but HH arthropathy does not usually include 
night time pain or extended morning stiffness.14 Other 
clinical features that may help to differentiate HH arthro
pathy from other rheumatic diseases are younger age at 
onset, location, and male predominance.15 Doppler 

Table 1 Summary of Laboratory Results for Both Patients

Laboratory Tests Reference Range Patient 1 (9-Year-Old) Patient 2 (25-Year-Old)

Before 
Deferasirox 
Administration

After 
Deferasirox 
Administration

Before 
Deferasirox 
Administration

After 
Deferasirox 
Administration

Hgb (gm/L) (113–150 gm/L) 145 146 147 138

Ferritin (ug/L) (4.6–204 ug/L) 1637 342 883 124

Serum iron (umol/L) (9–21.5 umol/L) 52.6 49.3 54.5 23.2
ESR (mm/hr) (0–20mm/hr) 2 2 15 9

CRP (mg/L) (<3.5 mg/L) <3.5 <3.5 <3.5 <3.5

AST (U/L) (5–34 U/L) 61 33 22 18
ALT (U/L) (5–55 U/L) 93 29 16 13

BUN (mmol/L) (2.5–6 mmol/L) 3.5 3.2 3.3 4.2

Creatinine (umol/L) (27–62 umol/L), (50–98 umol/L) 50 51 61 71

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; 
Hgb, hemoglobin.

Figure 2 Axial T2 weighted image of the liver showed dark signals of the liver (L) 
relative to normal signals of spleen (S) due to iron deposition.
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ultrasound showed increased signals consistent with 
inflammatory synovitis in a 40-year-old and 58-year-old 
male patients who were diagnosed with HH.16 Coexistence 
of calcium pyrophosphate dihydrate crystal deposition dis
ease (CPPD) with hemochromatosis is a possible cause of 
the increased signals in Doppler ultrasound.17

Arthritis symptoms in patients with hemochromatosis 
could be related to iron deposition as demonstrated by articu
lar cartilage biopsies, which confirmed the presence of iron in 
chondrocytes, as seen by electron microscopy.18 However, 
this matter in the pathogenesis of HH remains controversial 
as there is a lack of correlation between the iron deposits and 
the radiologic findings. Furthermore, the progression of dis
ease is not halted by iron depletion therapy.18

The other musculoskeletal symptom that has been 
described in patients with HH is osteoporosis. Low bone 
mineral density is caused by different mechanisms in 
patients with HH, iron overload, liver disease, and 
hypogonadism.19,20 Osteoporosis has been described more 
in adults due to obvious reasons, including aging, hypogo
nadism, and putative alcoholism. In children, osteoporosis 
due to juvenile hemochromatosis has been documented.21 

International guidelines for hemochromatosis do not recom
mend bone assessment in HH, and most of the guidelines do 
not include osteoporosis assessment, except in France.22 

Therefore, we did not do it for our patients.
To exclude common causes of secondary osteoporosis, 

assessment of parathyroid hormone will help to exclude 
hyperparathyroidism; vitamin D level to exclude vitamin 
D deficiency; paucity of liver cirrhosis in liver histopathol
ogy will help to exclude liver disease.

More recent studies are pointing to direct iron toxicity 
on bone metabolism.23 In vitro, iron is capable of inhibit
ing bone crystal growth with significant changes in crystal
linity and carbonate substitution.24

Diagnosis of HH is now usually done at an early stage 
of the disease before even the symptoms start.25 The most 
frequent symptom in routine health checks is lethargy.26 

Family screening also helps in early diagnosis of HH, in 
particular, patient’s first degree relatives with established 
diagnosis of HH.27 Early detection of HH is essential to 
prevent long term end organ damage. Abnormal iron study 
results or abnormal liver function should alert clinician to 
consider HH.28

Radiological findings, as mentioned previously, such as 
the specific location on the second and third MCP joints is 
characteristic of HH. In plain radiography; a joint space 
narrowing of the MCP joint, a hook-shaped osteophyte of 

the metacarpal head, and an early subchondral cyst forma
tion are common findings.14,29,30

The x-ray of both hands in patient 1 did not show the 
typical features of chronic HH arthritis, which could be 
due to her younger age. Those patients with HH may show 
early secondary osteoarthritis and require joint replace
ment surgery.31

MRI has been shown to be reliable for detecting and 
quantifying visceral iron excess, especially in the liver and 
spleen.32 In patient 2 MRI was enough to show the evi
dence of iron overload (Figure 2).

The role of liver biopsy started to be limited in the 
diagnosis of HH due to the availability of genetic testing 
and accuracy of MRI in the assessment of iron load.33 The 
importance of liver biopsy is in prognostic implications as 
it might help in detecting advanced liver disease and 
cirrhosis. A synovial biopsy might be done in cases with 
atypical arthritis, and it would guide to the diagnosis if it 
shows hemosiderin deposits in the synoviocytes.

Laboratory findings in HH are increased serum iron 
concentration, raised transferrin concentration (plasma 
total iron binding capacity), and increased plasma ferritin.

Both patients that we described here, were treated with 
deferasirox. iron and ferritin levels were on a downward 
trend; ferritin level 2 months after the start of deferasirox 
therapy was (342 ug/L, iron levels were 49.3 umol/l), (124 
ug/L, iron levels were 23.2 umol/l) for both girls, respectively.

The international guidelines published by both the 
American and European Liver Associations advocate that 
therapy should be commenced when the serum ferritin 
concentrations are above the upper limit of normal.26,34

There is no robust evidence for the best therapeutic option 
in HH. Morbidity and mortality are definitely reduced when 
removal of iron overload is done early in the disease course, 
before the development of complications.35,36 Venesection is 
a common modality of treatment for patients with HH.26,34

There are variable recommendations with respect to the 
level of iron burden at which therapy should be initiated, 
the endpoint of initial venesection, and the optimum main
tenance therapy. These recommendations have been sum
marized by Powell et al37 (Table 2)

Alternative therapies like deferasirox (Exjade®), an 
oral iron chelator approved by the FDA in 
November 2005, has been shown to eliminate iron excess 
effectively in patients with HFE hemochromatosis.

Our patients were treated with deferasirox, inclined 
on the experience that did not support the effect of 
venesection in arthralgia and MSK symptoms.15 
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Patients were provided the options of deferasirox ther
apy or venesection, and they chose the former. Among 
many advantages of deferasirox is the once daily admin
istration, oral use availability, and high affinity to bind 
with iron in a 2:1 ratio.41

It is well-known that certain precautions should be 
assumed when administering the dose of deferasirox, and it 
was clear to us that the younger girl’s response is different 
from the older sister, which has been attributed to the failure 
of compliance with these precautions. The common precau
tion that the patient failed to comply with is administration 
on empty stomach, use of citrus juice, and avoidance of 
metal containing appliances during handling.

A Phase II study by Cancado et al confirms the safety and 
efficacy of deferasirox, an oral iron chelator, in patients with 
HH. Ten patients with confirmed HH mutation were included 
and all completed the 12-month treatment period with 
a significant reduction in median serum ferritin (P < 0.001), 
mean transferrin saturation (P < 0.05), median liver iron 
concentration (P < 0.001), and mean alanine aminotransfer
ase (P < 0.05). The two minor side effects of deferasirox 
encountered in that study were transient diarrhea and nausea, 
so the author has concluded that it is a safe alternative to 
phlebotomy in selected patients with HH.42

The other study which supports the use of defera
sirox as an alternative therapy for iron overload in 
patients with HH was by Phatak et al, the first clinical 
trial to assess the safety and efficacy of deferasirox 
therapy using four dose levels (5, 10, 15, and 20 mg/ 
kg/day). The study concludes that a starting dose of 
10 mg/kg/day appears to be the most appropriate in 
this population; close monitoring of renal and hepatic 
function is required, especially given that six of the 

49 patients involved in the study had transaminase 
increases exceeding three times normal values.43

Neglar et al reported two patients who had chronic 
anemia that prevented the initiation of venesection but 
were treated successfully with deferasirox.44

In conclusion, presentation of HH to a pediatric 
rheumatologist is not frequent and most of the cases 
are either asymptomatic or exhibit non-specific muscu
loskeletal symptoms. In the two cases we reported here 
deferasirox was very effective in treating the musculos
keletal symptoms and lowering serum ferritin level. 
Effect of deferasirox on serum iron was more obvious 
in the older sister; this was attributed to her compliance 
with the instructions and precaution pertinent to the 
drug administration.

Until more robust evidence is available, it seems that 
deferasirox is a safe alternative to venesection for the 
treatment of selected patients with HH.

Ethical Considerations
Institutional approval was not required to publish the case 
details. However all patients’ clinical data were regarded 
as confidential and written consents were obtained from 
the adult patient and the parents of the minor.

Consent for Publishing Patient Data
We confirm that written informed consents were obtained 
from the adult patient and the parents of the minor, to have 
the description of their cases published.

Disclosure
Principle investigator and co-authors report no conflicts of 
interest in this work.

Table 2 Main International Recommendations on Venesection Therapy in HFE Haemochromatosis (with Permission from 
Powell,2016)34,38,39,40

Initial Therapy Phlebotomy Endpoint Maintenance Therapy

Criteria for Testing Goal

France (2005) SF>300 µ/L in men; 
SF>200 µ/L in women

5–7 mL/kg (<550 mL) once 
a week

SF <50 µg/L SF <50 µg/L

Netherlands (2007) Not Precise 500 mL once a week SF <300 µg/L SF within the reference 
values

EASL (2010) SF above the normal range 400–500 mL every 1 or 2 weeks SF <300 µg/L SF <50 µg/L

AASLD (2011) Increased SF with or without clinical 

symptoms

500 mL once or twice a week SF 50–100 µg/L SF 50–100 µg/L

Abbreviations: EASL, European Association for the Study of the Liver; ASSLD, American Association for the Study of Liver Diseases; SF, serum ferritin.
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