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ABSTRACT 
Background: Necrobiotic xanthogranuloma (NXG) is a rare non-Langerhans 
histiocytosis that primarily manifests as skin lesions and is often associated 
with hematologic disorders, particularly monoclonal gammopathy. The orbit 
is the most common site of extracutaneous involvement in NXG. Since its first 
description in 1980, the molecular pathology and dermatologic 
characteristics of NXG have been extensively studied. However, there is no 
comprehensive multimodality description of the imaging features of orbital 
NXG in the literature. This case report aimed to describe the imaging 
features of NXG and provide a brief overview of the imaging differentials. 
Patient presentation: A 16-year-old white young man was referred to our 
center for evaluation of a 6-year history of a slowly growing right orbital 
mass, which resulted in vision loss in his right eye. His medical history was 
notable for systemic juvenile rheumatoid arthritis (sJRA) and a gain-of-
function (GOF) mutation in the IKAROS gene, which predisposed him to 
immune dysregulation. To further characterize the orbital lesion, orbital 
computed tomography (CT), magnetic Resonance Imaging (MRI), and 
Fluorodeoxyglucose Positron Emission Tomography/Magnetic Resonance 
Imaging (FDG PET/MRI) were performed. A biopsy of the most 
hypermetabolic component of the infiltrative retro-orbital mass confirmed 
the diagnosis of NXG. He received high-dose immunosuppressive and IVIG 
therapy and bone marrow stem cell transplantation, which resulted in a slight 
reduction in the right orbital mass. 
Conclusion: This paper presents the first multimodality imaging features of 
orbital necrobiotic xanthogranuloma in an adolescent patient. 
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Introduction: 
Necrobiotic xanthogranuloma (NXG), first described by 
Kossard and Winkelmann in 19801, is a rare multisystemic 
form of non-Langerhans cell histiocytosis. It is primarily 
characterized by chronic and progressively enlarging 

yellow‒orange skin papules and plaques, most frequently 
around the eyes. The mean age of onset is at the 6th 
decade of life, and there is no known sex predilection 2. 
Monoclonal proteins can be detected in up to 85% of 
cases (most notably, IgG kappa), and multiple myeloma 
(MM) or monoclonal gammopathy of undetermined 
significance (MGUS) is observed in 25% of cases 2,3. The 
specific cause of NXG is still unknown, but it is theorized 
that paraproteins might act as catalysts or play a 
supporting role in the development of granulomas4. 
Furthermore, there is an association between NXG and 
immune system dysregulation 5. Treatment consists mainly 
of corticosteroids and IVIG4,6. Orbital involvement is one 
of the most common extracutaneous manifestations in 27-
50% of NXG patients and is associated with variable 
presentations of uveitis, scleritis, and proptosis 2,7. Despite 
extensive research on the molecular pathology and 
dermatologic features of NXG, the imaging characteristics 
of orbital NXG have not been fully elucidated in the 
literature8,9. In general, the imaging differential diagnosis 
of orbital masses includes infectious, inflammatory, or 
tumoral processes. Tumoral involvement can be further 
categorized into benign and malignant types. 
Differentiating NXG from other inflammatory and 
infiltrative conditions can be challenging, particularly 
given the significant overlap with other subtypes of 
histiocytosis, such as Erdheim-Chester disease (ECD) and 
Rosai-Dorfman disease (RDD), as well as additional 
inflammatory orbitopathies like IgG4-related disease and 
nonspecific orbital inflammatory syndrome (NSOIS). A 

definitive diagnosis requires a combination of clinical 
assessment, imaging findings, and histopathological 
analysis. This paper aims to review the CT, MRI, and FDG 
PET characteristics of orbital NXG and compare these 
imaging features with the primary differential diagnoses. 
To the best of our knowledge, this is the first description of 
the multimodality imaging features of orbital NXG. 
 

Case Report: 
The patient's father provided consent for the publication 
of the images in a medical journal.  
 
A 16-year-old young white man presented to our 
institution with a 6-year history of a slowly enlarging right 
orbital mass, unresponsive to multiple immunosuppressive 
treatments and several surgical interventions. The mass 
caused vision loss in the right eye due to compressive optic 
neuropathy and corneal scar from exposure keratitis. 
Repeated biopsies showed chronic inflammation and 
negative microbial staining or malignancy. Other notable 
medical problems include systemic juvenile idiopathic 
arthritis (sJIA) at age 5, moderate seasonal allergies, 
polyarthralgia, and myalgia. The family history was 
notable for multiple female relatives with immune-related 
arthritis and pulmonary diseases, including the patient’s 
mother, who had been diagnosed with optic neuritis and 
autoimmune connective tissue disease.  
 
An orbital CT scan showed severe right orbital proptosis, 
right-sided pre- and post-septal soft tissue thickening with 
intraconal/retrobulbar space extension and diffuse 
thickening of the adjacent bone secondary to chronic 
inflammation without erosion. There was also diffuse 
paranasal sinus mucosal thickening (Figure 1).  
 

 

  
Figure 1: Axial and coronal orbital CT scan show soft tissue involving both pre- and post- septal fat with intraconal and 
retrobulbar extension. Note diffuse opacification of paranasal sinuses and thickening and the superior and lateral walls 
of the right orbit secondary to chronic inflammation. 
 
Orbital MRI provided a clearer characterization of diffuse 
retro-orbital soft tissue thickening, involving the fat, 
extraocular muscles, and lacrimal glands, leading to 
pronounced right orbital proptosis and globe eversion. 
The right globe was flattened with optic nerve stretching. 

The retrobulbar mass extended posteriorly into the orbital 
apex without cavernous sinus involvement, and there was 
also further extension into the lateral face, affecting the 
temporalis muscle (Figure 2).
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Figure 2: Axial precontrast T1 and axial and coronal post-contrast T1-weighted images show an infiltrative and 
enhancing right retro-orbital mass, resulting in significant right orbital proptosis and optic nerve stretching. Linear 
enhancement along the sclera, indicating scleritis, and widespread paranasal mucosal enhancement are also noted. 
 
FDG PET/MRI was used to characterize the extent of the 
disease and determine the optimal site for tissue biopsy. 
FDG PET/MRI revealed multiple markedly FDG-avid 
cervical lymph nodes, focal intense uptake in the right 
parotid region, and focal uptake in the right orbital 
infiltrative mass (Figure 3) with maximum Standardized 
Uptake Value (SUV) of 13. Guided by FDG PET/MRI, the 
patient underwent a biopsy of the most FDG-avid region 

of the right orbital mass, which was diagnosed as 
necrobiotic xanthogranuloma with increased IgG4 
expression. The patient was treated with 
cyclophosphamide, corticosteroid, and high-dose IVIG 
followed by bone marrow stem cell transplantation and 
showed a good response in terms of both imaging and 
clinical evaluation. The genetic and histopathologic 
findings of this case are discussed in detail by Guess et al 5. 

 

 
Figure 3: Standard protocol maximum intensity projection (MIP) and fused axial images at the level of the right orbit, 
right parotid gland, and upper cervical neck reveal an intensely hypermetabolic right retro-orbital mass, intense FDG 
uptake within the right parotid gland, and several intensely hypermetabolic cervical lymph nodes. There are no additional 
sites of FDG uptake throughout the body. 

 
Discussion: 
Histiocytosis are a group of rare inflammatory disorders 
marked by the buildup of macrophages, dendritic cells, or 
monocyte-derived cells in various tissues and organs that 
affect both children and adults. This group of disorders 
includes more than 100 different subtypes, which have 

been recently categorized into five main groups: (1) 
Langerhans-related histiocytosis, (2) Rosai-Dorfman 
histiocytosis, (3) cutaneous and mucocutaneous 
histiocytosis, (4) malignant histiocytosis, and (5) 
hemophagocytic lymphohistiocytosis and macrophage 
activation syndrome 10 (Diagram 1). 
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Diagram 1: illustrates the subtype classifications of histiocytosis. 
 
Langerhans cell histiocytosis (LCH), Erdheim-Chester 
disease (ECD), and Rosai-Dorfman disease (RDD) are 
different subtypes of histiocytosis that can potentially 
involve the orbit. 
 

Langerhans cell histiocytosis (LCH) is the most prevalent 
form of histiocytosis, impacting multiple organs and 
systems, with the lungs and bones being the most commonly 
affected, particularly in pediatric patients11. Orbital 
involvement occurs in approximately 20% of LCH patients, 
often presenting as lesions in the bony orbit, most 

frequently in the upper outer region12 (Figure 4). These 
lesions can extend to nearby soft tissue, leading to 
symptoms such as proptosis, swelling, and restricted eye 
movement. Orbital LCH is more common in children than in 
adults, but it can also occur in adults. The presence of 
additional destructive skull base lesions can be a valuable 
clue in narrowing down the differential diagnosis 13,14. In 
this case, the absence of adjacent osseous erosions and 
other systemic indicators of LCH helped to lower LCH on 
the differential diagnosis list. 
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Figure 4: Langerhans cell histiocytosis; Coronal and axial orbital CT scans (A&B) show ill-defined lytic lesion in the right 
aspect of the frontal bone involving the orbital roof. Coronal and axial post contrast T1 Weighted fat saturated images 
(C&D) show enhancing and destructive centered on the right frontal bone superior orbital rim. The mass invades the right 
lacrimal gland with mild flattening of the superolateral right globe. 
 
Erdheim-Chester disease (ECD) is a rare subtype of 
histiocytosis that predominantly affects the skeletal system 
in more than 95% of cases 10. Orbital involvement occurs 
in 25% of ECD patients, typically appearing on imaging 
as an infiltrative intraconal or retrobulbar mass, leading 
to exophthalmos 15,16. 
 

Rosai-Dorfman disease (RDD), also known as sinus 
histiocytosis with massive lymphadenopathy, is a benign, 
self-limited condition that primarily affects lymph nodes17. 
As its name suggests, the paranasal sinuses are the most 
common sites of extranodal involvement. Orbital 
involvement is seen in approximately 7% of patients, 
typically manifesting as unilateral, infiltrative, and 
enhancing retro-orbital soft tissue masses affecting the 
extraocular muscles, retro-orbital fat, and lacrimal gland. 
This results in proptosis, with contrast enhancement that 
may be either uniform or heterogeneous 18–20. 
 

Both NXG and Juvenile xanthograuloma (JXG) are under 
the subgroup of cutaneous and mucocutaneous 
histiocytosis. Although JXG can involve the orbit with well-
defined lesion and bone erosions. It primarily affects the 
iris and is more common in children. The characteristic 

yellow-orange iris lesions and the potential for hyphemia 
are distinctive 21,22.  
 
Two other chronic inflammatory conditions of the eye that 
can exhibit similar imaging features, though not classified 
under histiocytosis family, are IgG4-related disease 
(IgG4-RD) and nonspecific orbital inflammatory syndrome 
(NSOIS). 
 
IgG4-RD is a systemic inflammatory condition of unclear 
origin marked by the infiltration of tissues by IgG4-
positive plasma cells and the presence of sclerosing 
inflammation 23. Orbital involvement can be observed in 
up to 40% of cases 24, with proptosis and periorbital 
edema being the most common clinical presentations. Pain 
is reported in approximately 7% of these patients 23. 
Imaging of IgG4-related orbitopathy typically reveals an 
infiltrative retro-orbital mass, primarily involving the 
extraocular muscles, with the lateral rectus being most 
commonly affected. Notably, the anterior tendons are 
spared in the majority of cases 23. It is often accompanied 
by lacrimal gland involvement and paranasal mucosal 
thickening 23,25 (Figure 5).  
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Figure 5: IgG4-RD orbital involvement; Axial (A) and coronal (B) post contrast fat saturated T1 weighted images show 
widespread infiltrative soft tissue throughout the bilaterally, encasing the extraocular muscles and optic nerves in this 
patient with. Note widespread mucosal thickening throughout the paranasal sinuses. 
 
Nonspecific orbital inflammatory syndrome (NSOIS), 
formerly known as orbital pseudotumor, is another 
differential diagnosis to be considered in this patient, 
although it is uncommon in the pediatric population. NSOIS 
can affect various orbital structures, including the 
extraocular muscles, retrobulbar fat, optic nerves, and 
globe. The extraocular muscles are the most frequently 
involved muscles, with characteristic involvement of the 

musculotendinous insertions 23,26. The clinical presentations 
typically include bilateral proptosis, painful 
ophthalmoplegia, and diplopia23,27. CT and MRI findings 
differ based on the disease's location but typically reveal 
thickening of the extraocular muscles, including 
musculotendinous insertion, enlargement of the lacrimal 
gland with surrounding inflammatory changes, and a 
thickened, enhancing sclera27 (Figure 6). 
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Figure 6: Orbital pseudotumor; Axial orbital CT scan (A) shows left retro-orbital soft tissue thickening and mild pre-
septal edema. Note well aerated visualized paranasal sinuses and intact adjacent bones. Axial precontrast T1WI(B) and 
axial and coronal post contrast T1WI show multispatial enhancement of the left retro-orbital space that is both extra- 
and intraconal without discrete mass.  
 
Differentiating between NXG and conditions such as 
IgG4-RD, RDD, ECD, and NSIOS is particularly 
challenging, especially in advanced cases such as this one, 
where accurate assessment of musculotendinous 
involvement of extraocular muscles is difficult. Orbital 
lymphoma, another imaging consideration in this case, 
typically presents as a well-defined soft tissue mass, most 
commonly located in the superolateral quadrant of the 
orbit. It usually has an extraconal component with 
intraconal extension, particularly in larger retrobulbar 
masses. Compared to orbital NXG, orbital lymphoma 

generally has a more well-defined appearance with less 
surrounding retrobulbar fat stranding 2829(Figure 7). 
Furthermore, the absence of additional supporting 
evidence for lymphoma, combined with the presence of 
serum paraproteinemia in this case, argue against 
lymphoma. Leiomyosarcoma, a rapidly progressing 
orbital malignancy common in teenagers 30, was 
considered highly unlikely in this case due to the chronic 
nature of the symptoms and lack of aggressive osseous 
erosion. 
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Figure 7: Orbital lymphoma; Axial T2 WI (A), pre contrast T1WI(B), and post contrast T1WI(C) show T1/T2 hypointense 
enhancing intra/extraconal mass. Note clean appearance of the remaining left retro-orbital fat without stranding. 
 
In summary, differentiating between NXG and other 
inflammatory and infiltrative conditions can be 
challenging. MRI or CT scans of the orbit are essential for 
evaluating the extent of involvement, while additional 
imaging of the bones, chest, and abdomen, along with 
laboratory tests, can assist in confirming the diagnosis and 
assessing the degree of systemic involvement. Although 
clinical and radiological manifestations may overlap, 
there are distinguishing imaging features between these 
conditions: 

• NXG is characterized by an infiltrative intra- and 
extraconal mass, as seen in this extreme case, which 
results in significant exophthalmos and optic nerve 
stretching. CT imaging shows thickening and 
remodeling of the orbital wall without erosion. Other 
notable imaging features include widespread mucosal 
thickening and enhancement in the paranasal sinuses, 
as well as involvement of the salivary glands and 
cervical lymph nodes. 

• LCH more commonly affects the bony orbit and is 
associated with systemic symptoms, including 

additional bone lesions and pulmonary involvement. 
Differentiating between NXG and other forms of 
histiocytosis, such as ECD and RDD, as well other 
inflammatory orbitopathies like IgG4-RD and NSIOS, 
is particularly challenging. A combination of clinical 
findings, imaging, and histopathological analysis is 
crucial for accurate diagnosis and appropriate 
management.  

• The absence of concurrent inflammation can help 
distinguish orbital lymphoma from NXG. 

 

Conclusion: 
Herein, we present a multimodality imaging description of 
orbital necrobiotic xanthogranuloma and demonstrate the 
imaging features of most of its differential diagnoses. 
While certain imaging features can help distinguish orbital 
NXG from other orbital infiltrative and inflammatory 
conditions, a combination of clinical findings, imaging, and 
histopathological analysis is essential for accurate 
diagnosis and appropriate management. 
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