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Abstract

Inflammatory orbital lesions include a broad list of diagnoses, many of them with overlapping clinical and
radiographic features. They often present a diagnostic conundrum, even to the most experienced orbital specialist,
thus placing considerable weight on surgical biopsy and histopathological analysis. However, histopathological
diagnosis is also inherently challenging due to the rarity of these lesions and the overlaps in histologic appearance
among distinct disease entities. We herein present the case of an adolescent male with a subacutely progressive
orbital mass that generated a significant diagnostic dilemma. Early orbital biopsy was consistent with a benign
fibro-inflammatory lesion, but corticosteroid therapy was ineffective in halting disease progression. After an initial
substantial surgical debulking, histopathological analysis revealed several key features consistent with IgG4-related
disease (IgG4-RD), a systemic fibro-inflammatory process typically accompanied by multifocal tumor-like lesions.
Surprisingly, within months, there was clear evidence of clinical and radiographic disease progression despite
second-line rituximab treatment, prompting a second surgical debulking. This final specimen displayed distinctive
features of Rosai-Dorfman disease (RDD), a systemic inflammatory disease characterized by uncontrolled histiocytic
proliferation. Interestingly, certain features of this re-excision specimen were still reminiscent of IgG4-RD, which not
only reflects the difficulty in differentiating RDD from IgG4-RD in select cases, but also illustrates that these
diagnoses may exist along a spectrum that likely reflects a common underlying pathogenetic mechanism. This case
emphasizes the importance of surgical biopsy or resection and histopathological analysis in diagnosing—and,
ultimately, treating—rare, systemic inflammatory diseases involving the orbit, and, furthermore, highlights the
shared histopathological features between RDD and IgG4-RD.
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Introduction
Orbital lesions can be grouped under six general cat-
egories: inflammatory, infectious, vascular, neoplastic,
metastatic (or secondarily invading), and developmental
[1]. Whereas some entities—particularly vascular orbital
lesions such as capillary hemangioma—may feature
unique characteristics on imaging, most others share clin-
ical and radiographic features, which complicates the es-
tablishment of a definitive diagnosis [1–3]. Distinguishing
between inflammatory masses and hematological lesions
(in particular, lymphoma) based solely on clinical and
radiographic findings is especially difficult [3]. Addition-
ally, the inflammatory syndromes that can present with
orbital masses are themselves a diverse category with
many overlapping features, including clinical history,
physical examination, and imaging findings [3, 4]. In chil-
dren and adolescents especially, inflammatory orbital
masses are rare and present a significant diagnostic chal-
lenge [4]. These considerations point towards the import-
ance of both obtaining substantive biopsy or surgical
specimens and detailed histopathological analysis in mak-
ing a definitive diagnosis of such lesions [3].
We present the case of an adolescent male with an in-

flammatory orbital mass that was especially challenging
to diagnose. He presented with a subacute, progressive,

inflammatory left orbital mass that was given a histo-
pathological diagnosis of IgG4-related disease (IgG4-RD)
following initial surgical debulking. However, the lesion
failed to respond to both first- and second-line treat-
ment for IgG4-RD and required further debulking due
to disease progression. Biopsy specimens obtained fol-
lowing a second surgical debulking revealed histology
that ultimately prompted a final diagnosis of Rosai-
Dorfman disease (RDD).

Case presentation
The patient was an otherwise healthy 17-year-old male
who presented with left eyelid swelling, retrobulbar pres-
sure sensation, and occasional diplopia worsening over
the preceding few weeks. MRI revealed an infiltrative,
enhancing, multi-compartmental lesion in the left infer-
olateral extraconal orbit associated with left-sided prop-
tosis, optic nerve displacement, suspected osseous
erosion of the orbital floor, and nodular lesions along
the left frontal scalp and buccal region. Initial transcon-
junctival orbital biopsy was suggestive of a non-specific,
benign, fibro-inflammatory lesion, but oral prednisone
therapy resulted only in minimal symptom improvement
without significant radiographic changes. An additional
minimally invasive periorbital biopsy was more

Fig. 1 MRI brain and orbits after multiple biopsies and worsening of ophthalmic symptoms. a T1-weighted post-contrast axial sequence at the
level of the optic nerve demonstrating avid enhancement of the left orbital lesion with infiltration of the left lateral rectus muscle and obvious
proptosis without associated optic nerve enhancement. b T2-weighted axial sequence showing the lobulated left orbital mass to be hypointense
and without significant surrounding edema. c Diffusion-weighted imaging showing significant lesional diffusion restriction. d Coronal and (e)
additional axial T1-weighted post-contrast images showing extension of the homogeneously-enhancing mass into the left maxillary sinus,
pterygopalatine fossa, infratemporal fossa, and surrounding soft tissues
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consistent with an atypical lymphoid infiltrate with
prominent B cell and polytypic plasma cell popula-
tions—considered potentially concerning for marginal
zone lymphoma. Of note, PET-CT imaging was negative
for evidence of lymphoma elsewhere. During the next
several months, the patient’s ophthalmic symptoms pro-
gressed, and he developed new neurological symptoms
(facial numbness and tingling). Interval enlargement of
the orbital lesion was noted on repeat MRI (Fig. 1a-e).
Initial surgical debulking of the left intraorbital retro-

bulbar mass was performed by a multidisciplinary surgical
team including skull base and pediatric neurosurgeons
and plastic surgery faculty; via a left orbitozygomatic cra-
niotomy, the bulk of the lesion bordering the extraocular
muscles and the portion extending into the infratemporal
fossa was resected and sent for histopathological analysis.
A fibroinflammatory process characterized by a dense
lymphohistiocytic infiltrate (Fig. 3a) containing abundant
plasma cells (Fig. 3c) was observed. Immunohistochemical
staining for IgG and IgG4 highlighted a large subpopula-
tion of IgG4-positive plasma cells (greater than 50 per
high-power field) (Fig. 3f), and the overall IgG4/IgG ex-
pression ratio was greater than 0.4 (Fig. 3e-f). Vague areas

of storiform fibrosis (Fig. 3b) and focal obliterative phle-
bitis (not shown) were also identified. Immunostaining for
ALK-1, which is useful when trying to establish a diagno-
sis of inflammatory myofibroblastic tumor, was negative
(Fig. 3d). Taken together, these features favored the diag-
nosis of IgG4-RD.
Postoperative imaging revealed radical resection at the

level of the optic nerve with residual enhancing mass in
the infraorbital region, the left cheek, and the maxillary
sinus (Fig. 2a). The patient continued to experience left
eyelid swelling, diplopia, and cheek numbness. He re-
ceived two doses of second-line rituximab (since he pre-
viously failed first-line corticosteroids), but despite this,
an MRI obtained approximately 2 months after initial
surgical debulking revealed extracranial disease progres-
sion in the maxillary sinus and fat planes of the left
cheek (Fig. 2b).
Therefore, nearly three months after the initial debulk-

ing, a second debulking surgery of the progressive extra-
cranial disease was attempted by plastic surgery;
dissection and en bloc resection of the mass from the
caudal margin of the tarsal plate down into the cheek,
around the deep muscles of the face, and through to the

Fig. 2 Postoperative and follow-up MRI brain and orbits after initial and second surgical debulkings. a Postoperative T1-weighted post-contrast
MRI brain and orbits obtained after initial surgical debulking demonstrating significant resection at the level of the optic nerve with residual
enhancing mass in the infraorbital region, left cheek, and maxillary sinus. There is residual circumferential enhancement around the optic nerve at
the orbital apex. A small postoperative fluid collection along the lateral and inferior left orbit is also observed. b Follow-up T1-weighted post-
contrast MRI obtained approximately 2 months after initial surgical debulking showing increased lobular enhancing soft tissue mass protruding
through the left orbital floor into the left maxillary sinus. Increased enhancement in the left retromaxillary fat and along the left maxillary alveolar
ridge are consistent with progressive disease. c Follow-up MRI obtained approximately 1 month after second surgical debulking demonstrating
interval resection of the premaxillary and infraorbital soft tissue enhancement without evidence of disease progression
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deep extension to the infraorbital fissure was performed,
and specimens were again sent to pathology. Surpris-
ingly, histopathological findings of this second surgical
specimen revealed new, informative diagnostic features.
While a diffuse inflammatory infiltrate characterized by

small lymphocytes, histiocytes, and IgG4-positive plasma
cells (up to 50–60 per high-power field) was still present
(Fig. 3g-i, l) and was associated with a somewhat ele-
vated plasma cell IgG4/IgG expression ratio (0.3), there
was a lack of apparent storiform architecture in the

Fig. 3 Histopathological findings after initial and second surgical debulkings. a-f Histopathological findings after initial surgical debulking. Scale
bar found in (a) is applicable to all panels unless otherwise indicated. a H&E, high-power, lymphohistiocytic inflammatory infiltrate with abundant
plasma cells. b H&E, low-power, significant storiform fibrosis. c Inflammatory infiltrate is composed predominantly of plasma cells highlighted by
CD138. d No ALK-1 immunopositivity was observed. e IgG and (f) IgG4 immunostains revealed > 50 IgG4-positive plasma cells per high-power
field and an IgG4/IgG ratio of > 0.5. g-l Histopathological findings after second surgical debulking: (g) H&E, low-power, diffuse inflammatory
infiltrate composed of small lymphocytes, histiocytes, and plasma cells with entrapped fat and adjacent skeletal muscle. h H&E, medium-power,
highlighting vasculature without evidence of obliterative phlebitis (also not seen with elastic stain, not shown). i H&E, high-power, inflammatory
infiltrate with collagen bands; absence of sclerosis. Histiocytes demonstrate S100 immunopositivity at (j) medium-power (scale bar in (i) applies)
and (k) high-power (scale bar in (a) applies), and emperipolesis is noted within the larger histiocytes. l The plasma cell component is rich in IgG4,
up to 50–60 per high-power field; the IgG/IgG4 ratio is approximately 0.3 (IgG immunostain not shown)

Fig. 4 Follow-up MRI brain and orbits after second surgical debulking. Follow-up T1-weighted post-contrast MRI brain and orbits obtained
approximately 4 months after second surgical debulking showing stable residual disease in the superior left maxillary sinus and along the left
orbital floor involving the inferior rectus muscle in the (a) coronal plane, (b) axial plane at the level of the optic nerve, and (c) axial plane at the
level of the maxillary sinus. Notably, the globes are normal in contour and there is resolution of prior proptosis
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fibrous stroma, and obliterative phlebitis was absent (Fig.
3h-i). Furthermore, large S-100-positive histiocytes with
foamy cytoplasm and hypochromatic nuclei with prom-
inent nucleoli were newly observed, and there was evi-
dence of emperipolesis (Fig. 3j-k). Although the
inflammatory component seen here was reminiscent of
IgG4-RD given its similarity to the previous specimen,
new findings more strongly supported a different final
diagnosis: RDD.
Following extracranial debulking, there was persistent

multi-directional diplopia; however, MRIs obtained at
approximately 1 month (Fig. 2c) and 4month (Fig. 4)
follow-up showed interval decrease in lesion size consist-
ent with surgical resection, and stabilization of disease
thereafter, including resolution of proptosis. Post-
surgical cicatricial ectropion of the left lower eyelid
along with myogenic ptosis of the left upper eyelid were
subsequently repaired by oculoplastic surgery. No fur-
ther treatment was required.

Discussion and conclusions
This case of orbital, extranodal RDD with features rem-
iniscent of IgG4-RD presented a diagnostic dilemma that
highlights the subtleties in diagnosing either disease in
an atypical location and supports the potential existence
of an overlap syndrome.
The differential diagnosis before surgical debulking

was broad. One possibility was inflammatory myofibro-
blastic tumor (IMT), which tends to occur in children
and can present as a well-defined soft tissue mass (as
initially seen in our patient) [5, 6]. Although uncommon,
orbital IMT has been reported in both children and
adults; its clinical features (unilaterality, proptosis, diplo-
pia, periocular swelling, and others) are often similar to
our patient’s [5, 7, 8]. Ocular adnexal lymphoma was
also on the differential, as patients can present with ex-
ophthalmia, orbital mass, reduced visual acuity, and dip-
lopia [9]. Orbital meningioma, Graves’ orbitopathy, and
idiopathic orbital inflammation, although less likely,
were also considered [10, 11].
Histopathological analysis following the initial surgical

debulking of the lesion’s orbital portion revealed several key
features, described above and shown in Fig. 3a-f, that met
consensus criteria (delineated by Deshpande et al. in 2012)
for tissue diagnosis of IgG4-RD [12]. Also supporting this
diagnosis was the presence of myofibroblasts and dense re-
gions of IgG4-immunopositive plasma cells. IgG4-RD typic-
ally presents as a systemic fibro-inflammatory process
accompanied by multifocal tumor-like lesions [12]. Al-
though type 1 autoimmune pancreatitis is the archetypal
manifestation, the head and neck region is the second most
commonly affected area [13, 14]. The first systematic review
of head and neck IgG4-RD found that the orbit was the
most frequently affected site [15, 16]. Interestingly, an

additional systematic review of pediatric IgG4-RD found
that primary orbital disease was the most common mani-
festation in children [17, 18]. Orbital IgG4-RD in adults
usually involves the lacrimal gland; however, in children,
the surrounding orbital soft tissues, musculature, and tri-
geminal nerve branches are more typically involved (as seen
in our patient) [15, 18]. First-line IgG4-RD treatment is typ-
ically 2–4weeks of steroids (usually prednisone) followed
by a gradual taper [19]. In the rare case that steroids fail to
control disease, rituximab is considered second-line treat-
ment [20]. A systematic review of treatment outcomes in
95 patients with orbital IgG4-RD suggested that rituximab
is the most efficacious non-steroidal immunosuppressive
agent, with a success rate greater than 90% [21]. The failure
of our patient’s lesion to respond to both steroids and ritux-
imab, while possible in IgG4-RD, is extremely unusual and
questioned the validity of this initial diagnosis.
Histopathological analysis following the second

debulking surgery shifted our diagnosis towards RDD.
RDD is an inflammatory syndrome characterized by un-
controlled histiocytic proliferation [22]. It is rare, with
an incidence in the United States of approximately 100
cases annually [23]. While extranodal RDD is identified
in approximately 43% of cases, ophthalmic presentations
have been reported in only 11% [22]. Facial cutaneous
RDD is even rarer, and interestingly, most facial cutane-
ous RDD manifestations (including those seen in the
periorbital soft tissues) present as isolated lesions [24].
Age at presentation is skewed towards younger individ-
uals (such as our patient), with a mean age at diagnosis
of approximately 21 years [22]. Males and/or those of
African descent are disproportionately affected [23].
RDD treatment varies by affected site, ranging from ob-
servation alone in simple lymphadenopathy or asymp-
tomatic cutaneous RDD to steroids for more
symptomatic, progressive, or multifocal disease—al-
though steroid efficacy is not well-established [23].
The biopsy specimens obtained from the second surgi-

cal debulking were most notable for having numerous
“RDD cells”: large, S-100-positive histiocytes with
“watery-clear” or “foamy” cytoplasm and a hypochro-
matic nucleus with a conspicuous nucleolus (Fig. 3k)
[25]. Emperipolesis, another canonical feature of RDD,
was also observed (Fig. 3k) [23]. Emperipolesis is less
conspicuous in cutaneous manifestations of RDD; in
equivocal inflammatory facial lesions, larger excisional
biopsy specimens seem necessary to better ensure com-
prehensive analysis of such features [24]. Some features
of IgG4-RD, such as an elevated plasma cell IgG4/IgG
expression ratio, were still present; however, in this spe-
cimen, the ratio did not strictly meet IgG4-RD diagnos-
tic criteria, and both storiform fibrosis and obliterative
phlebitis were absent as well. Local recurrence of RDD
following surgical resection—particularly in orbital
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disease, as in this case—is not uncommon [26–28]. Ul-
timately, local disease progression despite steroid and ri-
tuximab treatment, the need for extensive surgical
debulking to achieve disease stabilization, new histo-
pathological findings, and a clinical picture consistent
with RDD converged onto a final unifying diagnosis of
extranodal RDD, notably with focal atypical features
reminiscent of IgG4-RD.
Interestingly, a report published by Bertero et al. de-

scribed a similar case of an orbito-temporal mass ultim-
ately diagnosed as “Rosai-Dorfman meningeal disease
with IgG4-related disease histological features”; just as in
our case, initial histopathological analysis of was suggest-
ive of IgG4-RD, while further samples exhibited features
pathognomonic for RDD [29]. The histologic overlap be-
tween IgG4-RD and RDD in both of these cases may in-
dicate a common pathogenesis underlying at least a
subset of these two inflammatory processes. Kuo et al.
first proposed a potential relationship between IgG4-RD
and RDD based on shared histological and molecular
features across 12 cutaneous RDD cases [30]. In addition
to the presence of pathognomonic “RDD cells,” all 12
cases demonstrated abundant IgG4-positive plasma cells
and various degrees of stromal fibrosis. Furthermore,
three cases in this series met strict consensus criteria for
plasma cell expression of IgG4 for IgG4-RD established
by Deshpande et al. [12], with an IgG4/IgG ratio greater
than 0.4 [30]. Fayne et al. provide another cases series
also suggesting that, especially in primary cutaneous
manifestations of RDD, there exists a potential subgroup
with an abundance of plasma cells and inconsistent
RDD features throughout the lesion (particularly emperi-
polesis) [31]. In a larger series of 26 RDD samples, which
included both nodal and extranodal cases, Zhang et al.
found that 30.8% of cases displayed an IgG4/IgG ratio
that met consensus criteria for IgG4-RD [32]. Addition-
ally, they demonstrated that IgG4 plasma cell burden
and regulatory T-cell (T-reg) infiltration were positively
correlated with the degree of lesional sclerosis, particu-
larly in recurrent or persistent disease [32]. T-regs pro-
duce interleukin-10 (IL-10) and transforming growth
factor-β (TGF-β); the former induces IgG4 class switch-
ing, and the latter induces collagen production and fi-
brosis—both critical phenomena in IgG4-RD
pathogenesis [33]. The variable presence of T-regs and
subsequent IgG4 expression in RDD, particularly in
extranodal progressive disease (as seen in our patient),
suggests either that RDD and IgG4-RD may coexist
across a single pathological spectrum, or that RDD may
demonstrate characteristics of IgG4-RD during specific
phases of disease progression as a consequence of T-reg
influence on associated inflammation.
Another key observation from Zhang et al. was that

adult RDD cases harbored more sclerosis than pediatric

cases [32]. Two additional series replicated this associ-
ation of older age at presentation with increased scler-
osis and IgG4-RD features [34, 35]. In a series of 32
nodal and extranodal specimens reviewed by Liu et al.,
three demonstrated an IgG4/IgG ratio greater than 0.4—
all from older adolescents or adult patients [34]. Menon
et al., who reviewed the largest RDD series to date of 70
samples for features of IgG4-RD, also found that 12
cases met consensus criteria for IgG4 expression; the
median age at presentation of these 12 cases and the
median age at presentation of all IgG4-positive cases in
the series (55 and 54 years, respectively) were both sig-
nificantly higher than that for IgG4-negative cases, at 27
years [35]. Menon et al. also identified a significant male
predominance among the highest IgG4-expressing cases
[35]. Presentation of cutaneous RDD with features of
IgG4-RD in an older adolescent male fits with the lim-
ited clinical and histopathological data on this potential
overlap syndrome. The seemingly temporal nature of the
presentation of RDD with IgG4-RD features is further-
more suggestive of a spectrum disorder, with pathogen-
esis potentially varying according to age of onset in
addition to the likely varied contribution of T-regs. Iden-
tification of RDD cases that lean towards IgG4-RD may
also have critical implications for treatment. Most RDD
cases undergo spontaneous remission [36], but a handful
of reports on refractory cases—in particular, those with
IgG4 immunopositivity—have noted unusual steroid-
responsiveness [32, 37]. Since IgG4-RD and related syn-
dromes are known to respond dramatically to steroid
treatment [38], further investigation into IgG4’s role as a
potential biomarker for steroid-responsiveness in RDD is
warranted, although this phenomenon was not immedi-
ately apparent after a short course of steroids in this pa-
tient’s case.
The diagnostic dilemma highlighted by this case is

critically hypothesis-generating with respect to the na-
ture of adult extranodal RDD and its potential relation-
ship with IgG4-RD. Informative histopathological
evidence was not obtainable without substantial surgical
tissue sampling. Furthermore, the patient’s lesion ap-
peared to display not only regional differences in plasma
cell and histiocyte expression, but also a clinical re-
sponse to treatment not clearly consistent with any pre-
viously reported RDD-related or IgG4-RD–related
entity. Previous series have identified examples of RDD
with features of IgG4-RD, especially in young adults with
progressive, refractory disease. Further investigation into
whether RDD and IgG4-RD may exist across a shared
pathological spectrum due to similar molecular patho-
genesis, likely dependent on T-regs, is necessary to im-
prove our understanding and optimize our management
of these rare and challenging systemic diseases.
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