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Abstract

Purpose Patterns of orbital lymphoma at diagnosis and

follow-up are described. We also discuss differential diagnosis

of orbital masses.

Materials and methods This pictorial review contains 19 cases

of orbital lymphoma before and after treatment. Superior-lateral

quadrant and extra-conal location were observed predominant-

ly. Effective response after treatment was presented on follow-

up imaging, although few local relapses were found. Further

follow-up showed no changes of residual images.

Discussion Location of orbital masses can help in the differ-

ential diagnosis. Moreover, imaging features of lymphoma at

diagnosis can be useful in planning surgical biopsy. Pattern of

follow-up described may be relevant on monitoring imaging.

Teaching points

* Orbital lymphoma involves mainly superior-lateral quadrant
and the orbital structures inside.

* Location of retrobulbar mass-like lesions are useful infor-
mation in the differential diagnosis.

* Satisfactory response is detected after treatment, however
relapse is noted, so follow-up is needed.

Keywords Lymphoma - Orbital adnexa - Orbit - Magnetic
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Introduction

Orbital lymphoma represents a small fraction of all systemic
lymphomas that account for approximately 1-2 % of non-
Hodgkin lymphomas. Lymphoma is reported to constitute
between 6 and 8 % of orbital tumours, however, the inci-
dence is estimated to be rising and has doubled in the last
two decades [1, 2].

Lymphoproliferative disease includes a spectrum of
disorders ranging from benign (lymphoid hyperplasia) to
malignant disease (lymphoma), passing by atypical lym-
phoid hyperplasia. Immunohistochemical and molecular
biological studies have been reliable to differentiate these
entities. Orbital lymphomas are a heterogeneous group of
malignancies, most of them are primary extranodal lym-
phoma of the marginal zone of mucosa associated with
lymphoid tissue (MALT type lymphoma). These lymphomas
arise in lymphoid tissue acquired in certain extranodal sites
as a result of chronic inflammation or autoimmune disorders.
Recent advances in molecular and cytogenetics establish
that lymphoma can be associated with Chlamydia psittaci
infection [3].

This tumour is seen more commonly in the 5th—7th
decades of life with a slight female predominance. The
orbital infiltration by lymphoma is characterised by a
palpable, firm or rubbery mass. Other symptoms are pro-
gressive proptosis, decreased visual acuity, motility distur-
bances and diplopia. Occasionally, periorbital oedema is
seen [4-6].
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Table 1 Histological subtypes of orbital lymphoma

Lymphoma subtypes Number of patients

Extra-nodal marginal zone lymphoma (MALT) 16

Diffuse large B-cell lymphoma 2
Follicular lymphoma 1
Background

The radiological findings found in orbital lymphoma
have been previously reported in the literature. This
tumour has been described as a mass with distinct mar-
gins, which shows an isointense signal on T1-weighted
images and iso-hyperintense on T2-weighted images.
Variable enhancement has been reported after contrast
administration [7]. Previous published reports display
useful information that can help to differentiate orbital
lymphoma from other masses. Spiral computed tomogra-
phy (CT) using a dual-phase contrast-enhancement pro-
tocol report that lymphomas have a decrease in density
on delayed images, as opposed to orbital pseudotumours,
whose density increases on delayed images [8]. More-
over, low values in the apparent diffusion coefficient on
diffusion-weighted magnetic resonance imaging (MRI) have
been found helpful to discriminate lymphoma from other
expansive orbital lesions [9].

Purpose

This review is focused on describing the patterns of
orbital lymphoma. The characteristic distribution and in-
filtration of some orbital structures will define useful
items to orientate a proper diagnosis. Additionally, this
information can be helpful in ophthalmological surgery
to obtain an optimal sample for accurate diagnosis. Dif-
ferential diagnosis regarding the location of orbital masses
will be developed in this article. Moreover, the patterns
during follow-up and the frequency of relapses are de-
scribed. This information will assist the radiologist for
proper monitoring.

Fig. 1 a This graph represents
the lymphoma distribution at the sup
diagnosis. The superior (SUP) ;

and lateral (LAT) quadrant is the 59% | 26%
most common, medial (MED) 1T
and inferior (/NF) quadrants are
less affected. b Coronal
reconstruction of contrast CT
shows bilateral orbital
lymphoma: two homogeneous
masses are circled in both
superior and lateral quadrants

a
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Materials and methods

Inclusion criteria in this retrospective study were: (1) histo-
logical confirmation of lymphoma by biopsy and (2) to have
available radiological exams before and after treatment.
Nineteen patients (11 men and eight women, age range
37-80 years, mean 60) fulfilled the inclusion criteria and
were included in the study. Fifteen cases were examined by
CT and four by MRIL.

Imaging of the orbit was performed by CT with the
following technique: voltage: 120 kV, current: 150 mA, ro-
tation time: 0.65 s, dose profile average: DLP: 175 mGy-cm
and CTDIvol: 20 mGy and/or a 1.5-T MRI system. Axial
acquisition and coronal reconstruction without and with
contrast was done on CT scans. The MRI protocol included:
axial and coronal T2-weighted imaging and T1 without and
with contrast, and fat suppression T1-weighted imaging after
contrast.

Informed consent for clinical radiological exams were
obtained for all patients included in this retrospective re-
search. Most lymphomas included in the study were MALT
category, other histological subtypes found were as shown
in Table 1.

In order to make a proper description of the tumour, the
orbit was divided into four separated quadrants. Taking into
account this classification, number of involved quadrants (1/2/
3/4) and dominant quadrant (superior-lateral/superior-medial/
inferior-lateral/inferior-medial) were evaluated in our study.
Moreover, the following radiological data were analysed as
well: bilaterality (unilateral/bilateral), distribution (intra-
conal/extra-conal/intra- or extra-conal) and orbital structures
affected (conal muscles, lacrimal gland, eyelid and optic
nerve).

Ann Arbor classification was followed in our centre,
thus, stage I (single orbit extralymphatic site) and low-
grade tumours were treated by radiotherapy (overall
dose of 35-40 Gy, in fractions of 2 Gy) for 1 month.
Otherwise, aggressive subtype lymphoma or advanced
stage (II, III or IV of Ann Arbor Criteria) combined
with chemotherapy [10]. Radiological findings were
reviewed regarding treatment response related to the

b
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Fig. 2 Contrast CT scans obtained in two different patients show
typical pattern of orbital involvement by lymphoma. a There is
superior and lateral rectus muscle as well as lacrimal gland
involvement in a coronal reconstruction of CT. It is highlighted
the predominant superior lateral quadrant involved. b CT after
contrast shows a slight enhancement lesion within the eyelid
(red arrows)

size of orbital tumour during the follow-up. The follow-
ing degrees of response were considered in the first
check-up (after 6-12 months): complete response (disap-
pearance of lesion), partial response (decrease of the
size of the tumour of more than 50 % of the longest
diameter), stable disease (decrease of less than 50 % or
increase of less than 25 %) and progressive disecase
(increase of more than 25 %). Further follow-up exams
were reviewed in some patients at time intervals of 1 year on
average.

Results

The results are divided into the following items: patterns of
involvement at diagnosis, follow-up and relapses.

Diagnosis

Quadrants Regarding the number of affected quadrants,
one quadrant was the main form (12/19, 63 %). Involvement
of two (5/19, 26 %) and three quadrants (2/19, 11 %) were
uncommon.

The most frequent location was the superior-lateral quad-
rant (11/19, 59 %). The superior-medial quadrant was in-
volved secondary (5/19, 26 %). Inferior quadrants were
unusual (3/19, 15 %) (Fig. 1a).

Bilaterality Most cases had unilateral involvement (18/19,
95 %) whereas bilateral affectation was exceptional (1/19,
5 %) (Fig. 1b).

Distribution Based on the classical division of the orbit, the
following spaces were considered: extra-conal compartment
(outside the muscles cone) and intra-conal compartment
(inside the muscles cone). Depending on this classification,
the distribution of orbital lymphoma cases in order of fre-
quency was: intra- and extra-conal (9/19, 47 %), extra-conal
(8/19, 42 %) and intra-conal (2/19, 11 %).

Orbital structures Regarding the orbital structures involved
by lymphoma, the following results were found in descend-
ing order: superior rectus muscle (14/19, 74 %), lateral
rectus muscle (11/19, 59 %), eyelid (10/19, 53 %) and
lacrimal gland (9/19, 47 %). Some examples of these local-
isations are shown in Fig. 2. The remaining conal muscles
were less frequently affected. Contact with optic nerve was
reported in two cases.

Other features Other locations were described exceptionally
in the literature, such as intracranial dural extension, which
were not found in our study [7]. No tumoural calcification
was observed in this review, nor involvement of bony

Fig. 3 Contrast axial CT scans demonstrate complete lymphoma re-
sponse after radiotherapy. a Well-defined mass (red asterisk) involves
mainly the eyelid and the insertion of lateral rectus muscle. b First

check 6 months after the diagnosis displays complete disappearance of
tumour. Pay attention to the preserved fat tissue between the insertion
of lateral rectus muscle and eyeball (red arrow)
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Fig. 4 An example of a partial
lymphoma response after
treatment with residual images
that remain stable on CT scans
during the monitoring.

a Homogeneous mass within
superior-lateral quadrant is
observed at diagnosis of lym-
phoma on non-contrasted CT.
After treatment, marked reduc-
tion of the size is noted, although
residual circled images keep
stable in the following checks.
b First contrasted CT after

8 months treatment. ¢, d Annual
checks present no changes on
non-contrasted CT

structures. Although lymphoma can contact with bony
orbital structures, no erosion or hyperostosis was noted.
Similar behaviour within the eyeball has been described.
Wide contact and even displacement of the globe have
been observed, although no intraocular mass or infiltra-
tion signs were reported. Despite these features being
observed in our images, radio-pathological correlation
was not performed.

In addition, localisation of lymphoma is useful informa-
tion when planning the appropriate surgical technique. For
example, the management of adjacent structures, such as
conal muscles, feeding vessels and nerves should deter-
mined. This information is helpful in order to avoid surgical
complications.

Follow-up

The assessment at first post-treatment follow-up exam
was tabulated as follows: complete response (3/19,
15 %) (Fig. 3) and partial response (15/19, 80 %)
(Fig. 4). Progressive imaging disease was observed in
1/19, 5 %, although satisfactory clinical response was
seen before.

Further follow-up exams were performed every 12 months
on average within a period from 1 to 5 years (mean,

2 years). Most subjects showed no changes, or even de-
creased size, of the residual images. However, relapses
have been reported in two patients after 1 and 3 years,
respectively (Fig. 5).

Discussion
Lymphoma diagnosis

In this study, we have found that lymphomas have a
characteristic localisation in the orbit that can assist
radiologists to orientate a proper diagnosis. This typical
location consists of the involvement of superior quad-
rants; specifically, the superior-lateral one. The most
commonly infiltrated structures are found within the
superior-lateral quadrant, such as the superior rectus
muscle, lateral rectus muscle, lacrimal gland and eyelid.
Involvement of intra-conal space is usually associated
with the extra-conal one, and is related with large size
of the tumour. Therefore, an intra-conal involvement
alone will not be the main pattern of lymphoma in the
orbit. In addition, low prevalence is described within
occupation of lower quadrants and contact with the
optic nerve.

$

Fig. 5 Contrast CT scans show local relapse after response post-
treatment of lymphoma. a First exam after 6 months post-treatment
present positive response. b Although, second exam 12 months later
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Differential diagnosis

These conclusions may help in the differential diagnosis of
retrobulbar orbital mass-like lesions in adults. No globe
tumours or childhood diseases are included. Classical dis-
tribution of intra/extra-conal spaces are used in the differen-
tial diagnosis as shown in Fig. 6 [11, 12]:

The most common intra-conal tumours are meningio-
ma and glioma (Fig. 7). Optic nerve sheath meningioma
is a solid, tubular, well-defined mass which presents
uniform intense enhancement after contrast compared
with the non-enhancing optic nerve (“tram-track sign”
on axial images and “bull’s eye” on coronal images)

a
CM: Vision loss + proptosis
Meningioma prop
IF: “Tram-track and
perioptic cyst sign”
40 % calcifications
CM: Decreased vision
Glioma .
Intraconal - IF:  Fusiform mass
Posterior involvement
CM: Proptosis
Cavernoma
IF:  Well defined + ovoid
Pseudocapsule
Central enhancement
CM: Proptosis
Inflammatory IF:  Delayed enhancement
pseudotumor Low signal on T2WI
CM: Eyelid retraction
. Proptosis
Thyr0|d IF:  Thickened muscle
orbitopathy bellies
Intra/Extraconal — -
CM: History of tumor
. IF:  Marked enhancement
Metastasis Bony destruction
CM: Inferior-medial
displacement of globe
Lacrimal gland
tumors IF: Punctate calcification
Heterogeneous signal

Fig. 6 Intra-conal and intra/extra-conal mass-like lesions within adult-
hood are represented within this diagram. Main clinical manifestation
(CM) and imaging findings (/F)) are summarised. a First chart shows
intra-conal mass-like lesions. b Second chart presents intra/extra-conal
mass-like lesions

[13, 14]. Around a third to a half display calcifications.
Due to the characteristic encasement of meningioma it
entails the well-known “perioptic cyst” between tumour
and globe. Optic nerve glioma is frequently an aggres-
sive subtype in adults. There is unilateral enlargement,
moderate irregular enhancement and posterior extension.
Bilateral low grade glioma associated with NF occurs
most often in paediatric patients [15, 16].

Cavernous haemangioma (or malformation) is commonly
found as a well-defined intra-conal mass bounded by a
fibrous pseudocapsule which manifests proptosis. High den-
sity can be identified due to microcalcification and may
have low-intensity septation on T2-weighted imaging. Dy-
namic enhancement started from one point or portion and
fills homogeneously on delayed images [17-20]. Another
exceptional retrobulbar mass lesion might include Erdheim-
Chester disease, which presents bilateral intra-conal masses
associated with skeletal, retroperitoneal and pulmonary
manifestations [21, 22].

The differential diagnosis for masses involving the
intra- and extra-conal compartment should include
(Fig. 8): inflammatory/metabolic disease (orbital inflam-
matory pseudotumour, thyroid orbitopathy, sarcoidosis)
and neoplasm (lacrimal tumours, lymphoma and metas-
tasis). Exceptional diseases—such as Sjogren, Wegener,
and Kimura diseases—are just mentioned. Cystic retro-
bulbar lesions (such as dermoid and epidermoid cyst or
mucocele) have different density (on CT) and intensity
(on MRI) from soft tissue mass.

Lymphoproliferative disease of the orbit is a spectrum of
disorders that are included in this differential. All three
entities mentioned before (lymphoid hyperplasia, atypical
hyperplasia and lymphoma) are challenging to differentiate
by imaging, however, hyperplasia occupies mainly intra-
conal space [7].

Inflammatory pseudotumours are often associated with
fat tissue infiltration or oedema. Hypointense T2 signal is a
helpful feature in order to differentiate from other tumours
[23]. Extraorbital extension has been reported [24]. Variable
contrast enhancement is described, although dual-phase
contrasted CT reported an increased density on delayed
images [8].

Thyroid orbitopathy consist in thickened muscles bellies
over 4 mm. Common rectus muscles involved are inferior,
medial, superior and lateral (mnemotecnics: “I'M SLow”).
The tendinous insertion is usually not involved. Prominent
intra-conal fat can also result in proptosis.

Sarcoidosis is a non-caseating granulomatous inflamma-
tion. Diffuse infiltration of orbital structures and dural thick-
ening is identified [25, 26]. Finally, any malignant tumour
may metastasise within the orbit. Characteristic finding may
be hyperintensity on T2-weighted imaging and heteroge-
neous enhancing mass. Bone destruction can occur [27, 28].
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Fig. 7 Examples of intra-conal
mass-like lesions are given. a
Fat-suppressed T1-weighted im-
aging shows tubular mass lesion
which enhances intensively after
contrast. On this axial image, the
optic nerve (blue asterisk)
appears as a negative defect in
relation to the surrounding optic
nerve sheath meningioma (red
arrows), producing “the tram
track sign”. b Optic glioma (red
arrows) presents intra-conal
mass and high signal intensity on
axial T2-weighted imaging. This
glioma is seen as a fusiform and
well-defined lesion without in-
tracranial extension. The patient
presented a clinical history of
vision loss. ¢ Contrast CT scan
presents an intra-conal well-
defined round lesion. On venous
phase CT shows homogeneous
delayed enhancement in keeping
with cavernous hemangioma. d
Non-contrast CT scan shows
bilateral homogeneous lesions in
patient diagnosed of Erdheim-
Chester disease. Typical location
is intra-conal, so there is marked
displacement of conal muscle
due to the large size of the lesion

Lacrimal gland lesions can be classified into epithelial
and non-epithelial. Epithelial tumours can be benign (pleo-
morphic adenoma) or malignant (pleomorphic adenocarci-
noma). Carcinomas have heterogeneous signal intensity on
T1- and T2-weighted images. Scalloped remodelling of
bone structures and punctate calcification are occasionally
identified [12].

Lymphoma follow-up

Radiological pattern after treatment can be helpful to the
radiologist in monitored reports. Accordingly, 95 % of cases
showed satisfactory response at first check post-treatment.
Residual images were stable in most of the cases at the
further follow-up. Previous studies [29—31] have also de-
scribed some evidence of the high sensitivity of orbital to
radiation therapy.

Although outstanding results have been achieved with
radiotherapy, a balance against frequent treatment-related
toxicities is needed. The most common toxicities consist
of cutaneous and conjunctival reactions. Other long-term
complications are cataract formation and xerophthalmia.

@ Springer

High radiation dose may result in severe ophthalmological
toxicity, such as ischaemic retinopathy, optic atrophy, cor-
neal ulceration and neovascular glaucoma, associated with
significant vision loss [32]. Therefore, although the recom-
mended treatment is radiotherapy, there is no consensus on
the optimal dose to be administered. New guidelines like the
National Cancer Centre Network support low dose of radio-
therapy at an early stage. Additional radiotherapy could be
offered in recurrences [33]. Hence, these trends imply a
relevant role of the radiological follow-up. The radiological
evaluation should be as accurate as possible in order to
detect orbital recurrences of lymphoma at an early stage.
On the other hand, the radiation dose is essential informa-
tion in monitoring.

Conclusion

This study provides a pattern of localisation of lymphoma
which will be valuable for radiologists in the differential
diagnosis of orbital masses. Combined CT and MRI can
orientate a proper orbital mass diagnosis, although biopsy
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Fig. 8 Common extra-conal
mass-like lesions are shown: a
There is marked hypointensity
signal on T2-weighted imaging,
which involves retrobulbar space
and it seems to extend into or-
bital fissure (red arrows). These
imaging findings were in keep-
ing with pseudotumour inflam-
matory. b Patient with thyroid
orbitopathy disease presented
thickened muscles like the infe-
rior rectus muscle (red asterisks).
Prominent intra-conal fat was
identified on this coronal recon-
struction of non-contrast CT
scan. ¢ Metastatic melanoma
shows a large mass with in-
volvement of bony structures
such as destruction of orbital
plate of ethmoidal bone (dashed
red line) and occupation of eth-
moidal cells. Marked heteroge-
neous enhancement is seen on
this axial contrasted CT scan. d
Patient with exophthalmos and
pathology diagnosis of lacrimal
gland adenocarcinoma presents:
ill-defined mass with medial and
inferior displacement of the eye-
ball. Microcalcifications (red
circled) are noted on non-
contrast axial CT scan

will still be required, imaging can help in this process too. It
also offers a post-treatment guide of response after treatment
which could be certainly beneficial in daily radiological
practice. Some limitations should be considered in this
study. First, most of our cases were evaluated by CT-
scanning alone, with MRI being used in a low percentage
of cases. We consider that multiplanar reconstruction and
thin slice thickness by CT allows a correct localisation of
lymphoma in orbit. Besides, intra-orbital fat provides natu-
ral contrast in CT exams, which achieves satisfactory differ-
entiation of other structures. Furthermore, calcifications can
be useful in the differential as well as the involvement of
bony structures. Despite CT and MRI having a complemen-
tary role in the assessment of mass-like lesions in the orbit,
MRI provides higher resolution in soft tissue evaluation.
Moreover, recent development techniques such as marked
thin slices and diffusion have an important value in the
diagnosis and monitoring of lymphoma [9]. Due to this
recent evidence and in order to avoid irradiation of the orbit,
MRI will be the modality of choice, even if both techniques
are available. Second, this is a retrospective study with a
heterogeneous range of techniques used and periods of

follow-up. Nevertheless, several cases and follow-up times
were found, despite the low frequency of this disease, provid-
ing useful knowledge about this quite uncommon entity. Fu-
ture research can be focused in the quadrants involved by the
diverse orbital masses as well as the post-treatment monitor-
ing depending on the dose of radiotherapy in lymphoma.
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