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Abstract

Background: Neurolymphomatosis involving the cranial nerves (CNs) is rare. We sought a better understanding of
the primary disease sites and patterns of spread in neurolymphomatosis of the orbit and retro-orbital cranial nerves.

Methods: Patients with lymphoma and MRI evidence of neurolymphomatosis of CN I, Ill, IV, V;, or V, were
retrospectively reviewed. Demographics and primary disease site and sites of neurolymphomatosis on MRI were
recorded. Wilcoxon rank sum test was used to compare number of sites of neurolymphomatosis with lymphoma
type and survival.

Results: The study included 18 patients. The most frequent types of lymphoma were diffuse large B-cell (DLBCL)
(n=9) and marginal zone (n = 3). In 9 patients, lymphoma presented as a mass (n=7) or infiltrative disease (n =2)
directly involving the orbit; in 6, a maxillofacial mass spread directly to CNs; and in 3, lymphoma at remote sites
spread to orbital CNs. Overall, 81 sites of neurolymphomatosis were noted. The most common sites were the
maxillary nerve (V,) including at the infraorbital fissure or foramen rotundum (17 patients; 19 nerves),
pterygopalatine fossa (16 patients; 19 nerves), and cavernous sinus (9 patients; 12 nerves). Number of sites of
neurolymphomatosis was significantly lower for DLBCL than for other lymphoma types (p = 0.007). Number of sites
of neurolymphomatosis did not affect survival (p =0.26). The mean interval between the pathologic diagnosis and
MRI documentation of the full extent of neurolymphomatosis was 39 days after pathologic diagnosis.

Conclusions: Based on our study results, neurolymphomatosis in the orbit appears to be frequently associated with
an orbital and/or maxillofacial mass and commonly involves CN V5, the pterygopalatine fossa, and the cavernous
sinus. DLBCL may be associated with fewer sites of neurolymphomatosis than other lymphomas. In patients with
lymphoma, a systematic search for neurolymphomatosis is imperative for early detection.
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Background

Non-Hodgkin Lymphomas (NHLs) are a class of lym-
phoproliferative malignancies that may arise in extra-
nodal locations and often involve both nodal and extra-
nodal sites [1]. New treatments for NHL are leading to
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longer survival times and lower mortality, and this may
increase the incidence of central nervous system disease
involvement. Thus, the number of patients presenting
with ophthalmologic sequelae of NHL may increase [2].
Different types of malignancies can directly involve the
cranial nerves which is termed perineural spread (PNS).
When specific to hematological malignancies, including
lymphoma, this spread along the cranial and peripheral
nerves is termed neurolymphomatosis, which is rare.
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PNS and neurolymphomatosis are different from lepto-
meningeal disease (LMD) which is the spread of a malig-
nancy to the cerebrospinal fluid with involvement of the
leptomeninges including the arachnoid, subarachnoid
space, and pia mater, and also includes the cranial
nerves. Neurolymphomatosis affects patients with NHL
and lack of detection may lead to a delay in diagnosis [3,
4]. The incidence of neurolymphomatosis is increasing
worldwide, and this may be due to increased awareness
and earlier detection with more sophisticated diagnostic
techniques [5].

To the best of our knowledge, there are no large case
series and only a few reports in the literature about neu-
rolymphomatosis occurring in patients with lymphoma
in or near the orbit [2, 6-8]. To improve understanding
of neurolymphomatosis in the orbit and retro-orbital
cranial nerves associated with NHL, we reviewed the
demographics and MR imaging findings of patients with
this presentation who were treated at our institution, a
major cancer center.

Methods

This retrospective study was approved by the Institu-
tional Review Board at The University of Texas MD
Anderson Cancer Center. The research was HIPAA
compliant and adhered to the ethical principles in the
Declaration of Helsinki as amended in 2013. Our radio-
logical database was searched to identify patients, both
children and adults, who received a pathologic diagnosis
of lymphoma at our institution between August 2005
and June 2019 and had magnetic resonance imaging
(MRI) evidence of neurolymphomatosis involving the
CNs closest to the orbit, specifically CN II, III, IV, V3, or
V,. A total of 18 patients were identified who met these
criteria, and these patients were included in the study.

A head and neck radiologist (JMD) with over 20 years
of experience reviewed each of the MRI studies for evi-
dence of neurolymphomatosis, determined the extent of
disease, and recorded the presence of any enhancement
representing NL in CN II through CN XII, the pterygo-
palatine fossa (PPF), the vidian canal, and Meckel’s cave.
Neurolymphomatosis involving the superior orbital
fissure was included as part of CN V;, and neurolym-
phomatosis involving the infraorbital fissure or foramen
rotundum was classified together with neurolymphoma-
tosis involving CN V,. The reviewed MR images of the
orbits included axial T1 pre-contrast without fat satur-
ation, orthogonal T1 post-contrast with fat saturation
and axial T2 with fat saturation.

Data about survival were also obtained. The Wilcoxon
rank sum test was used to correlate the number of
sites of neurolymphomatosis with disease type and
survival.
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Results

The 18 patients in the study ranged in age from 24 to
78 years (mean, median [SD] 61, 63 [13] years) (Table 1).
Lymphoma was diagnosed by biopsy in 17 patients and
by lumbar puncture in 1. The type of lymphoma was
DLBCL in 9 patients, marginal zone lymphoma in 3,
other forms of low-grade B-cell lymphoma in 2, mantle
cell lymphoma in 2, NK/T-cell lymphoma in 1, and
chronic lymphocytic leukemia/small lymphocytic lymph-
oma in 1 patient. MRI documentation of neurolymphoma-
tosis preceded pathologic diagnosis of neurolymphomatosis
(by up to 59 days) in 5 patients and followed pathologic
diagnosis of neurolymphomatosis (by up to 176 days) in 13
patients; the mean interval (SD) between the pathologic
diagnosis and MRI documentation was 39 (62) days after
pathologic diagnosis. In 8 patients the lymphoma was re-
current; in these patients, the interval between initial diag-
nosis and diagnosis of recurrence ranged from 6 months to
11 years (mean [SD], 4.6 [4.7] years).

Primary disease sites and sites of neurolymphomatosis

In 9 patients, lymphoma directly involved the orbit in
the form of a mass (n=7) (Fig. 1) or infiltrative disease
(n=2) (Table 2). In 6 patients, a maxillofacial mass
spread directly to CN V; (n=1), CN V, (n=4), or the
PPF (n = 1) (Fig. 2). In 3 patients, distant disease spread
to CNs in the orbital or periorbital area was character-
ized by CN thickening and enhancement, and there was
no orbit or maxillofacial mass (Fig. 3).

Overall, 81 sites of neurolymphomatosis were localized
on MRI. The most common sites of neurolymphomato-
sis were V, including at the infraorbital fissure or for-
amen rotundum (17 patients; 19 nerves), the PPF (16
patients; 19 nerves), and the cavernous sinus (9 patients;
12 nerves). CN II was involved in 4 cases and in all 4 of
these cases there was also neurolymphomatosis on V2.
In patient #18 there was spread of disease to involve CN
VIIL. There was no involvement of CN I, CN III, CN IV,
CN VI, or CN VIII through CN XIL

The 9 cases of DLBCL were associated with 26 sites of
neurolymphomatosis, while the 9 cases of other types of
lymphoma were associated with 55 sites of neurolym-
phomatosis. The number of sites of neurolymphomatosis
was significantly lower for DLBCL than for the other
types of lymphoma (p =0.007). The appearance of dis-
ease in the orbits and sites of neurolymphomatosis by
tumor type are described in Table 2.

Treatment and follow-up

Sixteen patients were treated with chemotherapy and 2
with radiation (Table 1). Six of the 18 patients (33%)
died during follow-up. Five of these patients had DLBCL,
and 1 had low-grade B-cell lymphoma. No correlation
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Involvement of the foramen rotundum and cavernous sinus (arrows)

Fig. 1 Axial postcontrast MR images of a 51-year-old-man with DLBCL who presented with diplopia (patient 5). a Mass in the right lacrimal gland
and masticator space (arrows). b Extension from the orbital mass (large arrow) through the inferior orbit fissure (small arrow) into the PPF. ¢

was noted between number of sites of neurolymphoma-
tosis and survival (p = 0.26).

Discussion

Our results provide important information about the
primary disease sites and patterns of spread of neuro-
lymphomatosis in the orbit and retro-orbital cranial
nerves in patients with lymphoma. Neurolymphomatosis

most commonly occurred via direct spread from a solid
mass in the orbit or maxillofacial region; only a few
cases of neurolymphomatosis occurred via direct spread
from infiltrative disease in the orbit or hematogenous
spread from remote sites. CN V was affected in all cases,
and the maxillary division was the division most com-
monly affected; CN V involvement extended to the PPF
and cavernous sinus in the majority of cases. We also

Table 2 Lymphoma type, sites of primary disease, intraorbital disease appearance, and sites of neurolymphomatosis involvement in
patients with neurolymphomatosis in the orbit associated with lymphoma

Patient Lymphoma type  Site(s) of primary disease orbital /periorbital disease appearance  Site(s) of NL involvement®
1 DLBCL Maxillary sinus Spread to V5 V,, PPF
2 DLBCL Face Spread to V5 V5, PPF
3 DLBCL Masticator space, neck Spread to PPF V,, Vs, PPF, CS, MC
4 DLBCL Face Spread to V, V,
5 DLBCL Orbital/ Mass involving lacrimal gland, face, and V,, PPF, VC
face lateral orbit
6 DLBCL Maxillary sinus/ Maxillary sinus mass with spread to orbit Vs, PPF, VC
orbit
7 DLBCL Orbit, neck, and chest wall Orbital mass V,, PPF
8 DLBCL Forehead/eyebrow Spread to V, Vy
9 DLBCL Face Spread to V, V,, PPF, CS, MC
10 Marginal zone Orbit Lacrimal gland and posterior orbital mass Il, Vi, Vs, PPF, CS, MC
11 Marginal zone Orbit, skull base Infiltrative disease involving orbit and I, V,, V5, PPF, CS, VC, MC
extraocular muscles
12 Marginal zone Orbit mass posterior orbit Il V5, V3, PPF, CS
13 Low-grade B-cell Masticator space, sphenoid bone, orbit ~ Masticator mass with spread to orbit V,, PPF, CS
14 Low-grade B-cell Orbit, nasopharynx, neck Posterior orbital mass V4, Vs, Vs, PPF, CS, VC
15 Mantle cell Neck and chest CN involvement I, V,, PPF
16 Mantle cell Chest node CN involvement V,, V3, PPF, MC
17 CLL/SLL Abdomen CN involvement V,, Vs, PPF, CS
18 NK/T-cell Orbit, face, nasal cavity, nasopharynx Infiltrative disease involving nasal cavity V,, V3, VII, PPF, CS, MC

and orbit

“Bold italic font denotes bilateral involvement

CLL/SLL chronic lymphocytic leukemia/small lymphocytic lymphoma, CN cranial nerve, CS cavernous sinus, DLBCL diffuse large B-cell lymphoma, MC Meckel’s cave,

NK ntural killer, PPF pterygopalatine fossa, VC vidian canal
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facial nerve (not shown)

Fig. 2 Postcontrast MR images of a 66-year-old-man with NK/T-cell ymphoma who presented with facial numbness (patient 18). a Coronal
image shows a mass in the left side of the face and nasal cavity (large arrows) with infiltration of the orbit including the extra-ocular muscles
(small arrows). b Axial image shows the orbital mass (large black arrow) and extension through the inferior orbit fissure to the pterygopalatine
fossa (small black arrow). Involvement of the mandibular nerve (V3) is also present (white arrow). ¢ Axial images shows involvement of the
cavernous sinus (large black arrow) and Meckel's cave (small black arrow). There is spread via the superficial petrosal nerve (white arrow) to the

found that while DLBCL is the histologic type of lymph-
oma most often associated with neurolymphomatosis, it
appears to involve fewer sites of neurolymphomatosis
than other types of lymphoma and that there is no cor-
relation between number of sites of neurolymphomatosis
and survival. The mean interval between the pathologic
diagnosis and MRI documentation of the full extent of
neurolymphomatosis was 39days after pathologic
diagnosis.

Whereas we found that 13 of 18 patients with neuro-
lymphomatosis in the orbit had a primary tumor in the
form of a solid mass in the orbit and/or maxillofacial re-
gion, previous reports have stated that lymphoma involv-
ing the orbit appears as a well-circumscribed mass in
only approximately half of cases and is diffuse in the
remaining cases [9, 10]. Differences between these re-
ports and ours may be related to patient selection: we
selected patients who had a pathologic diagnosis of
lymphoma and MRI evidence of neurolymphomatosis
involving CN I, III, IV, V, or V,, and this included not
only patients with primary tumors that arose in the orbit

but also patients with invasion of the orbit from primary
tumors in locations such as the sinonasal cavity and
masticator space.

Four of the patients in our study had neurolymphoma-
tosis involving CN I, specifically the optic nerve sheath.
Of these 4 patients, 2 had an associated unilateral solid
mass in the posterior orbit. Both of the other 2 patients
who had neurolymphomatosis involving CN II without a
defined mass had bilateral lesions, and 1 had additional
infiltrative disease involving the extraocular muscles.
Kim et al. [2] noted that 1.3 to 12% of all lymphomas
spread only to the optic nerve. In our study, the patients
with CN 1II involvement also had spread along CN V.
Other studies have shown that lymphoma may present
not only with optic nerve sheath involvement but also
with enlargement of the optic nerve [11, 12].

In our study, all 18 cases of neurolymphomatosis in-
volved at least 1 of the 3 divisions of the trigeminal
nerve. Lymphomas arising in the premaxillary region
may spread to V, via the infraorbital foramen, lymph-
omas arising in the maxillary sinus may spread to V, via

Fig. 3 Postcontrast MR images of a 58-year-old-woman with relapsed Mantle cell lymphoma who presented with facial and jaw pain and
parasthesias on the cheek from hematogenous spread (patient 16). a Axial image demonstrates involvement of bilateral mandibular nerves (V3)
(large arrows) and the right maxillary nerve (V2) (small arrow). b Axial image demonstrates lymphoma in bilateral Meckle’s caves (large arrows)
and the right foramen rotundum (V2) (small arrow). ¢ Coronal images demonstrating involvement of bilateral mandibular nerves (V3) (arrows)
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the infraorbital canal and infraorbital nerve, and lymph-
omas arising in the orbit may spread to V, through the
inferior orbital fissure. As the trigeminal nerve is a path-
way for disease spread to the ocular adnexa or away
from the ocular adnexa to the PPF, foramen rotundum,
superior and inferior orbital fissures, cavernous sinus,
Meckel’s cave, and foramen ovale, these sites are all
commonly grouped together as sites likely to be affected
by neurolymphomatosis along CN V [2, 13-17]. This
direct communication explains the involvement of the
PPF and cavernous sinus in our study.

We also found that CN V; was involved in only 4
cases while V, was involved in 17 cases. In our experi-
ence, both neurolymphomatosis and PNS from other tu-
mors is more challenging to detect with MRI on V; than
on V,. This may be related to the fact that V; courses
through the superior orbit and is in close proximity to
the superior rectus/levator palpebrae complex and may
be difficult to visualize on MRIL.. Another potential ex-
planation for the more common involvement of V, than
of V; in our study is the finding, demonstrated by mul-
tiple authors [18—20], that LMD occurs more commonly
in dependent portions of the brain. This possibility could
be the topic of further investigation.

In our study, only 1 CN was involved in 13 of the 18 pa-
tients (72%). We found no cases of neurolymphomatosis
involving CN 1, III, IV, VI, or VIII-XII. Baehring et al. [4]
stated that approximately 20% of patients with neurolym-
phomatosis will have an isolated cranial neuropathy early
in the disease course, often involving CN VII and less fre-
quently involving CN II, IV, or V. With the exception that
we found no cases of isolated neurolymphomatosis involv-
ing CN IV, which in our experience is also challenging to
evaluate on MRI for neurolymphomatosis or LMD, due to
its small size and location, our results were in line with
what Baehring et al. stated, as only CN I, CN V, and CN
VII were involved. In 4 patients there was also spread
from the PPF to the vidian canal but not posteriorly to in-
volve the greater petrosal or facial nerves. The involve-
ment of so few cranial nerves may also be related to our
selection criteria; we aimed to evaluate neurolymphoma-
tosis in the orbit and periorbital area rather than address-
ing lymphoma arising in other locations. However, our
findings are similar to other reports that diffuse CN in-
volvement with neurolymphomatosis is not a common
presentation [21, 22].

CN VII was directly involved in only 1 patient in our
study, a patient with NK/T-cell lymphoma who also had
involvement of CN V with direct spread of neurolym-
phomatosis via the greater petrosal nerve to the facial
nerve. This pattern of CN spread is similar to the pat-
tern reported by Cruz et al. [23], who found CN VII/VIII
involvement in 1 of 6 patients with NK/T-cell lymphoma
and CN V disease in 4 of the 6 patients.
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In our study, half of the patients had DLBCL, and
DLBCL affected fewer sites with neurolymphomatosis
than other lymphoma types did. Given that DLBCL only
accounts for only about 10-15% of all cases of orbital
lymphoma according to most series, it was dispropor-
tionately associated with the presence of neurolympho-
matosis in our series [24]. Similarly, Azevedo et al. [5]
reported that involvement of multiple CNs is rare in
cases of DLBCL and Stacy et al. [25] found that 57% of
orbital DLBCL cases were restricted to the ocular ad-
nexa. In contrast, marginal zone lymphoma which ac-
counts for at least 60% of all cases of orbital lymphoma
was seen in only 3 patients with neurolymphomatosis in
our series [26]. We found that whereas DLBCL had a lo-
calized presentation, marginal zone, mantle cell, and
NK/T-cell lymphomas involved a significantly greater
number of sites of neurolymphomatosis (p =0.007). In
addition, the youngest patient in our study group was
24 years old suggesting that neurolymphomatosis is even
rarer in the pediatric population.

In our study, 5 of the 9 patients (56%) with DLBCL
died during follow-up even though DLBCL was associ-
ated with significantly fewer sites of neurolymphomato-
sis. However, no significant correlation was found
between the number of sites of neurolymphomatosis and
survival. In a multicenter review, Olsen et al. [26] stud-
ied disease-specific survival in 797 patients with orbital
lymphoma. They found that the histologic subtype was
the main predictor of outcome, with DLBCL and mantle
cell lymphoma having the lowest 10-year disease-specific
survival rates, of 41 and 32%, respectively.

Limitations of our study include the selection criteria,
retrospective nature, and relatively small number of pa-
tients. It is known that perineural disease spread can be
challenging to detect de novo, and our study could only
include disease that had been detected radiologically.
For example, patient 3# had a facial nerve palsy and po-
tentially CN VII disease could not be detected radio-
graphically. However, our study provides more
information about neurolymphomatosis, which is a rare
manifestation of lymphoma, and may serve as the basis
for further investigation.

Conclusions

Neurolymphomatosis is a rare manifestation of
lymphoma that could easily be overlooked by ophthal-
mologists, oculoplastic surgeons, oncologists, and ra-
diologists caring for patients with lymphoma. Based
on our study results, lymphoma with neurolympho-
matosis appears to arise as a solid mass in the orbit
and/or maxillofacial region or via hematogenous
spread to the CNs and may occur months to years
after the original diagnosis of lymphoma. It is most
often encountered with DLBCL and is less often seen
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with the typical forms of orbital lymphoma that are
low-grade. The most common presentation of neuro-
lymphomatosis in patients with lymphoma appears to
be involvement of the trigeminal nerve, specifically
the maxillary division including at the infraorbital
fissure or foramen rotundum (V,), with spread further
posteriorly to the PPF and cavernous sinus. Therefore,
a systematic search for clinical and radiographic evi-
dence of neurolymphomatosis is imperative for early
detection. This may be especially true in patients with
DLBCL.
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