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1 | INTRODUCTION

Lymphoma is the most common spinal neoplasm and the second most
common intracranial tumor in cats. It accounts for 7% to 10% of spinal
diseases in cats,'3 27% to 39% of spinal neoplasia,®™* and 13% to
31% of intracranial neoplasia.>” Involvement of the central nervous
system (CNS) is reported in up to 12% of cats with lymphoma,®°
whereas involvement of the peripheral nervous system (PNS) is
described less frequently.1®1%13 A definitive antemortem diagnosis is
often difficult to obtain, because of the low yield of cerebrospinal fluid
(CSF) analysis,**® and the invasiveness and potential risks of spinal
cord and brain biopsy.

Magnetic resonance imaging (MRI) is the imaging modality of
choice to assess nervous system pathology, being a valuable noninva-
sive technique to reach reliable presumptive antemortem diagnoses.
Despite increased availability of MRI in veterinary medicine, and the
high incidence of nervous system lymphoma in cats, MRI features

1625 and in cases

have been sparsely described in several case reports,
series including low numbers of cats. 242527 Although the histopatho-
logic distribution of nervous system lymphoma in cats recently has
been described, %% a description of specific MRI features in a larger
cohort of affected cats is lacking. The aim of our multicenter retro-
spective study was to describe the clinical and MRI features of lym-

phoma affecting the CNS and PNS in a large cohort of cats.

2 | MATERIALS AND METHODS

2.1 | Data collections and inclusion criteria

Medical records of 4 centers were retrospectively searched over a
15-year-period for cats with a diagnosis of lymphoma involving the
CNS or PNS or both, confirmed either by cytology (fine-needle aspi-
rates [FNA]) or smears of either the lesion or cerebrospinal fluid
[CSF]) or histopathology (biopsy or necropsy examination of the
lesion), and that underwent a brain, vertebral column, or brachial or
lumbar plexus MRI, or some combination of these. Search terms

”

included “cat,” “MRI,” “lymphoma,” “lymphosarcoma,” “nervous sys-

2

tem lymphoma/lymphosarcoma,” “CNS lymphoma/lymphosarcoma,”
and “PNS lymphoma/lymphosarcoma.” Low- and high-field MRI were
included. Signalment and medical information were recorded, includ-
ing breed, sex, age at the time of presentation, feline leukemia virus
(FeLV) and feline immunodeficiency virus (FIV) status, presenting
complaints, onset, duration and progression of clinical signs before
presentation, neurological signs at initial examination, imaging find-
ings, CSF analysis, cytologic or histopathologic diagnosis or both,

treatment, survival time and cause of death.

22 |
signs

Onset, duration, and progression of clinical

The duration of clinical signs before presentation was based on the
owners' observations as described in the medical records. The onset
was defined as acute (<1 day), subacute (>1 day, <2 weeks), or chronic
(22 weeks). The clinical signs also were described as progressive
(worsening or additional clinicals signs noticed over time), static
(no progression or improvement), or waxing and waning (alternating

improvement and worsening over time).

2.3 | MRI analysis

Magnetic resonance imaging studies were retrospectively and inde-
pendently reviewed by 2 board-certified radiologists (AD, EK) and
1 board-certified neurologist (RG), using a predefined list of criteria as

d,$26%8-30 including lesion number,?® neuroana-

previously describe
tomic location, invasive behavior, lesion extension, shape and
margins,® signal intensity and homogeneity,® degree® and pattern of
contrast enhancement, meningeal and ependymal enhancement,
intralesional mineralization, hemorrhage, cyst-like formation,® degree

1,26 perilesional edema,® signs of increased intracranial

of mass effec
pressure,?? ventricular enlargement,® syringohydromyelia,®® and pres-
ence of any additional lesions.?® Lesions were classified as “CNS only”
if only the brain parenchyma, optic nerves, spinal parenchyma, adja-
cent meninges, or some combination of these were affected. Lesions
were classified as “PNS only,” if only the cranial nerves, excluding
optic nerves, or spinal nerves or both were affected. Lesions involving
both cranial or spinal nerves and brain or spinal parenchyma or meninges,
were classified as “both CNS and PNS.” Intracranial axial® and spinal
compartment31 (extradural, intradural extramedullary, intramedullary) ori-
gins were recorded. Lesions were described as invasive if infiltrating into
the adjacent extra-neural tissue, such as bone or soft tissue. They were
described as extensive if extending along =1 nerve root, over the length
of >2 vertebral bodies for spinal lesions, or >3 brain regions (including
individual cerebral lobes, diencephalon, brainstem, cerebellum) for intra-
cranial lesions. Lesions extending along several nerve roots of the same
plexuses were considered focal extensive lesions. Signal intensity was
assessed relative to normal neighboring cortical or spinal gray matter in
T2-weighted (T2w), T2w-fluid attenuated inversion recovery (FLAIR),
T1-weighted (T1w), short tau inversion recovery (STIR) or T2w-spectral
presaturation with inversion recovery (SPIR) sequences, diffusion
weighted imaging (DWI) and apparent diffusion coefficient (ADC) map-
ping, when available. Signal homogeneity was described in T2w
sequences. Signal intensity and homogeneity were determined by the
lesion. Contrast

most prominent characteristics of the main
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TABLE 1

Presenting complaints Numbers of cases (%)

Neurological signs 30 (96.8)
Gait abnormalities 19 (61.3)
Paresis/plegia 9(29)

Ataxia 5(16.1)
Circling 5(16.1)
Forelimb lameness 4(12.9)
Behavioral changes 9 (29)
Pacing and disorientation 7 (22.6)
Aggressivity 1(3.2)
Abnormal mentation 4(12.9)
Anisocoria 4(12.9)
Seizure 2 (6.5)
Spinal pain 2 (6.5)
Blindness 1(3.2)

enhancement pattern was characterized as either uniform or non-
uniform. A uniform pattern was defined as a diffuse and homogeneous
contrast enhancing intensity. Nonuniform patterns were subcategorized
as heterogeneous (contrast enhancement with mixed intensities), focal
(single discrete area of contrast enhancement), multifocal (multiple con-
trast enhancing areas anatomically separated by noncontrast enhancing
areas), or rim-like (more pronounced peripheral enhancement as com-
pared to the center of the lesion). Meningeal enhancement was charac-
terized as none, focal (dural tail sign),*? regional (extending well beyond
the lesion but not to the entire brain or spinal cord), or diffuse. When
multiple lesions were present, the above criteria were assessed for the
larger or main lesion. Final results were achieved by consensus of the
3 observers.

24 | CSF analysis

When performed, the site of CSF puncture (cisternal vs lumbar) was
recorded. The analysis was classified as abnormal when albuminocytologic
dissociation (reference total protein [TP] concentration for cisternal punc-
ture <25 mg/dL, and for lumbar puncture <45 mg/dL), pleocytosis (refer-
ence nucleated cell count [NCC] <5 cells/pL) with or without increased
TP, or abnormal NCC distribution were present.3® Cell count differential

was reported when available, and diagnosis of lymphoma recorded.

2.5 | Diagnosis, outcome, and treatment

The method by which lymphoma was confirmed (CSF cytology, nervous
system lesion cytology or histopathology), cell line origin, and other organs
FNA or biopsy were recorded. When complete necropsy examination was
available, lymphoma was classified as multicentric, primary nervous sys-
tem, or primary nasal or nasopharyngeal with nervous system invasion,

depending on the origin of the lesion, and presence or absence of lesions

American College of
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Presenting complaints in 31 cats with nervous system lymphoma

Presenting complaints Numbers of cases (%)

Nonspecific clinical signs 18 (58.1)
Inappetence/anorexia 13 (41.9)
Lethargy 9 (29)
Weight loss 4(12.9)
Vomiting 4(12.9)
Poor general condition 2 (6.5)

Respiratory signs 5(16.1)
Sneezing and epistaxis 1(3.2)
Coughing 1(3.2)
Nasal discharge 1(3.2)
Tachypnoea 1(3.2)
Respiratory noise 1(3.2)

involving other organs elsewhere in the body. Survival time from the day
of MRI acquisition and treatment undertaken (medical management, che-
motherapy, radiation therapy, surgery, or combination of these) were
recorded.
2.6 | Statistical analysis

Statistical analyses were performed using commercially available soft-
ware (StataCorp. 2017. Stata Statistical Software: Release 15. College
Station, TX: StataCorp LLC). Normality of continuous data was
assessed using the Shapiro-Wilk test. Descriptive statistics were
reported as mean and SD (SD) or median and range, depending on
data normality. The Student t-test was used to compare mean age at
presentation of cats with and without spinal lesions. The Wilcoxon
rank-sum test was performed to compare CSF analyses between lum-
bar and cisternal puncture, and median survival time among treatment

categories. For all analyses, P < .05 was considered significant.

3 | RESULTS

Forty cats initially were identified. Two cats with confirmed CNS lym-
phoma were excluded, because of nondiagnostic MR images acquired in
a low field system with low signal-to-noise ratio. Seven cats with con-
firmed round cell neoplasia were excluded because lymphoma could not
be confidently confirmed, despite a high index of suspicion, based either
on CSF cytology (2/7), lesion FNA (4/7), or necropsy examination (1/7).

3.1 | Signalment, anamnesis, and neurologic
examination

Thirty-one cats were included. Twenty-one were domestic short hair

(67.7%), 3 were Maine Coon (9.7%), whereas domestic medium hair,
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TABLE 2 Topography and morphology of the MRI lesions found in 31 cats with nervous system lymphoma

Spinal and spinal Both intracranial

Intracranial lesions nerves lesions and spinal lesions® Total

Topographic and Number
morphologic MRI features Number of cases (%) Number of cases (%) Number of cases (%) of cases (%)
Total number of cases 19 (61.3) 9 (29) 3(9.7) 31 (100)
CNS/PNS

CNS only 13 (68.4) 2(22.2) 3(100) 18 (58.1)

PNS only 1(11.1) 1(3.2)

Both CNS/PNS 6(31.6) 6(66.7) 12 (38.7)
Intracranial lesions 22 (71)

Extra-axial 6(31.6) - 1(33.3) 7 (31.8)

Intra-axial 2(10.5) - 2(9.1)

Extra- and intra-axial 11 (57.9) - 2 (66.7) 13 (59.1)
Spinal lesions 12 (38.7)

Extradural - 1(11.1) 1(8.3)

Extradural/intradural extramedullary - 5(55.6) 1(33.3) 6 (50)

Intradural/intramedullary - 1(11.1) 2(66.7) 3(25)

Extradural/intradural/intramedullary - 2(22.2) 2(16.7)
Lesions number

Focal 17 (89.5) 8(88.9) 25 (80.6)

Multifocal 2(10.5) 1(11.1) 3(100) 6(19.4)
Lateralization

Right 3(15.8) 4 (44.5) 1(33.3) 8(25.8)

Left 11 (57.9) 2(22.2) 13 (41.9)

Midline 5(26.3) 3(33.3) 2(66.7) 10(32.3)
Extensive behavior

Yes 12 (63.2) 7(77.8) 1(33.3) 20 (64.5)

No 7 (36.8) 2(22.2) 2 (66.7) 11(35.5)
Invasive behavior

Yes 9(47.4) 1(11.1) 1(33.3) 11 (35.5)

No 10 (52.6) 8(88.9) 2(66.7) 20 (64.5)
Margins

Well-defined 2(10.5) 5(55.6) 7 (22.6)

lll-defined 17 (89.5) 4(44.4) 3(100) 24 (77.4)

Abbreviations: CNS, central nervous system; MRI, magnetic resonance imaging; PNS, peripheral nervous system.
2Including 2 cats with cranial cervical spinal lesions extending from brainstem lesions, and 1 cat with multifocal spinal and brain lesions.

domestic long hair, Birman, Himalayan, Siberian, Siamese, and Balinese
breeds were represented by 1 cat each (3.2%). Twenty cats were male
castrated (64.5%); 11 were female spayed (35.5%). The male-to-female
ratio was 1.8. Overall mean age at the time of diagnosis was 10.1
+ 3.7 years (median, 10.1 years; range, 1.1-16.3). No significant difference
was observed in the mean age of cats with spinal lesions or brain lesions
only (P = .91). Mean weight of the cats was 4.6 + 1.2 kg (median, 4.5 kg;
range, 2.6-7.4). Feline leukemia virus and FIV status was evaluated in
15 cats. One cat was FeLV-positive (6.7%), and 1 was FIV-positive (6.7%).
Presenting complaints and respective numbers of cases are sum-

marized in Table 1. The most common neurologic presenting

complaints were gait abnormalities (61.3%). Respiratory signs were
present in 5 cats (16.1%), being the main presenting complaint in
3. Eighteen cats (58.1%) presented with nonspecific signs. Median
duration of clinical signs before initial neurological examination was
14 days (range, 1-90). Based on history, clinical signs were progressive
in 28 cats (90.3%), either chronic in 20 (64.5%) or subacute in
8 (25.8%). Signs were static in 2 cats (6.5%), respectively chronic and
subacute, and chronic waxing and waning in 1 cat (3.2%). Two cats
(6.5%) were diagnosed previously with lymphoma, respectively renal
lymphoma 4 months prior and renal and intestinal lymphoma 2 years
prior.
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FIGURE 1

Transverse T2w (A, E, 1), dorsal (B) and transverse FLAIR (F, J), transverse pre- (C, G, K) and postcontrast (D, H, L) T1w magnetic

resonance images of feline nervous system lymphoma classified as extra-axial (A-D), intra-axial (E-H), and both extra- and intra-axial (I-L). (A-D) An
invasive ill-defined extra-axial T2w hyperintense, FLAIR isointense, T1w hypointense heterogeneously contrast enhancing extra-axial mass
(asterisk) is present along the left side of the brainstem and invades the ipsilateral tympanic cavity (black star). (E-H) An ill-defined T2w and FLAIR
hyperintense, T1w isointense, faintly enhancing intra-axial lesion is present in the region of the left rostral thalamus and basal nuclei (white cross).
No meningeal enhancement is noted. (I-L) A large T2w hyperintense, FLAIR isointense, T1w hypointense, strongly homogeneously enhancing
mass, with ill-defined irregular margins with the underlying parenchyma is present within the right frontal lobe (hash key). Regional meningeal
enhancement was observed in both (D) and (L) (arrowheads). Respectively moderate (A, B), and mild (I, J) perilesional edema (white arrows) is

present

At the time of presentation, 22 cats (71.0%) showed signs of brain
disease, including 15 cats (48.4%) with signs of forebrain disease.
Eleven cats (35.5%) showed signs of spinal disease, including 2 cats
with concurrent signs of forebrain disease. Neurologic examination

findings are summarized in Supplementary Table S1.

3.2 | MRl features

Magnetic resonance imaging studies were performed using a low-field
MRI scanner in 5 cats (Hitachi Airis Il 0.3T, Hitachi Medical Systems,
Dusseldorf, Germany), and high-field MRI scanners in 26 cats (Philips
Panorama HFO 1.0T, Philips Medical Systems, Nederland B.V., Best,
The Netherlands in 15/26; Siemens Symphony 1.5T, Siemens Medical

Solutions USA, Inc., Malvern, PA, USA in 7/26; Siemens Magnetom
Essenza 1.5T, Siemens Healthcare Ltd, Frimley, Surrey, UK in 3/26;
GE Genesis Signa 1.5T, GE Medical Systems, Fairfield, CT, USA in
1/26). Twenty-one cats (67.7%) had brain MR, 8 (25.8%) MRI of the
vertebral column (lumbar spine, 3/8; thoracolumbar spine, 2/8; cervi-
cal spine, 1/8; brachial plexuses region, 2/8), and 2 of both.
Topography and morphology of MRI lesions are summarized in
Table 2. Intracranial lesions were present in 22 cats (71.0%), spinal
lesions in 10 (32.3%), and brachial plexus lesions in 2 (6.5%). Most
lesions were isolated to the CNS (18/31, 58.1%), but lesions affecting
both CNS and PNS (12/31, 38.7%) also were commonly observed.
Most intracranial lesions were classified as both extra- and intra-axial
(13/22, 59.1%; Figure 1), and multiple spinal compartments
(extradural, intradural, intramedullary, or some combination of these)
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FIGURE 2

Sagittal T1w postcontrast (A, E), transverse T2w (B, F), Tdw pre- (C, G) and T1w postcontrast (D, H) magnetic resonance images of

the brain of a 7-year-old Domestic Short Hair (A-D) and a 14-year-old Maine Coon (E-H) showing infiltration of the hypothalamus and hypophysis
(black asterisks). (A-D) An ill-defined strongly heterogeneously enhancing nasopharyngeal mass (black hash key), infiltrates the retropharyngeal
muscles and middle cranial fossa, including the orbital fissures (white arrowhead). Meningeal enhancement is diffuse (dashed white arrows), most
pronounced along the piriform lobes and focal rostroventral ependymal enhancement of the 3rd ventricle is noted (white arrow). (E-F) Similar
pattern of infiltration of the pituitary gland, hypothalamus and 3rd ventricle. A focal thickening of the dorsal nasopharyngeal wall is noted (dashed
white arrows), without evident communication with the middle cranial fossa

were involved in all but 1 cat with spinal cord or spinal nerve lesions
(11/12, 91.7%). Most lesions were ill-defined (24/31, 77.4%), focal
(25/31, 80.6%), but extensive (20/31, 64.5%). Extra-neural tissue
invasion was present in 9 cats with intracranial lesions (9/22, 40.1%),
but was uncommon in cats with spinal lesions (2/12, 16.7%). Distinct
analogous lesion types were observed in several cats. Four distinct
MRI patterns were observed in cats with invasive intracranial lesions:
nasopharyngeal mass invading the calvarium floor (3/9, 33.3%;
Figure 2), mass centered on the cribriform plate involving nasal cavity
and olfactory lobes (3/9, 33.3%; Figure 3), rostral brain and adjacent
frontal sinus infiltration (2/9, 22.2%), and extra-axial mass with tym-
panic bulla infiltration (1/9, 11.1%; Figure 1A-D). Other distinctive
intracranial MRI patterns included midline ventral brain enhancement
centered on the diencephalon (4/22, 18.2%; Figure 2), focal extra-
axial mass invading the underlying neuroparenchyma (4/22, 18.2%;
Figure 1I-L), and ill-defined amorphous intra-axial lesions involving
lentiform and rostral thalamic nuclei (2/22, 9.1%; Figure 1E-H).

The trigeminal nerves were affected in all intracranial lesions involv-
ing both CNS and PNS (6/22, 27.3%), with or without involvement of
other cranial nerves. The PNS was involved in 7 cats with spinal lesions
(7/12, 58.3%). In all, spinal nerve thickening or enhancement or both was
present within the vertebral canal and lesions were classified with an
extradural component. These included 5 cats (5/12, 41.7%) with caudal
lumbar spinal lesions associated with lumbosacral plexus involvement
(Figure 4), and 2 cats (2/12, 16.7%) with brachial plexus involvement

(Figure 5), 1 showing additional involvement of the lumbosacral plexus.

Lesion MRI signal characteristics, enhancing pattern, and
perilesional changes are summarized in Table 3. All lesions were
T2w-isointense to hyperintense relative to normal gray matter,
most were FLAIR-hyperintense (15/22, 68.2%) and T1w-isointense to
hypointense (28/30, 93.3%). Intralesional signal voids in T2*w
sequence, consistent with intralesional hemorrhage, were observed
only in 3 cats (3/20, 15%), all showing the same lesion pattern
(Figure 3). Neoplastic infiltration of vessels was histopathologically con-
firmed in 1 of these cases. Diffusion-weighted imaging was performed in
6 cats, using a b-value of 800 s/mm?. Four lesions were hyperintense in
the b800 diffusion-weighted images but only 2 showed low ADC values,
consistent with restricted diffusion (2/6, 33.3%). Contrast enhancement
was present in all cases but was faint in 3 cases (Figure 4). Meningeal
enhancement was noted in all but 2 cases (29/31, 93.6%), being most
commonly regional (19/31, 61.3%). Ependymal enhancement of the 3rd
ventricle was visible in all 4 cats with infiltration of the hypophysis-
hypothalamus axis (Figure 2). Thickening and enhancement of the cho-
roid plexuses was seen in 1 case.

Additional MRI findings are summarized in Table 4. All 5 cats with
infiltration of the nasal cavity or frontal sinuses or both showed perme-
ative to moth-eaten lysis of at least the frontal bones, with or without lysis
of the cribriform plate, nasal turbinates, and nasal and maxillary bones. The
bone lysis was considered mild in relation to the extent of the lesion
(Figure 3). Two cats with confirmed bone marrow infiltration showed mild
signal changes in vertebral bodies, including 1 with multifocal epidural and

hypaxial lesions, leaving apparently intact vertebral cortices.
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FIGURE 3

Sagittal T1w postcontrast (A, E) and T2w (I), and transverse T2w (B, F, J), T2*w (C, G, K), and T1w postcontrast (D, H, L) magnetic

resonance of images of three cats (A-D, E-F, and I-L) showing an ill-defined heterogeneous mass centered on the cribriform plate invading the
caudal nasal cavity, frontal sinuses, and rostral forebrain. The masses are classified as invasive and extensive, being both extra-axial and intra-
axial, and involving the CNS only in all cases. T2*w signal voids are present in the invaded olfactory lobes (white asterisks), consistent with
intralesional hemorrhages. The lesions show a strong inhomogeneous contrast enhancement, with strong regional leptomeningeal enhancement
and thickening (white arrows). A severe mass effect associated with caudal transtentorial and foramen magnum brain herniations, consistent with
signs of increased intracranial pressure, is present in all cases. Multifocal permeative lysis of the frontal and/or nasal bones and cribriform plates
(white arrowheads), with extensive infiltration beyond the preserved bone margins is observed

Only 6/31 cases (19.4%) showed multifocal lesions, involving the
brain in 2, the brain and cranial cervical spine in 2, the brain and entire
thoracolumbar spine in 1, and the brachial and lumbar plexuses in 1 cat.
The lesions showed overall similar MRI characteristics in these cases.

3.3 | CSF analysis

Cerebrospinal fluid analysis was abnormal in 20/25 cats (80%; cister-
nal, 12/15; lumbar, 7/9; unknown location, 1). Median TP and NCC in
abnormal CSF were 93 mg/dL (range, 30-1106) and 16.5 cells/pL
(range, 0-341), respectively. No significant differences were found in
CSF TP (P = .64) and NCC (P = .32) between cisternal and lumbar punc-
tures. Albuminocytologic dissociation was present in 6 cats (35%). Differ-
ential cytology was performed on 19 CSF samples. Lymphoma was
diagnosed on CSF cytology in 5 cats (20%), including 1 immediately post-
mortem, and was suspected in another cat. Pleocytosis associated with

increased TP was seen in 13 cats (65%; mononuclear, 4/13; mixed, 4/13;

lymphocytic, 3/13; neutrophilic, 1/13). In 2 cats, the NCC was normal
but showed an increased percentage of neutrophils.

3.4 | Diagnosis, treatment, and outcome
Antemortem diagnosis was achieved in 10 cases (32.3%), based on
CSF cytology (4/10), nervous system lesion cytology (3/10), or histo-
pathology (biopsy; 4/10). Lymphoma was confirmed by both lesion
cytology and histopathology in 1 case. Overall, nervous system lesion
FNA or smears were obtained in 9 cats, being diagnostic for lym-
phoma in 3/9 (33.3%), suspicious in 2/9 (22.2%), and inconclusive in
4/9 (44.4%). Antemortem surgical biopsies were performed in 7 cats,
being diagnostic in 4/7 (57.1%). Lymph node FNA (medial retro-
pharyngeal, mandibular, ileocolic) were performed in 4 cats, being
diagnostic for lymphoma in 1 cat with diagnostic CSF cytology.
Lymphoma was confirmed on necropsy histopathologic examina-

tion of the nervous system in 24 cats (77.4%), including 2 cats with
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FIGURE 4 Magnetic resonance images of two cats (A-E and F-J) with caudal lumbar and lumbosacral plexus lesions. Sagittal T2w (A), dorsal
SPIR (B), and transverse 3D T1w fat suppression postcontrast (C), T2w (D), and T1w postcontrast (E) magnetic resonance images of an 11-year-
old Domestic Short Hair (DSH) showing a well-defined homogeneous intradural and extradural mass at the level of L6 (white asterisk), that is T2w
and SPIR hyperintense relative to normal spinal gray matter and shows strong heterogeneous contrast enhancement. The mass is continuous with
the right L6 spinal nerve (white arrow), which is thickened and SPIR hyperintense. Thickening and enhancement of the right femoral and sciatic
nerves (white arrow heads) are visible compared to the contralateral side (dashed white arrows). Focal right epaxial muscles SPIR hyperintensity
(black star) is also noted. Sagittal T1w fat suppression postcontrast (F), dorsal SPIR (G), and transverse T2w (H), Tdw pre- (l) and postcontrast

(J) magnetic resonance images of a 15-year-old DSH of an extensive ill-defined lumbar T2w and SPIR hyperintense intramedullary mass (white
hash key). The mass is isointense to normal gray matter in T1w and none to faintly contrast enhancing. Thickening, SPIR hyperintensity, and
enhancement of the conus medullaris meninges (not shown), lumbosacral spinal nerve roots and sciatic nerves (white dashed arrows) are present,
most pronounced on the right. Severe atrophy of the right lumbar epaxial and hypaxial muscles is visible

FIGURE 5 Parasagittal T2w (A), dorsal STIR (B) and T1w fat saturation postcontrast (C), transverse T2w (D), T1w fat saturation pre- (E) and
postcontrast (F) magnetic resonance images of a 4-year-old Himalayan cat, showing a large well-defined lobulated mass (white asterisk) affecting
the left brachial plexus and extending into the vertebral foramen (white arrowhead). The lesion is T2w homogeneous, T2w and STIR
hyperintense, and T1w isointense relative to spinal gray matter, and shows heterogeneous contrast enhancement. Mild left forelimb muscle
atrophy is noted. STIR hyperintensity, thickening and enhancement of the right brachial plexus nerve roots are also visible (white arrows). No
meningeal enhancement was observed, the lesion was classified as PNS only
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TABLE 3 MRl signal characteristics and enhancement patterns in 31 cats with nervous system lymphoma

MRI features
Total number of cases
Signal characteristics®
T2w homogeneous
Heterogeneous
T2w hyperintense
Isointense
Hypointense
FLAIR Hyperintense
Isointense
Hypointense
T1w Hyperintense
Isointense
Hypointense
T2*w signal voids
Yes
No
Cyst-like lesions
Yes
No
Contrast enhancement
Strength
None
Mild
Moderate
Strong
Pattern
Homogeneous
Heterogeneous
Focal
Multifocal
Rim
Meningeal enhancement
None
Focal (dural tail)
Regional
Diffuse
Ependymal enhancement
Yes
No
Mass effect
None
Mild
Moderate

Severe

Intracranial lesions

Spinal and spinal
nerves lesions

Both intracranial
and spinal lesions®

Number of cases (%)

19 (61.3)

1(5.3)
18 (94.7)

2(10.5)
1(5.3)
16 (84.2)

6(31.6)
9(47.3)
1(5.3)
2(10.5)
1(5.3)

1(5.3)

4(21.1)
12 (63.1)
2(10.5)

4(21.1)
15(78.9)

1(5.3)

2(10.5)

4(21.1)
12 (63.1)

Number of cases (%)

9(29)

9 (100)

8(88.9)
1(11.1)

2 (100)

8 (100)

4 (100)

9 (100)

9 (100)

3(33.3)
3(33.3)
3(33.3)

Number of cases (%)

3(9.7)

3(100)

3(100)

3(100)

1(33.3)
2(66.7)

2 (100)

3(100)

1(33.3)

2(66.7)

1(33.3)

2(66.7)

3(100)

1(33.3)
2(66.7)

2(66.7)

1(33.3)

A

College of
al Medicine

Total
Number of
cases (%)

31(100)

20 (64.5)

11 (35.5)

25 (80.7)
6(19.3)
0(0)

15 (68.2)
6(27.3)
1(4.5)
2(6.7)

16 (53.3)

12 (40)

3(15)
17 (85)

1(3.2)
30 (96.8)

0(0)

3(10)

2(6.7)
25(83.3)

11 (36.7)
11 (36.7)
2(6.7)
5(16.7)

1(3.3)

2 (6.4)

7 (22.6)
19 (61.3)

3(9.7)

5(16.1)
26 (83.9)

1(3.2)

7 (22.6)

7 (22.6)
16 (51.6)

(Continues)
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TABLE 3 (Continued)

Intracranial lesions

Both intracranial
and spinal lesions® Total

Spinal and spinal
nerves lesions

MRI features Number of cases (%)

Perilesional edema

None 3(15.8)
Mild 4(21)

Moderate 6(31.6)
Severe 6(31.6)

Signs of increased ICP

Yes 12 (63.2)

No 7 (36.8)
Ventriculomegaly

None 8 (42.1)

Mild 8(42.1)

Moderate 3(15.8)

Syringohydromyelia

None 16 (84.2)
Mild 2(10.5)
Moderate 1(5.3)

SSH-TSE CSF signal loss
None -
Focal -
Multifocal -

Extensive (> length of 7 vertebrae) -

Number of

Number of cases (%) Number of cases (%) cases (%)

3(33.3) 1(33.3) 7 (22.6)
2(22.2) 2(66.7) 8(25.8)
4(44.5) 10(32.3)
6(19.3)
- 1(33.3) 13 (59.1)
- 2(66.7) 9 (40.9)
- 2(66.7) 10 (45.4)
- 1(33.3) 9 (40.1)
- 3(13.6)
5(55.6) 2(66.7) 23(74.2)
4 (44.4) 1(33.3) 7 (22.6)
1(3.2)
1(12.5) 1(12.5)
2(25) 2(25)
1(12.5) 1(12.5)
4 (50) 4(50)

Abbreviations: CSF, cerebrospinal fluid; ICP, intracranial pressure; MRI, magnetic resonance imaging; SSH-TSE, single-shot turbo spin echo.

?Relative to normal gray matter.

BIncluding 2 cats with cranial cervical spinal lesions extending from brainstem lesions, and 1 cat with multifocal spinal and brain lesions.

postmortem biopsies only, and 3 of the 10 cats with an antemortem
diagnosis. Complete brain histopathology was performed in 16 cats
with intracranial lesions. Fourteen cats had concurrent neuro-
parenchymal and adjacent meningeal infiltration. Three of these
lesions were classified as extra-axial only on MRI. One cat with ill-
defined intra-axial lesions and no visible meningeal enhancement on
MRI showed infiltration of both the neuroparenchyma and meninges
on histopathology. The lesions of the remaining 2 cats were correctly
classified on MRI as intra-axial and extra-axial, respectively. Addition-
ally, 1 cat with no visible MRI brain lesion showed leptomeningeal and
optic nerve infiltration on histopathology.

Seven cats with spinal or brachial plexus involvement or both had
complete histopathologic examination of the spinal cord and nerves,
and 2 had biopsies performed. One cat had multifocal compressive
and strictly epidural lesions, which were classified as both extradural
and intradural on MRI based on meningeal enhancement. Lymphoma-
tous infiltration of the nerves was confirmed histopathologically in all
MRI cases that had nerve thickening and enhancement.

Complete necropsy examination was available in 20 cats (64.5%).

Lymphoma was classified as multicentric in 11 (55%), primary nervous

system in 8 (40%), and primary nasopharyngeal with local nervous sys-
tem invasion in 1. The cell line was classified as B-cell in 9/10 cats
and T-cell in 1.

Thirty cats (96.8%) were euthanized because of lymphoma, and 1
was lost to follow up. Median survival time after MRI acquisition was
1day (range, 0-218; mean +SD, 30 + 58 days). Twenty-one cats
(67.7%) were euthanized within 2 weeks of MR, including 14 (45.2%)
on the day of MRI acquisition, and 6 (19.4%) within the next 5 days.
Survival times for the different treatment categories are summarized
in Table 5. A significant difference in median survival time was found
between cats treated palliatively (steroids, antibiotics, analgesic, or
some combination of these) and cats treated by chemotherapy
(P = .02). The other categories could not be compared given the small

number of cats in each category.

4 | DISCUSSION

In our group of 31 cats with nervous system lymphoma, lesions com-
monly affected the CNS alone or both CNS and PNS. In more than
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TABLE 4 Additional MRI findings in 31 cats with nervous system lymphoma

Additional MRI findings

Intracranial lesions

Number of cases (%)

Total number of cases 19 (61.3)
Bone changes 10 (52.6)
Lysis 7/10
MRI signal changes? 3/10
Neuroforamen widening 5/10
VB pressure atrophy
Muscles changes 4(21.1)
Neurogenic muscle atrophy 3/4
MRI signal changes® 4/4
Hypaxial masses
Lymphadenomegaly 8(42.1)
Medial retropharyngeal
Mild 5/8
Marked 2/8
Mandibular and parotid
Mild 1/8
Moderate 1/8
Hepatic, marked
Sacral, mild
Colic, mild
Additional lesions 2 (10.5)
Focal NP wall thickening 2/2

Renal mass, RP effusion
Duodenal mass, P effusion
Intestinal mass, P effusion

Diffuse SI wall thickening

Spinal and spinal
nerves lesions

Number of cases (%)
9(29)
5 (55.6)

2/5
2/5
1/5
9 (100)
5/9
9/9

3(33.3)

1/3

1/3
1/3
4(33.3)

1/4
1/4
1/4
1/4

Open Access,

Both intracranial
and spinal lesions®

Number of cases (%)

3(9.7)
1(33.3)

1/1

1(33.3)

1/1
1/1
2(66.7)

1/2
1/2

A
Vet

College of
al Medicine

Total
Number
of cases (%)
31(100)
16 (51.6)
7

6

7

1

14 (45.2)
8

14

1

13 (41.2)

(19.4)

B R R RN O, R RN R

Abbreviations: MRI, magnetic resonance imaging; NP, nasopharyngeal; P, peritoneal; RP, retroperitoneal; SI, small intestinal; VB, vertebral body.

Including enhancement.

BIncluding 2 cats with cranial cervical spinal lesions extending from brainstem lesions, and 1 cat with multifocal spinal and brain lesions.

TABLE 5 Survival time in 31 cats
with nervous system lymphoma by
treatment categories

Treatment

Euthanasia on the day of MRI

Survival time in days

Medical management
Chemotherapy
Radiation therapy

Radiation therapy and chemotherapy
Debulking surgery and radiation therapy

two-thirds of the cases, lesions were focal, showing ill-defined bor-
ders, with widespread extension. They frequently affected the 2 intra-
cranial axial compartments, or multiple spinal compartments. All
lesions were enhancing, and regional meningeal enhancement was

common. Infiltration into adjacent extra-neural tissue was common

Numbers of
cases (%) Median (range) Mean + SD
14 (45.2) 0 0
9 (29) 4 (1-36) 10.5 £ 13.1
4(12.9) 83.5(12-218) 99.3 £86.2
1(3.2) 181
1(3.2) 146
1(3.2) 90

with intracranial lesions because of the inclusion of nasopharyngeal
and nasal lymphoma that invaded the nervous system.

Intracranial lymphoma may affect different parts of the brain, and
has been classified as intraparenchymal lymphoma, extra-axial lym-
phoma, angiotrophic and

lymphoma, lymphomatous choroiditis,
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leptomeningeal lymphomatosis.2® Contrary to previously published
MRI findings,®2?® in which lymphomatous intracranial lesions in cats
were described as either extra- or intra-axial, most intracranial lym-
phomas (59.1%) were classified as both extra- and intra-axial in our
study. In lesions with large extra-axial components, 1 of the features
classifying them as both intra- and extra-axial was their ill-defined and
irregular border definition. Infiltration of the underlying neuro-
parenchyma was corroborated on necropsy examination, including
cases classified as extra-axial only on MRI. The most common intra-
cranial neoplasm in cats and main differential diagnosis for a diffusely
enhancing extra-axial mass is meningioma, which usually has well-
defined regular margins with the underlying neuroparenchyma.®
Tumor margination is therefore an important feature to take into con-
sideration for differentiating intracranial lymphoma from meningioma
in cats.

In cats with spinal lesions, the thoracic and lumbosacral regions
were more commonly affected, and involvement of both extradural
and intradural (including intramedullary) components was observed in
most cases, similar to recent publications.>* However, in our study
>50% of the cases showed spinal nerve infiltration, which was more
common than previously reported.212 Neurolymphomatosis in cats
mainly has been reported as single case reports,622243437 phrachial
plexus involvement being most common,'®° either with®!22! or
without'*3> infiltration of the subarachnoid space and spinal paren-
chyma, and alone® or in association with other peripheral nerve
involvement.?234 Although less commonly reported, 24348 lumbosa-
cral plexus neurolymphomatosis was the most common lesion pattern
in our group of cats. Similar to a recent publication,?* MRI findings in
this group included symmetrical or asymmetrical thickening and
enhancement of the lumbosacral nerve roots or femoral and sciatic
nerves or both, meningeal enhancement of the conus medullaris, with
or without the presence of an extradural, intradural, or intramedullary
mass, or some combination of these.

Extra-neural tissue infiltration was observed in >40% of cats with
intracranial lesions, with a permeative to moth-eaten bone lysis
growth pattern, leaving residual bone in situ with a preserved bone
shape. This type of growth pattern recently has been described in cats
with nasal lymphoma and carcinoma.®* Although intracranial infiltra-
tion via the cribriform plate has been described in 7% to 34% of cats
with nasal lymphoma,3?** to our knowledge ours is the first descrip-
tion of the peculiar infiltration of the rostral leptomeninges and olfac-
tory lobes, associated with intralesional hemorrhages. The
combination of this type of bone, leptomeningeal, and olfactory lobes
infiltrative pattern on MRI may help to differentiate lymphoma from
other neoplasms centered on the cribriform plate, such as nasal

394042 asthesioneuroblastoma,®® histiocytic sarcoma,**

carcinomas,
meningioma,** or from granulomatous rhinitis.3*#¢ In contrast to brain
lesions, bone lysis was not observed in our group of cats with spinal
lesions, even in the presence of paravertebral lesions. This finding is

27,28 and

consistent with previous publications on cats,?’ dogs,
humans,*” in which cortical sparing or cortical lysis with preserved
vertebral shape were common features of round cell neoplasms, as

opposed to other tumor types.

Intracranial invasion of nasopharyngeal lymphoma in cats with
signs of cranial neuropathy has been described uncommonly, with
similar MRI features.*®-5° Extension via the cranial foramina, lymphatic
drainage pathways, or craniopharyngeal canal has been proposed as a
possible mechanism for intracranial invasion of neoplastic cells.*® In
humans, the PNS is described as a common route for neoplasms,
including lymphoma, to progress via the perineural or endoneural
planes.>%>? Typical MRI findings include cranial nerve thickening and
enhancement, widening of the skull base foramina, enlargement of
the cavernous sinus, neurogenic muscular atrophy, or some combina-
tion of these,®2 as seen in our group of cats. A similar growth pattern
via the tympano-occipital fissure was suspected in a cat with middle
ear lymphomatous infiltration. Such lymphomatous infiltration of the

53-56 and should be taken

middle ear has been described rarely in cats,
into consideration as a differential diagnosis for infectious middle ear
disease with intracranial empyema, given the shared MRI features.
The MRI signal characteristics and enhancement pattern of the
lesions described here were similar to prior MRI studies of CNS lym-
phoma in dogs and cats.®?® Abnormal meninges adjacent to the
lesions have been observed in 83% of cases, and diffuse meningeal

enhancement has been described in half.2%

These results are compara-
ble to our findings, in which 93.5% of the lesions showed abnormal
meningeal enhancement, most commonly regional. However,
leptomeningeal lymphomatosis was confirmed at necropsy in a cat
without visible leptomeningeal enhancement on MRI, as previously
described.® Focal ependymal enhancement of the third ventricle was
noted in association with lesions centered on hypothalamic-pituitary
axis. Sellar or suprasellar lymphomatous masses have been described

previously in cats,?2%>7

although ependymal enhancement has not
been reported. Lymphomatous infiltration of the hypothalamus and
third ventricle, with or without infiltration of the hypophysis, optic
chiasm, cavernous sinus and associated cranial nerves, is a rare but
well described entity in human patients.”®° This infiltrative behavior
may help to differentiate lymphoma from other sellar or suprasellar
masses such as pituitary adenoma or carcinoma, although further
study would be warranted for confirmation.

Diffusion weighted imaging, combined with conventional MR, is
considered valuable in the diagnostic of CNS Ilymphoma in
humans.®>%2 Restricted diffusion is observed commonly because of
high cellularity, appearing hyperintense in DWI trace images with a
low ADC value. Similar findings have been described in a cat with B-
cell central nervous lymphoma,?® and in cats with nasal®® and naso-
pharyngeal® lymphoma. Interestingly, only 2/6 showed restrictive dif-
fusion in our group of cats, although further studies are needed to
evaluate the diagnostic and prognostic value of DWI in nervous sys-
tem lymphoma of cats.

Similar to previous reports,3>%>

nonspecific clinical signs, such as
anorexia, lethargy, and weight loss, were commonly reported in our
cats. Neurological signs varied with location of the lesions, although
altered consciousness, changes in behavior, paresis or plegia, spinal
pain, and ataxia were commonly reported as reported previ-
ously. t*586566 Antemortem diagnosis was achieved in a third of the

cases. Additionally, lymphoma was suspected on CSF in 1 cat, and on
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lesion cytology in 2. Cerebrospinal fluid was diagnostic for lymphoma
in 20% of the cases and mononuclear pleocytosis with high TP was
observed most commonly. This finding is similar to previous reports in
which CSF cytology was diagnostic for lymphoma in only 9% to 35%
of the cases,*>® because of the inflammatory nature of CSF, the diffi-
culty in distinguishing between neoplastic and reactive lymphocytes,
and frequent low cellularity.***>%” Polymerase chain reaction for anti-
gen receptor rearrangement (PARR) may assist in the diagnosis and
prognosis of lymphoma. Fine-needle aspiration or surgical biopsy of
the lesion may be of greater diagnostic value,** although it remained
relatively low in our group of cats.

Limitations of our study mainly reflect its retrospective and multi-
institutional nature, resulting in discrepancies in the available clinical,
imaging, and pathological data. The inclusion criteria were based on a
definitive diagnosis of lymphoma involving the nervous system, either
by cytology or histopathology. Although a cytologic diagnosis of lym-
phoma was considered acceptable for inclusion, because this method
is commonly used in routine clinical practice to achieve diagnosis,68
most of the included cats were diagnosed by thorough necropsy and
histopathologic examination. To further limit the inclusion of falsely
diagnosed cats, 7 cases with a diagnosis of round cell neoplasia, being
most likely but not confirmed lymphoma, were excluded from the
study, most of them (6/7) being diagnosed by cytology only. This may,
however, have introduced bias in the MRI findings, antemortem diag-
nosis rate, and outcome, because cats with more severe clinical signs
and MRI changes were more likely to be euthanized and undergo nec-
ropsy examination, thus shortening median survival time. Information
about cell characterization and body distribution of lymphoma was
also lacking in some cats, leading to inability to differentiate MRI pat-
terns or prognosis among the different cell types. Furthermore, MRI
acquisition protocols and equipment were not standardized. The
study was descriptive, and lesion classification was based on consen-
sus evaluation of 3 observers. However, the consensus approach was
chosen to optimize accuracy of MRI features and considered accept-
able because interreader variability was not within the scope of the
study. Finally, despite the inclusion of data from 4 institutions with
high neurology caseloads over a large time period, the total number of
included cases remained relatively small. The identified trends may
not encompass all features of lymphoma in the nervous system

of cats.

5 | CONCLUSION

Lymphomatous nervous system infiltration in cats includes a wide
range of MRI patterns, of which none is pathognomonic. Cytology or
histopathology remain fundamental for a definitive diagnosis. How-
ever, together with clinical data and CSF analysis, MRI may provide a
strong tentative antemortem diagnosis. Lymphoma should be consid-
ered in cases of extensive ill-defined enhancing lesions affecting both
the CNS and PNS, with or without involvement of multiple intracranial
or spinal compartments, associated with focal or diffuse meningeal

enhancement. Extra-neural tissue infiltration may be seen in nerves

VT e

passing through foramina or in bones, preserving most of their shape
and contours. Such lesions should prompt sampling of CSF, of the
lesion itself, lymph nodes, or any additional lesions to reach a defini-
tive antemortem diagnosis. Further studies are needed to assess treat-
ment, prognostic factors, and outcome in cats with lymphomatous

infiltration of the nervous system.
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