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Abstract

Case summary In this report we describe the occurrence of intracranial meningioma in two adult cats from the
same litter. The location of the meningioma varied: one tumour was at the level of the brainstem, and the other was
affecting the temporal and piriform lobes. The cat with the brainstem meningioma was treated with radiotherapy
and the littermate had a rostrotentorial craniectomy for tumour removal. Both cats had a histopathological diagnosis
of grade | meningioma of a predominantly fibrous subtype.

Relevance and novel information Cases of familial meningioma in cats have not previously been described in the
veterinary literature. However, familial meningioma is well described in humans and it is possible that cases are
underestimated in animals. We discuss the possible genetic background and other causes, as well as challenges

we may face in veterinary medicine in identifying these associations.
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Case description
Case 1
A 13-year-old male neutered Norwegian Forest Cat
(weight 6.6kg) was presented with a 5-month history of
jaw-chattering episodes lasting a few seconds, followed
by sudden jerks of the head and limbs. Episodes were
associated with touching the mouth and eating. As a
result, the cat was hyporexic. These episodes were sus-
pected to be focal epileptic seizures and myoclonus, and
less likely to be a consequence of hyperaesthesia or par-
aesthesia. Previously diagnosed conditions included
suspected triaditis, grade II right medial patellar luxa-
tion and left cruciate ligament rupture, feline asthma
and T11-T12 vertebral canal stenosis. The cat was being
treated with ursodeoxycholic acid (10mg/kg g24h
[Ursodiol; Zydus]), prednisolone (0.4mg/kg q48h
[Prednicortone; Le Vet Beheer]), liver supplement q24h
(Hepatosyl Plus, VSL laboratories) and a gastrointestinal
diet (Veterinary Gastrointestinal Cat; Royal Canin).
Neurological examination revealed mildly decreased
postural reactions in the right thoracic limb, mild mydri-
asis and reduced pupillary light reflex in the left eye.

Considering the suspected focal epileptic seizures and
the neurological examination findings, the neuroana-
tomical localisation was to the left forebrain and the para-
sympathetic component of the left oculomotor nerve.
Neoplasia (ie, primary brain tumour) was considered
the most likely differential diagnosis.

Haematology and biochemistry were unremarkable.
MRI (1.5 T, Siemens Magnetom Essenza; Siemens) of the
brain revealed a large, round, well-defined extra-axial
space-occupying lesion on the left side of the brainstem
at the level of mesencephalon and pons, causing mass
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Figure 1 Head MRI of the cat from case 1. T2-weighted (a) transverse and (b) dorsal image of the large, round, well-defined
extra-axial isohyperintense mass (arrows) located to the left of the mesencephalon and pons; and T1-weighted (c) transverse
and (d) dorsal post-contrast images at the same levels showing the homogeneous contrast enhancement (arrows)

effect (Figure 1). The mass was isohyperintense in
T2-weighted (T2W), and isointense in fluid-attenuated
inversion recovery and T1-weighted (T1W) sequences,
compared with the grey matter, and presented marked
homogeneous contrast enhancement. Routine analysis
of cerebrospinal fluid collected from the cerebellomedul-
lary cistern, including cell count, protein quantification
and cytology, was normal. A presumptive diagnosis of
intracranial meningioma was made.

As the reflex nature of the suspected seizures, treat-
ment with levetiracetam (20mg/kg q8h [Levetiracetam;
Zentival]) was initiated. Prednisolone was maintained at
0.4mg/kg q48h. The cat underwent palliative radiother-
apy within 10 weeks of presentation. The protocol con-
sisted of 12 fractions of 4Gy (total dose 48 Gy), delivered
using a three coplanar beam plan (at 6mV; Johnson
Foundation Radiotherapy Unit). Treatment was deliv-
ered on a Monday-Wednesday-Friday basis.
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Figure 2 Histopathology of the brainstem tumour of case 1.
Transitional meningioma with a predominant fibrous

pattern; some concentric structures and multiple basophilic
mineralised foci are present (haematoxylin and eosin stain)

Jaw-chattering episodes recurred after completion of
the radiotherapy but with markedly reduced severity
and frequency, and did not affect the cat’s appetite. The
neurological abnormalities resolved. At follow-up re-
examinations, owing to the persistent hyperglycaemia
combined with glucosuria, diabetes mellitus was diag-
nosed, and insulin treatment was initiated shortly after
the radiotherapy, initially with protamine zinc insulin (1
unit SC ql12h [ProZinc; Boehringer Ingelheim]), then
lente insulin (2 units q12h [Caninsulin; MSD Animal
Health]). Eleven months after radiotherapy the cat devel-
oped chronic small intestinal diarrhoea, polydipsia,
pelvic limb weakness with plantigrade stance and leth-
argy that progressed to intermittent collapse and abnor-
mal mentation. Further investigations were declined by
the owner and humane euthanasia was elected.

The brain of the cat was submitted for histopathology.
A full post-mortem examination was not performed.
Histopathological diagnosis of transitional meningioma
(grade I) was made.! The predominant pattern was
fibrous with psammoma bodies and abundant areas of
mineralisation (Figure 2).

Case 2

A 13-year-old male neutered Norwegian Forest Cat
(weight 7.4kg) from the same litter and same household
as case 1 was presented to the same referral centre 4
months later with a cluster of generalised tonic—clonic
epileptic seizures. The cat had been previously diagnosed
with lumbosacral intervertebral disc protrusion, sus-
pected triaditis, feline asthma, hypothyroidism following
radioiodine (I'3!) treatment for hyperthyroidism, mild
hypertrophic cardiomyopathy and a left gastric-phrenic
portosystemic shunt, and was on treatment with

gabapentin (4mg/kg ql2h [Gabapentin; Accord-UK]),
amantadine (I1mg/kg q24h [Symmetrel; Auden
McKenzie]), albuterol sulfate inhaler (108ug ql2h
[Ventolin; GlaxoSmithKline]) and levothyroxine (5png/kg
q12h [Leventa; MSD Animal Health]). The portosystemic
shunt was an incidental finding upon abdominal imaging
for triaditis. No medical therapy was therefore initiated
for the portosystemic shunt.

Clinical examination revealed grade II/VI left-sided
systolic heart murmur. Neurological examination
showed decreased postural reactions on the right tho-
racic and pelvic limb and decreased-to-absent menace
response bilaterally. The neurolocalisation was focal left-
sided forebrain. The most likely differential diagnosis
was neoplasia (ie, primary brain tumour).

Haematology was unremarkable. Comprehensive
biochemistry revealed markedly elevated creatine kinase
(1421 pkat/1; reference interval [RI] 10-290) and alanine
aminotransferase (ALT; 2339 U/1 [RI 1-120]), and mildly
elevated total protein (78 g/1 [RI 53-77]) and total thyrox-
ine (46.3U/1 [RI 13.3-44.7]). The rest of the parameters
were within normal limits. Creatine kinase and ALT
returned to normal 3 weeks later, suggesting that their
transient increase was most likely the consequence of the
recent epileptic activity. Feline immunodeficiency virus
and feline leukaemia virus SNAP testing was negative.
Toxoplasma serum titres were negative. Abdominal ultra-
sound findings were consistent with choledocholithiasis.
MRI of the head showed a large, rounded, well-defined,
extra-axial space-occupying lesion at the level of the left
piriform and temporal lobes causing severe mass effect
with midline shift, caudotentorial and foramen magnum
herniation. The mass was T2W iso-hyperintense and
TIW isohypointense, compared with grey matter, and
was strongly homogenously contrast enhancing (Figure
3). A presumptive diagnosis of intracranial meningioma
was made.

A left sided rostrotentorial craniectomy was performed
and the tumour was removed by en-bloc resection.
Recovery from the surgery was uneventful. A tapering
dose over 12 weeks of prednisolone (Prednicortone; Le
Vet Beheer) starting at 0.4mg/kg q24h was initiated along
with levetiracetam (30mg/kg q8h [Levetiracetam;
Zentiva]). Histopathological diagnosis was a fibrous
meningioma (grade I) with rare foci of mineralisation
(Figure 4).

Three months after surgery the cat was diagnosed with
alimentary, small-cell lymphoma after presenting with
recurrent constipation and hyporhexia. The diagnosis
was obtained based on the gastroduodenoscopy and colo-
noscopy findings, as well as on histopathology of the
endoscopically biopsied tissues. Treatment with chloram-
bucil (0.3mg/kg q48h [Leukeran; GlaxoSmithKline
Pharmaceuticals]) was initiated alongside the previously
prescribed medical therapy. Six months postoperatively
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Figure 3 Head MRI of case 2. T2-weighted (a) sagittal and (b) transverse image of the isohyperintense extra-axial rounded
mass at the level of the left piriform and temporal lobe (arrows), and post-contrast T1-weighted (T1W) (c) transverse and (d)
T1W fat-saturated dorsal image at the same levels showing its marked homogeneous contrast enhancement (arrows)

the cat had a cluster of generalised tonic—clonic epileptic
seizures. Repeat MRI was declined. The cat continued to
do well 18 months after the initial presentation, without
further epileptic activity.

Discussion

We described the occurrence of intracranial meningioma
(grade I)! in two adult cats from the same litter and
household that presented 4 months apart. To our knowl-
edge, familial meningioma has not previously been

reported in cats. The possibility that these two cats
simultaneously developed the same meningioma sub-
type by random chance has been considered. This was
deemed unlikely, taking into the account that Norwegian
Forest Cats were not an over-represented breed in previ-
ous studies of cat meningioma .2°

Meningioma is the most common extra-axial intracra-
nial brain tumour in cats (32.8-73%)>* and people.>*
Human family history studies suggest a role for inher-
ited susceptibility to many central nervous system (CNS)
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Figure 4 Histopathology of the lesion in the left temporal and
piriform lobe of case 2. Fibrous meningioma. Intersecting
streams of spindle cells amidst a prominent collagenous
stroma. Haematoxylin and eosin X 100

tumours, including intracranial meningiomas.>6°10
There is a proven increased risk of intracranial meningi-
oma in humans with a first-degree family history of
meningioma,>>!! and the association is even stronger
when the diagnosis is made in people <55 years of age.
Children, parents and siblings are considered first-
degree family members,>® like the two cats described
herein.

In humans, many genetic syndromes predisposing to
meningioma exist, with neurofibromatosis type 2 (NF2)
being the most reported.®!>!*> However, even when
patients with NF2 are excluded from the population,
familial relations for meningiomas remain evident.>%°

NF2 is a tumour predisposition syndrome character-
ised by the development of distinctive nervous system
lesions (eg, schwannomas, meningiomas and ependymo-
mas).!220 Although the typical lesions generally include
vestibular schwannomas, and tend to present more in
children, meningiomas are detected in approximately
50% of patients with NF2,15 concurrently with, or occa-
sionally also independently from, the presence of vestib-
ular schwannomas, and the disease can manifest at older
age.'>20 NF2 results from germline mutations in the NF2
tumour suppressor gene located on chromosome 22q12
with autosomal dominant inheritance.’> Apart from
inherited NF2, in up to 60% of sporadic meningioma
cases spontaneous mutations in NF2 were found.!¢-?
NF2 is responsible for expression of the protein merlin
(membrane-associated protein).!>2' Abnormal or absent
merlin function can disrupt tumour suppression via vari-
ous mechanisms affecting the membrane organisation of
proteins, cell-cell adhesion, cytoskeletal architecture or
interaction with cytosolic proteins.!> Interestingly, NF2-
associated meningiomas may be of any histological

subtype, but are most often of the fibrous variant,? which
was diagnosed in both cases presented herein. The rea-
son behind the development of fibrous morphology in
NEF2-deficient tumours is not entirely clear. Relation to
the dysregulation of cell-cell adhesion (due to merlin
deficiency) leading to a more ‘mesenchymal’ spindled
phenotype is hypothesised.!* Likelihood of an identical
histology of meningioma in two family members in
humans is around 46%,! with low-grade tumours (World
Health Organization grade I)*® more likely to occur in
familial cases, compared with sporadic cases.?

Experimental models have suggested that NF2 muta-
tions alone may not be sufficient to promote tumorigen-
esis, and additional genetic alterations are likely
required.”> Other genetic mutations associated with
meningioma exist in human medicine, affecting, for
example, genes encoding enzymes involved in apoptotic
mechanisms, cell-cycle control or DNA repair.!3> These
mutations may predispose to other tumours as well.26-30
For example, abnormalities in the tumour suppressor
gene PTEN were found to play a role in the pathogenesis
of meningiomas, as well as haematological malignan-
cies.’! Case 2 was also diagnosed with alimentary small-
cell lymphoma, further supporting a possible underlying
genetic background predisposing to tumours. Genomic
profiling has the potential to differentiate between spo-
radic and familial meningiomas, and define the risk of
occurrence in family members.?* The pedigrees of the
reported cats were analysed to identify other affected
subjects in the family line and assess consanguinity,
which was not detected in the five preceding genera-
tions. We unsuccessfully attempted to collect clinical
information and DNA samples from relatives for whole-
genome sequencing by contacting the Norwegian Forest
Cat Club in the UK, making further genetic investiga-
tions impossible. Pedigrees containing information
about diseases in individuals are lacking, likely making
the occurrence of familial meningioma in cats underesti-
mated. Such informative pedigree analysis would have
a great potential to identify the genetic background
in familial and sporadic cases of meningioma in cats.

A possible connection between genetic defects and
feline meningioma has previously been hypothesised in
a study describing meningioma in young cats in associa-
tion with mucopolysaccharidosis (MPS) I. The authors of
the study hypothesised that a gene locus important in
meningioma tumorigenesis and the locus of the enzyme
alpha-L-iduronidase (defective in MPS I) may be closely
located. Another hypothesis was that accumulation of
the metabolite products can be associated with tumori-
genesis of the arachnoid cells and therefore predispose
to meningioma.3?

The possibility that the meningioma in these two cats
from the same household was environmentally related has
been considered. A human study found that spouses
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(genetically unrelated people exposed to similar environ-
ments) of people with brain tumours were not at higher
risk of brain tumours, while first-degree relatives were.?
The role of specific environmental risk factors in humans
(eg, cigarette smoking, mobile phone use, exposure to elec-
tromagnetic fields or to lead) has been investigated and
was found to be insignificant or inconsistent.33 All these
findings support a predominant role of genetic factors vs
environmental factors in the occurrence of primary brain
tumours in people, and make an environmental cause for
simultaneous development of meningioma in these two
cats less likely.

Apart from genetic associations, other risk factors for
the development of meningioma in humans exist such as
exposure to ionising radiation.3*% Interestingly, devel-
oping meningioma after exposure to radiotherapy in
humans appears to have an inherited component.®
Neither reported cat underwent radiotherapy before the
occurrence of the meningioma. The cat described in case
2 had radioactive iodine treatment 2 years before the
meningioma diagnosis. An association between radioio-
dine treatment and meningioma has not been confirmed
in humans or in cats.*#3 In human meningiomas, female
sex is another risk factor;® whereas, male cats (as the cats
described herein) are more commonly reported in the
veterinary literature.?

Conclusions
To our knowledge, this is the first report to describe two
cases of meningioma in cats from the same litter pre-
sented at the same age. Familial meningiomas are well
documented in humans, and predisposing genetic fac-
tors, such as NF2 mutation, are described. No similar
predisposing factors have been identified in felids and
further investigations in this field would be of great
interest and may lead to a better understanding of this
common feline primary CNS tumour pathogenesis.
Genetic analysis of feline relatives with meningioma
may be challenging given that first-degree family mem-
bers rarely stay in the same household. This is also a rea-
son to suspect that the prevalence of familial meningioma
in cats might be underestimated. Accessible, clinically
updated pedigrees might be helpful.
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