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Background — Although vertigo is one of the most com-
mon complaints, intracranial malignant tumors rarely
cause sudden asymmetry between the tone of the vestibu-
lar peripheries masquerading as a peripheral-like disor-
der. Here we report a case of simultaneous temporal bone
infiltrating macro-metastasis and disseminated multi-
organ micro-metastases presenting as acute unilateral
vestibular syndrome, due to the reawakening of a primary
gastric signet ring cell carcinoma.

Purpose — Our objective was to identify those pathophysi-
ological steps that may explain the complex process of
tumor reawakening, dissemination. The possible causes of
vestibular asymmetry were also traced.

Methods — A 56-year-old male patient’s interdisciplinary
medical data had been retrospectively analyzed. Original
clinical and pathological results have been collected and
thoroughly reevaluated, then new histological staining and
immunohistochemistry methods have been added to the
diagnostic pool.

Results — During the autopsy the cerebrum and cerebel-
lum was edematous. The apex of the left petrous bone
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Célkitizés — Bar a szédilés a leggyakrabban eléforduléd
panaszok egyike, a vestibularis periféridk hirtelen kialakult
ténusaszimmetridja hétterében mégis ritkdn taldlunk peri-
férids eredet( betegséget utdnzé malignus koponyadri
tumorokat. Dolgozatunk egy heveny vestibularis szindré-
ma klinikai képében jelentkez8, késdi, temporalis csontot
is besz(r8, disszemindlt, generalizélt mikrometasztézisok-
kal jaré6 meningitis carcinomatosa esetet mutat be, ami
egy primer pecsétgylrisejtes gyomorcarcinoma felébredé-
sét kévetben jelent meg.

Kérdésfelvetés — Célul tGztik ki, hogy azonositjuk azon
patofiziolégiai folyamatokat, melyek magyardzatul szol-
gélhatnak a daganat felébredésére, disszemindcidjéra.

A vestibularis ténusaszimmetria lehetséges okait szintén
vizsgéltuk. }

A vizsgdlat alanya és médszerei — Otvenhat éves férfi
betegink interdiszciplindris orvosi adatait retrospektiven
elemeztik. Osszegy(ijtéttik és részletesen Ujraértékeltik az
eredeti klinikai és patolégiai vizsgdlatok leleteit, majd Uj
szdvettani festésekkel és immunhisztokémiai médszerekkel
egészitettik ki a diagnosztikus eljdrésokat.
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was infiltrated and destructed by a tumor mass of 2x2 cm
in size. Histological reexamination of the original gastric
resection specimen slides revealed focal submucosal
tumorous infiliration with a vascular invasion. By immuno-
histochemistry mainly single infilirating tumor cells were
observed with Cytokeratin 7 and Vimentin positivity and
partial loss of E-cadherin staining. The subsequent histo-
logical examination of necropsy tissue specimens con-
firmed the disseminated, multi-organ microscopic tumor-
ous invasion.

Discussion — It has been recently reported that the expres-
sion of Vimentin and the loss of E-cadherin is significantly
associated with advanced stage, lymph node metastasis,
vascular and neural invasion and undifferentiated type
with p<0.05 significance. As our patient was middle aged
and had no immune-deficiency, the promoting factor of
the reawakening of the primary GC malignant disease
after a 9-year-long period of dormancy remained undis-
covered. The organ-specific tropism explained by the
“seed and soil” theory was unexpected, due to rare occur-
rence of gastric cancer to metastasize in the meninges
given that only a minority of these cells would be capable
of crossing the blood brain barrier.

Conclusion - Patients with past malignancies and new
onset of neurological symptoms should alert the physician
to central nervous system involvement, and the appropri-
ate, targeted diagnostic and therapeutic work-up should
be established immediately. Targeted staining with specific
antibodies is recommended. Recent studies on cell lines
indicate that metformin strongly inhibits epithelial-mes-
enchymal transition of gastric cancer cells. Therefore, fur-
ther studies need to be performed on cases positive for
epithelial-mesenchymal transition.

Keywords: carcinomatous meningitis,
signet ring cell carcinoma,

epithelial mesenchymal transition,
acute vestibular syndrome

ased on the estimation of global cancer statis-

tics (GLOBOCAN), gastric cancer (GC) was
responsible for over 1,000,000 new cancer cases in
2018 and the cause of an estimated 783,000 deaths.
Incidence rates are significantly higher in Eastern
Asia. Mortality is varying between the two sexes
from 6.5 to 9.5% for females and males respective-
ly'. The prognosis of GC is highly dependent on its
stage at verification. Gastric carcinogenesis and the
metastatic cascade is a multistep and multifactorial
process. GC commonly causes metastasis to the
peritoneal cavity, lymph nodes, liver and lung. The
intracranium is a very rare site for metastasis. From
a retrospective cohort of 8080 subjects with
advanced GC, only 13 patients developed intracra-
nial metastases (~1.6%0). Out of these 13 patients,
5 were shown to have carcinomatous meningitis

Eredmények — Kérboncolds sordn a nagyagy és a kisagy
oedamds volt. A bal piramiscsont cstcsét egy 2 X 2 cm
nagysdgu daganatmassza szlrte be. A gyomorreszekdtum
eredeti szévettani metszeteinek Ujraértékelése submucosus
daganatinfiltraciét igazolt vascularis invézié jeleivel.
Immunhisztokémiai vizsgélatokkal domindléan
magdnyosan infiltrdlé daganatsejteket l&ttunk cytokeratin
7- és vimentinpozitivitassal, valamint részleges E-kadherin
szdvettani festésvesztéssel. A kérboncolds sordn nyert
szévetmintdk ezt kdvets hisztolégiai vizsgdlatai igazoltdk
a disszemindlt, tébbszervi mikroszkopikus daganatinvéziét.
Megbeszélés — Az Gjabb eredmények igazoltdk, hogy a
vimentin kifejez8dése, valamint az E-kadherin elvesztése
szignifikdns (p < 0,05) kapcsolatot mutat az el8rehaladott
stddiummal, a nyirokcsomédattétek jelenlétével, a vascu-
laris és neuralis invéziéval, valamint a nem differencialt
szdveti tipussal. Betegink kézépkory volt és nem volt
immunhidnyos éllapotban, igy a gyomorcarcinoma kilenc
éven 4t tarté alvé dllapotot kdvets felébredését nem
tudtuk megmagyardzni. A daganat szervspecifikus tropiz-
musa, melyet a ,seed and soil” teéridval magyardznénk,
kifejezetten vdaratlan volt, mivel a gyomorrdkok ritkdn
képeznek dttétet az agyburkokon, hiszen a daganatsejtek
elenyész8 szamban jutnak &t a vér-agy géton.
Kévetkeztetések — Az el6zményben szerepl8 malignus
folyamat, valamint egy 0j neurolégiai tinet megjelenése
fel kell, hogy keltse a klinikus figyelmét a kézponti ideg-
rendszer daganatos érintettségére, melyet adekvdt, célzott
diagnosztikus és terdpids stratégia megtervezése kell, hogy
kévessen. Ehhez célzott szévettani festési eljarasok, speci-
fikus antitestek alkalmazésa szikséges. A kdzelmilt ered-
ményei sejtkultrdkon igazoltdk a metformin epithelialis-
mesenchymalis transitiét erésen gatlé hatdsét gyomorrak
esetében. Igy tovabbi kutatdst kell végezni azon esetek-
ben, amelyekben az epithelialis-mesenchymalis transitiéra
pozitiv eredményeket kapunk.

Kulesszavak: carcinomatosus meningitis,
pecsétgylrisejtes gyomorcarcinoma,
epithelialis-mesenchymalis transitio,
heveny vestibularis szindréma

ABBREVIATIONS

ALP: alkaline phosphatase

AVS: acute vestibular syndrome

CM: carcinomatous meningitis

CSF: cerebrospinal fluid

CT: computer tomography

EMT: epithelial-mesenchymal transition
GC: gastric cancer

[HC: immunohistochemistry

MRI: magnetic resonance imaging
SRCC: signet ring cell gastric carcinoma

(CM) while the remaining 8 presented with paren-
chymal metastasis®.

Dizziness is one of the most common complaints
in medicine, affecting 15-35% of the general popu-
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Figure 1. Timeline of past history

lation at some point in their lives®. In a multi-na-
tional, non-interventional observational study-co-
hort of 3,676 patients with vertigo, only 133 (3.6%)
had cranial tumors, neoplasms?*. Malignant tumors
even more rarely cause acute vestibular syndrome
(AVS), characterized by a sudden asymmetry bet-
ween the tone of the vestibular peripheries. In pa-
tients with AVS the differentiation between vesti-
bular neuritis and cerebellar stroke is the key diffe-
rential diagnostic question>”’.

In this report we present a patient who complai-
ned of imbalance and showed the clinical signs of
AVS. Ten years earlier, this patient had gastrec-
tomy due to primary gastric signet ring cell carci-
noma (SRCC). In the background of the fulminant
neurological symptoms, the post-mortem examina-
tions revealed the unrecognized CM and the con-
comitant multi-organ micrometastases.

Case report
BRIEF PAST HISTORY

In July 2000 partial gastrectomy was executed ac-
cording to Billroth II. (Dg: SRCC, diffuse mucosa
type early carcinoma, on the basis of peptic ulcer;
Dukes 2c¢ type, pTINx). The patient received no ad-
juvant postoperative chemo- or radiotherapy. Re-
peated gastric biopsy until July 2003 and June 2006
showed only mild chronic gastritis of the anastomo-
sis. In 2008 fundic gland polypus was found. Signs
of dysplasia, malignancy, Helicobacter pylori infec-
tion were not seen at any point of the follow-up.
Repeated tumor marker analysis for CEA, CA 19-9
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and CA 72-4 form March 2005 to August 2008
were also unremarkable. For milestones of patient
past history see timeline (Figure 1).

PRESENTING COMPLAINTS AND INVESTIGATION RESULTS

In 2009, the 56-year-old male patient admitted to
the Department of Otolaryngology, Head-Neck
Surgery, with 2.5 weeks long leading complaints
of intense nausea and vomiting. He was also mild-
ly imbalanced with fluctuating, left temporal and
retro-auricular headache. On physical examination
the eardrums were normal. Pure tone audiometry
showed symmetric, mild-moderate sensorineural
hearing impairment. On routine vestibular tests,
left-beating fast component horizontal jerk nystag-
mus was seen at left gaze position. By clinical
head-impulse test overt saccades were seen on both
sides. Furthermore, the stance and gait deviated to
the right side. Signs were regarded as AVS, sup-
porting that the right labyrinth was less active.
Although the laboratory examinations at the point
of the initial hospitalization showed only elevated
alkaline phosphatase (ALP) level (212 U/l; normal
value: <129), and otherwise were within or around
normal ranges, the patient was hospitalized with
vestibular neuritis, due to a suspected gastrointesti-
nal infection (complaints of intense nausea and
vomiting) as a primary cause. As the patient’s
blood pressure was elevated following the admin-
istration of intravenous pentoxiphyllin (200 mg
diluted in 500 ml NaCl), and the oral betahistine
was not prescribed due to the past history of gastric
surgery, only vestibular training was advised to
perform regularly.
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After the patient had been discharged with the
complaints of mild imbalance and headache, 5 days
later he was re-admitted with the symptoms of gen-
eral malaise, nausea and vomiting. While observing
at the intensive care unit the patient developed ge-
neralized seizure. Neurological examination revea-
led the following symptoms: i) exophthalmos of the
left eye, ii) left-beating fast component horizontal
jerk nystagmus at left and center gaze position with
iii) truncal ataxia, iv) uncoordinated gait and v) la-
tent right sided hemiparesis.

The diagnostic lumbar puncture showed 9 lym-
phocytes, 7 monocytes and 1 macrophage in 1 uL.
The total protein level was 1.52 g/L., while the glu-
cose level was 0.6 mM/L (serum: 5.34 mM/L). Cy-
tological examination did not confirm cerebrospinal
fluid involvement with SRCC features.

Abdominal ultrasound identified mild hepato-
splenomegaly without pathological lymph nodes.

On repeated ear examination infiltrated (i.e. thick)
tympanic membrane was observed on the left side,
therefore myringotomy was performed, and only a
few drops of serous discharge was drained.

Horizontal plane skull computer tomography (CT)
with intravenous contrast material showed the bone
destruction with ragged edges of the left petrous
bone apex (Figure 2).

Comparing the native and gadolinium enhanced
T1-weighted magnetic resonance image (MRI)
scans, contrast enhancement is showed at the apex
of the left petrous bone, while the meninges were
evaluated as normal (Figure 3). The most frequent
signs of CM (i.e. subarachnoid and parenchymal
enhancing nodules, diffuse or focal pial enhance-
ment, nerve root enhancement and brain parenchy-
mal metastases) were not identified.

In order to exclude an unrecognized middle ear
infection, the patient finally underwent mastoidec-
tomy, that revealed air filled mastoid cells without

Figure 2. Horizontal plane skull CT with intravenous
contrast material showed the bone destruction with
ragged edges of the left petrous bone apex (black
arrow)

Figure 3. Comparing the native (A) and gadolinium-enhanced
(B) T1-weighted magnetic resonance image (MRI) scans, con-
trast enhancement is showed at the apex of the left petrous bone

any sign of infection of the left middle ear. After
surgery, the patient was observed at the intensive

care unit with continuous leaking hemorrhage from
the surgical area. Subsequently the patient’s state of
consciousness began to fluctuate. Finally, deep
coma developed, and the patient passed away. The
cause of death was brain herniation due to increased
intracranial pressure.

POSTMORTEM EXAMINATION AND REEVALUATION OF THE
ORIGINAL GASTRIC RESECTION MATERIAL

During the autopsy the skull bones were intact. The
dura mater was smooth and greyish-white in color.
The venous sinuses and the arachnoid mater were
intact. The cerebrum and cerebellum was edema-

(black arrows)

tous (1620gr). The sulci were shallow; the gyri
were flattened. The cerebellar tonsils’ surface was
excavated. The apex of the left petrous bone was
infiltrated and destructed by a tumor mass of 2x2
cm in size (Figure 4). Other, remarkable macro-
scopic discrepancy was not revealed. The subse-
quent histological examination of necropsy con-
firmed the microscopic invasion of the meninx, the
trigeminal ganglion and nerve trunks. Hematoge-
nous micro-metastases were seen in the mediastinal
hilar lymph nodes, in the lung and in the liver.
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Figure 4. Destructive tumor mass at the apex of the left
petrous bone (black frame, the tumor mass is held by a

forceps)
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Figure 5. Surgical specimen histology. Top image: Intramuco-
sal diffuse sigillocellular infiltration (HE, 20x). A: Staining con-
firmed the intracellular mucus vacuole (PAS-AB at pH 2.5, 10x).
B: Vascular invasion and nerve trunks (HE, 10x). C: Perivas-
cular Cytokeratin 7 positive single tumor cells (IHC, 10x)

HE: hematoxylin and eosin, PAS-AB: periodic acid-Schiff-AB,
[HC: immunohistochemistry, CK-7: cytokeratin 7

Histological reexamination of the original gastric
resection specimen slides revealed focal submucos-
al tumorous infiltration with a vascular invasion,
but lymph node metastasis was not noted within the
perigastric adipose tissue. By immunohistochem-
istry (IHC) mainly single infiltrating tumor cells
were observed with Cytokeratin 7 and Vimentin
positivity. Furthermore, gastric tumor cells showed
partial loss of E-cadherin staining. These alterations
indicate the epithelial-mesenchymal transition
(EMT) phenomenon which can be a sign of a
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metastatic phenotype (Figure 5.A-C). By IHC par-
tial loss of E-cadherin membrane positivity was
observed in the metastatic gastric carcinoma, with
some perineural Vimentin positive carcinoma cells
(Figure 6.A-C).

This case report was authorized by the Univer-
sity of Szeged and National Scientific Research
Ethical Review Board (No0.4620; 21. Oct. 2019).
All therapeutic and diagnostic departments invol-
ved, consented to this retrospective study, with data
security kept in mind.

Discussion

The initial neurootological tests suggested that the
right peripheral vestibular organ was hypo-func-
tioning, but the pathological examination revealed
the left middle ear infiltrated by the metastasis, thus
we retrospectively hypothesized that the symptoms
of the AVS were attributable to an excitatory pa-
thology of the left inner ear. Although both the
weakness of the right labyrinth and the excitation of
the left labyrinth were equally possible explanation.
Please note, that at the terminal stage of the disease
neurootological examination couldn’t not be per-
formed. The left temporal and retro-auricular head-
ache was attributable to the involvement of the tri-
geminal nerve trunk and ganglion (Figure 6.A),
while further neurological and psychomotor signs
then the central origin of the disease.

During the course of the metastatic cascade,
malignant cells must adapt to new environments
very different from the tissue of origin. This process
includes local invasion, intra- and extravasation,
and colonization, while becoming an apparent, de-
tectable metastatic disease. This period may last for
years as the dynamic equilibrium between tumor
promoting and suppressing activities are in balance,
termed as tumor dormancy and reawakening®. As
our patient was middle aged and had no immune-
deficiency, the promoting factor of the reawakening
of the primary GC malignant disease after a 9-year-
long period of dormancy remained uncovered.

The tropism of tumor cells to form metastases in
preferred tissues gave the illustrative analogy of
“seed and soil” theory’. However, in our case pres-
entation this tropism was a rare occurrence of GC to
metastasize in the meninges given that only a
minority of these cells would be capable of crossing
the blood brain barrier. The explanation may be due
to a cancer cell derived C3. This C3 activates the
C3a receptor in the choroid plexus epithelium
which leads to a disruption of the blood-cere-
brospinal fluid (CSF) barrier. This would allow
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plasma components, including amphiregulin and
other mitogens to enter the CSF and promote can-
cer cell growth, probably also in the meninges'.

Recent studies emphasize the influence of tumor
microenvironment on the characteristics of malig-
nant cells, where pathological gastric EMT activa-
tion is considered to be significant!!. This switch
between these two histological modalities of the
GC cells in which epithelial cells exhibit reduced
intercellular adhesion and acquire migratory fibrob-
lastoid properties, increase initiation and invasion,
metastasis formation and chemo-resistance''~'4. Tt
has been recently reported that the expression of
Vimentin and the loss of E-cadherin are significant-
ly associated with advanced stage, lymph node
metastasis, vascular and neural invasion and undif-
ferentiated type with p<0.05'. From the mechanis-
tic aspect, the leptomeningeal dissemination proba-
bly occurred via the Batson’s vertebral venous
plexus that might give the explanation for paradox-
ical, intracranial tumor spread!®!'°. CSF abnormali-
ties were nonspecific in this case. The sensitivity
could be increased with obtaining large sampling
volumes or a repeated CSF analysis®*2!. The most
sensitive technique of radiology is MRI with
gadolinium enhancement®* %, The prognosis of CM
is poor; the treatment is almost always palliative?*.
In a single-center retrospective study with 155 con-
secutively analyzed patients with CM the overall
median survival time was 4.8 months®.

Conclusion

Patients with past malignancies and new neurologi-
cal symptoms should alert the physician to central
nervous system involvement. Consequently, the
appropriate, targeted diagnostic and therapeutic
work-up should be established immediately. On the
other hand, EMT is a significant predictor of aggres-
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