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Case Report wem

Exclusive Cerebellar and Leptomeningeal Metastases from
Early Gastric Cancer 14 Months after Proximal Gastrectomy:

An Autopsy Case Report

Yuta Murakami,"* Toru Kobayashi,' Yu Naruse,"” Fumiaki Watanabe,? Atsushi Ishino,* Risa Kanai,

Takeshi Goto,' and Kiyoshi Saito?

We report a rare autopsy case in which the patient
received gastrectomy after an endoscopic diagnosis of
early gastric cancer, and had deteriorated due to exclu-
sive metastatic cerebellar tumors identified 14 months
after surgery. A 65-year-old male was diagnosed as
having a 0-llc-type early gastric cancer on the posterior
wall of the upper stomach by gastrointestinal endoscopy
in search of a cause of epigastralgia, and thus received
proximal gastrectomy and pyloroplasty. Although the
tumor was in the early stages and limited within the
mucosal layer, adjuvant chemotherapy was started by
using S-1 80 mg daily due to evidence of metastasis into
lymph node #3 at the lesser curvature. Evidence of both
recurrence and metastases was not detected by CT
scans of the chest, abdomen, and pelvis, and the chemo-
therapy was completed 12 months after surgery.
However, the patient was admitted to hospital 14 months
postoperatively due to dizziness and gait disturbance.
Cranial MRI (Magnetic Resonance Imaging) revealed
multiple tumors in the bilateral cerebellar hemispheres
with additional leptomeningeal involvement. The patient
died 2 weeks after admission. An autopsy revealed meta-
static cerebellar tumors and leptomeningeal lesions from
the early gastric cancer, and obstructive hydrocephalus
due to metastatic cerebellar tumors. To our knowledge,
this case is the first report of metastasis exclusive to the
cerebellum and leptomeninges from early gastric cancer
limited to the mucosal layer.
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Introduction

Gastric cancer is the fifth most common malignancy in the
world"” with high rates in East Asia, and is the third-leading
cause of cancer death in Japan.” The age-adjusted incidence
rate of Japanese gastric cancer is about twice as high as that
of China and Western countries.” According to the Brain
Tumor Registry of Japan, gastric cancer as the primary
tumor causing metastatic brain tumors is the fifth highest,
3.3%, following lung cancer (46.1%), breast cancer (14.5%),
colon cancer (6.0%) and of kidney cancer (4.2%).” However,
the brain is not a common metastatic site of gastric cancer,
occurring in only 0.16—0.69% of all gastric cancer cases.”™”
We report an autopsy case in which the patient progressively
deteriorated 14 months after proximal gastrectomy due to
brain metastases from early gastric cancer.

Case Report

A 65-year-old male was diagnosed as having a 0-Ilc-type
early gastric cancer on the posterior wall of the upper stomach
by gastrointestinal endoscopy for epigastralgia (Fig. 1A). We
performed proximal gastrectomy and pyloroplasty. According
to the Japanese classification of gastric carcinoma,® pathological
diagnosis was M, Type 0-Ilc, 30 x 17 mm, por2 ~ sig > porl >
tub2, pTla, ly0, vO. pN1: lymph node (LN) #1 (0/4), LN #2 (0/0),
LN #3 (2/5), LN #4sa (0/0), LN #4sb (0/0), LN #7 (0/0). pPMO
(20 mm), pDMO (26 mm) (Figs. 1B—1D). The patient received
chemotherapy with S-1 80 mg daily because of evidence of
metastasis to LN #3 at the lesser curvature. During this
12-month period, he was systemically followed once every 2
months, and no abnormalities were noted in tests including
tumor marker and CT (computed tomography) examination.
However, 14 months postoperatively, the patient presented with
dizziness and gait disturbance, and he had a Karnofsky Perfor-
mance Scale (KPS) score of 50. Brain MRI (Magnetic Reso-
nance Imaging) revealed multiple tumors in the bilateral
cerebellar hemispheres, with leptomeningeal involvement. Lab-
oratory examination showed that complete blood count, blood
biochemical values, and most tumor markers were within
normal ranges, but revealed a mildly elevated serum carbohy-
drate antigen 19-9 level at 58.6 U/ml (normal level, <37.0 U/ml).

Brain MRI revealed numerous tumors in the bilateral cer-
ebellar hemispheres without mass effect or perifocal edema.
The tumors were hypointense on T, weighted-images (W),
hyperintense on T,WI. Gadolinium-enhanced T,WI showed
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enhancement of the tumors and revealed leptomeningeal
metastases (LM) through the cerebellar folia. Considering
that the patient had received gastric cancer surgery, the
tumors were suspected of being metastatic brain tumors
originating from the prior gastric cancer (Fig. 2). Scintig-
raphy revealed increased Gallium accumulation in the cere-
bellar hemisphere. The patient presented with dysarthria and
disorientation on day 2 of hospitalization, and headache and
nausea on day 6. He was unable to take anything orally on
day 8, and became drowsy on day 10. Head CT revealed
obstructive hydrocephalus. His family did not want any fur-
ther treatment for him and he received the best supportive
care. He died on day 14 of hospitalization. An autopsy was
performed on the same day.

There were no abnormalities in the remaining stomach.
However, LN metastases were identified as follows: a metastasis
of 5 mm in the left cardiac LN; 10 mm in the peripancreatic
node; 10 mm in a perihilar LN; and 10 mm in the abdominal

aortic LN. Some LNs were necrotic. The brain weighed 1560 g
in the fresh state and edema was found in the entire cerebrum.
Numerous nodules measuring 15-30 mm were located in the
cerebellar hemispheres, and compressed the aqueduct and
fourth ventricle (Figs. 3A and 3B). Adenocarcinoma cells were
scattered in the subarachnoid space through the medulla
oblongata to the whole cerebrum, and were abundant around
the cerebellum (Fig. 3C). Pathological diagnosis was deter-
mined as gastric cancer that metastasized to the cerebellum
and leptomeninges, caused obstructive hydrocephalus, and
resulted in death of the patient.

Discussion

Metastatic brain tumors from gastric cancer are often mul-
tiple and simultaneous with metastases to other organs,
exclusive metastasis to the brain is rare.>” Brain metastases
from gastric cancer are often presented in the cerebrum,
whereas exclusive cerebellar metastases are rare.”'” Most of

Fig. 1 A O-Ilc-type early gastric cancer on the posterior wall of the upper stomach (endoscopical findings; A, arrow, and Specimen; B, arrow)
limited to the mucosal layer without lymphovascular invasion (C, hematoxylin—eosin stain, original magnification 12.5x, scale bar was 2 mm).
Tumor mainly consisted of poor differentiated adenocarcinoma and signet-ring cell carcinoma (D, hematoxylin—eosin stain, original magnification
200x, scale bar was 100 wm). Tumor cells are positive for both CK 7 and CK 20.

Fig. 2 Cranial MRI revealed multiple nodules involving the bilateral cerebellar hemispheres, which were hypointense on T{WI (A), hyperintense
on T,WI (B), and the tumors showed enhancement on gadolinium-enhanced T;WI with leptomeningeal metastases through the cerebellar folia (C).
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Fig. 3 Numerous nodules measuring 15-30 mm were located in the cerebellar hemisphere (A, arrow head), and compressed aqueduct and fourth
ventricle (A, arrow). Microscopic finding revealed that the tumor mainly consisted of poor differentiated adenocarcinoma (B, hematoxylin—eosin
stain, original magnification 200x, scale bar was 100 um). There were leptomeningeal metastases that adenocarcinoma cells were scattered in the
subarachnoid space through the medulla oblongata to the whole cerebrum, and were abundant around the cerebellum (C, hematoxylin—eosin stain,

original magnification 200x, scale bar was 100 um).

the brain metastases from gastric cancer are detected at an
advanced stage,” and result in poor prognosis with a median
overall survival (OS) of 2.0-9.1 months.*>*!" Regarding
early gastric cancer, it is defined as invasive gastric cancer
that invades no more deeply than the submucosa, regardless
of LN metastases.” To the best of our knowledge, there have
only been a few reports of exclusive brain metastases from
early gastric cancer,” and there are no prior reports of exclu-
sive cerebellar metastases from early gastric cancer. In the
present case, we clinically diagnosed the patient as having
exclusive metastatic cerebellar tumors from gastric cancer
without other metastasis. Although LN metastases were
identified by autopsy, scintigraphy had been revealed
increased Gallium accumulation only in the cerebellar hemi-
sphere when metastatic cerebellar tumors were detected.
Table 1 shows the clinical characteristics of case with
exclusive cerebral and/or cerebellar metastases from gastric
cancer reported in Japan.>'®'>"'9 We reviewed only Japanese
gastric cancer cases because of the following reasons: abun-
dant clinical data are available due to high incidence rate of
gastric cancer in Japanese; gastric cancer is histologically
classified according to the Japanese Classification of Gastric
Carcinoma®; and the Japanese people have relatively high
genetic homogeneity.'” To the best of our knowledge, there
have been 28 cases [23 males and 5 females, median age 68
(ranging between 30 and 83) years old] including the present
case, from 1989 to 2017. The present case is the only one in
which an autopsy was performed. The most common histo-
logical type was tubular adenocarcinoma: differentiated

adenocarcinoma in six patients; moderately differentiated
carcinoma in six patients; and poorly differentiated adeno-
carcinoma in eight patients. The metastatic sites were: cere-
brum only in 14 patients, cerebellum only in 12 patients, and
both the cerebrum and cerebellum in one patient. Regarding
the number of metastatic lesions, 23 patients had single
lesions, and five patients had multiple lesions. The median
interval between the initial surgery and diagnosis of brain
metastases was 10 months. The median OS was 6.5 months
after brain metastases diagnosis in 27 patients whose sur-
vival time was known. Most gastric cancer depths were
deeper than subserosa, and limited to submucosa in one case,
and to mucosa in one case (the present case). Only the
present case had coexistence of LM and parenchymal metas-
tases, where it was difficult to identify which metastases
occurred earlier. Regarding the other cases, there might have
been coexistence of metastasis; however, no autopsy was
performed. Although both Nomura et al." and Sakurai
et al."” reported a case of brain metastasis from early gastric
cancer limited to the mucosal layer, these cases are not
included in Table 1 since the cancer simultaneously metasta-
sized to the brain and liver.

There are autopsy case reports in which it was difficult to
clinically diagnose LM from gastric cancer.”**" Breast cancer,
lung cancer, and melanoma are the most common primary
tumors resulting in LM.?® Most of the brain metastases from
gastric cancers tend to be presented with leptomeningeal
metastases.' In Japan, there are many reports of leptomenin-
geal metastases from gastric cancer due to the high incidence
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Table 1 Characteristics of patients with exclusive brain metastases
from gastric cancer in Japan

Characteristics No.
Patients 28
Sex Male:female 23:5
Age mean (min—max) 68 (30-83)
Histological type  Papillary (pap) 2
of gastric cancer Well differentiated (tubl)
Moderately differentiated (tub2) 6
Poorly differentiated (por) 8
Mucinous (muc) 2
Undifferentiated 1
Squamous cell carcinoma 1
Data not known 2
Depth of gastric Mucosa (m) 1
tumor invasion Submucosa (sm) 1
Subserosa (SS) 7
Serosa exposed (SE) 8
Serosa infiltrating (SI) 4
Data not known 7
Location of brain ~ Cerebrum 14
metastases Cerebellum 12
Both cerebrum and cerebellum 1
Choroid plexus 1
The number of Single 23
brain metastases Multiple 5
Coexistence of Yes 1
leptomeningeal No 2
metastases
Data not known 5
Time interval Mean (min—max) 10 (0-132)
v ;s
and brain 12<,<24 7
metastases (months) o4 6
Survival time after Dead 14
diagnosis of brain - nfean (min-max) 6.5(05-85)
metastases
(months) Alive 13
Mean (min—max) 28 (2-120)
Data not known 1
Treatment after Surgery 10
diagnosis of brain Surgery + radiotherapy 7
metastases
Surgery + chemotherapy 1
Surgery + radiotherapy + chemotherapy 2
Radiotherapy 3
Radiotherapy + chemotherapy 2
Best supportive care 3

of gastric cancer compared with Western countries.”?*

Oh et al.* reported that 32 (59.3%) out of 54 gastric cancer
patients initially presented with metastatic gastric cancer
without LM which then progressed to LM; however, further
studies are required in a larger study population.

Recursive partitioning analysis (RPA) is a useful prog-
nostic method for evaluating patients with metastatic brain
tumors by classifying them into three groups depending on
KPS (i.e., primary tumor status, presence of extracranial
system metastases, and age®”). Recent studies in a series of
metastatic brain tumors from gastric cancer reported that the
median OS was 3.5 months in RPA class 2 and 1.25-3.0
months in RPA class 3.>"*® Most reports in Table 1 did not
describe the RPA classification and the patients had a better
prognosis than those with metastatic brain tumors with mul-
tiple organ metastases. The effectiveness of radiotherapy for
metastatic brain tumors has been reported in recent years;
however, the prognosis is generally poor for cases with mul-
tiple metastases.”**” Stereotactic radiosurgery would be pos-
sible if the number of metastatic lesions was 1-3,*" or even
within 10.*” To our knowledge, treatment outcomes of radio-
therapy for metastatic brain tumors from gastric cancer have
not been clearly compiled. Generally, multiple or compli-
cated LM cases have poor prognosis. While LM from early
gastric cancer is rare, advanced gastric cancer could metasta-
size to the leptomeninges or brain parenchyma.®*” The prog-
nosis of patients with LM associated with solid tumors is
poor, and the median OS is 2-3 months.***> The present
case had a poor prognosis due to multiple metastases to the
cerebellum, complicating LM, KPS 50 and RPA class 3.

Many authors have speculated the following three routes
of metastases to the cerebrum: (i) the portal venous system
via the liver and lungs®?; (ii) from the LNs surrounding the
primary focus into the spinal subarachnoid space via nerve
roots®”*®; and (iii) via the vertebral vein directly to the brain,
without passing through the liver or lungs.*® Metastatic brain
tumors and LM from gastric cancer would metastasize
through lymphatic routes. The third route is considered most
likely for cerebellar metastases. The vertebral venous sys-
tems via the transverse sinus have many anastomoses with
not only the internal jugular venous system but also the cere-
bellar venous system.*” Tumor cells flowing backward in the
vertebral venous system are speculated to be caught by the
nearby cerebellar venous systems, which is close to the
tumor cells. However, in the present case, brain metastases
were considered not to be hematogenous but lymphogenous
because there were multiple LN metastases and LM from the
medulla oblongata to the cerebrum. There are two lymphog-
enous pathways: (a) a pathway from the stomach to the retro-
peritoneal LNs, entering the subarachnoid space at the spinal
level, ascending the spinal subarachnoid space and reaching
the cerebellum; and (b) a pathway from the stomach that
leads directly to the lymph duct of the dura mater and
reaches the cerebellum through the subarachnoid space at
the cerebellar level. In pathway (a), the metastasis of gastric
cancer cells to the cerebellum ascending into the spinal sub-
arachnoid space could be explained by the bulk flow
theory*” or a diffusion phenomenon. According to the



cerebrospinal fluid (CSF) bulk flow theory, CSF is produced
mainly at the intraventricular choroid plexus and, after
flowing through the subarachnoid space, is absorbed into
veins or lymphatic vessels.*® However, previous studies using
the MRI Time-Spatial Inversion Pulse method suggested that
CSF does not flow in one direction based on the observation
of CSF flow from the third ventricle into the lateral ventri-
cles, and no flow or pulsation of the CSF over the cerebral
convexity.***? As the CSF does not ascend into the intracra-
nial space, tumor cells diffuse through the subarachnoid
space and reach the cerebellum. On the other hand, (b) is a
possible pathway, reaching the cerebellum because of the
discovery that lymphatic vessels exist in the central nervous
system.*” In the present case, there were adenocarcinoma
cells scattered in the subarachnoid space, and they were
especially abundant around the cerebellum, although tumor
cells should have been distributed equally in the subarach-
noid space if they had spread from the level of the spinal
cord to cerebrum. Furthermore, considering the evidence of
local metastases to only LNs, it is likely that the gastric
cancer cells metastasized from the stomach to the cerebellum
through the lymphatic system. Lymphatic vessels in the
mucosal layer of the stomach wall were found in the deepest
layer of the lamina propria.***> So lymphatic metastases
from mucosal gastric cancer can occur as in the present case.

We administered S-1, a combination drug with tegafur (FT),
5-chloro-2,4-dihydroxypyridine, and potassium oxonate
(Ox0), as postoperative adjuvant therapy. Our autopsy find-
ings showed that S-1 was effective against LN metastases
because some LNs were necrotic and LN metastases did
not accumulate Gallium. FT could pass the blood—brain
barrier (BBB)*®; however, there is no data on whether S-1
itself can pass the BBB or not. Exclusive cerebellar metas-
tases and LM may have occurred in our patient due to BBB
permeability.
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