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A 68-year-old female was admitted for intolerable
abdominal pain for 2 months, which can only be
relieved by continuous analgesic treatment. Her medical
history was unremarkable.

Laboratory examinations revealed a moderative
serum CA 19-9 (122.8 U/mlL,
normal range: 0-27.0 U/mL). Standard endoscopy
showed multiple bulges in the gastric body, but
repeated mucosal biopsies solely suggested mild
gastritis [Figure 1]. Numerous irregular cysts were seen
throughout the gastric wall, forming a honeycomb look
on computed tomography and EUS, while on EUS, the
mucosal layer remained continuous [Figures 1, 2 and
Video 1]. The entire gastric wall was involved, causing
peristalsis loss, resulting in repeated vomiting and
worsening abdominal pain, and following EUS-FNA
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indicated borderline cystadenocarcinoma with an
elevation of CA 19-9 (499.7 U/mL) in the cystic
fluid [Supplementary Table 1]. Later, a palliative total
gastrectomy was performed to release symptoms and
verify the diagnosis.

In histological examinations, from muscularis mucosa
to the serosa, many malignant cysts were seen, but the
mucosal layer was normal, which was different from
any reported gastric cancer [Supplementary Figure 1].
Besides, cystic walls were comprised both mucinous
columnar and serous cuboidal cells. Notably, near
malignant cysts, some benign cystic structures with
normal columnar epithelium can also be seen, shaped
like pancreatic ducts [Figure 2 and Supplementary
Figures 2-6]. As expected, the immunohistochemical
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Figure 1. The endoscopic view and EUS of the stomach. Standard
gastroscopy showing multiple cyst-like bulging and compressible
lesions with mild mucosal erosions (a). On the EUS image, numerous
cysts were distributed through the submucosal layer to the serosa
with irregular sizes (b). One large cyst was visualized on the EUS
(c), and EUS-guided fine needle aspiration was performed to obtain
cystic fluid (d)

test and whole-exome sequencing analysis confirmed
their pancreatic origin [Supplementary Table 2 and
Supplementary Figure 7|, as a mixed serous—mucinous
cystadenocarcinoma originated from type 1l ectopic
pancreas (consisting of ducts only) was diagnosed.!"!
Postoperatively, abdominal pain was relieved, but she
could not tolerate chemotherapy and refused further
treatment. Unfortunately, 6 months later, this patient
died of cancer relapse [Supplementary Figure 8].

We reported the first case of gastric submucosal
multiple cystic lesions originated from the ectopic
pancreas, and it clearly showed the malignant
transformation.”” From this case, to investigate the
nature of these submucosal cystic lesions, EUS and
EUS-FNA played critical roles. In addition, the elevation
of CA 19-9 in the serum and cystic fluid might be an
important indicator for diagnosing such lesions.
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Figure 2. Metastatic mixed serous-mucinous cystadenocarcinoma
originated from type II gastric ectopic pancreas in the stomach. (a)
Enhanced abdominal computed tomography showing diffused and
irregular cysts in the gastric body. (b) The resected stomach comprising
alarge cyst and several smaller ones in the gastric wall’s deep layer. (c)
Hematoxylin and eosin staining of the original excision specimen
showing cystadenocarcinoma (shaped as cystic changes) extended from
the muscularis mucosae to the deep serosa. The lining cells comprised
both malignant mucous columnar epithelium (purple arrowhead) and
malignant serous cuboidal epithelium (black arrowhead). Ducts with
malignant change (one cancer cell with morphism and hyperchromatic
nuclei, black arrow) and ducts with normal morphology (purple arrow)
can be seen simultaneously
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Supplementary Figure 1. Appearance and pathological image of the
liquid and specimen by the EUS-FNA. Panel A shows the process of
EUS-ENA to obtain the cystic fluid (Panel B, turbid and watery liquid in
the red cup bottle) for laboratory tests and specimens (Panel C, multiple
red and cord-like specimens) for later histological examinations.
A biopsy specimen (Panel D) shows the irregular lining of cystic walls
on hematoxylin and eosin staining. FNA: Fine needle aspiration

Supplementary Figure 2. The photograph of the resected stomach.
Postoperatively, on the serous surface of lesser curvature, multiple
transparent cystic lesions with liquid can be wildly seen (Panel A,
black triangle, and circle). Specifically, Panel B shows a relatively small
cyst (white arrow), while Panel C indicates a large cyst (black arrow)
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Supplementary Figure 3. Another microscopic view of excision
specimens from the stomach (hematoxylin and eosin). Hematoxylin
and eosin staining of the original excision specimen (Panel A) showing
cystadenocarcinoma extending from the muscularis mucosae to the
deep serosa. The typical structure of these layers was damaged entirely,
but the layers above remain continuous. In Panel B, ectopic pancreatic
tissue (IT) with only ducts is located in the layer of muscularis mucosae
of the gastric body. Both ducts with malignant change (Panel C, red
triangle) and ducts with normal morphology (Panel D, orange triangle)
can be simultaneously observed

Supplementary Figure 4. Excision Specimens from the involved pancreas (hematoxylin and eosin). In the resected metastatic lesion of the
pancreas (Panel A), normal pancreatic ducts (Panel C, green triangle) and pancreatic acini (Panel E, blue triangle) were clearly seen microscopically.
Both Panel B and Panel D (red triangle) showing a metastatic lesion with a deformed ductal structure, and its linings were irregular with cellular
pleomorphism and hyperchromatic nuclei
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Supplementary Figure 5. Excision specimens from lymph
node (hematoxylin and eosin). Panel A shows the swelling lymph
node with lymphocyte infiltration, and multiple deformed ducts
with metastatic malignant changes can be seen (Panel B). Similar
to the former gastric lesion [Supplementary Figure 4, Panel C] and
metastatic lesion of the pancreas [Supplementary Figure 5, Panel D],
the linings of these lesions were irregular, as cellular pleomorphism
and hyperchromatic nuclei can be observed (Panel C)
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Supplementary Figure 6. Excision specimens from the resected
liver (hematoxylin and eosin). In the resected involved liver (Panel
A), similar malignant cystic changes can be observed (Panel B, black
arrows)
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Supplementary Figure 7. Result of whole-exome sequencing and
variant analysis. Panel A suggests a gene set enrichment analysis
indicating the germline mutations tumor harbored were significantly
associated with pancreatic cancer (P = 0.03) but were not significantly
correlated with gastric cancer (P = 0.35). In Panel B, the x-coordinate
represents different somatic gene mutations, and the ordinate is the
ratio of different types of mutations. This figure shows the different
proportions of different mutation types, including missense variant,
frameshift, and stop-gained variants, and frameshift variants. In Panel
C, the x-coordinate represents the different genes, and the ordinate
is the ratio of different types of mutant bases. This figure shows the
different proportions of different kinds of mutant bases

Supplementary Figure 8. The computed tomography follow-up.
Preoperatively, multiple cystic lesions can be seen in the gastric
wall (Panel A). One month after the surgery, some neoplastic tissue
was seemingly formed (Panel B), and 3 months later, newly formed
cystic lesions can be seen around the incision place, suggesting the
recurrence of the malignancy (Panel C)



Supplementary Table 1. Results of cyst fluid

analysis
Category Results
Routine test
Appearance Low viscosity, yellow,

Rivalta test
Spinnbarkeit test

Total nucleated
cell count

Biochemistry test
Total protein (g/L)
Albumin (g/L)
LDH (U/L)

ADA (U/L)
Amylase (U/L)
Lipase (U/L)

Tumor marker
CA19-9 (U/mL)
CA72-4 (U/mL)
CEA (ng/mL)
AFP (ng/mL)

watery, thin, and turbid
Positive 1+

Negative

10,265x10¢/L

3

2
1234
16.4
<30
<13

499.7
3.5
12.8
0.8

LDH: Lactate dehydrogenase; ADA: Adenosine deaminase; CA
19-9: Carbohydrate antigen 19-9; CA 72-4: Cancer antigen 72-4;
CEA: Carcinoembryonic antigen; AFP: Alpha-fetoprotein

Supplementary Table 2. Expression of immunohistochemical markers

Lynch syndrome
Other

Origin Results of IHC

Gl tract SMAD4 (+), MUC-1 (+), MUC4 (f+), MUC-6 (d+), MUC5AC (+),
CK8 (+), CK7 (+), CK18 (+), CK19 (+), CEA (=), Ki67 10% (+)

Intestine CDX-2 (=), SATB2 (=), CK20 (-), Villin (-)

Ovary, endometrium, or cervix CA125 (-), WT-1 (=), ER/PR (=), p16 (=), P53 (-)

Lung Napsin-A (=), TIF-1 (-)

Breast GCDFP-15 (-), mammaglobin (-), GATA-3 (-)

Liver HC (=), AFP (-)

Mesothelium MC (=), CR (=), Trypsin (=), Ber-EP4 (-)

EB virus EBER (-)

MSH2 (+), PMS2 (+), MLH-1 (+), MSH6 (+), Braf (-)
a-AT (+), Her2 (=), PAS (+), AB (-)

CK: Cytokeratin; d+: Diffuse; f+: Focal; Gl: Gastrointestinal; EB: Epstein-Barr



