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Abstract
Gastric carcinoma is the fifth most common and the third leading cause of cancer deaths worldwide. The incidence of diffuse-
type gastric cancer, of which signet ring cell carcinoma is a subtype, is rising in the world. Due to non-specific gastritis-
like symptoms, difficulty in assessing true tumor characteristics owing to its horizontal spread, and non-distinguishable 
endoscopic appearance from other gastric pathologies, the diagnosis of this subtype is challenging. We present a case of a 
67-year-old woman with progressively worsening abdominal pain who came for an endoscopic ultrasound evaluation of an 
incidentally noted pancreatic cyst on a previous MRI. During endoscopy, a 1-cm gastric ulcer was noted along the lesser cur-
vature of the gastric body. Biopsy confirmed a diagnosis of gastric signet ring cell carcinoma (SRCC) with CDX-2 and keratin 
positivity. The patient underwent total gastrectomy with Roux-en-Y reconstruction. Gross specimen revealed a diffuse SRCC 
invading the muscularis propria, along with lymphovascular and perineural invasion. In the context of our case, we discuss 
the morphological features of SRCC and the effectiveness of treatment options based on existing literature. Early accurate 
diagnosis and staging play an important role in determining treatment options as well as the clinical course of gastric SRCC.
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Introduction

Gastric carcinoma was reported to be the fifth most frequent 
and the third leading cause of cancer deaths in the world in 
2020 [1]. Although its incidence is considerably diminished 
in the USA and Western Europe, gastric cancer (GC) inci-
dence remains high in Eastern Asia and other geographic 
areas like South and Central America. Historically, gastric 
cancer has been classified histologically, of which the two 
most commonly used are the WHO and the Lauren classifi-
cations. In this scenario, the incidence of diffuse type cancer, 
which comprises poorly cohesive cells gastric cancer and 
includes signet ring cell cancer (SRCC), is steadily rising 
[2]. Tumor location has been an important component of 
prognostication and management guidance. Of late, genomic 
profiling is emerging as a promising tool for developing new 
therapeutic targets [3].

Gastric cancer management requires a thorough workup 
and should include an interdisciplinary team [1]. For early 
gastric cancers, surgical resection is recommended and 
potentially curative. In cases of very early gastric cancers 
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that meet specific criteria, an endoscopic approach may 
be indicated. However, a surgical approach is necessary 
for tumors not meeting the endoscopic resection criterion. 
The extent of resection depends on the tumor’s location, 
histological subtype, and TNM category [4]. Recent stud-
ies have shown that laparoscopic resection is comparable in 
oncologic outcomes to open surgery for early gastric can-
cer. Although selecting a reconstruction procedure affects 
patients’ quality of life following surgery, there is still no 
consensus on the best reconstruction option [5].

Data suggests that the addition of peri-operative chemo-
therapy for patients with resectable stage II and III disease 
improves 5-year survival, compared to surgery alone [4]. In 
patients with unresectable or metastatic disease, supportive 
care and palliative management are an important parts of 
management. Systemic therapy or chemoradiation may ben-
efit patients with better performance statuses [1].

Case Presentation

A 67-year-old female presented with the chief complaint 
of progressive abdominal pain over the past few years. The 
patient reported that she has been having intermittent sharp 
“pokey” abdominal pain in her epigastrium and left lower 
quadrant. She also reported that the pain has become more 
frequent and is associated with intermittent nausea and 
vomiting. Additionally, she noted that she has felt dizzy and 
weak over the past two months and has had an increase in 
her bowel movements from once every day to three-four 
times every day. She however denied any exacerbating fac-
tors or weight loss or any other major symptoms. Physical 
examination was unremarkable. Her past medical history 
was significant for osteoporosis, myelodysplasia which 
was treated with chemotherapy in 2013, and a 2-cm sta-
ble pancreatic cyst which was likely side-branch intraductal 
papillary mucinous neoplasms (IPMN) diagnosed on a sur-
veillance MRI in 2021. Her past surgical history included 
bilateral cataract surgery, sinus surgery, and open appendec-
tomy as a child. The patient is a former smoker who used to 
smoke ten cigarettes every day for twenty years, she denied 
alcohol consumption, and her family history is positive for 
gastric cancer in both parents.

The patient was initially evaluated by a gastroenterologist 
and underwent an endoscopic ultrasound (EUS) of her pan-
creatic cyst. During the procedure, a 1-cm gastric ulcer with 
an erythematous base and heaped-up edges along the lesser 
curvature of the proximal body was incidentally found on 
esophagogastroduodenoscopy (EGD). Biopsies were taken 
and later showed findings consistent with gastric signet cell 
ring carcinoma that is positive for keratin and CDX-2. EUS 
at the time of the procedure showed significant hypoechoic 
thickening involving the 4th sonographic layer (muscularis 

propria), indicating a tumor size of at least T2. The patient 
reported that the ulcer has been noticed on a previous endos-
copy procedure in 2021, but biopsies were not taken due 
to low platelet count, at that time due to risk of bleeding. 
After confirming the diagnosis with the biopsy, the patient 
was referred to an oncologist who ordered a diagnostic lap-
aroscopy procedure for gastric cancer staging. Peritoneal 
washing was negative for malignancy, and fluid analysis was 
notable for elevated carcinoembryonic antigen (CEA), low 
clonality in the genes Kirsten rat sarcoma virus (K-RAS), 
and guanine nucleotide binding protein (GNAS).

Subsequently, the patient was cleared and sent for total 
gastrectomy with Roux-en-Y esophagojejunostomy. The 
total gastrectomy specimen measured 23 × 10 × 3 cm, 11 cm 
along the lesser curvature, and 31 cm along the greater cur-
vature. The wall thickness measured 0.3 cm. The mucosa 
demonstrated a tan-pink fungating mass along the lesser 
curvature measuring 2.7 × 2.0 cm, extending 0.9 cm into 
the lumen, and 0.5 cm through the gastric wall. The mass 
was located 2.3 cm from the proximal margin, 2.5 cm from 
the mesenteric margin, 10.5 cm from the distal margin, and 
0.2 cm from the serosal surface. The remaining mucosa 
was unremarkable with no other masses or polyps. Micro-
scopic examination of the gastric specimen and lymph node 
revealed a poorly differentiated adenocarcinoma invading 
the muscularis propria into the perigastric adipose tissue 
(signet-ring cell type) with lymphovascular and perineural 
invasion. Metastatic carcinoma was found in seven out of 
seventeen (7/17) lymph nodes with extranodal extension. 
All margins were free of tumor. The tumor was found to 
be mismatch repair protein-proficient and human epidermal 
growth factor receptor 2 (HER-2) negative by immunohis-
tochemistry. The pathology report confirmed the tumor to 
be pT3 and pN3a in the pTNM classification.

After surgery, a feeding J-tube was placed. The patient 
was also given one unit of packed red blood cells (pRBCs) 
and one unit of platelets for low Hgb (6.4) and platelets 
(48 k), respectively. Her pain was controlled with hydro-
morphone PCA pump, IV Tylenol, and IV Robaxin. Five 
days after the surgery, an upper gastrointestinal series 
(UGI) showed narrowing at the esophagojejunostomy with 
delayed transit of contrast through the anastomosis without 
evidence of a leak (Fig. 1). Nasogastric tube (NGT) was then 
removed, and she was started on sips and PO medication. 
The patient was also started on Octreotide 100 mcg TID due 
to bilious output drained through the J-tube. CT abdomen 
and pelvis were obtained for possible duodenal stump leak 
(Fig. 2). Results showed no discrete fluid collection, con-
trast extravasation, free fluid, or free air. At the time of dis-
charge, the patient was hemodynamically stable, tolerating 
fluids, and having bowel function. Her nausea was controlled 
with Zofran and Phenergan, and her pain was controlled 
with Tylenol. She and her family had drain teaching and 
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octreotide subcutaneous injection teaching, and the patient 
was instructed to follow up with her outpatient oncologist.

Discussion

In our case report, we present the case of a 67-year-old 
female patient who was incidentally found to have a 1-cm 
ulcer along the lesser curvature on esophagogastroduoden-
oscopy (EGD). Further investigation revealed that the ulcer 
was a primary gastric signet ring cell carcinoma (SRCC) 
invading the muscularis propria into the perigastric adipose 

tissue and metastasizing to the left gastric lymph nodes (pT3, 
pN3a, M0). Also, the patient had comorbidities including 
myelodysplasia and a pancreatic cyst diagnosed with MRI 
which was suspected to be a side-branch intraductal papil-
lary mucinous neoplasms (IPMN). However, a biopsy of the 
pancreatic cyst has never been taken.

Gastric cancer (GC) represents a significant health bur-
den, with approximately 1.1 million new cases and 770,000 
deaths estimated for 2020 according to the GLOBOCAN 
database. Incidence rates of GC are higher in males than 
females, with an average twofold difference (18.3 and 9.6 per 
100,000, respectively), although there are variations across 
countries [6]. Although the overall incidence of gastric can-
cer has decreased, the incidence of primary gastric cancer 
is rising worldwide and now comprises about 8–30% of all 
diagnosed cases of gastric cancer. This increase is attributed 
to multiple factors, some of which include genetic predispo-
sition (e.g., CDH1 hypermethylation), and lower screening 
and detection rates in the “low-risk” population in the USA 
compared to regions such as Japan [7]. SRCC is more com-
monly observed among young patients compared to non-
signet ring cell gastric carcinoma [8–10]. The mean age 
of presentation is 55–61 years, and it is significantly more 
common among patients of black, Asian/Pacific Islander, 
American Indian/Alaska Native, and Hispanic ethnic groups. 
The incidence among Asian populations is not as high as 
expected [11]. There are conflicting data regarding the gen-
der distribution of SRCC. Some studies suggest that SRCC 
is more common in females while others indicate a higher 
incidence in males [10, 12].

According to the classic Lauren classification, gastric 
SRCC is classified as gastric diffuse adenocarcinoma, and 
according to the World Health Organization (WHO) clas-
sification, it is considered to be a poorly cohesive gastric 
carcinoma [13, 14]. In this case report and literature review, 
we used the definition of SRCC as a type of cancer charac-
terized by the presence of a substantial amount of mucins 
within the cytoplasm of over 50% of tumor cells [15]. This 
mucin accumulation occupies a significant portion of the 
cellular space, resulting in a displacement of the nuclei to 
the periphery. This distinct morphological feature gives the 
cancer cells their characteristic appearance. However, a 
group of experts from the European Chapter of the Interna-
tional Gastric Cancer Association (IGCA) argues that reclas-
sification is needed to standardize SRCC, suggesting that 
SRCC should specifically refer to cases in which more than 
90% of tumor cells exhibit signet ring cell morphology [16].

The meta-analysis by Zhao has identified several risk fac-
tors associated with lymph node metastasis (LNM) in early 
signet ring cell carcinoma, including female gender, sub-
mucosal invasion, lymphovascular invasion, and tumor size 
larger than 20 mm [17]. Patients with early gastric SRCC 
often present with chronic gastritis-like symptoms, such as 

Fig. 1  Upper GI series showing a narrowing at the esophagojejunos-
tomy without evidence of a leak

Fig. 2  CT Abdomen after the surgery showing no evidence of a duo-
denal stump leak
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abdominal pain and distension, which can be misdiagnosed 
as gastritis or peptic ulcer [10]. Gastric SRCC typically 
spreads horizontally in the lamina propria without invad-
ing the gastric epithelium, making it difficult to accurately 
assess the size and margins of the tumor using endoscopy. 
However, later in its course, it is characterized by aggressive 
invasion and abdominal implantation metastasis due to the 
down-regulation of E-cadherin [10].

Early-stage SRCC has better survival outcomes than 
other histological types, with the prognosis for patients 
with advanced disease being worse [15, 18, 19]. The meta-
analysis by Zhang showed that early-stage SRCC and non-
signet ring cell adenocarcinoma have comparable survival 
outcomes, but prognosis of late-stage SRCC was worse [8]. 
This data underscores the importance of diagnosing SRCC 
at early stages. However, due to the specific clinical charac-
teristics mentioned above, early diagnosis remains a chal-
lenge. Modern technological advancements in endoscopy, 
such as narrow-band imaging, magnifying endoscopy and 
endoscopic ultrasonography, have significantly improved 
the accuracy and sensitivity of diagnosis for patients with 
early-stage SRCC [10]. SRCC tumors when viewed under 
ME-NBI (magnified endoscopy with narrow band imaging) 
have either an irregular microvascular pattern or an irregular 
microsurface with a demarcation line [20]. Early GSRC has 
a specific “stretching sign” under NBI [21].

Establishing guidelines for the nonsurgical treatment of 
GC is challenging due to the existence of various options 
that are adopted differently across continents. Apart from 
curative surgical resections, other treatment modalities 
include perioperative chemotherapy, adjuvant chemotherapy, 
or adjuvant chemoradiotherapy [22]. Kang et al., demon-
strated that SRCC is not more aggressive than differenti-
ated cancer and may be considered for endoscopic treatment 
[23]. Lee et al. found that patients with early gastric cancer 
with signet cell-type histology can be best treated by gas-
trectomy with lymph node dissection [24]. Bozzeti et al., 
in their cohort study of 618 patients, noted that both gas-
trectomy and subtotal gastrectomy offered similar survival 
probability; however, they suggest that subtotal gastrectomy 
might be a better option, due to improved nutritional status 
and quality of life. [25]. Endoscopic submucosal dissec-
tion (ESD) has emerged as a standard treatment option for 
early gastric SRCC, showing comparable results to surgery 
when the criteria for ESD selection and evaluation are met 
[12]. The criteria for endoscopic resection is according to 
the Japan Gastric Cancer Association guidelines. Endo-
scopic mucosal resections can be offered for well or mod-
erately differentiated tumors, tumors of size less than 2 cm, 
tumors limited to the mucosa, and non-ulcerated tumors. 
For patients with incomplete resection or positive lateral 
margins, repeat endoscopic resection can be considered. 
Endoscopic submucosal dissection (ESD) can be offered for 

well differentiated and ulcerated tumors with size less than 
3 cm and limited to the mucosa and for undifferentiated and 
non-ulcerated tumors with size less than 2 cm and limited to 
the mucosa. However, studies have found that early SRCC 
patients who undergo ESD have an unfavorable complete 
resection (CR) rate. Kim et al. reported a CR rate of 70.7% 
for SRCC patients, and Bang et al. detected a CR rate of only 
36.4% for patients after ESD [26, 27]. Accurate evaluation 
of tumor size, determination of the resection margin, four-
quadrant biopsies, and ESD must be performed if all the 
biopsies are negative for tumor involvement [10].

Taxane therapy may be effective in the treatment of gas-
tric SRCC. However, the chemosensitivity of SRCC com-
pared to non-SRCC is still unclear and controversial since 
there are no specific studies in this regard. Perioperative 
chemotherapy did not show significant benefits in terms 
of R0 resection rate or survival in a retrospective study of 
resected SRCC cases [28]. A study by Heger et al. noted 
that the response to neoadjuvant chemotherapy is rare in 
gastric SRCC, and, however, it is associated with a better 
outcome [29]. Rougier et al. demonstrated that fluorouracil 
in combination with cisplatinum is the most effective way 
in terms of tumor response in AGC with metastasis. Recent 
data indicate that SRCC and diffuse gastric cancer are more 
sensitive to mitomycin C, doxorubicin, and docetaxel than 
intestinal-type gastric cancer, while they show limited sensi-
tivity to fluorouracil and cisplatin [12]. Kim et al. also indi-
cated the potential benefit of taxane-based chemotherapy in 
their study [30]. Recent data also indicates that while taxane-
based therapy may be more effective in SRCC, studies show 
benefits in mixed SRCC but conflicting results in pure SRCC 
according to Chen et al. [31]. However, while chemotherapy 
significantly impairs the quality of life, results are not always 
satisfactory. Cunningham et al. found no significant differ-
ence between survival and tumor location and time duration 
of treatment among patients who underwent surgery [32]. 
Lu et al. in a cohort study of 2,199 patients found that first-
line chemotherapy was not associated with better survival 
[33]. Similar conclusions were found by Lemoine et al. [34]. 
According to one study, the most effective treatment with 
an acceptable toxicity profile is a combination of docetaxel, 
leucovorin/oxaliplatin, and fluorouracil, which may allow 
surgical resection in initially unresectable patients [35, 36].

The current National Comprehensive Cancer Network 
(NCCN) guidelines do not individualize management based 
on histology. Surgical resection is recommended for local-
ized clinical stage I GC, specifically for T1a or T1b tumors. 
Surgical resection alone offers equivalent survival outcomes 
to multimodality therapy for patients with concordant patho-
logic stage I disease. Adjuvant therapy represents a favora-
ble salvage strategy for patients who have been upgraded to 
stage II or III for definitive pathology [37]. In our case, total 
gastrectomy was performed, although there is data that total 
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gastrectomy does not increase overall survival compared to 
subtotal gastrectomy [38, 39].

Regarding molecular and genetic considerations, one of 
the most common mutations involved in sporadic SRCC 
pathogenesis is CDH1 gene mutation [40]. CDH1 gene 
encodes E-cadherin, although E-cadherin or cytokeratin 
subtyping do not aid in the identification of signet ring cells 
[16]. In our patient, CDX-2 staining was performed which 
turned out to be positive. Although CDX-2-positivity is 
associated with increased tumor size and higher TNM stage, 
gastric cancer is more likely to be resectable, and patients 
with CDX-2 positive gastric carcinomas have better sur-
vival rates [41, 42]. This seeming contradiction is probably 
explained by the early diagnosis of tumors with large size. 
Although a subset of gastric cancers have HER2 amplifica-
tion (our patient’s tumor was HER-2 negative), HER-2 is 
not a reliable prognostic factor, and additionally monoclonal 
antibodies to HER2 have shown limited success in treating 
gastric cancer, unlike the significant response seen in HER2 
positive breast cancer [7, 43]. Our patient was found to have 
a low probability of microsatellite instability-high (MSI-H). 
There is data that gastric cancers with MSI-H are character-
ized by older age at diagnosis, distal tumor location, and 
increased tumor size [44].

Early diagnosis of signet ring cell carcinoma (SRCC) is 
of paramount importance in managing the clinical course of 
the disease. Although many contradictions exist, most stud-
ies have reported a worse prognosis for signet cell carcinoma 
compared to other subtypes [45–49]. As with other subtypes 
of gastric adenocarcinoma, lymph node metastasis and cura-
tive resection are significant factors that affect survival rate 
[46]. In our case, the patient presented with a previously 
noted gastric ulcer, but it was not biopsied due to decreased 
platelet levels as a consequence of myelodysplasia at the 
time of diagnosis. Consequently, the patient was diagnosed 
at an advanced stage of the disease and underwent surgical 
treatment with total gastrectomy. It is worth noting that the 
gastric SRCC observed in our patient could have potentially 
originated from the pancreatic cyst, which exhibited features 
consistent with a side-branch intraductal papillary mucinous 
neoplasm (IPMN) based on its MRI appearance, as reported 
by Sakai in a separate case report [50]. However, definitive 
confirmation of this relationship could not be established.

Conclusion

This study presents the case of a 67-year-old female with 
progressive abdominal pain, ultimately diagnosed with pri-
mary gastric signet ring cell carcinoma (SRCC). A 1-cm 
gastric ulcer was incidentally found during an endoscopic 
ultrasound, leading to the SRCC diagnosis. The tumor had 
invaded the muscularis propria and metastasized to the left 

gastric lymph nodes. Gastric SRCC, with rising incidence 
rates, represents a significant health burden globally. Clini-
cal characteristics of SRCC, its subtle endoscopic appear-
ance and horizontal spread in the lamina propria, pose 
challenges in diagnosing and staging the tumor. Treatment 
options include resection, perioperative chemotherapy, and 
adjuvant therapy. Endoscopic submucosal dissection has 
emerged as a viable treatment option for early-stage SRCC, 
offering comparable results to surgery, when specific criteria 
are met. However, the complete resection rate with ESD 
remains lower for SRCC than for other histological types.

Chemotherapy, particularly taxane-based regimes, may be 
promising in treating SRCC. However, the chemosensitiv-
ity of SRCC compared to non-SRCC remains controversial, 
and further studies are needed to better understand effective 
chemotherapy for this subtype.

Mutations in the CDH1 gene, which encodes E-cadherin, 
are commonly involved in SRCC pathogenesis. Additionally, 
CDX -2 positivity has been associated with increased tumor 
size and higher TNM stage, although it may indicate a bet-
ter prognosis and higher likelihood of resectability. Early 
diagnosis and appropriate management of gastric SRCC 
are crucial for improving patient outcomes. Advancements 
in endoscopic imaging and genetic testing may aid in early 
detection. Further research is necessary to better under-
stand the molecular and genetic characteristics of SRCC 
and develop effective, targeted therapies for this aggressive 
form of gastric cancer.
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