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Abstract
Gastric cancer (GC) represents the fourth leading cause of cancer death worl-
dwide and many factors can influence its development (diet, geographic area, 
genetic, Helicobacter pylori or Epstein-Barr virus infections). High quality 
endoscopy represents the modality of choice for GC diagnosis. The correct 
morphologic classification during a high-resolution endoscopy is fundamental for 
oncologic diagnosis, staging and therapeutic decisions. Since its initial intr-
oduction in clinical practice the endoscopic ultrasound (EUS) has been considered 
a valuable tool for tumor (T-) and lymph nodes (N-) staging also in GC, in order 
to establish the best therapeutic strategy for the patient (e.g., upfront surgery vs 
neoadjuvant treatments). EUS tools as elastography, Doppler and contrast 
administration can improve diagnosis mainly in case of malignant lymph node 
evaluation. EUS has a marginal role in disease staging but has a fundamental role 
in case of a pre-endoscopic resection management and in the new era of en-
doscopic mucosal resection or submucosal dissection as minimally invasive 
surgery. Diagnosis and locoregional staging of GC with EUS are a method of 
inarguable value for the assessment of gastric wall involvement and presence of 
infiltrated paragastric lymph nodes. EUS can also have a role in disease restaging 
in those patients who have undergone neoadjuvant treatment. EUS can also have 
a role in the advanced phases of the disease, in facilitating palliative, minimally-
invasive treatments, such as gastroenterostomy or biliary drainages. This review 
intends to discuss the modern role of EUS in GC topic.

Key Words: Gastric cancer; Endoscopic ultrasound; Endoscopic resection; Neoadjuvant 
chemotherapy; Therapeutic endoscopic ultrasound
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Core Tip: Since its initial introduction in clinical practice endoscopic ultrasound has been considered a 
valuable tool for tumor and lymph nodes staging of gastric cancer, in order to establish the best therapeutic 
strategy for the patient. Moreover, in this new era of endoscopic mucosal resection or submucosal 
dissection and minimally invasive surgery, endoscopic ultrasound is increasingly important for early 
gastric cancer staging and therapeutic decision making and it can also have a role in the advanced phases 
of the disease, in facilitating palliative, minimally-invasive treatments.

Citation: Rossi G, Petrone MC, Healey AJ, Arcidiacono PG. Gastric cancer in 2022: Is there still a role for 
endoscopic ultrasound? World J Gastrointest Endosc 2023; 15(1): 1-9
URL: https://www.wjgnet.com/1948-5190/full/v15/i1/1.htm
DOI: https://dx.doi.org/10.4253/wjge.v15.i1.1

INTRODUCTION
Gastric cancer (GC) represents the fourth leading cause of cancer death worldwide with a median 
survival less than 12 mo in advanced disease[1], and a global incidence that has decreased in the last 
few decades due to lifestyle improvement.

The incidence of GC is greater in men and certain geographic areas and many factors can influence its 
development, both environmental and genetic[2]. Risk factors for the development of GC are numerous. 
A significant impact on GC incidence is patient dietary habits (certain foods, alcohol consumption), 
smoking history, family history and Helicobacter pylori or Epstein-Barr virus infections[3].

Outcomes are favorable if cancer precursors are detected early and a high quality endoscopy 
represents the modality of choice for diagnosis in this phase. Moreover, GC morphologic classification 
at endoscopy is fundamental for oncologic diagnosis, staging and therapeutic decision making[4]. 
Furthermore, accurate clinical classification is important in determining cancer prognosis.

There are several options for GC treatment, however an accurate preoperative diagnosis is important 
to select the appropriate therapeutic decision. Endoscopic resection represents an option in early phases 
of disease and at the other end of the disease spectrum, neoadjuvant treatment indications have been 
expanded in locally-advanced cancers.

Several Classifications distinguish the tumor extension, histologic features or morphologic 
appearance at endoscopy.

CLASSIFICATIONS
Staging
The American Joint Committee on Cancer and the Union for International Cancer Control published 
their last edition of cancer staging systems in 2017 with Tumor Node Metastasis (TNM) system, 
employed for GC clinical and pathologic staging. TNM system represents cancer extension: T is tumor 
depth in the gastric wall, N the number of regional lymph nodes involved and M the presence of distant 
metastasis[5,6], as represented in Table 1.

According to TNM staging an early GC (EGC) is defined as a lesion limited to the gastric mucosa or 
submucosa (T1 at TNM staging) irrespective of lymph nodes spread. An advanced cancer is a lesion 
invading the muscolaris propria of the gastric wall or a cancer going beyond it[7]. The scope to resect 
with a minimally-invasive endoscopic resection in EGCs has increased and the specific evaluation of all 
the gastric layers with a highly-sensitive method such as endoscopic ultrasound (EUS) is central to 
deciding the best resection approach following the cancer extension (T).

In the new classification, if the tumor with its epicenter is located >2 cm from esophagogastric 
junction (EGJ) or it is located within 2 cm from EGJ but not involving the junction itself, this is 
considered as a gastric tumor. By proxy, the tumor with its epicenter located within 2 cm of EGJ 
involving the junction itself, this is considered as an esophageal tumor[8].

Morphology
High-definition video-endoscopes have facilitated the detection and diagnosis of GC and enable the 
treatment of early phase EGCs with a minimal-invasive endoscopic resection in selected patients. The 
importance of endoscopic manoeuvres during the diagnostic tumor process is relevant, as washing off 
by water injection through the endoscopic channel the adherent mucus on gastric mucosa, aspirating 

https://www.wjgnet.com/1948-5190/full/v15/i1/1.htm
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Table 1 Tumor Nodes Metastasis (TNM) staging 8th Edition

TNM staging 

T

TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

Tis Carcinoma in situ

T1a Tumour invades lamina propria or muscularis mucosae

T1b Tumour invades submucosa

T2 Tumour invades muscularis propria

T3 Tumour penetrates subserosal tissue without invasion of visceral peritoneum or adjacent structures

T4a Tumour penetrates serosa (visceral peritoneum)

T4b Tumour directly invades adjacent organs or structures

N

NX Regional lymph nodes(s) cannot be assessed

N0 No regional lymph node metastases

TNM staging: Tumor nodes metastasis staging.

gastric secretions present in the cavity and controlling the amount of the air insufflated. EGC diagnosis 
is mainly based on the two important endoscopic findings: A well-demarcated lesion and an irregularity 
in the surface in terms of color or gland pattern[9].

The morphologic growth pattern of GC is defined by Borrmann classification, which classified the 
tumor as polypoid (lesion type I), fungating (lesion type II), ulcerated (lesion type III) or infiltrative 
(lesion type IV)/invasive cancer. Furthermore, early lesions are also macroscopically classified as lesions 
type 0 as an extension of Borrmann classification and EGCs are further classified according to 
morphologic extension as protruded (type 0 and type I), slightly elevated (called type 0-IIa), flat (type 0-
IIb), slightly depressed (type 0-IIc) and excavated (type 0-III), with mixture types also possible.

Concerning superficial cancers, in 2003 the Paris classification (Figure 1) for macroscopic 
gastrointestinal superficial lesions was introduced. This classification distinguished the differences 
between type 0-I and type 0-IIa lesions according to a tumor height of 2.5 mm[10], and it distinguished 
the submucosal (SM)1 and SM2 tumors on the basis of the depth of submucosal invasion > 500 μm[11].

Histological GC diagnosis is based on the endoscopic biopsies with forceps, however global 
endoscopic evaluation is fundamental in this phase of diagnosis. Parameters as shapes, colors and 
ulcerations reflect tumor invasiveness and are useful also during the next step in oncological man-
agement.

Histology
Several histological classifications have been employed and the older Lauren histologic classification has 
been traditionally used in Western world[12]. This classification distinguishes the “intestinal type” 
characterized by glandular structures (intestinal metaplasia) comprising well differentiated columnar 
epithelial cells from the “diffuse type” characterized by pangastric infiltration by poorly cohesive 
clusters or solitary mucin-rich cells (called “signet ring cells”). Transmural extension through lymphatic 
invasion can produce a gastric wall thickening without causing a mass effect (so called “plastic linitis”). 
The intestinal-type GC can involve more often the distal part of the stomach and itis closely related to an 
environmental (Helicobacter pylori) and a specific-diet exposure. The diffuse-type GC interests people 
at a younger age and it carries a poorer prognosis.

The World Health Organization fifth tumors classification issued in 2019 is probably the most 
detailed classification system, describing apart from stomach adenocarcinomas, also other types of 
gastric tumors with decreased incidence[13,14]. The present classification has distinguished every single 
histologic type of GC (recently including also micropapillary carcinoma, gastric adenocarcinoma of the 
fundic gland type and undifferentiated carcinoma). Concerning gastric adenocarcinoma the common 
histologic subtypes described (as well as in fourth edition) are: The tubular, papillary, poorly cohesive, 
mucinous and mixed-type adenocarcinoma. Of these, tubular and papillary adenocarcinoma are graded 
as follows: low grade (well or moderately differentiated) and high grade (poorly differentiated). As new 
information, a molecular classification was introduced also in GC investigating: The Epstein–Barr virus-
positive type, the microsatellite instability presence (the genomically stable type and chromosomally 
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Figure 1 Paris Classification of early gastric cancer.

unstable type) and a large part of this classification were dedicated to precancerous lesions illustration 
(gastric dysplasia and adenomas).

EUS
History
EUS is a well-established procedure that was introduced almost 40 years ago in clinical practice, 
combining the endoscopic view with the ultrasound evaluation of target anatomic structures[15]. With 
the introduction in in the early 1990s of the linear echoendoscopes, EUS gained the ability to safely 
guide in “real time” a targeted biopsy of tissue with EUS-guided fine needle aspiration (FNA)[16]. 
During the last years EUS has become also an increasingly therapeutic modality including applications 
in the treatment of the advanced phases of neoplastic diseases.

Many improvements in echoendoscopes and processor technology have been made during the last 
decade, as well as many ultrasound tools and endoscopic devices have become integral in GC patient 
management.

Method
EUS equipment consist of an ultrasound processor connected to an echoendoscope, with an ultrasound 
transducer attached at the distal tip of the instrument. The endoscope in return is connected to a 
standard video processor, permitting the endoscopic visualization: The complete system allows for 
simultaneous endoscopic and ultrasound imaging. Echoendoscopes work at variable frequencies, the 
most common ranging between 5 and 12 MHz: Higher frequencies allow a better resolution, but limit 
ultrasound beam penetration.

There are two types of echoendoscopes, radial and linear[17]. Radial transducers are used only for 
diagnostic purposes and they have individual piezoelectric elements of transducer around the distal tip 
in a 360° radial-array, producing an ultrasound image in a plane perpendicular to the long axis of the 
echoendoscope. Linear EUS scopes allow the real-time tissue sampling of targeted lesions and they can 
produce an ultrasound image in a parallel plane to the long axis of the scope (usually with a sector 
width between 100° and 180°). Different centers’ expertise drive the choice in using either radial or 
linear EUS scopes, but the use of a linear scope permits synchronous staging and tissue/Lymph node 
sampling.

Different brands of ultrasound processors are available on the market, all with incorporated add-
itional imaging software including Power Doppler, tissue elastography and contrast-enhanced EUS (CE-
EUS). All these tools complete the diagnostic phase of staging, particularly in lymph node evaluation in 
GC.

Ultrasound Tools
Ultrasound elastography reports a measurement of tissue stiffness, evaluating EUS changes on the 
image before and after the application of a determined pressure exerted by the probe. This is based on 
the hypothesis that a not-pathological tissue is soft, and it deforms more than a malignant tissue which 
results more stiff. In GC the elastography plays a key role in lymph nodes characterization, differen-
tiating benign vs malignant ones with different techniques: The qualitative or the semi-quantitative 
elastography[18]. Qualitative elastography differentiates the lesions according to their elasticity score on 
a color map but it can represent a subjective evaluation, extremely operator-dependent. “Strain ratio” 
and “strain histogram” elastography represent semi-quantitative and more objective techniques, 
resulting in a numerical ratio of “regions of interest or “ROI” (lesion ROI/normal tissue ROI) or through 
the strain histogram permitting a graphical representation (histogram) of pixels color distribution of 
lesion/lymph node stiffness.
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In earlier phases Color Doppler ultrasound improved the ability to differentiate malignant lymph 
nodes by displaying macro-vessels architecture. Inflammatory lymph nodes are more vascularized, 
without changes in the hilar vessel architecture. Metastatic lymph nodes present peripheral or mixed 
vascularity and lose the hilar vascularization[19]. Color Doppler ultrasound can also guide the needle 
trajectory during biopsies avoiding bigger vessels and preventing bleedings. CE-EUS imaging is also a 
useful tool for malignant lymph nodes diagnosis. It works with the direct intravenous administration of 
a new second generation contrast (sulphur hexafluoride) followed by 10-20 mL of saline generating 
microbubbles in the vessels with a diameter of 0.1-0.4 mm.

EUS-Needles
An advantage of EUS in GC is to biopsy mainly suspected malignant lymph nodes in order to improve 
N staging in high-selected cases. Usually, the ultrasound evaluation is enough to establish the malignant 
nature of suspected enlarged lymph nodes, but EUS-FNA represents a valid tool in selected and 
discussed cases (by a multidisciplinary team) if biopsy can change the therapeutic management of the 
patient. In case of EUS-biopsy different needles are disposable on the market, with different tips 
morphologies, stylet materials and flexibility of the body. The choice of the correct needle is usually 
related to a preference of the ultrasonographer, the availability of rapid on-site evaluation in the 
reference hospital and the target tissue to sample. Two big types of needles are available, for cytology 
and histology, respectively FNA and fine needle biopsy (FNB). FNB needles are fundamental in case of 
subsequent molecular studies as in case of metastatic lymph-nodes. Needles sizes used in lymph nodes 
sampling are 19, 20, 22, 25 Gauge (G). The European Society of Gastrointestinal Endoscopy Guidelines 
recommend the use of 25 G or 22 G needle in case of solid masses or lymph nodes sampling, with an 
equally recommendation between FNA and FNB needles[20]. However, when a tissue core is the 
primary aim the society suggests the employment of larger needles calibers as 19 G FNA or FNB needles 
or 22 G FNB needles.

EUS ROLE IN STAGING PHASE
The traditional use of EUS use is during the diagnostic process of GC staging, in particular to detect 
tumor extension in the gastric wall (T) and the presence of pathologic lymph nodes (N) in the evaluable 
stations. Early stages of GC can be treated by endoscopic submucosal dissection (ESD), endoscopic 
mucosal resection (EMR) or laparoscopic surgery, whereas the intermediate stages need a neoadjuvant 
chemotherapy to improve long term prognosis results after the subsequent surgery[21]. Therefore, the 
evaluation of tumor depth invasion and the presence of malignant lymph nodes are the cornerstones of 
therapeutic management and decisions and EUS can be useful in this process.

EUS can have a role also to assess the presence of a metastatic disease during the ultrasound 
evaluation, for example visualizing hepatic secondary lesions in the visible liver segments (I, II, III, IV) 
during EUS examination. Hepatic hilum lesions or lymph nodes can also be visualized and sampled 
being as standard of care also in biliary and pancreatic diseases.

Early phases of disease: pre endoscopic resection EUS evaluation in EGC
EUS distinguishes the distinct wall layers of gastrointestinal tract: superficial mucosa or lumen interface 
(M), muscularis mucosal layer or deep mucosa, submucosal layer, muscularis propria and finally serosa. 
Thus, EUS is useful to establish tumor depth penetration and following T state according to TNM classi-
fication. Tumor extension in gastric wall is fundamental to establish the correct lesion treatment.

EUS is a reliable modality for determining indications of less-invasive endoscopic resection for early 
GC[22,23]. Two resection technics are used to endoscopically remove EGCs: EMR and ESD. Compared 
to EMR the ESD technique is associated with higher “en-bloc” resection rates, higher R0 resections and a 
lower cancer recurrences but it is also associated with longer procedures in terms of time and higher 
perforation risks[24,25]. ESD is performed for these reasons in expert hands and high-volume centers, 
with the availability of a multidisciplinary team of specialists.

Moreover, the choice of endoscopic resection method depends on tumor size (ESD should be selected 
in case of tumor size greater than one centimeter) and different factors can influence the risk of 
malignant lymph node presence[26-29]. Different scenarios can be noticed in case of endoscopic curative 
resection: (1) Endoscopic resection is mostly curative in case of a poorly differentiated or diffuse cancer 
subtype confined to the mucosal layer, non-ulcerated and with a size ≤ 2 cm, but gastrectomy must be 
discussed within a multidisciplinary team; (2) In case of a well-differentiated cancer the endoscopic 
resection is considered as curative for lesions T1 SM1 (with the depth of invasion of the submucosal 
layer < 500 μm), possibly ulcerated and less than 3 cm in size; and (3) Well-differentiated cancers, not 
ulcerated and confined to the mucosal layer can be resected by ESD irrespective of size.

Accuracy of EUS in evaluating ECG invasion depth was described by various study, with a high 
grade of variability and an accuracy rate between 64.8% and 92%[30-35].
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In 2019 a meta-analysis of 17 articles and 4525 lesions showed a moderate value for depth invasion 
evaluation in EGC with a sensitivity of 87% and specificity of 67%. Overall over-staging rate of mucosa 
(M) or SM1 and SM2 by EUS was 13.31% and 32.8% respectively, while the overall under-staging rate of 
SM2 was 29.7%[36]. Meta-analysis concluded that EUS has demonstrated a moderate diagnostic value 
for depth of invasion assessment in EGC remarking the attention by the endoscopists to the endoscopic 
factors affecting EUS accuracy in EGC: invasion depth, like the shape, size and differentiation of lesions. 
In this way the endoscopic evaluation before EUS staging is crucial to define tumor malignancy.

Finally, the endoscopic resection (particularly ESD) should be done by expert endoscopists, and the 
expertise of the endosonographer is fundamental to establish the extension of the tumor in gastric wall 
with the best sensitive way. Radial EUS-scope is widely used, however linear EUS-scope is widely used 
due to the opportunity to perform biopsies through the operative channel of the instrument. Lan et al
[37] described a comparison of EUS accuracy in EGC staging with radial and linear echoendoscopes in 
balanced groups, concluding that linear EUS is more accurate to establish SM involvement and 
therapeutic decision in suspected EGCs compared with radial echoendoscopes. More in detail, 
diagnostic accuracy was much higher for patients who underwent linear EUS compared with radial 
EUS (90.9% vs 69.2%, P = 0.024). Sensitivity was 92.3% linear EUS and 90.9% for radial EUS. Specificity 
was 90.0% in linear EUS group, while the specificity was 60.7% in radial group. Univariate analysis 
showed that the type of echoendoscope was an associated risk factor (OR 0.225) of incorrect T1b staging 
in EGC patients.

Advanced lesions: surgery/neoadjuvant treatment
As in case of other cancers in the last decade a significant positive impact of neoadjuvant treatment on 
locally advanced GC was seen. Although TOTAL STOMACH RESECTION remains the only potentially 
curative strategy in locally advanced disease the current available evidences suggest that neoadjuvant 
treatment improves overall survival, disease-free survival reducing the local recurrence rates in GC[38-
42].

Neoadjuvant treatment is indicated in lesions extending to or beyond the muscularis propria (T2) 
and/or in presence of malignant EUS-visible lymph nodes (N+): stages IB–IIIC.

Therefore, the distinction between T1 or T2-T4 and N+ or N- results of paramount importance to 
decide therapeutic approach and EUS is an excellent method in addition to standard imaging exams in 
GC staging. Effectively EUS showed a good accuracy (> 90%) in various studies in establish T stage, less 
accurate in case of N staging, although previous studies have shown excellent accuracy of EUS in N 
staging[43-47].

Costa et al[48] investigated EUS accuracy in the selection of patients with gastric adenocarcinoma for 
neoadjuvant therapy (T2 and/or N+). Authors demonstrated an accuracy of 0.86, with a sensitivity and 
specificity of 88.5% and 83.1%, respectively. Accuracy was more effective in case of proximal and 
intestinal-type lesions.

Advanced disease: EUS therapeutic role
During the last decade EUS is rapidly evolving from a diagnostic into a therapeutic procedure, due to 
the possibility to easily access to adjacent structures with a minimally invasive approach. In particular, 
the increase and the availability of dedicated devices for therapeutic EUS use has driven this process. 
Numerous therapeutic procedures can be performed under EUS-guidance, such as drainages 
(pancreatic fluid collections, biliary system after ERCP failure, gallbladder for acute cholecystitis in 
high-risk surgical patients) or gastroenteral-anastomosis. This was also facilitated by the introduction of 
dedicated lumen-apposing metal stents in clinical practice[49,50].

Therapeutic EUS in GC can have a role for biliary drainage in patients with obstructive jaundice and 
an advanced cancer or a post-resected disease in case of disease relapse. The efficacy of EUS-guided 
biliary drainage (EUS-BD) was already demonstrated, with a higher technical success rate respect to 
percutaneous procedure (96.7% vs 88.9%) and fewer adverse events[51].

A late complication of GC could be also the malignant gastric outlet obstruction. Recently ESGE 
guidelines of therapeutic EUS suggested to perform EUS-guided gastroenterostomy in an expert setting 
for malignant gastric outlet obstruction, as an alternative to enteral stenting or surgery[49].

Data on long-term efficacy and safety of these relatively new therapeutic EUS-guided procedures will 
come from randomized multicenter controlled trials in order to create specific flow-chart of treatment.

CONCLUSION
EUS in 2022 remains an important procedure in the context of GC staging, particularly before ECG 
endoscopic resection, to evaluate T or confirm N state but it can have a role also in confirmation the 
locally advanced disease in selected patients. EUS-guided therapeutic procedures are becoming useful 
to offer a minimally-invasive therapy to patients with advanced disease also in GC but larger datasets 
are needed in order to standardize clinical indications. Multidisciplinary teams and expertise of 
clinicians are crucial in the management of this disease.
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