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Background: Endoscopic ultrasound (EUS) is a key imaging technique in gastric cancer (GC). The aim of 
this study was to evaluate the performance of EUS in the staging of parietal and lymph node involvement in 
linitis plastica (LP) compared to “classical” GC.
Methods: A retrospective multicentric French study was conducted on patients with no metastatic LP and 
operated by gastrectomy. A 2/1 matching based on pTNM stage and center was performed with GC. 
Results: Forty-three patients were included, sixteen patients in the LP group and 27 in the control group. 
Sensitivity and specificity of EUS for diagnosis of T3-T4 parietal invasion were 77% and 100% respectively 
in the LP group and 89% and 56% respectively in the control group. Sensitivity and specificity of EUS for 
diagnosis of lymph node involvement were 73% and 80%, respectively in the LP group and 88% and 50%, 
respectively in the control group. Patients from LP group had significantly more advanced histological 
lesion, and frequent undiagnosed peritoneal carcinomatosis.
Conclusions: This study evaluated for the first time in a European population, the preoperative EUS 
performance in LP. Our study identified a similar sensitivity and specificity of the EUS in LP compared to 
“classical” GC paving for a broader use of EUS in preoperative settings. 
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Introduction

Gastric adenocarcinoma is the 5th most frequent cancer in 
the world with 951,000 new cases in 2012 (1). In the United 
States, 26,370 new cases and 10,730 deaths were reported 
for this cancer in 2015 (2). In France, 6,550 new cases 
per year and 4,410 deaths per year are related in 2012 (3),  
representing the 4th cause of digestive cancer and the 4th 

leading cause of cancer death. 
The etymology of the “linitis” term comes from the 

aspect of the hypertrophic submucosal layer with irregular 
bands, taking the appearance of linen. William Brinton 
described it for the first time in 1859 (4). Linitis plastica 
(LP) is a distinct phenotype of gastric carcinoma, which 
includes both macroscopic and microscopic features. 
Macroscopically, LP is conventionally described as diffuse 
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infiltration, frequently circumferential, involving more 
than 1/3 of the stomach surface and most of the time the 
entire surface, causing thickening and stiffening of wall. 
Most of the time, mucosa is normal and without ulceration. 
Histologically, the main feature is a dense desmoplastic 
reaction in the submucosal and muscular layers of stomach 
(Figure 1). Cells are always poorly cohesive and often 
described as signet ring cells. Independent cells are isolated 
or arranged in small aggregates and characterised by the 
loss of adhesion capacity secondary to a somatic mutation 
of the CDH1 gene coding for the E-cadherine membrane 
protein. 

The init ia l  assessment i s  a  crucia l  s tep in the 
management of patients with gastric carcinoma because 
it determines treatment in localized forms (neoadjuvant 
chemotherapy, primary gastrectomy) (5-7). Computed 
tomography scan (CT scan) is an essential examination in 
the pretherapeutic assessment of gastric adenocarcinoma, 
including LP and is recommended by scientific societies 
(the European Society for Medical Oncology, ESMO and 
National Thesaurus of Digestive Oncology) (5,6). In a 
previous study, we showed that computed-tomography scan 
has an equal sensitivity and specificity for the evaluation 
of lymph node and parietal involvement in classical 
gastric adenocarcinoma and in LP (8). Scientific societies 
recommended in case of LP to perform Endoscopic 
ultrasound (EUS). 

Here, we performed a multicenter study to evaluate 
the performance of preoperative EUS in two different 
type of gastric adenocarcinomas: LP and “classical” gastric 
adenocarcinoma. We present the study in accordance with 
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-3474).

Methods

We conducted a retrospective multicentric French matched 
study on patients treated for gastric adenocarcinoma 
and operated. Inclusion period ranged from January 1, 
2006 to December 31, 2015. Four centers participated 
in this study in France: Cochin University Hospital 
and Saint-Louis University Hospital in Paris, Edouard 
Herriot University Hospital and Jean Mermoz Clinic in 
Lyon. From the same database, the performance of the 
computed tomography scan was evaluated in gastric LP 
lesion (8). The inclusion criteria were as follows: aged 
>18 years, endoscopic diagnosis of LP with histological 
confirmation, absence of distant metastases, and total or 
partial gastrectomy with lymph node dissection. Total or 
partial gastrectomies performed for gastric adenocarcinoma 
over the aforementioned inclusion period were identified. 
Patients with a gastric LP diagnosis on histological report 
were included in the LP group. Patients with no available 
preoperative EUS were secondarily excluded. Patients were 
matched to the TNM stage and the center at the rate of two 
patients per case of LP. Two groups were established: the LP 
group and the control group. Pathological findings that did 
not conform to AJCC 2010 classification were reviewed in 
order to achieve harmonization of histological classifications 
(8,9). The exclusion criteria were a history of gastric 
surgery, invasive endoscopic procedure on the stomach 
(mucosectomy, cystogastrostomy, digestive prostheses), 
esophago-gastric radiotherapy, Lynch’s syndrom, germline 
CDH1 mutation, esophageal tumor (classified Siewert 1), 
mixed tumor with neuroendocrine contingent, association 
with gastric lymphoma, and preoperative EUS not available 
or not meeting the inclusion criteria listed earlier. The 

Figure 1 Gastric cancer. (A) Macroscopic aspect of linitis plastica with rigid large folds; (B) and microscopic aspect of linitis plastica with a 
dense desmoplastic reaction (HE, ×200). 
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Figure 2 Flow chart. 
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fortuitous discovery of a gastric stromal tumor on the 
surgical specimen was not an exclusion criterion. 

Finally, we established two groups: the LP group and the 
“classical” gastric carcinoma group (Control group). A flow 
chart is presented in Figure 2. All procedures performed in 
studies involving human participants were in accordance 
with the ethical standards of the institutional, and national 
research committee and with the 1964 Helsinki declaration 
and its later amendments. The Cochin Local Ethic 
Committee (ethics committee of our institution) approved 
the study (CLEP decision: AAA-2016-026001). Because of 
the retrospective nature of the research, the requirement for 
informed consent was waived.

Definition of gastric LP

All gastric LP were diagnosed on surgical piece of 
gastrectomy and defined by the existence of a main 
contingent of independent cells (>50%) and an abundant 
desmoplastic reaction. If the stromal reaction was not 
reported, the diagnosis was considered positive when 
endoscopic or ultrasound endoscopic appearance was 

characteristic with infiltrated/thickened/stiffened wall, 
diffuse or circumferential lesion and large folds that do not 
disappear on insufflation. 

EUS modalities 

We collected various data on EUS report: TNM stage, 
thickness of the wall, number and size of suspicious nodes, 
presence or not of ascites or peritoneal carcinomatosis. 

Statistical analysis

The comparison of quantitative values was carried out 
using the Student test. The comparison of qualitative values 
was carried out using the Fisher test. The difference was 
considered significant with an alpha risk defined arbitrarily 
at 5%.

Results 

Sixteen and 27 patients were included in the LP and control 
groups in the study (Figure 2). Median age at diagnosis was 
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Table 1 Characteristics of patients

Parameter LP group (n=16) Control group (n=27) P

Median age at diagnosis, years (min to max) 61 (22 to 81) 71 (46 to 90) 0.02

Sex: male/female (%) 56/44 59/41 0.16

Center, n (%)

University hospital 13 (81.0) 20 (74.0) –

Clinics 3 (19.0) 7 (26.0)

Neo–adjuvant treatment, n (%) 12 (75.0) 15 (56.0) <0.01

Characteristics of the tumor, n (%)

Location <0.01

Cardia/fundus 3 (19.0) 10 (37.0)

Body 4 (25.0) 6 (22.0)

Antrum/pylorus 6 (37.0) 11 (41.0)

Pangastric 3 (19.0) –

Surgery <0.01

Partial gastrectomy – 14 (52.0)

Total gastrectomy 16 (100.0) 13 (48.0)

Resection 1

R0 14 (88.0) 24 (89.0)

R1 2 (12.0) 3 (11.0)

pTNM

pT1 1 (6.0) 6 (22.0) <0.01

pT2 2 (13.0) 3 (11.0)

pT3 6 (37.0) 12 (45.0)

pT4 7 (44.0) 6 (22.0)

pN0 5 (31.0) 10 (37.0) <0.01

pN+ 11 (69.0) 17 (63.0)

pN1 1 (6.0) 8 (30.0)

pN2 1 (6.0) 3 (11.0)

pN3 9 (57.0) 6 (22.0)

M0 11 (69.0) 24 (89.0)

M1* 5 (31.0) 3 (11.0) <0.01

*, localized and resected peritoneal carcinomatosis.

61 and 71 years in the LP group and in the control group, 
respectively (P=0.02). Patients’ characteristics are described 
in Table 1. No case of pan-gastric disease was reported 
in the control group vs. 19% in the LP group (P<0.01). 

Cardial or fundic involvement was less frequent in the LP 
group than in the control group (19% vs. 37%, P<0.01). In 
the LP group, no patients with a histologic pT0-2 lesion 
were considered to have an advanced lesion usT3-4 on EUS 
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Table 4  Correlation between endoscopic ultrasound and 
histological staging of lymph node invasion in the LP group and 
control group

EUS 
staging

Histological stage

LP group Control group

pN0 pN+ Total pN0 pN+ Total

usN0 4 3 7 5 2 7

usN+ 1 8 9 5 15 20

Total 5 11 16 10 17 27

LP, linitis plastica; EUS, endoscopic ultrasound.

Table 3 Predictive performance of endoscopic ultrasound in the 
staging of parietal and lymph node invasion in the LP group and in 
the control group

Stage LP group Control group

T (T0-2 vs. T3-4)

Sensibility 77 89

Specificity 100 56

Positive predictive value 100 80

Negative predictive value 50 71

N

Sensibility 73 88

Specificity 80 50

Positive predictive value 89 75

Negative predictive value 57 71

LP, linitis plastica; EUS, endoscopic ultrasound.

Table 2 Correlation between endoscopic ultrasound and histological staging of parietal invasion in the LP group and in the control group

EUS stage

Histological stage

LP group Control group

pT1 pT2 pT3 pT4 Total pT1 pT2 pT3 pT4 Total

usT1 – – – – 0 2 – – – 2

usT2 1 2 3 – 6 2 1 2 – 5

usT3 – – 3 7 10 2 2 10 5 19

usT4 – – – – 0 – – – 1 1

Total 1 2 6 7 16 6 3 12 6 27

LP, linitis plastica; EUS, endoscopic ultrasound.

whereas the proportion rose to 44% in the control group 
(Table 2). Sensitivity and specificity of preoperative EUS 
ability to identify an advanced wall involvement (usT3-4) 
were 77% and 100% in the LP group and 89% and 56% in 
the control group, respectively (Table 3).

Seventy-three per cent and 88% of patients with a 
histologic lymph node invasion (pN+) were considered with 
a EUS lymph node invasion (usN+) in the LP group and 
in the control group, respectively (Table 4). Sensitivity and 
specificity of preoperative EUS ability to identify a lymph 
node invasion were 73% and 80% respectively in the LP 
group and 88% and 50% respectively in the control group 
(Table 3). No patient with a histologic metastatic invasion 
(pM+) was identified as such with the EUS in the two 
groups. 

Discussion

In the present study, we evaluated for the first time 
in a European LP population, the preoperative EUS 
performance. We found good sensitivities and specificities 
for evaluation of parietal involvement, respectively 77% and 
100% in this population, compared to up to 89% and 56% 
in the control group of “classical” gastric carcinoma. For 
lymph node involvement sensitivities and specificities are 
also interesting, respectively 73% and 80% in the LP group 
and 88% and 50% in the control group. Our results are in 
line with the accuracy of EUS in LP published in a Chinese 
study, Shan et al. identified a 73% and 60% accuracy of 
EUS preoperative T- and N-staging, respectively (10). 
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Of note, EUS had not caught up any diagnosis of 
peritoneal carcinomatosis (5 patients in LP group and 3 in 
control group). We identified non-inferior performance of 
the EUS between the two groups reinforcing the usefulness 
of EUS evaluation in all gastric adenocarcinoma, LP 
included. EUS allows guided and deep gastric biopsies 
if histological diagnosis of cancer could not be made by 
traditional endoscopy, which is common in LP, or lymph 
node biopsies when in doubt about the existence of lymph 
node invasion. 

Our data are comparable to the literature. Kwee et al. (11) 
reported in a review of the literature a EUS performance 
in terms of sensitivity and specificity for assessing serosal 
involvement varying between 78% to 100% and 68% to 
100% respectively in gastric cancer (GC). A Chinese study, 
on 15 patients operated for LP, reported a EUS diagnostic 
accuracy of 78% for T2 staging and 68% for T3 staging. In 
our study, we reported rates of 100% for T1-T2 staging and 
77% for T3-T4 staging in the LP group. Han et al. report 
significant higher risk of understaging the lesion in case 
of LP. In this study, 100% of pT4 lesions were classified 
usT3 and 50% of pT3 lesions were classified usT2 in the 
LP group and respectively 17% and 17% in the control 
group. EUS identifies well shallow and deep lesions but is, 
however, not effective enough to distinguish between T1 
and T2 or T3 and T4 staging in the LP group.

In this study, we identified special characteristics of LP 
as a lower age at diagnosis, greater proportion of diffuse 
lesions and female (not significant) compared with “classical” 
GC. These characteristics are in line with published 
epidemiology of LP (12-14). 

Only 60% of patients in LP group had EUS any 
time before surgery, whereas the French and European 
recommendations call for this examination in case of LP 
suspicion in order to define proximal (cardial involvement) 
and distal (pylorus or duodenal involvement) limits and 
perform guided biopsies when necessary. However, 
recommendations specify this should not delay treatment, 
and this may explain that not all patients had had this exam.

Our study presents some limitations considering that it 
was a retrospective analysis based on patients who received 
surgery. While on the one hand, the retrospective nature 
of the study allowed to confirm all patients included in 
the evaluated group, on the other hand, it resulted in an 
exclusion of 73% of cases identified as potential LP cases in 
the original study. Sixty percent of patients had EUS in the 
LP group but only 32% just before the surgery. Rate was 
similar in the control group (27%) (Figure 2). 

Conclusions

In conclusion, EUS appears as a helpful complementary 
exam to CT scan in the GC preoperative assessment. Our 
study identified for the first time a similar efficacy of EUS in 
gastric LP compared to “classical” gastric adenocarcinoma. 
Interestingly, two-thirds of patients failed to perform EUS 
before surgery in LP- and gastric carcinoma groups. Our 
study paves the way for the development of EUS before 
surgery in all types of gastric carcinoma. 
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