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Abstract 

Background Recognition of early signet-ring cell carcinoma (SRCC) in patients with hereditary diffuse gastric can-
cer (HDGC) undergoing endoscopic surveillance is challenging. We hypothesized that probe-based confocal laser 
endomicroscopy (pCLE) might help diagnose early cancerous lesions in the context of HDGC. The aim of this study 
was to identify pCLE diagnostic criteria for early SRCC.

Methods Patients with HDGC syndrome were prospectively recruited and pCLE assessment was performed on 
areas suspicious for early SRCC and control regions during an endoscopic surveillance procedure. Targeted biopsies 
were taken for gold standard histologic assessment. In Phase I two investigators assessed video sequences off-line to 
identify pCLE features related to SRCC. In Phase II pCLE diagnostic criteria were evaluated in an independent video set 
by the investigators blinded to the histologic diagnosis. Sensitivity, specificity, accuracy, and interobserver agreement 
were calculated.

Results Forty-two video sequences from 16 HDGC patients were included in Phase I. Four pCLE patterns associated 
to SRCC histologic features were identified: (A) glands with attenuated margins, (B) glands with spiculated or irregular 
shape, (C) heterogenous granular stroma with sparse glands, (D) enlarged vessels with tortuous shape. In Phase II, 38 
video sequences from 15 patients were assessed. Criteria A and B and C had the highest diagnostic accuracy, with a κ 
for interobserver agreement ranging from 0.153 to 0.565. A panel comprising these 3 criteria with a cut-off of at least 
one positive criterion had a sensitivity of 80.9% (95%CI:58.1—94.5%) and a specificity of 70.6% (95%CI:44.0—89.7%) 
for a diagnosis of SRCC.

Conclusions We have generated and validated off-line pCLE criteria for early SRCC. Future real-time validation of 
these criteria is required.

Keywords Hereditary diffuse gastric cancer, CDH1, Confocal laser endomicroscopy, Endoscopic surveillance, Signet 
ring cell carcinoma

Introduction
Hereditary diffuse gastric cancer (HDGC) is a cancer 
syndrome associated with early onset diffuse gastric can-
cer (DGC) and lobular breast cancer (LBC) [1]. HDGC 
is linked to germline pathogenic variants (PV) in the 
E-cadherin gene (CDH1) that are inherited in an autoso-
mal dominant pattern; however, in approximately 70% of 
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families with DGC clustering a genetic cause cannot be 
identified [2, 3, 4]. The lifetime risk of DGC in individuals 
who fulfill HDGC criteria is approximately 70% for men 
and 56% for women [5].

Due to the high penetrance of DGC, individuals with 
CDH1-PV are recommended to undergo prophylactic 
total gastrectomy (PTG) [6]. However, CDH1-PV car-
riers who have comorbidities or refuse or wish to delay 
gastrectomy due to psychological and social reasons, are 
offered endoscopic surveillance with the aim to detect 
DGC at the early stage. Endoscopic surveillance is rec-
ommended for individuals with strong family history, 
but no CDH1-PV, who should not be offered prophy-
lactic gastrectomy in the absence of pathological find-
ings. [6]. However, endoscopic diagnosis of early DGC 
is challenging because in-situ and intramucosal SRCC 
are often located under the epithelial surface at the bot-
tom of the gastric crypts, and therefore often cannot be 
visualized even under close endoscopic mucosal evalua-
tion performed by expert endoscopists with experience 
in HDGC surveillance [7]. Occasionally, characteristic 
pale areas containing SRCC can be seen on white light 
endoscopy, however the sensitivity of pale areas for 
early SRCCs is estimated to be less than 30% [8]. Image 
enhancement with narrow band imaging (NBI) helps bet-
ter delineate the borders of pale areas. Moreover, NBI, 
in conjunction with optical magnification help differen-
tiate pathological pale areas from mucosal scars due to 
previous biopsies, which also appear as whitish mucosa. 
We have recently showed that endoscopic criteria based 
on shape, borders, reproducibility and micro-structural 
and micro-vascular patterns of pale areas achieve a sen-
sitivity of 67.3% and a specificity of 90.2% for early can-
cer diagnosis [9].   However, relying on biopsies targeted 
by high-definition endoscopy and NBI would lead to 
underdiagnosis in up to 60% of patients [10]. Therefore, 
to ensure optimal detection and risk stratification, an 
extensive mapping biopsy protocol remains an integral 
component of HDGC endoscopic surveillance [10]. The 
current recommendation is to take 30 biopsies scattered 
throughout the different sections of the stomach as fol-
lows: 5 biopsies in the antrum, transitional zone, fundus 
and cardia, and 10 in the gastric body [6]. Chromoendos-
copy with Congo Red has been showed to help identify 
early DGC, however, concerns over potential toxicity of 
this agent have dampened the enthusiasm [11]. Other 
dyes and electronic chromoendoscopic techniques such 
as indigo carmine chromoendoscopy [12] and autofluo-
rescence imaging [8], have not been proven to be useful 
[11] in patients with HDGC.

Probe-based confocal laser endomicroscopy (pCLE) pro-
vides microscopic views of the gastro-intestinal mucosa 

at cellular resolution to allow real-time diagnosis of early  
neoplasia [5]. Although pCLE provides point imaging 
and has the potential limitation of sampling error, simi-
lar to biopsy forceps, the possibility to swipe the probe 
across the mucosal plane allows interrogation of a larger 
mucosal area compared to standard biopsies. In addition, 
given the deep location of early SRCC within the mucosa 
and the penetration of pCLE view to a depth of 65  µm 
[13], this technique has the potential to reveal features 
otherwise not seen with conventional endoscopy. There-
fore, the aim of this study was to identify and validate 
the pCLE diagnostic criteria for early SRCC in HDGC 
syndrome.

Methods
Study design
This was a prospective study in a single tertiary refer-
ral center for HDGC. Patients undergoing surveil-
lance endoscopy received pCLE examination and video 
sequences were recorded. The development of the pCLE 
criteria was structured in two stages. In the first phase 
(Phase I) we aimed to define the pCLE diagnostic crite-
ria for SRCC via off-line analysis of a first set of pCLE 
video sequences and matching histopathological slides. 
In the second phase (phase II), we aimed to validate the 
criteria identified in the previous stage of the study via 
off-line assessment of an independent set of pCLE video 
sequences by investigators blinded to histopathological 
diagnosis.

Study population
The study population consisted of individuals recruited 
to the ethically approved Cambridge Familial Gastric 
Cancer Study (MREC 97/5/32), who were aged 18 years 
or older and able to provide written informed consent. 
Patients enrolled in endoscopic surveillance are man-
aged by a multidisciplinary team consisting of a medi-
cal geneticist, gastroenterologists, upper gastrointestinal 
surgeons, psychologists, nutritionists and clinical nurse 
specialists. Patients are counselled about the recom-
mendation to undergo prophylactic total gastrectomy 
when a CDH1 PV is detected, and all are offered a base-
line endoscopy before surgery. Those who prefer to defer 
surgery when a germline genetic cause if not identified or 
due to comorbidities or psychosocial reasons are offered 
endoscopic surveillance. Study endoscopies were per-
formed either as a first baseline investigation or as follow 
up. All the individuals included into the study fulfilled the 
testing clinical criteria for HDGC. The CDH1 status was 
known for all the individuals. Patients who underwent 
pCLE assessment as part of Phase I of the study were 
excluded from Phase II.
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Endoscopy procedures and histological analysis
To ensure high-quality, clear mucosal views in the stom-
ach, all the individuals were administered orally a water 
solution of simethicone with N-acetylcysteine before 
gastroscopy as previously described [14]. All patients 
received intravenous sedation consisting of opioid anal-
gesic (Fentanyl) and benzodiazepine (Midazolam). All the 
endoscopic procedures in the study were performed with 
high-definition endoscopes with available NBI and opti-
cal magnification (FQ260Z or H290Z, Olympus, Tokyo, 
Japan) by an endoscopist with experience in HDGC 
endoscopic surveillance and confocal assessment (MDP). 
During each procedure, gastric mucosa was assessed 
in the systematic approach using white light imaging 
(WLI) and narrow band imaging (NBI) modalities for all 
the anatomic regions for the identification of suspicious 
lesions, with particular attention to areas of whitish dis-
coloration (pale areas), which are pathognomonic of early 
SRCC in the context of HDGC. Optical zoom was used 
at the discretion of the investigator to achieve additional 
information on the nature of the lesions identified. Pale 
areas identified using WLI and NBI were assessed with 
pCLE. Diathermy coagulation was performed proximally 
and distally to the pale areas to ensure precise position-
ing of the pCLE probe. pCLE assessment was performed 
using Cellvizio Gastroflex™ (Mauna Kea Technologies, 
France) after intravenous fluorescein injection (2.5  mL 
of 10% solution). The endoscopist was allowed to select 
up to 4 pale areas and one negative control region in the 
gastric mucosa for pCLE assessment. Targeted biopsies 
from these areas were taken for histologic assessment. 
Random biopsy specimens were taken from each of the 
six anatomic regions of the stomach (pre-pyloric area, 
antrum, transitional zone, body, fundus, and cardia). All 
biopsies were examined by the experienced gastrointes-
tinal pathologist. All biopsies underwent staining with 

hematoxylin and eosin, as well as Periodic Acid-Schiff 
staining at discretion of the pathologist. Digital video and 
still image were captured to document confocal findings.

Phase I: generation of pCLE diagnostic criteria for SRCC 
In this part of the study, an investigator (NDP) screened 
a pool of 113 video clips extracted from 16 endoscopic 
procedures with pCLE imaging and identified 42 good 
quality video sequences derived pale areas and control 
regions (Fig.  1). The selected videos were assessed off-
line by an endoscopist with extensive experience in lumi-
nal gastro-intestinal tract pCLE diagnosis (MDP) and 
a pathologist expert in HDGC and with research expe-
rience in pCLE (MOD). The investigators focused on 
the identification of pCLE features that correlated with 
matched histological finding of SRC in comparison with 
negative control cases. In this phase, the investigators 
had access to the digital library of the histopathological 
slides from all the biopsy specimens corresponding to 
the location of the pCLE recordings. pCLE patterns were 
matched with histologic features to help interpret mor-
phology of confocal images.

Phase II: validation of pCLE criteria for SRCC 
In the second phase of the study, an independent set of 
38 good quality videos from 15 patients were selected for 
the validation (Fig.  1). In each video sequence, the two 
investigators, blinded to the histologic diagnosis, inde-
pendently assessed the diagnostic criteria in a binary 
fashion (positive/negative). During the assessment, the 
investigators had the possibility to pause and rewind as 
it is done during live pCLE examination with the track-
ball. Although it was sufficient for a single frame to make 
a call of positive criterion, it was the discretion of the 
investigator to evaluate the significance of this based on 
the quality of the video and the presence of artifacts.

Fig. 1 Schematic representation of study flowchart
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Statistical analysis
Sensitivity, specificity, accuracy, negative predictive value 
(NPV) and positive predictive values (PPV) were calculated 
as averages from all the investigators using 95% confidence 
intervals (CI). Sample size calculation was not performed 
due to exploratory nature of this study and the absence of 
data available to power the study. Interobserver agreement 
among investigators was calculated using Cohen’s k statis-
tic. For the analyses assessing the accuracy of the criteria 
as panel for SRCC diagnosis, a numerical cut-off of posi-
tive criteria was applied, regardless of the criteria. All 
analyses were performed in the R statistical environment.

Results
Study population
Overall, pCLE imaging was performed in 31 patients 
(Table  1). All of them (100%) had known CDH1 

status. Twenty-seven patients (87.0%) had an iden-
tified CDH1 PV, and 1 patient (3.2%) was diagnosed 
with a CDH1 variant of unknown significance (VUS). 
The majority (54.5%) of the individuals in the study 
cohort were female and a median age was 45  years 
(range 20–67).

Foci of early SRCC were diagnosed in 14 patients, 
none of whom was diagnosed with cancer requiring 
immediate referral for oncological treatment. Among 
patients with positive findings, 8 cases were diagnosed 
with SRCC foci on targeted biopsies, with a total of 22 
endoscopic areas (16 in the antrum, 4 in the gastric body 
and 2 in the fundus). Six patients were diagnosed with 
SRCC foci on random biopsies, with a total 10 positive 
biopsies (8 in the fundus and 2 in the gastric cardia). All 
cases with SRCC foci were detected in individuals with 
CDH1 PV.

Table 1 Characteristics of the study cohort

a in targeted endoscopic biopsies

Characteristic

Age median, years (IQR) 45 (20–67)

Males, n (%) 15 (48.4)

Fentanyl, μg; median (IQR) 75 (50–100)

Midazolam, mg; median (IQR) 5 (4–10)

Endoscopy purpose, n (%)

 - Index 10 (32.2)

 - Surveillance 21 (67.8)

CDH1 pathogenic variant status, n (%)

 - Positive 27 (87.1)

 - Variant of unknown significance 1 (3.2)

 - Negative 3 (9.7)

Previous history of positive signet ring cell carcinoma finding n (%) 15 (48.4)

Ethnicity, n (%)

 - White British 14 (45.2)

 - Other white 9 (29.2)

 - Asian 8 (25.6)

Number of pale areas assessed with pCLE per procedure, median (IQR) 2 (1–5)

Number of control areas assessed with pCLE per procedure, median (IQR) 1 (1–2)

Number of targeted biopsies taken, median (IQR) 5 (2–11)

Pale area location, n (%)

 - pre-pyloric area 1 (1.3)

 - antrum 44 (57.1)

 - t-zone 3 (3.9)

 - body 8 (10.4)

 - fundus 21 (27.3)

Foci of signet ring cell  locationa, n (%)

 - pre-pyloric area 0 (0)

 - antrum 16 (72.8)

 - t-zone 0 (0)

 - body 4 (18.1)

 - fundus 2 (9.1)
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Phase I
Two investigators jointly evaluated 42 video sequences 
corresponding to 27 different endoscopic areas from 16 
patients. Four pCLE features were identified in associa-
tion with histological evidence of SRCC. These were: (A) 
glands with attenuated margins, (B) glands with spicu-
lated or irregular shape, (C) heterogeneous granular 
stroma with sparse glands, (D) enlarged vessels with tor-
tuous shape and turbulent flow (Fig. 2).

Phase II
The four criteria from the phase I were assessed in an 
independent set of 38 videos from 14 individuals by the 
same 2 investigators blinded to the histologic diagnosis 
and any other clinical information. The overall sensitiv-
ity, specificity, accuracy, NPV, PPV and interobserver 
agreements for each criterion are shown in Table 2. The 
performance of the criterion A (glands with attenuated 
margins), B (glands with spiculated or irregular shape), 

Fig. 2 Endomicroscopic features of signet-ring cell carcinoma with histopathological correlation based on matched biopsies. A Glands with 
attenuated margins. The arrows point one of the attenuated margin of one glands. B Glands with spiculated or irregular shapes. The left arrow 
shows spiculated end of one gland and the right arrow points irregular gland shape. C Heterogenous granular stroma with sparse glands. The 
arrows show occasional glands with intermixed heterogenous stroma. D Enlarged vessels with tortuous shape and turbulent flow. The arrows show 
vessels with a visible blood flow (this criterion is best appreciated on a live dynamic view). E Histopathology view on H&E staining (40X) of Criterion 
A showing a gland with attenuated margins (arrows). F Histopathology view on H&E staining (40X) of Criterion B showing a gland with irregular, 
spiculated shape (arrows). G Histopathology view on H&E staining (40X) of Criterion C showing small glands spaced away by stroma infiltrated by 
signet ring cells. H Histopathology view on H&E staining (40X) of Criterion D showing showing blood vessel with irregular shape due to adjacent 
signet ring cells

Table 2 Performance of the four diagnostic criteria in the blinded validation (CI – confidence intervals)

Criterion Average
Sensitivity, %; 
(95%CI)

Average
Specificity, %; 
(95%CI)

Average
Accuracy, %; (95%CI)

Cohen’s
Kappa

Positive predictive 
value, %; (95%CI)

Negative 
predictive value, 
%; (95%CI)

A. Glands with attenu-
ated margins

50.0 (31.3–68.7) 89.3 (71.8–97.7 69.0 (55.5–80.5) 0.277 83.3 (61.8–94.0) 62.5 (53.3–80.5)

B. Glands with 
spiculated or irregular 
shapes

48.3 (29.4–67.5) 86.2 (68.3–69.1) 67.2 (53.7–79.0) 0.575 77.8 (56.7–90.4) 62.5 (53.2–70.1)

C. Heterogenous 
granular stroma with 
sparse glands

65.33 (43.9–80.1) 85.7 (67.3–96.0) 74.1 (61.0–84.7) 0.650 82.6 (64.8–92.4) 68.6 (57.1–78.1)

D. Enlarged vessels 
with tortous shape and 
turbulent flow

20.0 (7.7–38.6) 89.3 (71.8–98.0) 53.4 (39.9–66.7) 0.612 66.7 (35.6–87.9) 51.7 (38.2–65.0)
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and C (heterogenous granular stroma with sparse glands) 
was similar, with sensitivity ranging from 48.28% (95% 
CI; 29.4% to 67.5%) to 65.3% (95% CI; 43.9% to 80.1%) 
and specificity ranging from 85.7% (95% CI; 67.3% to 
96.0%) to 89.3% (95% CI; 71.8% to 97.7%). The highest 
accuracy was noted for criterion C (heterogenous granu-
lar stroma with sparse glands)—74.1% (95% CI; 61.0% to 
84.7). Criterion D (enlarged vessels with tortuous shape 
and turbulent flow) showed the lowest accuracy of 53.4% 
with only 20.0% sensitivity. The interobserver agreement 
ranged from 0.277 (criterion A) to 0.650 (criterion C).

Given the sub-optimal sensitivity of individual pCLE 
features, we hypothesized that, when combined into a 
panel, the performance of the diagnostic criteria would 
improve. We excluded criterion D, given the very poor 
sensitivity. We then assessed different cut-offs for the 
minimum number of positive criteria to correctly diag-
nose SRCC. The highest average accuracy (76.3%; 95%CI 
59.8%-88.6%) and best sensitivity (80.9; 95%CI 58.1–94.5) 
were achieved using a cut-off of 1 positive criterion, with 
the specificity of 70.6% (95% CI; 44.04% to 89.7%). Using 
cut-off of two or three positive criteria, as expected, 
improved the specificity but led to a drop in the sensitiv-
ity and overall accuracy (Table 3).

Discussion
In this study, we have identified and validated pCLE 
diagnostic criteria to diagnose SRCC in individuals with 
HDGC. We have identified 3 pCLE features associated 
with the histological diagnosis of SRCC, which, when 
used as a panel, achieved a diagnostic accuracy of 76%.

Endoscopic surveillance of HDGC is recommended 
as alternative to surgery in patients fulfilling the HDGC 
criteria without a known germline mutation and in those 
who refuse or wish to delay risk-reducing surgery due to 
medical or psyco-social reasons. Although DGC has very 
poor prognosis and HDGC carries a 56–70% lifetime risk 
of gastric cancer, endoscopic surveillance with regular 
time intervals and strict biopsy protocol is safe in expert 
centres and informs the best timing of surgery [8, 10, 12, 
15]. Approximately one third of patients with a CDH1 
pathogenic variant will never develop symptomatic can-
cer and therefore a careful watch and wait strategy is a 
reasonable option in some individuals especially given 

the profound impact of a total gastrectomy on the qual-
ity of life [16, 17]. Since endoscopic recognition of early 
SRCC is challenging, an intensive random biopsies pro-
tocol is recommended to obviate to the caveat of endo-
scopic detection. It is estimated that relying on targeted 
biopsies only, early SRCC can be missed in as many as 
60% of patients.

One of the reasons for low sensitivity of endoscopic 
imaging is the location of the foci of signet ring cells 
deeper than the surface mucosal plane, which results 
in the common clinical observation of significant false 
negative rate of superficial biopsies even in the pres-
ence of linitis plastica [8]. Confocal endomicroscopy 
has the advantage of allowing deeper scanning of the 
gastric mucosa, which could reveal cellular and archi-
tectural irregularities otherwise missed by conventional 
and image enhanced endoscopy. It must be pointed out 
that foci of SRCC can be located deeper that the pen-
etration of pCLE scanning. However, the pCLE criteria 
identified in this study do not relate to the signet ring 
cells per se, but rather reflect indirect effects on the tis-
sue architecture of the SRCC foci. This is expected since 
the lateral resolution of pCLE does not allow direct and 
precise visualization of the signet-ring cancer cells. The 
indirect signs are due to the blurring of crypt contours 
due to adjacent signet ring cells (glands with attenuated 
margins), compression and distortion of the architecture 
of the crypts (glands with spiculated or irregular shape), 
dislocation of the glands with increased interglandular 
space due to clusters of signet ring cells (heterogenous 
granular stroma with sparse glands) and irregularities of 
the vasculature due to focal compression of superficial 
vessels with changes in the intravascular flow (enlarged 
vessels with tortuous shape and turbulent flow attenu-
ated glandular margins). It is intriguing that although the 
irregularity in the vascular pattern is one of the most reli-
able features of SRCC on NBI magnification, particularly 
when associated with pale areas [18], the sensitivity of 
the criterion D was very low, suggesting that the assess-
ment of the vasculature on pCLE remains challenging. 
This is in keeping with the fact that pCLE neoplastic 
criteria based on vessels are not included in the diagno-
sis of epithelial dysplasia in other organs of the GI tract 
[19, 20, 21, 22]. Although there is a theoretical possibility 

Table 3 Performance of different cut-offs on three pCLE diagnostic criteria in the blinded validation (CI confidence intervals)

Cut-off Average 
Sensitivity, %; (95%CI)

Average 
Specificity, %; (95%CI)

Average 
Accuracy, %; (95%CI)

Positive predictive 
value, %; (95%CI)

Negative 
predictive value, 
%; (95%CI)

≥ 1 positive criterion 80.9 (58.1—94.5) 70.6 (44.0—89.7) 76.3 (59.8—88.6) 77.3 (61.3 – 88.0) 75.0 (54.1—88.4)

≥ 2 positive criteria 66.7 (43.0—85.4) 82.3 (56.6—96.2) 73.7 (56.9—86.6) 82.3 (61.5 -93.2) 66.7 (51.3—79.2)

 3 positive criteria 40.0 (19.1—63.9) 94.44 (72.7—99.9) 65.79 (48.6—80.4) 88.9 (52.5 -98.3) 58.6 (49.3—67.3)
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that these diagnostic criteria might relate to other gastric 
pathologies, such as intestinal metaplasia (IM), atrophy 
or H. pylori (H.p.)-related gastritis, this is unlikely to be 
the case. First, none of the HDGC patients included in 
this study presented other co-existing gastric pathologies. 
Second, IM, atrophy and H.p.-relted gastritis have differ-
ent sets of pCLE criteria [13].pCLE has been extensively 
investigated in the field of intestinal type early gastric 
cancer [13]. However, there is scarce data on the utility 
for HDGC. In a previous study a systematic approach 
to identification of diagnostic criteria has not been used 
[23]. In this work the comparison between the diagnos-
tic accuracy for early SRCC of pCLE on random locations 
versus the mapping biopsy protocol failed to show a sig-
nificant benefit of pCLE over random biopsies. Moreover, 
non-targeted biopsies taken as per Cambridge protocol 
revealed SRCC in 11.1% of patients (4/36), whereas in-
vivo assessment by pCLE showed irregular patterns in 
16.7% of cases (6/36).

In our study the video sequences were obtained pre-
dominantly from pale areas identified on WLI and NBI, 
together with one negative control and pCLE was not 
used for wider interrogation of normal mucosa. The ulti-
mate goal of utilization of pCLE as clinical adjunct would 
be to screen the normal looking mucosa for areas sus-
picious for SRCC and inform need of biopsies. For this 
reason, we think that a cut-off of one positive criterion 
is more appropriate as it is essential to optimize the sen-
sitivity compared to specificity. Indeed, the sensitivity of 
pCLE (80.9%)  appears to be higher than that achieved 
by our group using WLI and NBI magnification features 
(67.3%) [9].  Future studies will need to assess the diag-
nostic accuracy and procedural time of an imaging strat-
egy based on more extensive pCLE assessment of gastric 
mucosa and targeted biopsies based on pCLE assessment 
versus the random biopsy protocol.

This study has several strengths. We have used a strict 
multi-stage process to identify and validate the pCLE cri-
teria. The investigators have extensive experience in the 
field of HDGC and also worked together in the develop-
ment of pCLE diagnostic criteria in different clinical appli-
cations [19]. However, there are also some limitations. 
Foci of SRCC can be small and can be missed by targeted 
biopsies, even in the presence of clearly visible pale areas. 
Therefore, we cannot exclude that some of the areas with 
no histopathological evidence of SRCC on biopsy material 
might indeed contain cancer due to sampling error, leading 
to an underestimation of the specificity. The same investi-
gator (MDP) was involved in the endoscopic procedures 
and off-line assessment of the video sequences; therefore, 
we cannot exclude bias from recollection of the pCLE 

procedures findings. However, we used a wash out period 
of at least 8  weeks to minimise this interference and the 
investigator had no availability in Phase II of clinical infor-
mation from the procedure making recollection of pCLE 
patterns extremely unlikely. The criteria were developed 
based on video sequences mostly derived from pale areas, 
therefore they might not be accurate for identification of 
SRCC foci located in macroscopically normal mucosa. This 
was necessary in order to enrich with histopathological 
endpoints, which are only rarely found outside pale areas 
and randomly distributed. Finally, these criteria have been 
developed in the context of HDGC and might not be appli-
cable to diagnosis of sporadic diffuse type gastric cancer. In 
fact, signet ring cell lesions (insitu and pagetoid) have not 
been described in patients without CDH1 PV or otherwise 
positive family history of DGC fulfilling clinical criteria for 
HDGC, therefore it is reasonable to conclude that early 
cancer in HDGC and sporadic setting might have differ-
ence histopathological features.

In conclusion, we have developed and validated off-line 
diagnostic criteria for early SRCC in the context of HDGC. 
The criteria identified in this study have 81% sensitivity 
and 71% specificity. These criteria will need to be validated 
in prospective studies using this technology for in-vivo 
diagnosis.

Acknowledgements
We thank the staff of the Cambridge Clinical Research Center and the 
research nurses Tara Evans, Bincy Alias and Michele Bianchi for their help with 
endoscopic procedures and sample collection. We would like to thank Dr 
Shalini Malhotra, Dr Ahmad Miremadi, Dr Monika Tripathi and Dr James Chan 
for providing expert review of pathology specimens. We also thank Dr Mark 
Tischkowitz for genetic counselling, Dr Hisham Ziauddeen and Professor Paul 
Fletcher for psychological support; Mr Richard Hardwick for clinical manage-
ment and Professor Carlos Caldas for his overall intellectual contribution to 
Familial Gastric Cancer Study.

Authors’ contributions
MdP and RCF designed the study and take responsibility for the content of 
this manuscript. All authors provided contribution to the clinical manage-
ment. MdP performed the endoscopies. MdP, MOD and NDP collected and 
analyzed the data. NDP performed the statistical analysis. MOD performed 
histological diagnosis. All authors reviewed and approved the final version of 
the manuscript.

Funding
The study has received infrastructure support from the Experimental Cancer 
Medicine Center and Cambridge Biomedical Research Center. NDP was 
funded by an EU funded project ESOTRAC 732720. RCF is funded by an NIHR 
Professorship; RCF and MdP receive core funding from the Medical Research 
Council (grant number G111260). MdP received and received additional 
funds from the Cancer Research UK Cambridge Centre (grant number 
CTRQQR-2021\100012). The study received infrastructure support from the 
Biomedical Research Centre (grant number BRC-1215–20014) and the Experi-
mental Cancer Medicine Centre.

Availability of data and materials
Available to interested readers by contacting Dr. Massimiliano di Pietro 
at md460@cam.ac.uk.



Page 8 of 8Pilonis et al. BMC Gastroenterology          (2023) 23:176 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Declarations

Ethics approval and consent to participate
The study protocol was approved by the ethical committee of NHS Trust 
Cambridge University Hospital, and written informed consent was obtained 
from each participant. Institutional, national, and international guidelines were 
followed for the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 19 November 2021   Accepted: 5 April 2022

References
 1. Jones EG. Familial gastric cancer. N Z Med J. 1964;63:287–96.
 2. Guilford P, Hopkins J, Harraway J, McLeod M, McLeod N, Harawira P, 

et al. E-cadherin germline mutations in familial gastric cancer. Nature. 
1998;392(6674):402–5.

 3. Hansford S, Kaurah P, Li-Chang H, Woo M, Senz J, Pinheiro H, et al. Heredi-
tary diffuse gastric cancer syndrome: CDH1 mutations and beyond. JAMA 
Oncol. 2015;1(1):23–32.

 4. Gaston D, Hansford S, Oliveira C, Nightingale M, Pinheiro H, Macgillivray C, 
et al. Germline mutations in MAP3K6 are associated with familial gastric 
cancer. PLoS Genet. 2014;10(10):e1004669.

 5. Xicola RM, Li S, Rodriguez N, Reinecke P, Karam R, Speare V, et al. Clinical 
features and cancer risk in families with pathogenic CDH1 variants irre-
spective of clinical criteria. J Med Genet. 2019;56(12):838–43.

 6. Blair VR, McLeod M, Carneiro F, Coit DG, D’Addario JL, van Dieren JM, et al. 
Hereditary diffuse gastric cancer: updated clinical practice guidelines. 
Lancet Oncol. 2020;21(8):e386–97.

 7. Carneiro F, Huntsman DG, Smyrk TC, Owen DA, Seruca R, Pharoah P, et al. 
Model of the early development of diffuse gastric cancer in E-cadherin 
mutation carriers and its implications for patient screening. J Pathol. 
2004;203(2):681–7.

 8. Mi EZ, Mi EZ, di Pietro M, O’Donovan M, Hardwick RH, Richardson S, 
et al. Comparative study of endoscopic surveillance in hereditary diffuse 
gastric cancer according to CDH1 mutation status. Gastrointest Endosc. 
2018;87(2):408–18.

 9. Lee CYC, Olivier A, Honing J, Lydon AM, Richardson S, O’Donovan M, 
et al. Endoscopic surveillance with systematic random biopsy for the 
early diagnosis of hereditary diffuse gastric cancer: a prospective 16-year 
longitudinal cohort study. Lancet Oncol. 2023;24:107–16.

 10. van Dieren JM, Kodach LL, den Hartog P, van der Kolk LE, Sikorska K, van 
Velthuysen MF, et al. Gastroscopic surveillance with targeted biopsies 
compared with random biopsies in CDH1 mutation carriers. Endoscopy. 
2020;52:839.

 11. Shaw D, Blair V, Framp A, Harawira P, McLeod M, Guilford P, et al. 
Chromoendoscopic surveillance in hereditary diffuse gastric cancer: an 
alternative to prophylactic gastrectomy? Gut. 2005;54(4):461–8.

 12. Hüneburg R, Marwitz T, van Heteren P, Weismüller TJ, Trebicka J, Adam 
R, et al. Chromoendoscopy in combination with random biopsies does 
not improve detection of gastric cancer foci in CDH1 mutation positive 
patients. Endosc Int Open. 2016;4(12):E1305–10.

 13. Pilonis ND, Januszewicz W, di Pietro M. Confocal laser endomicroscopy in 
gastro-intestinal endoscopy: technical aspects and clinical applications. 
Transl Gastroenterol Hepatol. 2020;7:7.

 14. Lim YC, di Pietro M, O’Donovan M, Richardson S, Debiram I, Dwerryhouse 
S, et al. Prospective cohort study assessing outcomes of patients from 
families fulfilling criteria for hereditary diffuse gastric cancer undergoing 
endoscopic surveillance. Gastrointest Endosc. 2014;80(1):78–87.

 15. Pappas A, Tan WK, Waldock W, Richardson S, Tripathi M, Januszewicz W, 
et al. Single-bite versus double-bite technique for mapping biopsies 

during endoscopic surveillance for hereditary diffuse gastric cancer: a 
single-center, randomized trial. Endoscopy. 2021;53:246–53.

 16. Hallowell N, Badger S, Richardson S, Caldas C, Hardwick RH, Fitzgerald RC, 
et al. An investigation of the factors effecting high-risk individuals’ deci-
sion-making about prophylactic total gastrectomy and surveillance for 
hereditary diffuse gastric cancer (HDGC). Fam Cancer. 2016;15(4):665–76.

 17. Hallowell N, Lawton J, Badger S, Richardson S, Hardwick RH, Caldas C, 
et al. The Psychosocial Impact of Undergoing Prophylactic Total Gas-
trectomy (PTG) to Manage the Risk of Hereditary Diffuse Gastric Cancer 
(HDGC). J Genet Couns. 2017;26(4):752–62.

 18. Pilonis ND, Tischkowitz M, Fitzgerald RC, di Pietro M. Hereditary diffuse 
gastric cancer: approaches to screening, surveillance, and treatment. 
Annu Rev Med. 2021;72:263–80.

 19. di Pietro M, Bertani H, O’Donovan M, Santos P, Alastal H, Phillips R, et al. 
Development and Validation of Confocal Endomicroscopy Diagnostic 
Criteria for Low-Grade Dysplasia in Barrett’s Esophagus. Clin Transl Gastro-
enterol. 2019;10(4):e00014.

 20. Vennelaganti S, Vennalaganti P, Mathur S, Singh S, Jamal M, Kanakadandi 
V, et al. Validation of Probe-based Confocal Laser Endomicroscopy 
(pCLE) criteria for diagnosing colon polyp histology. J Clin Gastroenterol. 
2018;52(9):812–6.

 21. Kiesslich R, Goetz M, Neurath MF. Confocal laser endomicroscopy for gas-
trointestinal diseases. Gastrointest Endosc Clin N Am. 2008;18(3):451–66, 
viii.

 22. Sharma P, Meining AR, Coron E, Lightdale CJ, Wolfsen HC, Bansal A, et al. 
Real-time increased detection of neoplastic tissue in Barrett’s esopha-
gus with probe-based confocal laser endomicroscopy: final results of 
an international multicenter, prospective, randomized, controlled trial. 
Gastrointest Endosc. 2011;74(3):465–72.

 23. Schueler SA, Gamble LA, Curtin BF, Ruff SM, Connolly M, Hannah C, 
et al. Evaluation of confocal laser endomicroscopy for detection of 
occult gastric carcinoma in CDH1 variant carriers. J Gastrointest Oncol. 
2021;12(2):216–25.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Confocal endomicroscopy diagnostic criteria for early signet-ring cell carcinoma in hereditary diffuse gastric cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Study population
	Endoscopy procedures and histological analysis
	Phase I: generation of pCLE diagnostic criteria for SRCC
	Phase II: validation of pCLE criteria for SRCC
	Statistical analysis

	Results
	Study population
	Phase I
	Phase II

	Discussion
	Acknowledgements
	References


