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ABSTRACT

Background and study aims The safety of endoscopic

submucosal dissection (ESD) has been reported, and the

risk of lymph node metastasis is low for colorectal cancer if

depth of invasion is the only non-curative factor on histolo-

gical evaluation. ESD is increasingly performed even if sub-

mucosal (SM) invasion is suspected. However, reports

about endoscopic findings for the criteria to predict ESD re-

sectability remain limited. Endoscopic ultrasound (EUS) can

directly visualize the tomographic image of the gastrointes-

tinal wall and may help predict ESD resectability. Therefore,

we investigated the possibility of predicting ESD resectabil-

ity using EUS.

Patients and methods We compared the association be-

tween EUS findings and pathological results for gastric or

colorectal lesions with suspected SM invasion using white

light endoscopy between June 2020 and January 2023. EUS

findings were grouped based on the status of the underly-

ing the tumor, as follows: Type I, submucosal layer was ob-

served with reproducibility; Type II, submucosal layer not

fully visible; and Type III, submucosal layer disrupted and

muscularis propria (MP) layer thickened.

Results Forty-one gastric cancer and 22 colorectal cancer

cases were analyzed. The proportions of pathological VM0

(no tumor exposed on any vertical margin) for ESD-resect-

ed specimens were 89% and 33% for Type I and II, respec-

tively, (P ≤ 0.01). The proportions of cancer involving MP

or deeper were significantly higher for Type II/III than for

Type I (41% vs 0%, P ≤ 0.01).

Conclusions EUS may have an important role in predicting

ESD resectability of gastric and colorectal cancers suspect-

ed of having SM invasion.
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Introduction
Colorectal and gastric cancers are gastrointestinal cancers with
high incidence and poor prognosis. Colorectal cancer has the
third highest incidence and second highest mortality rate
worldwide, whereas gastric cancer has the fifth highest inci-
dence and fourth highest mortality rate [1]. Cancer invasion
depth is strongly correlated with lymph node metastasis and
patient prognosis [2, 3, 4, 5, 6]; therefore, preoperative predic-
tion of invasion depth (T staging) is essential for deciding on
an appropriate treatment strategy. Surgery with lymph node
dissection is the standard treatment for clinically diagnosed
submucosal (SM) cancer.

In recent years, a high en bloc resection rate and safety of
endoscopic submucosal dissection (ESD) have been reported
for superficial gastrointestinal cancer [7, 8], and studies have
shown that risk of lymph node metastasis in colorectal cancer
is low only if the depth of invasion is a noncurative factor in his-
tological evaluation [9]. ESD is the most accurate tumor staging
modality to investigate the invasion depth using pathological
examination of the resected specimen because en bloc resec-
tion rate is high. The European Society of Gastrointestinal
Endoscopy guidelines also state that ESD does not preclude
the possibility of subsequent surgery and should be considered
the most definitive tumor staging modality [10]. In addition,
endoscopic diagnostic accuracy of cancer invasion depth is re-
portedly 63% to 93% and 70% to 80% for gastric [11, 12, 13, 14]
and colorectal cancers, respectively [15, 16]. Considering the
insufficient diagnostic performance, using ESD to confirm can-
cer invasion depth by pathological evaluation would be a rea-
sonable strategy for gastrointestinal cancers with suspected
SM invasion. Therefore, applications of ESD are increasing in
clinical practice even for lesions with suspected SM invasion.

Although ESD is increasingly being performed for SM-inva-
sive cancer, whether ESD can be safely applied with vertical
margin (VM)0 has not been adequately investigated. Recent
progressive development of minimally invasive endoscopic
techniques including ESD warrants development of a set of
new diagnostic criteria to predict ESD resectability. Risk of asso-
ciated adverse events (AEs), including perforation or incision
into the cancerous lesion, increases if the tumor has invaded
the muscularis propria (MP) or deeper (≥ MP) layers. SM-inva-
sive cancer can be considered as a relative indication and can-
cer involving MP is currently considered a contraindication for
ESD. Therefore, predicting whether ESD can be safely per-
formed with histologically negative VM before treatment is im-
portant.

Endoscopic ultrasound (EUS) directly visualizes tomographic
images of the gastrointestinal tract wall. EUS generally depicts
normal gastric and colorectal walls as a five-layered structure.
The gastrointestinal mucosa is visualized as a combination of
the first hyperechoic and second hypoechoic layers, whereas
submucosa corresponds to the third hyperechoic layer. The MP
and serosa, including the subserosa, are visualized as the fourth
hypoechoic layer and fifth hyperechoic layer, respectively [17].
Thickening of the MP layer observed on EUS is suggestive of MP-

invasive cancer, even if cancer involving MP is not suspected on
white light endoscopy (WLE) for duodenal cancer [18].

Therefore, we aimed to investigate whether EUS can be used
as a modality to select lesions for which ESD can be safely per-
formed with VM0 or to exclude MP-invasive cancer, which is a
contraindication to ESD. Reports about the applicability of EUS
to predict resectability of ESD remain limited. Therefore, we
conducted this study to investigate the possibility of predicting
ESD resectability using EUS compared with histological results.

Patients and methods
Study participants

This retrospective observational study was performed at an
endoscopy unit in a Japanese referral university hospital using
a prospectively maintained database. Patients with gastric or
colorectal cancers with suspected SM invasion based on WLE
findings who underwent EUS prior to receiving therapy be-
tween June 2020 and January 2023 were included in this study.
Lesions with endoscopic findings of an ulcer scar (mucosal folds
or rugae converging at one point), an active ulcer, history of
surgery, or poor EUS images were excluded. This study was con-
ducted in accordance with the 2008 revision of the Declaration
of Helsinki. The study protocol was approved by the institution-
al review board of the host hospital (20180163, 20190139).

Diagnostic endoscopy

WLE and magnifying endoscopy, as well as chromoendoscopy
with indigo carmine staining, were performed on patients. Di-
agnostic endoscopy was performed using a magnifying endo-
scope (GIF-H260Z, 290Zor 1200EZ, PCF-H290Z; Olympus Med-
ical Systems Co., Tokyo, Japan or EG-L600ZW7, EC-L600ZP7;
FUJIFILM, Tokyo, Japan). Patients were sedated with midazolam,
flunitrazepam, or pethidine, and their cardiorespiratory func-
tion was monitored during the procedures. Scopolamine butyl-
bromide or glucagon was administered intravenously to reduce
gastrointestinal movement, as appropriate. The location, mac-
roscopic type (elevated, flat, depressed, or mixed type), and le-
sion size were evaluated. Magnifying or chromoendoscopy with
indigo carmine staining was performed to investigate the lesion
range, as appropriate. For colorectal lesions, magnifying endo-
scopic observation was followed by Japan NBI Expert Team
(JNET) classification to investigate invasion depth [19]. Pit pat-
tern diagnosis was not performed for colorectal lesions because
of the potential cancer risk associated with crystal violet dye.

After diagnosis using WLE, magnifying endoscopy, and chro-
moendoscopy, EUS was performed for lesions with suspected
SM invasion. EUS was performed by endoscopists who were
trained in more than 20 cases. EUS was predominantly per-
formed using 20-, 15- or 12-MHz mini-probes (UM-DP20–25R,
UM-DP12–25R, OLYMPUS, Tokyo, Japan or P2226–20, P2726–
15, FUJIFILM, Tokyo, Japan) or Radial EUS (GF-UE260-AL5, GF-
UE290, OLYMPUS, Tokyo, Japan), and scanning was performed
using the water- or gel-filling method. Patients were followed
up after the completion of endoscopic examinations and were
assessed for AEs. Cancer invasion depth was comprehensively
diagnosed with WLE, magnifying endoscopy, and EUS.
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Diagnosis based on WLE findings

The following findings were recognized as signs of SM invasion
of gastric lesions based on previous studies [11, 12]: irregular
surface, submucosal tumor (SMT)-like elevation, a nodule in
the depressed area, nonextension sign, deep depression, sub-
stantial redness, large nodule, thickened folds, and fusion of
convergent fold (▶Fig. 1). The following findings were recog-
nized as signs of SM invasion for colorectal lesions based on
previous studies [20, 21, 22]: deep depression, demarcated de-
pressed area, protuberance within the depression, expanding
appearance, fold convergency, erosion, or white plaque
(▶Fig. 2).

Diagnosis based on EUS findings

EUS findings were classified into three subcategories according
to the status of tissue below the tumor echoic area: type I, the
submucosal layer was observed with reproducibility; type II, the
submucosal layer was not fully visible; and type III, the submu-
cosal layer was disrupted and the MP layer was thickened
(▶Fig. 3, ▶Video 1). We coined the term “PREDICT: Predicting
Resectability of ESD by EUS Diagnosis of Invasion of Cancer by
Tomographic image” for this classification. Resectability was
defined as endoscopic total removal of the lesion with a nega-
tive VM. The diagnoses were retrospectively performed using a
prospectively maintained database. All the lesions with sus-
pected SM invasion on WLE observation during the study period
generally underwent EUS. EUS was not performed for some le-

sions with suspected SM invasion owing to the limited endo-
scopic instruments available for EUS and the difficulty of per-
forming unscheduled EUS.

Treatment strategy based on EUS findings

Treatment with endoscopic resection or surgery was selected
based on results of WLE, pathological assessment, EUS, and
computed tomography (CT) as well as the condition and choice
of the patient. Type I was treated with ESD, type III with surgery,
and type II with either ESD or surgery based on the condition
and choice of the patient and clinician judgement.

Pathological evaluation

Resected specimens were extended on the mounting board
using pins and fixed in 10% formalin for 24 hours. Sections
were cut at 2-mm intervals for endoscopically resected tissues
and 5-mm intervals for postsurgical specimens and assessed by
experienced pathologists. Histopathological type, size, invasion
depth, lymphatic and vascular involvement, and cancer involve-
ment in the horizontal and VMs were further assessed. R0 re-
section was defined as en bloc resection with negative horizon-
tal and vertical margins. The VM was also investigated: VM0
was defined as no tumor exposed on any VM, VM1 as tumor
present on any VM, and vertical margin unclear (VMX) as inabil-
ity to assess existence of a residual tumor on VM. Cancer inva-
sion depth was classified as follows: M, mucosal cancer; SM,
cancer in the SM layer; MP, cancer invades MP; SS, cancer in-

▶ Fig. 1 Representative images of findings characteristic of submucosal invasion in stomach lesions. a Irregular surface. b Submucosal tumor
(SMT)-like elevation. c Nodule in the depressed area. d Nonextension sign. e Substantial redness. f Large nodules.
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vades subserosa; and SE, cancer perforates serosa or invades
adjacent structures. Pathological curative resections and addi-
tional surgery indications for gastric and colorectal cancers
were judged according to the Japanese gastric or colorectal
ESD/EMR guidelines [9, 23].

Measured outcomes

Pathological invasion depth in endoscopically and surgically re-
sected specimens was used as the reference standard. EUS find-
ings were compared with histopathological invasion depth and
VM status in ESD as a gold standard. We collected the following
data for each patient: 1) patient information, including age and
sex; 2) lesion information, including location, maximum size,
and macroscopic type; 3) endoscopic diagnosis of cancer inva-
sion depth; 4) therapy (ESD or surgery); 5) pathological results;
6) pathological curative or noncurative resection; 7) VM status
in ESD lesions; 8) additional therapy and clinical course for non-
curative resection cases; and 9) AEs. For ESD resectability, we
investigated only ESD cases and excluded lesions from patients
who underwent surgery to assess VM status. To assess useful-
ness and reproducibility of the diagnosis among multiple
endoscopists, interobserver agreements of each EUS classifica-
tion were assessed for all lesions in this study. The agreements
targeted three endoscopists: A (N. M.), B (M. K.), and C (T. M.).
A and B are endoscopists who are experts with EUS, whereas C
is a nonexpert endoscopist who recently started learning EUS.
Interobserver agreement was assessed using the extracted EUS

images with one to five JPEG-format images per lesion, which
were evaluated by all three endoscopists.

Statistical analysis

All continuous and categorical variables are reported as median
(range) and frequency (percentage), respectively. Fisher’s ex-
act and Mann–Whitney U test was used to compare clinical
variables. P < 0.05 was considered statistically significant. Co-
hen’s κ coefficient was calculated to assess interobserver
agreement among the three endoscopists. Agreement was re-
garded as excellent for κ ≥ 0.8, good for 0.6 ≤ κ < 0.8, moderate
for 0.4 ≤ κ < 0.6, and fair for κ < 0.4. All analyses were per-
formed on a personal computer using JMP (version 14.0; SAS In-
stitute Inc., Cary, North Carolina, United States).

Results
Baseline characteristics

Overall, 41 gastric and 22 colorectal lesions were identified
from the database during the study period. Baseline character-
istics of the evaluated patients and lesions are presented in

▶Table 1. Median age of the patients was 74 years. The most
common macroscopic type was depressed (41%), and the me-
dian endoscopic lesion diameter was 25mm. ESD and surgery
were performed on 24 (38%) and 17 (27%) gastric lesions and
10 (16%) and 12 (19%) colorectal lesions, respectively. EUS
with miniature probe was performed on 50 lesions (79%) and

▶ Fig. 2 Representative images of findings characteristic of submucosal invasion in colorectal lesions. a Deep depression. b Demarcated de-
pressed area. c Protuberance within the depression. d Expanding appearance. e Fold convergency. f Erosion or white plaque.
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EUS with miniature probe followed by radial EUS in 13 (21%).
For proximal colorectal lesions, EUS with miniature probe
through endoscopic channels was performed. Pathological in-
vasion depth was 30% in M, 52% in SM, and 18% in ≥ MP lesions.
Histopathological types included differentiated, mixed, and un-
differentiated in 29 (46%), 26 (41%), and 7 (11%) lesions,
respectively.

Details of treatment after endoscopic diagnosis

Overall, 36 (57%), 21 (33%), and 6 lesions (10%) were classified
as PREDICT type I, II, and III, respectively, based on EUS find-
ings. We also assessed interobserver agreements of EUS classi-
fication. The κ coefficients indicated good agreement in ▶Ta-
ble2.

Details of ESD lesions by organ including lymphovascular in-
vasion, invasion depth, and budding grade for colorectal lesions
are presented in Supplementary Table1. Neither intra-proce-
dure nor delayed perforations were observed. In two patients

▶ Fig. 3 Endoscopic ultrasound findings of PREDICT types. a PREDICT type I: The submucosal layer is observed below the tumor echoic area,
with reproducibility (directional marker). b PREDICT type II: The submucosal layer is no fully visible below the tumor echoic area (directional
marker). c PREDICT type III: The submucosal layer is destroyed, and the muscularis propria layer is thickened below the tumor echoic area (di-
rectional marker). PREDICT, Predicting Resectability of Endoscopic submucosal dissection by endoscopic ultrasonography Diagnosis of Invasion
of Cancer by Tomographic image.
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VIDEO

▶ Video 1 Typical images of PREDICT types I, II, and III. a Type I:
White light endoscopy shows submucosal tumor (SMT)-like ele-
vation. EUS with miniature probe revealed that the submucosal
layer is observed below the tumor echoic area, with reproducibil-
ity. Histological examination after ESD showed moderately dif-
ferentiated adenocarcinoma, pT1a, pVM0. b Type II: White light
endoscopy shows irregular surface. EUS with miniature probe re-
veals that the submucosal layer is not fully visible below the tu-
mor echoic area. Biopsy shows moderately differentiated adeno-
carcinoma. Histological examination after ESD shows poorly dif-
ferentiated adenocarcinoma, ≥ pT1b, pVM1. c Type III: White
light endoscopy shows substantial redness. EUS with miniature
probe and radial echoendoscope show that the submucosal layer
is destroyed and the muscularis propria layer is thickened below
the tumor echoic area. Histological examination after surgical re-
section shows differentiated, predominantly mixed-type adeno-
carcinoma, pT2. EUS, endoscopic ultrasound; ESD, endoscopic
submucosal dissection; PREDICT, Predicting Resectability of
Endoscopic submucosal dissection by endoscopic ultrasonogra-
phy Diagnosis of Invasion of Cancer by Tomographic image;
pVM0, pathological vertical margin negative; pVM1, pathologi-
cal vertical margin positive.

▶Table 1 Baseline characteristics of patients and lesions.

Total number of patients/lesions 62/63

Male, n (%) 41 (66)

Age, years, median (range) 74 (33–89)

Organ, n (%)

▪ Stomach/colon/rectum 41 (65)/7 (11)/15 (24)

Helicobacter pylori status for gastric cancer, n (%)

▪ Current infection 4 (10)

▪ Past infection 14 (34)

▪ Noninfection 4 (10)

▪ Unclear 19 (46)

▶Table 1 (Continuation)

Location, n (%)

Stomach

▪ Upper third 22 (35)

▪ Middle third 14 (22)

▪ Lower third 5 (8)

Colon and rectum

▪ Proximal colon (cecum-transverse
colon)

3 (5)

▪ Distal colon (descending-sigmoid
colon)

4 (6)

▪ Rectum 15 (24)

Macroscopic type, n (%)

▪ Depressed 26 (41)

▪ Protruded 17 (27)

▪ Mixed (others) 19 (30)

▪ Type II 1 (2)

Endoscopic tumor size (mm), median
(range)

25 (10–70)

EUS modality

▪ Miniature probe 50 (79)

▪ Miniature probe + radial scanning 13 (21)

Initial treatment, n (%)

Stomach

▪ ESD/surgery 24 (38)/17 (27)

Colon and rectum

▪ ESD/surgery 10 (16)/12 (19)

Histological type, n (%)

▪ Differentiated type 29 (46)

▪ Undifferentiated type 7 (11)

▪ Mixed type 26 (41)

▪ Others 1 (2)

Pathological tumor invasion depth, n (%)

▪ M/SM 19 (30)/33 (52)

▪ MP 7 (11)

▪ SS 3 (5)

▪ SE 1 (2)

EUS, endoscopic ultrasound; ESD, endoscopic submucosal dissection; M,
mucosal cancer; SM, cancer in the submucosal layer; MP, cancer invades
muscularis propria; SS, cancer invades subserosa; SE, cancer perforates ser-
osa or invades adjacent structures.
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with gastric lesions, delayed bleeding was observed; both were
managed with endoscopic hemostasis. In one patient with gas-
tric lesion aspiration, pneumonia occurred, which was treated
conservatively with antibiotics.

Pathological VM status related to EUS findings and
treatment outcomes in ESD cases

We analyzed the VM status of the 34 ESD specimens to assess
the predictive value of EUS for ESD resectability. ESD was per-
formed on 24 gastric and 10 colorectal lesions. The association
between EUS findings and pathological VM status in ESD is
presented in ▶Table 3. The proportion of pathological VM0
was 89% (25/28 lesions) for PREDICT type I and 33% (2/6 le-
sions) for type II. The pathological VM0 resection and presence
of the SM layer below the lesion showed a significant associa-
tion (P ≤ 0.01), regardless of 46% of pathological SM cancers in
type I. The association between EUS findings and pathological
VM status in ESD by gastric and colorectal lesions is presented
in Supplementary Table2 and Supplementary Table 3.

Association between EUS findings and final patho-
logical invasion depth

The association between EUS findings and pathological cancer
invasion depth is presented in ▶Table 4 and ▶Table 5. The pro-
portion of lesions with invasion depth within M/SM was 100% in
PREDICT type I, 67% in type II, and 33% in type III. Types II and III
had a significantly higher proportion of lesions with invasion ≥

MP than type I (0% vs. 41%, P ≤ 0.01).
Cases of nonpathological VM0 among PREDICT type I are

presented in ▶Table 6. One gastric lesion had an undifferenti-
ated histological type. Two gastric lesions were ≥ 30mm in
size. One patient with rectal pathological VMX resection under-
went additional surgery. Pathological results revealed no resi-
dual cancer. The remaining two patients did not consent to ad-
ditional surgery because of their age, comorbidities, or perso-
nal request. These patients experienced no recurrence (surveil-
lance period range, 552–594 days).

Details of treatment related to EUS findings are presented in

▶Fig. 4. Overall, 19 patients who underwent ESD (13 in PRE-
DICT type I and 6 in type II) underwent noncurative resection,
and 14 underwent additional surgery. One patient had residual
cancer, and three had lymph node metastasis. Recurrence was
not observed in five patients who did not accept additional sur-
gery because of age, comorbidities, or personal choice (median
surveillance period 372 days [range, 182–594 days]). No AEs
related to the endoscopic examination were reported.

Discussion
We retrospectively investigated the possibility of predicting
ESD resectability using EUS.Despite several reports about the
effectiveness of EUS for gastrointestinal cancer, most of them
focused solely on diagnosing cancer invasion depth (differen-
tiating M and SM cancers) [24, 25, 26, 27, 28] and few studies
have investigated the association between EUS findings and
ESD resectability. Kamigaichi et al. investigated the distance
from the tumor-invasive front to the muscle layer on EUS for

▶Table 2 κ coefficient of interobserver agreements of PREDICT classi-
fication.

PREDICT classification

diagnosis

Endoscopist A and B [95%CI] 0.71 [0.54–0.89]

Endoscopist A and C [95%CI] 0.68 [0.51–0.86]

Endoscopist B and C [95%CI] 0.65 [0.47–0.84]

CI, confidence interval; PREDICT, Predicting Resectability of Endoscopic
submucosal dissection by endoscopic ultrasonography Diagnosis of Invasion
of Cancer by Tomographic image.

▶Table 3 ESD pathological vertical margin status based on EUS type.

Margin status P value

pVM0, n

(%)

pVMX or

1, n (%)

PREDICT type I ESD n = 28 25 (89) 3 (11) < 0.01

PREDICT type II ESD n = 6 2 (33) 4 (67)

EUS, endoscopic ultrasound; ESD, endoscopic submucosal dissection; PRE-
DICT, Predicting Resectability of Endoscopic submucosal dissection by
endoscopic ultrasonography Diagnosis of Invasion of Cancer by Tomo-
graphic image; pVM0, pathological vertical margin negative; pVMX, patho-
logical vertical margin unclear; pVM1, pathological vertical margin positive.

▶Table 4 EUS-related pathological cancer invasion depth.

Pathological cancer invasion depth

M and SM, n (%) ≥ MP, n (%)

PREDICT type I n =36 36 (100) 0 (0)

PREDICT type II n =21 14 (67) 7 (33)

PREDICT type III n =6 2 (33) 4 (67)

EUS, endoscopic ultrasound; M, mucosal cancer; PREDICT, Predicting Re-
sectability of Endoscopic submucosal dissection by endoscopic ultrasono-
graphy Diagnosis of Invasion of Cancer by Tomographic image; SM, cancer in
the submucosal layer; MP, cancer invading muscularis propria.

▶Table 5 EUS-related pathological cancer invasion depth.

Pathological cancer-

invasion depth

P value

M and SM,

n (%)

≥ MP, n

(%)

PREDICT type I n =36 36 (100) 0 (0) < 0.01

PREDICT type II
& III

n =27 16 (59) 11 (41)

EUS, endoscopic ultrasound; M, mucosal cancer; PREDICT, Predicting Re-
sectability of Endoscopic submucosal dissection by endoscopic ultrasono-
graphy Diagnosis of Invasion of Cancer by Tomographic image; SM, cancer in
the submucosal layer; MP, cancer invading muscularis propria.
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JNET type 2B colorectal lesions and classified them as type I (tu-
mor-free distance ≥ 1mm) and type II (tumor-free distance < 1
mm). They concluded that the ratio of VM was < 500 μm and
VM1 was significantly higher in type II than in type I [29]. The
study focused on assessing the resectability of ESD using EUS;
however, real-time EUS diagnosis was limited because the dis-
tance from the invasive tumor front to the muscle layer was
measured using special software by reviewing endoscopic ima-
ges. The classification proposed in this study was based on real-
time EUS diagnosis and can be understood more distinctively
than those outlined in previous studies presenting methods to
predict the resectability of ESD.

We classified EUS findings into three types by focusing on
the status underlying the cancer (PREDICT classification). The
proportion of pathological VM0 with ESD was significantly
higher in type I than that in type II (89% vs. 33%, P ≤ 0.01). The
proportion of ≥ MP cancers was significantly higher in PREDICT
type II and III than in PREDICT type I (41% vs. 0%, P ≤ 0.01).

In this study, we predicted the resectability of ESD including
negative VM, not based on the diagnosis of cancer invasion
depth, for the following reasons. First, as the European Society
of Gastrointestinal Endoscopy guideline indicated [10], ESD is
the most precise T staging modality to investigate invasion
depth using pathological examination of the resected speci-
men because the en bloc resection rate is high. Furthermore,
preoperative diagnostic accuracy for cancer invasion depth is
unsatisfactory (approximately 70%), especially for clinical SM
cancers. Recently, an investigation of the risk of lymph node
metastasis using ESD-resected specimens was reported using
the eCura system [30]. In colorectal cancer, risk of lymph node
metastasis is low in cases in which the only noncurative factor is
the depth of SM invasion, and diagnostic ESD is increasing [9].
The “resect and investigate additional therapy” strategy may
become more common, owing to the high en bloc resection
rate and safety of ESD. Therefore, the criteria to predict the re-
sectability of ESD have considerable clinical benefits. Second,
lesions with suspected ≥ MP invasion currently are a contraindi-
cation to ESD because perforation or incision into the cancer
can occur. Distinguishing clinical SM and ≥ MP cancers is impor-
tant. Even if clinical ≥ MP invasion is not suspected on WLE, 40%
of colorectal cancers are advanced disease that does not pres-
ent with Borrmann-type features exist [22]. The WLE findings
to distinguish between M/SM and ≥MP are not yet fully elucida-
ted. In lesions classified as “type III,” 33% of SM invasion was re-
ported. Histologically, these lesions revealed marked desmo-
plastic reaction and were difficult to resect endoscopically. Fur-
thermore, CT conventionally has been used for TNM staging of
gastric and colorectal cancers but has exhibited low diagnostic
accuracy in T staging [31]. CT cannot discriminate the depth of
tumor invasion between SM and MP, which is indispensable for
selecting treatment modalities for gastric and colorectal can-
cers.

Based on the results of this study, we propose an initial treat-
ment strategy for gastric or colorectal cancer lesions suspected
of SM invasion (▶Fig. 5). Currently, surgery with lymph node
dissection is the standard treatment for clinical SM cancers.
Furthermore, ESD can be indicated for T staging and palliative
care for poor surgical candidates, including older patients or
those with comorbidities. The PREDICT classification may help
identify the initial treatment strategy. Lesions classified as
“type I” are good candidates for T staging with ESD, as indica-

▶Table 6 PREDICT type I cases with pVMX or pVM1 in ESD.

Organ/loca-

tion

Macroscopic

findings

Tumor size

(mm)

Histological

type

Age

(years)

pVM sta-

tus

Additional treatment

Case 1 Stomach
U

0-I 30 tub1>tub2 83 VM1 No (according to the request
from the patient)

Case 2 Stomach
M

0-I + IIc 40 tub2>tub1>-
por>sig

79 VMX No (according to the request
from the patient)

Case 3 Rectum 0-IIa + Is 15 tub1>tub2 70 VMX Surgery (no tumor residue)

ESD, endoscopic submucosal dissection; PREDICT, Predicting Resectability of Endoscopic submucosal dissection by endoscopic ultrasonography Diagnosis of Inva-
sion of Cancer by Tomographic image; pVMX, pathological vertical margin unclear; pVM1, pathological vertical margin positive.

EUS

Type I
n =36

ESD
n = 28

Surgery
n = 8

VM0 n = 25
VM1 n = 1
VMX n = 2

M n = 3
SM n = 5

ESD
n = 6

Surgery
n = 15

Surgery
n = 6

Type II
n = 21

Type III
n = 6

VM0 n = 2
VM1 n = 3
VMX n = 1

M n = 1
SM n = 9
MP n = 4
SE n = 1

SM n = 2
MP n = 3
SS n = 1

▶ Fig. 4 Therapy and clinical course after EUS-based diagnostic
endoscopy. EUS, endoscopic ultrasound; M, mucosal cancer; SM,
cancer in the submucosal layer; MP, cancer invading the muscularis
propria; SS, cancer invading subserosa; SE, cancer perforating the
serosa or invading adjacent structures; pVM0, pathological vertical
margin negative; pVMX, pathological vertical margin unclear;
pVM1, pathological vertical margin positive.
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ted by an endoscopic pathological VM0 resection rate of 89%.
Lesions defined as “type II” are recommended for surgery but
are borderline candidates for T staging with ESD, as indicated
by an endoscopic pathological VM0 resection rate of 33%.
Endoscopic muscularis dissection (EMD) [32] may be required
to ensure adequate deep VM, if endoscopic resection is consid-
ered. Lesions classified as “type III” are recommended for sur-
gery and contraindicated for ESD, as indicated by a ≥ MP inva-
sion rate of 67%.

However, this study has a few limitations. First, it was retro-
spective and conducted at a single university hospital. We
could not perform EUS on all lesions with suspected SM inva-
sion during the study period because the availability of endo-
scopic instruments for EUS was limited and unscheduled EUS
was difficult for some lesions. Therefore, the possibility of se-
lection bias exists. Prospective studies are required to validate
the accuracy of this EUS classification in the future. Second,
80% of cases were performed by an experienced endoscopist
familiar with gastrointestinal EUS with experience in ≥ 2000
cases. However, the PREDICT classification is relatively simple.
Therefore, we believe that this classification can be used even
if the endoscopist is not an EUS expert. Third, we only included
six type III lesions. Therefore, further investigation of advanced
lesions is required. Fourth, κ coefficient was good, but not ex-
cellent. Although diagnosis based on EUS is evaluated with
moving images and evaluation with still images has limitations,
interobserver agreement of PREDICT classification was accept-
able. PREDICT classification has a certain objectivity and may be
generalizable. Fourth, lesions with ulcers were excluded from
the present study because they were reported to have low diag-
nostic accuracy. Whether EUS can predict resectability of ESD
for ulcer lesions requires further investigation. Fifth, in histolo-
gical evaluation, endoscopic resection specimens are evaluated
using 2-mm slices, whereas surgical resection specimens are
evaluated using 5-mm slices, which may not estimate tumor in-

vasion depth in the same index. Despite these limitations, we
believe our proposed PREDICT classification is simple and viable
and will help identify the initial treatment strategy for gastric
and colorectal cancers with suspected SM invasion.

Conclusions
In this study, we proposed a novel EUS classification (the PRE-
DICT classification) focusing on resectability of ESD. This classi-
fication may play an important role in predicting ESD resect-
ability and excluding cases in which ESD is contraindicated for
gastric and colorectal cancers with suspected SM invasion.
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