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Background and Aims: Diagnostics to differentiate deep submucosal invasive (invasion depth �1000 mm

[T1b]) colorectal cancer (CRC) from muscularis propria invasive (T2) CRC are limited. We aimed to establish
and validate a scoring system that differentiates T1b from T2.

Methods: A multicenter retrospective cross-validation study was performed. Four hundred sixty-one consecutive
pathologically confirmed T1b or T2 CRCs were divided into the development (T1b, 222; T2, 189) and internal
validation (T1b, 31; T2, 19) cohorts. Eight potential endoscopic findings were evaluated using the development
cohort: loss of lobulation, deep depression, demarcated depressed area, protuberance within the depression, ex-
panding appearance, fold convergency, erosion or white plaque, and Borrmann type 2 or 3 tumor. A scoring sys-
tem that differentiates T1b from T2 was developed, and diagnostic performance was tested using the internal
validation cohort by 8 endoscopists. External validation was conducted using 50 CRC images by 4 endoscopists
from other institutions, including outside of Japan.

Results: Multivariate analysis identified the following 5 independent predictive endoscopic findings of T2 CRC:
deep depression (odds ratio [OR], 2.08; 95% confidence interval [CI], 1.07-4.04), demarcated depressed area (OR,
4.40; 95% CI, 1.39-13.9), 4-fold convergency or more (OR, 3.41; 95% CI, 1.90-6.11), erosion or white plaque (OR,
8.28; 95% CI, 2.77-24.7), and Borrmann type 2 or 3 tumor (OR, 8.76; 95% CI, 3.58-21.5). The area under the
receiver-operating characteristic curve (AUROC) was .90 (95% CI, .87-.93) in the development cohort, .80 (95%
CI, .76-.85) in the internal validation, and .76 (95% CI, .69-.83) in the external validation.

Conclusions:We established and validated a new scoring system to differentiate T1b from T2 CRC using 5 simple
endoscopic findings. (Gastrointest Endosc 2022;96:321-9.)
(footnotes appear on last page of article)
Improvements in endoscopic technology and techniques,
such as endoscopic submucosal dissection (ESD), havemade
it possible to remove large colorectal tumors without sur-
gery.1-3 Intramucosal colorectal cancer (CRC) has negligible
risk of lymph node metastasis (LNM) and can be cured by
ESD.4,5 On the other hand, submucosal invasive (T1) CRC
has an approximately 10% risk of LNM, and intestinal
resection with lymph node dissection is recommended.6,7

However, the risk of LNM in T1 CRC is different for T1a
(invasion depth <1000 mm) and T1b (invasion depth �1000
mm) lesions. T1a CRC without lymphovascular invasion,
grade 2 or 3 tumor budding, and histologic features of
urnal.org
poorly differentiated adenocarcinoma/mucinous carcinoma
has an extremely low risk of LNM and can be adequately
managed by ESD alone.8-13 Although T1b CRC has a more
than 10% overall risk of LNM, studies have reported that
the frequency of LNM of T1b CRC without the abovemen-
tioned risk factors is approximately 1% to 2%.14-17 Further-
more, the frequency of LNM is similar to the surgical
mortality rate of 1.7%.18 Therefore, expanding the criteria
of ESD for T1b CRC is under discussion.19,20 In contrast,
muscularis propria invasive (T2) CRC has an approximately
20% risk of LNM, making it difficult to manage with ESD
alone, and surgery is usually recommended.21,22
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To the best of our knowledge, reports of endoscopic
findings that predict T2 CRC are scarce, with Borrmann
type 2 or type 3 being one of the few recognized endo-
scopic findings.23,24 However, T2 CRCs often do not
display typical Borrmann type 2 or 3 ulceration
endoscopically, resulting in difficulty in distinguishing
between T1b and T2 with the current diagnostic
methods. T-staging of rectal cancer by magnetic
resonance imaging (MRI) is an established modality.25

However, MRI cannot be used for the staging of colon
cancer because bowel movements cause interference on
imaging. A meta-analysis attempted to distinguish between
T1 and T2 CRC using EUS, but the sensitivity for T2 lesions
was low at 67%.26

To avoid the risk of underestimating T2 CRC as T1b CRC
and then subsequently performing futile ESD, establishing
an endoscopic diagnostic method to distinguish between
T1b and T2 is essential. Therefore, in this study, we aimed
to investigate the endoscopic findings that predict T2 CRC
and to establish a scoring system that can effectively differ-
entiate T1b CRC from T2 CRC.
METHODS

Study design
The study protocol conforms to the ethical guidelines of

the Declaration of Helsinki and was approved by the insti-
tutional review boards of the National Cancer Center Hos-
pital (NCCH) and Tokyo Medical University Hospital
(registration nos. 2020-002 and T2020-0137). A multicenter
retrospective cross-validation study at 2 referral institutions
in Japan was performed using data of pathologically
confirmed T1b or T2 CRC diagnosed between January
2015 and December 2020. In accordance with the TRIPOD
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(Transparent Reporting of a multivariable prediction model
for Individual Prognosis Or Diagnosis) statement on type
2b and type 4, this study consisted of 3 stages (Fig. 1).27

The first stage was to develop a scoring system for
predicting T2 CRC based on endoscopic findings
(development study). The second stage was to validate
the scoring system at the institution in which the score
was developed (internal validation study). The final stage
was validation of the scoring system by external
institutions (external validation study).
Data collection
Endoscopic images of 527 consecutive CRCs that were

endoscopically or surgically resected and had been patho-
logically diagnosed as T1b or T2 (T1b, 297; T2, 230) be-
tween January 2015 and December 2018 at the NCCH
were collected. Seven pedunculated-type CRCs and 59
CRCs without detailed endoscopic information were
excluded. Finally, 461 CRCs were enrolled (T1b, 253; T2,
208). The 461 CRCs were divided into 2 groups in a non-
randomized fashion split by time period at a 1:9 ratio.
Nine-tenths of the CRC cases became the development
cohort of 411 CRCs collected between June 2015 to
December 2018 (pathologically proved T1b [pT1b], 222;
pathologically proved T2 [pT2], 189) and one-tenth of
the cases became the internal validation cohort of 50
CRCs collected between January to May 2015 (pT1b, 31;
pT2, 19) (Fig. 1).

For the external validation cohort, 271 consecutive
CRCs that had been pathologically diagnosed as T1b or
T2 (T1b, 148; T2, 123) at the Tokyo Medical University
Hospital between January 2015 and December 2020 were
collected. After excluding 5 pedunculated-type CRCs, 54
CRCs with no images, and 162 CRCs without indigo
A total of 271 consecutive CRCs (T1b: 148; T2: 123),
pathologically diagnosed as T1b or T2

between Jan. 2015 and Dec. 2020
at Tokyo Medical University Hospital
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asion depth �1000 mm; T2, muscularis propria invasive.
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carmine dye images, 50 CRCs (T1b, 31; T2, 19) were
included as the external validation cohort (Fig. 1).

Establishing a scoring system (development
study)

Potential endoscopic findings. An exploratory
meeting with 3 expert endoscopists (Y.K., M.Y., and Y.S.)
was held, and 8 potential endoscopic findings of clinical
T1b or T2 based on previous studies were determined as
follows28-30: (1) loss of lobulation, without lobulation or
fused nodules; (2) deep depression, described as >3-mm
depression vertically with or without a demarcated area
(the 3 mm was determined by evaluators’ observations);
(3) demarcated depressed area, defined as a definite
depression with a circumferential margin; (4) protuber-
ance within the depression, defined as an exposed
neoplastic nodule within a depression resembling a sub-
mucosal tumor; (5) expanding appearance, described as
the surface of the tumor appearing under tension, with a
lustering redness because of expansive growth of the tu-
mor; (6) fold convergency, which is a concentration of
folds toward the tumor when observed under sufficient
insufflation with full extension of the colorectal folds and
until blood vessels surrounding the CRC can be clearly
delineated (cutoff number of folds was determined statisti-
cally); (7) erosion or white plaque, defined as covering of
tumor with a white material not easily removable after
lavage; and (8) Borrmann type 2 or type 3 tumor, defined
Figure 2. Eight representative potential endoscopic findings of clinical submu
cancer. A, Loss of lobulation: without lobulation, or fused nodules. B, Deep de
(the 3 mm was determined by evaluators’ observation). C, Demarcated depre
ance within the depression: exposed neoplastic nodule within a depression r
tumor appearing under tension, with a lustering redness because of expansive
the tumor when observed under sufficient insufflation with full extension of the
can be clearly delineated. G, Erosion or white plaque: covering of tumor with
type 3 tumor: ulcerated carcinomas with sharply demarcated and raised marg

www.giejournal.org
as ulcerated carcinomas with sharply demarcated and
raised margins or ulcerated, infiltrating carcinomas without
definite limits. Representative endoscopic findings are
shown in Figure 2.

Establishment of a scoring system. The presence or
absence of the 8 potential endoscopic findings were evalu-
ated by an experienced endoscopist (Y.K.) using all endo-
scopic images of the 411 CRCs in the development cohort.
With regard to fold convergency, the number of folds was
recorded. A scoring system for predicting T2 CRC was es-
tablished using the statistically significant endoscopic
findings.

Interobserver and intraobserver reliability. To
verify the reliability of the potential endoscopic findings,
the initial endoscopist (Y.K.) and another experienced en-
doscopist (M.E.M.) independently evaluated the presence
or absence of the statistically significant endoscopic find-
ings for predicting T2 CRC, 6 months after the establish-
ment of the scoring system, using endoscopic images of
100 randomly selected cases from the development
cohort.

Internal validation study
To confirm the clinical practicality of the developed

scoring system, 50 CRC images (T1b, 31; T2, 19) from
the internal validation cohort were evaluated by 8 endo-
scopists at NCCH (experienced, 4; nonexperienced, 4).
These images were independent of those from the
cosal invasion depth �1000 mm or muscularis propria invasive colorectal
pression: >3-mm depression vertically with or without a demarcated area
ssed area: definite depression with a circumferential margin. D, Protuber-
esembling a submucosal tumor. E, Expanding appearance: surface of the
growth of the tumor. F, Fold convergency: concentration of folds toward
colorectal folds and until blood vessels surrounding the colorectal cancer

a white material not easily removable after lavage. H, Borrmann type 2 or
ins or ulcerated, infiltrating carcinomas without definite limits.
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development cohort. The evaluation test was conducted
using a large projector monitor, on January 14, 2020,
with a prior explanation for more than 30 minutes of repre-
sentative endoscopic findings. Images were incorporated
into a slideshow (Microsoft Power Point 2019; Microsoft,
Redmond, Wash, USA). One white-light image and 1 indigo
carmine dye image were simultaneously displayed for
every CRC. The evaluators were blinded to both the histo-
pathologic diagnosis and clinical information of each CRC.

External validation study
To validate the practicality of the scoring system, 50

CRCs from the external validation cohort were evaluated
by 4 endoscopists outside of the NCCH (Japanese, 2;
New Zealander, 2) between June and July 2021. The evalu-
ation test was displayed on a personal computer monitor
using a slideshow. Before the evaluation, the representa-
tive endoscopic findings were explained directly to the Jap-
anese doctors and by web meeting to the New Zealander
doctors for more than 30 minutes. One white-light image
and 1 indigo carmine dye image were simultaneously dis-
played per CRC, and the evaluators independently as-
sessed the 50 CRCs for the presence and absence of the
endoscopic findings from the developed scoring system.
The evaluators were blinded to both the histopathologic
diagnosis and clinical information of each CRC.

Definition of the endoscopists and study
evaluators

Experienced endoscopists were defined as those who
were certified as gastroenterologists by the Japan Endo-
scopic Society and have performed more than 3000 colo-
noscopies at referral centers where colorectal ESD is
performed. All other endoscopists were defined as nonex-
perienced endoscopists.

Statistical analysis
Because the present study was an exploratory study, as

many cases as possible were collected during the study
period. The criterion standard for the diagnosis of invasion
depth is histopathologic diagnosis of resected specimens.
The cutoff number of folds in fold convergency was deter-
mined based on the most accurate cutoff point in the
receiver operating characteristic (ROC) curve.

In the development study, univariate and multivariate lo-
gistic regression analyses were performed for clarifying the
independent endoscopic findings of T2 CRC. A P < .05
was considered to indicate a statistically significant differ-
ence between groups. For establishing a scoring system
for predicting T2 CRC, weighted points proportional to
the nearest integer of b-regression coefficient values for
the endoscopic findings that were significant independent
variables in the multivariate analysis were assigned. To
assess the diagnostic value of the scoring system, the points
were adapted to the development cohort, and the ROC-area
under the curve (AUC) was then calculated. Similarly, for in-
324 GASTROINTESTINAL ENDOSCOPY Volume 96, No. 2 : 2022
ternal and external validation, the points were adapted
based on image evaluation, and ROC-AUC was calculated.

Intraobserver and interobserver agreements were calcu-
lated based on kappa statistics.31 The value of kappa was
defined as follows: slight, 0 to .20; fair, .21 to .40;
moderate, .41 to .60; substantial, .61 to .80; and almost
perfect, .81 to 1.00. All statistical analyses were
performed using SPSS version 27 software (IBM Corp,
Armonk, NY, USA).
RESULTS

Clinicopathologic characteristics of CRC
patients

The clinicopathologic characteristics of the CRC patients
are shown in Table 1. There were no significant differences
in age, sex, tumor location, and histopathologic type
among the cohorts. In the development cohort, the
mean tumor diameter was significantly larger at 29 mm
for T2 compared with 23 mm for T1b tumors (P < .01).
With regard to treatment, surgical resection was more
likely to be performed for T2 CRCs than for T1b CRCs in
the development and external cohorts (P < .01 and P <
.01, respectively).

Development study (establishing the scoring
system for predicting T2 CRC)

The ROC curve of the number of folds in the fold
convergency is shown in Supplementary Figure 1
(available online at www.giejournal.org). The most
accurate cutoff point was 4 folds, with a sensitivity and
specificity of 70% and 74%, respectively. Based on these
results, fold convergency was considered present when 4
folds or more were observed.

Univariate and multivariate analyses of the 8 endoscopic
findings are shown in Table 2. In the univariate analysis,
loss of lobulation, deep depression, demarcated
depressed area, fold convergency, erosion or white
plaque, and Borrmann type 2 or type 3 tumor were
significantly associated with T2 CRC. Multivariate analysis
demonstrated that independent predictive endoscopic
findings of T2 CRC were deep depression, demarcated
depressed area, fold convergency, erosion or white
plaque, and Borrmann type 2 or type 3 tumor.

In developing the scoring system for predicting T2
CRC, points were assigned proportional to the b-regres-
sion coefficient values for each of the 5 independent
endoscopic findings, as follows: 1 point for deep
depression, 2 points each for demarcated depressed
area and fold convergency, and 3 points each for
erosion or white plaque and Borrmann type 2 or type
3 tumor. A total score ranging from 0 to 11 points
was calculated for each CRC in the development cohort
by adding together the points corresponding to the
endoscopic findings (Table 2). In the development
www.giejournal.org
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TABLE 1. Characteristics of patients with T1b and T2 colorectal cancers

Development cohort
(n [ 411)

P value

Internal validation
cohort (n [ 50)

P value

External validation
cohort (n [ 50)

P value
pT1b

(n [ 222)
pT2

(n [ 189)
pT1b

(n [ 31)
pT2

(n [ 19)
pT1b

(n [ 31)
pT2

(n [ 19)

Mean age, y (SD) 66 (13) 67 (12) .25 64 (12) 61 (14) .52 69 (13) 69 (12) .93

Sex .28 .94 .27

Male 121 (55) 113 (60) 16 (52) 10 (53) 18 (58) 8 (42)

Female 101 (45) 76 (40) 15 (48) 9 (47) 13 (42) 11 (58)

Tumor location .43 .76 .87

Proximal colon (cecum to transverse colon) 74 (33) 53 (28) 9 (29) 4 (21) 10 (32) 5 (26)

Distal colon (descending sigmoid colon) 62 (28) 54 (29) 6 (19) 5 (26) 10 (32) 6 (32)

Rectosigmoid colon and rectum 86 (39) 82 (43) 16 (52) 10 (53) 11 (36) 8 (42)

Mean tumor diameter, mm (SD) 23 (16) 29 (11) <.01 21 (13) 28 (11) .08 22 (10) 27 (7) .07

Treatment method <.01 .07 <.01

Endoscopic resection 75 (34) 2 (1) 8 (26) 1 (5) 14 (45) 0 (0)

Surgery 147 (66) 187 (99) 23 (74) 18 (95) 17 (55) 19 (100)

Histopathologic type .46 1.00 1.00

Differentiated 222 (100) 184 (99) 31 (100) 19 (100) 31 (100) 19 (100)

Undifferentiated 0 (0) 1 (1) 0 0 0 0

Values are n (%) unless otherwise defined. T1b, Invasion depth �1000 mm; T2, muscularis propria invasive; pT1b, pathologically proved T1b; pT2, pathologically proved T2; SD,
standard deviation.

TABLE 2. Association of individual endoscopic findings and T1b and T2 colorectal cancers in the development cohort

Endoscopic findings
pT1b

(n [ 222)
pT2

(n [ 189)

Univariate analysis Multivariate analysis

Odds ratio (95%
confidence interval)

P
value

Odds ratio (95%
confidence interval)

P
value

b-regression
coefficient Score

Loss of lobulation, presence 108 (49) 159 (84) 6.07 (3.76-9.81) <.001 1.28 (.66-2.52) .46 .25 d

Deep depression, presence 59 (27) 150 (79) 10.6 (6.70-16.9) <.001 2.08 (1.07-4.04) .031 .73 1

Demarcated depressed area,
presence

155 (70) 185 (98) 20.0 (7.13-56.1) <.001 4.40 (1.39-13.9) .012 1.48 2

Protuberance within the
depression, presence

47 (21) 52 (28) 1.41 (.90-2.22) .13 1.04 (.52-2.08) .92 .04 d

Expanding appearance,
presence

110 (50) 103 (55) 1.22 (.83-1.80) .32 1.28 (.69-2.36) .43 .25 d

Fold convergency, presence 54 (24) 126 (67) 6.78 (4.34-10.6) <.001 3.41 (1.90-6.11) <.001 1.23 2

Erosion or white plaque,
presence

142 (64) 184 (97) 20.7 (8.18-52.5) <.001 8.28 (2.77-24.7) <.001 2.11 3

Borrmann type 2 or type 3
tumor, presence

10 (5) 111 (59) 30.2 (15.0-60.6) <.001 8.76 (3.58-21.5) <.001 2.17 3

Values are n (%) unless otherwise defined. T1b, Invasion depth �1000 mm; T2, muscularis propria invasive; pT1b, pathologically proved T1b; pT2, pathologically proved T2;d, not
assessed.
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cohort, the AUC of the scoring system for predicting T2
CRC was .90 (95% confidence interval [CI], .87-.93)
(Fig. 3A). Using the most accurate cutoff value of 7
points, we found that the sensitivity and specificity
were 82% and 83%, respectively (Table 3).

The kappa value for intraobserver and interobserver
agreement of the 5 independent endoscopic findings in
the development study were as follows: .75 and .68 respec-
tively for deep depression, .70 and .65 respectively for
www.giejournal.org
demarcated depressed area, .30 and .51 respectively for
fold convergency, .39 and .54 respectively for erosion or
white plaque, and .68 and .60 respectively for ulcerating tu-
mor (Table 4).

Internal validation of the scoring system for
predicting T2 CRC

In the internal validation study using a total of 400 (50� 8)
CRCs, 19 CRCs were considered to be indeterminable, and
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Figure 3. Receiver operating-characteristic curves for the endoscopic diagnosis of muscularis propria invasive colorectal cancer. A, Development cohort.
B, Internal validation cohort. C, External validation cohort. AUROC, Area under receiver operating characteristic curve; CI, confidence interval.

Score T2 study Koyama et al
ultimately 381 cases were analyzed. The proportion of indi-
vidual endoscopic findings for T1b or T2CRCs in the internal
validation cohort are shown in Supplementary Table 1
(available online at www.giejournal.org). In the internal
validation cohort, the AUC of the scoring system for
predicting T2 CRC evaluated by 8 endoscopists was .80
(95% CI, .76-.85) (Fig. 3B). Given the most accurate cutoff
value of 7 points in the development study, the sensitivity
and specificity were 57% and 88%, respectively, in the
internal validation cohort (Table 3).

External validation of the scoring system for
predicting T2 CRC

The prevalence of individual endoscopic findings for
T1b and T2 CRC in the external validation cohort are
shown in Supplementary Table 2 (available online at
www.giejournal.org). In the external validation cohort,
the AUC of the scoring system for predicting T2 CRC
evaluated by 4 endoscopists, including doctors from
other countries, was .76 (95% CI, .69-.83) (Fig. 3C).
Using the most accurate cutoff value of 7 points in the
development study, we found that the sensitivity and
specificity were 36% and 90%, respectively, in the
external validation cohort (Table 3).
DISCUSSION

In this cross-validation study, we developed and vali-
dated a scoring system composed of 5 endoscopic findings
to distinguish between T1b and T2 CRC. To the best of our
knowledge, this is the first scoring system using endo-
scopic findings to distinguish between T1b and T2.

There have been reports using CT, MRI, and EUS as mo-
dalities to evaluate T1 and T2 lesions. In a study of preop-
erative T-stage diagnostic ability using CT colonography for
256 CRCs, the diagnostic accuracy of Tis/T1 versus T2
326 GASTROINTESTINAL ENDOSCOPY Volume 96, No. 2 : 2022
versus T3/T4 based on intestinal wall deformity was
77.6%.32 A meta-analysis including 234 patients with rectal
cancer reported that the pooled sensitivity and specificity
of MRI for T-staging was 79% (95% CI, 72-85) and 85%
(95% CI, 79-90), and the AUC of MRI was superior to
that of EUS for T2 staging (.92 vs .82, P < .01).33 In a
meta-analysis including 208 cancers of the colon proximal
to the rectum (T1, 39; T2, 35), the pooled sensitivity and
specificity of T1 were good at 90% (95% CI, 66-98) and
98% (95% CI, 94-99), respectively. However, the 95% CI
for sensitivity was broad, indicating that the accuracy was
not satisfactory. Furthermore, the pooled sensitivity and
specificity of T2 were 67% (95% CI, 50-80) and 96% (95%
CI, 92-98), respectively, indicating the sensitivity was
insufficient.26

These studies reported the diagnostic ability of not only
T1 and T2 but also T3/T4 lesions. In fact, no reports to date
have specifically analyzed the efficacy of diagnostic modal-
ities to differentiate between T1b and T2, which is crucial
for determining the suitability of ESD for the treatment
of T1b CRCs, when considering expanding the indications
of ESD. Although the diagnostic accuracy of our scoring
system cannot be directly compared with that of CT,
MRI, and EUS because of different study designs, the sensi-
tivity and specificity of our scoring system with the cutoff
value set at 7 points were 82% and 83%, respectively,
and its high performance was also confirmed using internal
and external validation. Considering the close invasion
depth between T1b and T2 CRCs, our newly established
scoring system can relatively effectively differentiate be-
tween these tumors. In addition, the scoring system uses
endoscopic findings only, which is considered an advan-
tage over the other modalities.

In this study, 5 independent endoscopic findings that
effectively distinguish between T1b and T2 CRCs were clar-
ified: deep depression, demarcated depressed area, fold
convergency, erosion or white plaque, and Borrmann
www.giejournal.org
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TABLE 3. Risk score and diagnostic performance of the scoring system for predicting T2 colorectal cancer

Total
score

Development cohort (n [ 411) Internal validation cohort (n [ 381) External validation cohort (n [ 200)

T1b
(n[ 222)

T2
(n [ 189)

Sensitivity
% (95% CI)

Specificity
% (95% CI)

T1b
(n [ 238)

T2
(n[ 143)

Sensitivity
% (95% CI)

Specificity
% (95% CI)

T1b
(n [
124)

T2
(n [
76)

Sensitivity
% (95% CI)

Specificity
% (95% CI)

0 27 0 100 (99-100) 0 (0-1) 64 7 100 (99-100) 0 (0-1) 38 4 100 (98-100) 0 (0-2)

1 0 0 d d 2 1 95 (91-98) 27 (25-29) 1 0 95 (88-98) 31 (29-35)

2 30 2 100 (98-100) 12 (12-14) 71 12 94 (90-97) 28 (26-30) 35 10 95 (88-98) 32 (30-35)

3 41 3 99 (97-100) 26 (25-28) 28 15 86 (81-90) 58 (55-61) 3 4 82 (74-88) 60 (56-65)

4 9 1 97 (94-99) 44 (43-47) 4 2 76 (70-81) 69 (66-73) 11 9 76 (68-84) 62 (58-67)

5 52 17 97 (94-99) 48 (47-51) 30 15 74 (68-80) 71 (68-75) 23 19 65 (56-73) 71 (66-76)

6 25 12 88 (84-91) 72 (69-75) 11 10 64 (58-69) 84 (80-87) 1 3 40 (34-47) 90 (85-93)

7 20 15 82 (78-85) 83 (80-86) 7 11 57 (52-62) 88 (85-91) 7 5 36 (30-43) 90 (86-94)

8 8 28 74 (71-77) 92 (89-95) 9 23 49 (45-54) 91 (88-94) 3 8 29 (25-35) 96 (92-98)

9 5 32 59 (56-62) 95 (93-98) 10 36 33 (30-38) 95 (92-97) 0 4 18 (17-24) 98 (95-100)

10 0 3 42 (40-45) 98 (95-99) 1 4 8 (7-10) 99 (98-100) 1 1 13 (11-18) 98 (95-100)

11 5 76 40 (39-43) 98 (95-99) 1 7 5 (4-7) 100 (98-100) 1 9 12 (11-16) 99 (96-100)

T1b, Invasion depth �1000 mm; T2, muscularis propria invasive; CI, confidence interval; d, not assessed.

TABLE 4. Interobserver and intraobserver variability of the 5 independent endoscopic findings in the development cohort

Endoscopic findings Intraobserver Interobserver

Deep depression .75 .68

Demarcated depressed area .70 .65

Fold convergency .30 .51

Erosion or white plaque .39 .54

Borrmann type 2 or type 3 tumor .68 .60

The value of kappa was defined as follows: slight, 0-.20; fair, .21-.40; moderate, .41-.60; substantial, .61-.80; and almost perfect, .81-1.00.
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type 2 or type 3 tumor. In the development cohort, most
pT2 CRCs showed deep depression. More than 70% of
the T1b and T2 CRCs had a demarcated depressed area. Le-
sions with fold convergency of more than 4 folds had about
3 times the risk of being T2 CRC compared with T1b CRC.
Almost all T2 CRCs had erosion or white plaques. These
findings have long been widely known as characteristics
of submucosal invasive cancers and were more often
observed together with muscularis propria invasion.34,35

However, approximately 40% of T2 CRCs did not show
Borrmann type 2 or type 3 features and only 5% of the
T1b CRCs were ulcerated (Table 2). Nevertheless,
Borrmann type 2 or 3 tumors were highly specific for T2
CRCs and were able to diagnose pT2 CRCs with high
reliability. Based on the above results, the 5 independent
characteristic endoscopic findings were considered
feasible for predicting T2 CRC. In the future, these
characteristic endoscopic findings may be used to
construct a rules-based artificial intelligence approach to
differentiate T1b CRC from T2 CRC.

Because it is well known that the diagnosis of CRCs is
affected by tumor size, tumor location, the doctor’s experi-
www.giejournal.org
ence, and so on, we performed a subgroup analysis and
checked the diagnostic performance in various clinical sub-
groups.24,36,37 In subgroup analysis, the present scoring
system had high diagnostic performance in both the colon
and rectum and when used by both experienced and
nonexperienced endoscopists. However, the ROC-AUC was
relatively low in tumors <25 mm compared with those
>25 mm (Supplementary Fig. 2, available online at www.
giejournal.org). One possible explanation is only a few
patients had small T2 CRCs in our cohort. In any case,
determination of the depth of small cancers is generally
very difficult, particularly to distinguish between T1b and
T2. Even when using EUS, it is difficult to clarify the
microinvasion pattern. Therefore, the ROC-AUC at .69 (95%
CI, .62-.77) in tumors <25 mm was considered sufficient for
small T2 CRCs.

To expand the indications of ESD for T1bCRCs, evaluation
of the risk of LNM of T1b CRCs in the clinical setting is also
necessary. CT is routinely performed to rule out LNM, but
its sensitivity is low when the lymph node is smaller than
10mm. In recent years, therehavebeen reportsof theefficacy
of artificial intelligence in measuring the risk of LNM after
Volume 96, No. 2 : 2022 GASTROINTESTINAL ENDOSCOPY 327
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resection of T1 CRC.38,39 In the near future, endoscopic
resection may become the primary management method
for T1b CRCs coupled with postprocedural surveillance, and
this approach may be concluded to be appropriate to avoid
unnecessary surgical resection when the risk of LNM is low.
In such a case, the strength of the scoring system is that
the cutoff value can be altered according to the
clinical purpose. For example, if endoscopic resection
becomes the accepted primary treatment option for T1b
CRC in the future, the cutoff value can be set to 2 or 3
points with a sensitivity of 86% to 94% to avoid ESD for T2
CRCs.

In addition, our scoring system was evaluated by endo-
scopists not only in Japan but also by endoscopists fromother
countries during the external validation. In the external valida-
tion cohort, the AUCs of Japanese endoscopists and endo-
scopists from other countries were .80 (95% CI, .72-.89) and
.76 (95% CI, .64-.85), respectively (Supplementary Fig. 2).
The diagnostic accuracy was slightly lower for endoscopists
from other countries but was still high enough for the
scoring system to be used around the world.

T1b is not an accepted T-stage for CRCs according to the
American Joint Committee on Cancer. Intramucosal CRC
(Tis in the American Joint Committee on Cancer staging)
has negligible risk of LNM. On the other hand, T1 CRC (sub-
mucosal cancers) has an approximately 10% risk of LNM.
The submucosa of the colon and rectum is believed to have
lymphatic vessels and thus have risk of lymphatic spread of
malignancy. Within T1 CRCs, because T1 CRCs with an inva-
sion depth <1000 mm have an extremely low risk of LNM,
T1 CRCs are divided into T1a and T1b in the Japanese Society
for Cancer of the Colon and Rectum guidelines.40,41 When
discussing T1b and T2 CRCs, possibly patients may have
T1N1-2, T2N1-2, and T3 CRCs that require surgical resection
and possibly neoadjuvant therapy depending on the tumor
location.42,43 Our scoring system is a method to
differentiate between T1b CRCs and T2 CRCs and does not
predict T3 CRCs and LNM; hence, CT or MRI should be
performed to determine the cancer staging before
endoscopic resection. Furthermore, it is necessary to
expand the scoring system to include T3 CRCs in the future.

There are some limitations to this study. First, this was a
retrospective study. To reduce the selection bias, we enrolled
asmany consecutive CRCs as possible and evaluated all endo-
scopic images of the development cohort. Second, 2 images
perCRC(1white-light image and1 indigocarminedye image)
were selected for evaluation for both the internal and external
validation studies, and hence there may be selection bias of
the images. However, the accuracy of this scoring system is
comparable with that of MRI and EUS, and it is plausible
that its accuracy will increase with its ongoing application in
clinical practice. Third, fold convergency had a low concor-
dance for both intraobserver and interobserver agreement.
However, based on ROC analysis (Supplementary Fig. 1), as
the number of folds increases, the specificity of T2 CRC
increases and the sensitivity decreases, and hence there is a
328 GASTROINTESTINAL ENDOSCOPY Volume 96, No. 2 : 2022
positive correlation between the number of folds and
cancer depth. A further real-world prospective study is war-
ranted to validate the efficacy of this scoring system for real-
time diagnosis.

In conclusion, we established and validated a new
scoring system to distinguish T1b and T2 CRCs using 5 sim-
ple endoscopic findings during colonoscopy. The new
scoring system can be applied when determining the
appropriate management of T1b and T2 CRCs.
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APPENDIX
SUPPLEMENTARY TABLE 1. Proportion of individual endoscopic findings for T1b and T2 colorectal cancer in the internal validation cohort
(n [ 381)

Total Tumor location Lesion size Experience

pT1b
(n [ 238)

pT2
(n [ 143)

Colon
(n [ 183)

Rectum
(n [ 198)

<25 mm
(n [ 228)

≥25 mm
(n [ 153)

Nonexperienced
(n [ 200)

Experienced
(n [ 181)

Deep depression, presence 43 (18) 74 (52) 43 (23) 74 (37) 49 (21) 68 (44) 49 (25) 68 (38)

Demarcated depressed area,
presence

147 (62) 121 (85) 134 (73) 134 (68) 165 (72) 103 (67) 132 (66) 136 (75)

Fold convergency, presence 29 (12) 43 (30) 48 (26) 24 (12) 51 (22) 21 (14) 32 (16) 40 (22)

Erosion or white plaque,
presence

82 (34) 115 (80) 93 (51) 104 (53) 103 (45) 94 (61) 109 (55) 88 (49)

Borrmann type 2 or type 3
tumor, presence

17 (7) 56 (39) 21 (11) 52 (26) 26 (11) 47 (31) 39 (20) 34 (19)

Values are n (%). T1b, Invasion depth �1000 mm; T2, muscularis propria invasive; pT1b, pathologically proved T1b; pT2, pathologically proved T2.

SUPPLEMENTARY TABLE 2. Proportion of individual endoscopic findings for T1b and T2 colorectal cancer in the external validation cohort
(n [ 200)

Total Nationality

pT1b (n [ 124) pT2 (n [ 76) Japanese (n [ 100) New Zealander (n [ 100)

Deep depression, presence 5 (4) 21 (28) 8 (8) 18 (18)

Demarcated depressed area, presence 71 (57) 60 (79) 70 (70) 61 (61)

Fold convergency, presence 33 (27) 37 (49) 14 (14) 56 (56)

Erosion or white plaque, presence 34 (27) 50 (66) 38 (38) 46 (46)

Borrmann type 2 or type 3 tumor, presence 8 (6) 20 (26) 6 (6) 22 (22)

Values are n (%). T1b, Invasion depth �1000 mm; T2, muscularis propria invasive; pT1b, pathologically proved T1b; pT2, pathologically proved T2.

329.e1 GASTROINTESTINAL ENDOSCOPY Volume 96, No. 2 : 2022 www.giejournal.org

http://www.giejournal.org


Colon Rectum < 25 mm ≥ 25 mm
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1–specificity

1–specificity 1–specificity 1–specificity 1–specificity

1–specificity 1–specificity 1–specificity

Trainee Expert Japanese doctor New Zealander doctor

AUROC (95%CI) AUROC (95%CI) AUROC (95%CI) AUROC (95%CI)

AUROC (95%CI)AUROC (95%CI)AUROC (95%CI)AUROC (95%CI)

0.69 (0.62–0.77)0.77 (0.71–0.84)0.84 (0.78–0.90)

0.81 (0.75–0.88) 0.79 (0.73–0.86) 0.80 (0.72–0.89) 0.76 (0.64–0.85)

0.91 (0.85–0.96)

Supplementary Figure 2. Receiver operating-characteristic curves for the endoscopic diagnosis of muscularis propria invasive colorectal cancer in sub-
group analysis. Subgroup analysis shows the diagnostic performance in the following clinical settings: colon versus rectum, tumor size <25 mm
versus �25 mm, trainee versus expert, and Japanese versus New Zealander doctor. All but <25-mm lesions show high AUC at more than about .8
and even the <25-mm lesions have the AUC of .69. AUROC, Area under receiver operating characteristic curve; CI, confidence interval.

Fold convergency
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1-specificity
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0.80 (0.75–0.84)

Supplementary Figure 1. Receiver operating-characteristic curve of fold
convergency for the endoscopic diagnosis of muscularis propria invasive
colorectal cancer. The most accurate is 4-fold convergency at 70% of sensi-
tivity and 74% of specificity. AUROC, Area under receiver operating char-
acteristic curve; CI, confidence interval.
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