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GRAPHICAL ABSTRACT

Background and Aims: Because of a lack of reliable preoperative prediction of lymph node involvement in
early-stage T2 colorectal cancer (CRC), surgical resection is the current standard treatment. This leads to overtreatment because only 25% of T2 CRC patients turn out to have lymph node metastasis (LNM). We assessed a
novel artiﬁcial intelligence (AI) system to predict LNM in T2 CRC to ascertain patients who can be safely treated
with less-invasive endoscopic resection such as endoscopic full-thickness resection and do not need surgery.
Methods: We included 511 consecutive patients who had surgical resection with T2 CRC from 2001 to 2016; 411
patients (2001-2014) were used as a training set for the random forest–based AI prediction tool, and 100 patients
(2014-2016) were used to validate the AI tool performance. The AI algorithm included 8 clinicopathologic variables (patient age and sex, tumor size and location, lymphatic invasion, vascular invasion, histologic differentiation, and serum carcinoembryonic antigen level) and predicted the likelihood of LNM by receiver-operating
characteristics using area under the curve (AUC) estimates.
Results: Rates of LNM in the training and validation datasets were 26% (106/411) and 28% (28/100), respectively.
The AUC of the AI algorithm for the validation cohort was .93. With 96% sensitivity (95% conﬁdence interval, 90%99%), speciﬁcity was 88% (95% conﬁdence interval, 80%-94%). In this case, 64% of patients could avoid surgery,
whereas 1.6% of patients with LNM would lose a chance to receive surgery.
Conclusions: Our proposed AI prediction model has a potential to reduce unnecessary surgery for patients with T2
CRC with very little risk. (Clinical trial registration number: UMIN 000038257.) (Gastrointest Endosc 2022;96:665-72.)
(footnotes appear on last page of article)

Stage T2 colorectal cancer (CRC) invades the muscularis
propria of the bowel wall but has not advanced into subserosa or pericolic tissue. About 25% of patients with T2 CRC

have lymph node metastases (LNMs) at histopathologic
assessment.1-5 Therefore, current standard therapy for all
T2 CRC patients is surgical resection with segmental
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Figure 1. T2 colorectal cancer without lymph node metastasis (T2N0). A, Endoscopic appearance. The tumor is 14 mm in diameter and located in the
ascending colon. B, Specimen after surgical resection (H&E, orig. mag. X1). The diagnosis was moderately differentiated adenocarcinoma invading into
the muscularis propria, no lymphovascular invasion, and no lymph node metastasis (retrieved 20 lymph nodes) (stage pT2N0).

colectomy and lymph node dissection, an invasive procedure with signiﬁcant resources and patient burden.
Recently, endoscopic full-thickness resection (EFTR)
has emerged as an option to remove early-stage colorectal
tumors.6-13 EFTR enables full-thickness bowel resection
and provides a complete specimen for histopathologic
diagnosis. EFTR is less invasive and thus associated with
fewer resources and patient burden than surgical resection
of colorectal tumors. A candidate for EFTR with T2 CRC is
presented in Figure 1 in which the tumor size
was <20 mm, for which R0 resection was expected to be
performed with acceptable adverse event rates.6 If new
tools can accurately select patients with T2 CRC who do
not have LNM after EFTR, EFTR without additional
surgical resection would be an acceptable treatment
option for such patients.
We recently reported a multicenter study on the development and validation of a novel pretherapy prediction tool for
LNM in T1 CRC using artiﬁcial intelligence (AI), known as the
artiﬁcial neural network.14 Here we investigate a novel
prediction tool for LNM in T2 CRC, which was simpler and
easier to develop, known as the random forest (RF).

endoscopic resection to help triage patients to the least
invasive and burdensome yet safe and effective treatment.

METHODS

Prediction variables

AI tool
For this purpose, we divided patients into 2 datasets according to the date of treatment following the recommendation of the Transparent Reporting of a Multivariable
Prediction Model for Individual Prognosis or Diagnosis
statements. 16 Data from 411 patients (2001-2014) were
used for training the AI system, and the remaining 100
patients (2014-2016) were used to validate the AI system.16
We used an RF algorithm for machine learning with a
learning algorithm with fast training speed and high model
robustness.17 The RF model applied 220 decision trees,
and the maximum leaf node depth was 9. Receiveroperating characteristic curves were used to assess the
discriminating power of the tool. Subsequently, its area under the curve (AUC) was compared with the prediction
model using a nomogram incorporating 4 factors (lymphatic
invasion, vascular invasion, serum carcinoembryonic antigen [CEA], and patient sex) that was constructed based on
the results of multivariate logistic regression analysis.

We included data from all patients with pT2 CRC who
underwent surgical resection with lymph node dissection
from April 8, 2001 to October 13, 2016 at Showa University
Northern Yokohama Hospital. Exclusion criteria were synchronous CRC; transanal endoscopic microsurgery (TEM);
familial adenomatous polyposis, Lynch syndrome (deﬁnite
or suspected without genetic testing for variants in the
mismatch repair genes according to the Japanese guidelines for the clinical practice of hereditary colorectal cancer15), or ulcerative colitis; preoperative chemotherapy or
radiotherapy; and missing data.

The prediction model used 8 variables: patient age, patient sex, tumor size, tumor location, lymphatic invasion,
vascular invasion, histologic differentiation, and CEA level.
Clinical factors (patient age and sex, tumor location and
size, and serum CEA level [in ng/mL]) were extracted
from the electronic health record system. Tumor location
was dichotomized as 1 of 2 colonic segments (cecum or
ascending to the sigmoid colon) or rectum. Tumor size
was measured after formalin ﬁxation. CEA was measured
before surgical resection. All resected specimens were
examined by dedicated GI pathologists who were not
aware of the present study in accordance with Japanese
guidelines for histopathologic assessment of CRC.18,19

Endpoints

Statistical analysis

The primary aim of the study was to develop and validate a simple, noninvasive tool for accurately predicting
LNM in patients with T2 CRC using data obtained after

Our main analyses comprised all eligible patients. In
prespeciﬁed subgroup analyses, we assessed the AI tool
for small T2 CRCs (diameter 2 cm) and T2 CRCs in the
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Registered T2 CRCs
(n=540)

Exclusion
Synchronous invasive carcinoma (n=3)
Transanal endoscopic microsurgery (n=2)
Lynch syndrome (n=20)
Missing data (n=4)

Included patients
(n=511)

Validation cohort
(n=100)

Training cohort
(n=411)

LNM (+)
(n=134)

LNM (-)
(n=377)

LNM (+)
(n=28)

LNM (-)
(n=72)

Figure 2. Patient ﬂowchart. CRC, Colorectal cancer; LNM, lymph node metastasis.

rectum, because these are technically easier to target for
minimally invasive treatment options such as EFTR,6
TEM, and transanal minimally invasive surgery (TAMIS).
Statistical analyses were performed using R, version 3.4.1
(R Foundation for Statistical Computing, Vienna, Austria).
When investigating the predicting performance of the AI system, the sensitivity, speciﬁcity, and rate of surgery reduction
were calculated. Reduction of surgery was deﬁned as cases
with LNM negativity diagnosed by the AI system.
Data are presented as mean  standard deviation and
median. The 95% conﬁdence intervals (CIs) were calculated using the exact Clopper-Pearson method.

study period. Of these, 3 patients with multiple CRCs
at the time of resection, 2 patients who underwent
TEM, 20 patients with suspected Lynch syndrome, and
4 patients with missing data in the patient ﬁles and
local registries for variables were excluded. Thus, 511
patients were eligible and included in the analyses. Of
these, 411 were assigned to the training cohort and
100 to the validation cohort (Table 1). Rates of LNM
in the training and validation datasets were 26% (106/
411) and 28% (28/100), respectively. The mean
number of removed lymph nodes per patient was 20
(standard deviation, 12), and the median number
was 18.

Study registration and ethics
This study was registered in the University Hospital
Medical Information Network clinical trial registry (no.
UMIN 000038257). The ethics committee of Showa University Northern Yokohama Hospital approved the study protocol (no. 18H-006). Informed consent was obtained using
an “opt-out” method under the approval of the local ethics
committee in which information about the current trial was
presented to patients and lack of refusal was regarded as
consent to the study. The study was conducted in accordance with the Declaration of Helsinki. All authors had access to the study data, and all authors reviewed and
approved the ﬁnal manuscript.

Performance of the AI system

Figure 2 shows the study ﬂowchart. Five hundred
forty patients with pT2 CRC were treated during the

The AUC of the AI system in the validation data was
.93, compared with the .88 of the nomogram (Fig. 3).
Figure 4 presents the importance of each variable used
in the AI system. Lymphatic invasion was the most
inﬂuential factor for LNM among 8 examined factors.
Figure 5 indicates the rate of LNM in high- and low-risk
groups according to the threshold (scaled from 1 to 2)
of the AI system compared with the postoperative mortality in the United States.20 With 1.18 threshold,
sensitivity and speciﬁcity were 96% (95% CI, 90%-99%)
and 88% (95% CI, 80%-94%), respectively. In this case,
64% of patients (95% CI, 54%-73%) with T2 CRC could
avoid surgery, whereas 1.6% of patients (95% CI, 0%8.4%) with T2 CRC with LNMs would lose a chance to
receive surgery. When the threshold was set at 1.19,
which was lower than the risk of surgical mortality over
age 75 to 79 years, the frequency of the most
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TABLE 1. Baseline characteristics of the training and validation cohorts for artificial intelligence system
Training (n [ 411)

Validation
(n [ 100)

Total (n [ 511)

66  12

67  12

66  12

Male

216 (53)

41 (41)

257 (50)

Female

195 (47)

59 (59)

254 (50)

273 (66)

72 (72)

345 (68)

Age, y
Sex

Tumor location
Colon
Rectum

138 (34)

28 (28)

166 (32)

31  15

30  13

31  15

Positive

216 (53)

32 (32)

248 (49)

Negative

195 (47)

68 (68)

263 (51)

Positive

258 (63)

59 (59)

317 (62)

Negative

153 (37)

41 (41)

194 (38)

Tumor size, mm
Lymphatic invasion

Vascular invasion

Histologic differentiation
Poorly differentiated adenocarcinoma/mucinous carcinoma/signet-ring cell carcinoma

16 (4)

1 (1)

17 (3)

Tubular differentiated adenocarcinoma/papillary adenocarcinoma

395 (96)

99 (99)

494 (97)

Carcinoembryonic antigen

2.1  1.7

2.2  2.1

2.1  1.8

Positive

106 (26)

28 (28)

134 (26)

Negative

305 (74)

72 (72)

377 (74)

Lymph node metastasis

Values are mean  standard deviation or n (%).

Subgroup analyses

1.0

In the validation dataset, 27 tumors were 2 cm or
smaller, and 28 tumors were located in the rectum and
thus eligible for the predeﬁned subgroup analyses.
Supplementary Table 1 (available online at www.
giejournal.org) shows clinicopathologic features in
subanalysis. For lesions 2 cm, LNM was found in 9
tumors (33%), and the AUCs for this cohort was .86
(Fig. 3). For lesions in the rectum, LNM was found in 9
(32%), and the AUC for this cohort was .86 (Fig. 3).

0.9

TPR : True positive rate

0.8
0.7
0.6
0.5
0.4
0.3

AUC=0.93 (validation, n=100)

0.2

AUC=0.86 (< 2cm, n=27)

0.1

AUC=0.86 (rectum, n=28)

DISCUSSION

inﬂuential factor, namely lymphatic invasion, was higher
in the high-risk group than in the low-risk group (91%
vs 2%) (Table 2).

The developed AI system predicted the presence of
LNM in patients with T2 CRC with high sensitivity and speciﬁcity. This may enable the novel “resect and analysis”
approach for T2 CRC, in which we determine the need
for additional surgery after EFTR of T2 CRC according to
the AI-assisted risk stratiﬁcation and vulnerability of patients. This innovative approach may contribute to reduction of surgery by up to 64% with the minimalized risk of
overlooking presence of LNM.
EFTR is an emerging endoscopic resection technique
for complex lesions that cannot be easily treated
by current EMR or endoscopic submucosal dissection
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FPR : False positive rate
Figure 3. Receiver operating characteristic curves of the validation cohort
(n Z 100), tumor size 2 cm (n Z 27), and rectum (n Z 28). AUC, Area
under the curve.
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Lymphatic invasion
CEA
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Tumor size
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Tumor location
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Variable Importance
Figure 4. Importance of each variable used in the artiﬁcial intelligence system. CEA, Carcinoembryonic antigen.

LNM
(Low risk)

Threshold

LNM
(High risk)

1.02

30%

1.18

75%

36

64

1.6%

1.5%
(<69y)

1.19

76%

34

66

3.0%

2.9%
(70-74y)

1.25

81%

31

69

4.3%

3.7%
(75-79y)

1.30

80%

30

70

5.7%

4.9%
(80-84y)

1.42

79%

29

71

7.0%

1.43

85%

26

74

8.1%

Proportion

94

6

High risk

Post operative
mortality

0%

8.0%
(≥85y)

Low risk

Figure 5. Risk of lymph node metastasis in high- and low-risk groups according to the threshold of the artiﬁcial intelligence system compared with postoperative mortality.20 LNM, Lymph node metastasis.

techniques.6-8,10,11,21-23 To date, the reported indications
for EFTR using the full-thickness resection device (Ovesco
Endoscopy, Tuebingen, Germany) include repeat resection
(recurrent or incompletely resected), nonlifting lesions
caused by ﬁbrosis or deep submucosal invasion, and submucosal tumors. Because of its high R0 resection rate,

EFTR is technically applicable for T2 CRC.24 In other
words, endoscopic removal of T2 CRC is an ambitious
but feasible option for future clinical practice if the
technology matures. However, lack of an accurate
prediction of LNM makes EFTR for T2 CRC less
attractive. Preoperative identiﬁcation of an absence of
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TABLE 2. Comparison of characteristics between high- and low-risk groups categorized by the artificial intelligence system
High risk (n [ 34)

Low risk (n [ 66)

65  12

67  12

Male

14 (41)

27 (41)

Female

20 (59)

39 (59)

Colon

21 (62)

51 (77)

Rectum

13 (38)

15 (23)

26  10

32  14

Age, y
Sex

Tumor location

Tumor size, mm
Lymphatic invasion
Positive

31 (91)

1 (2)

Negative

3 (9)

65 (98)

Positive

25 (74)

34 (52)

Negative

9 (26)

32 (48)

0 (0)

1 (1)

Vascular invasion

Histologic differentiation
Poorly differentiated adenocarcinoma/mucinous carcinoma/signet-ring cell carcinoma
Tubular differentiated adenocarcinoma/papillary adenocarcinoma
Carcinoembryonic antigen

0 (100)

99 (99)

1.9  1.3

2.4  2.4

Lymph node metastasis
Positive

26 (76)

2 (3)

Negative

8 (24)

64 (97)

Values are mean  standard deviation or n (%).

LNM is the prerequisite for treating T2 CRC with EFTR
alone.
Recently, we developed and validated an algorithm using a neural network, a kind of AI prediction model, to predict the risk of LNM in T1 CRC in a multicenter study.14
The reported AI system, which outperformed the current
guidelines in discriminating LNM positivity and negativity
in external validation (AUC of .83 vs .73, P < .001), could
determine which patients require additional surgery after
endoscopic resection of T1 CRC. Regarding the type of
machine learning, we developed another prediction
model, namely a nomogram, using the same dataset in
addition to the RF model. The AUC of the nomogram in
the validation data (n Z 100) was .88 versus .93 in the
RF model. In addition, compared with the neural
network model used in our previous study, we can
reduce the calculation time without diminishing the
diagnostic performance and visualize the importance of
variables used in the RF model. Therefore, we adopted
the RF model in this study. Of course, consideration of
the number and characteristics of the data when
choosing a type of machine learning is necessary.
The presence of LNM may be overlooked because of the
limitations of discriminating power or pathologic evaluation.
In fact, 1 of 64 lesions (1.6%) were overlooked in the low-risk

group when the threshold was set at 1.18. For LNM assessment after EFTR alone, we performed CT, magnetic resonance imaging, and tumor marker assessments at intervals
following the guidelines or shortly after resection and then
performed salvage surgery if there was a possibility of metastasis. The curative rate of salvage surgery is not reported to
be high, and recurrence increases the likelihood of
death.25,26 Therefore, treatment should be selected after
comparing the risk of LNM with the risk of surgical
mortality. For example, the postoperative mortality rate
was 3.7% in patients aged 75 to 79 years. Conversely, when
the AI threshold was set at 1.19, the risk of LNM in the lowrisk group, which comprised 66% of the study population,
was 3.0%. Therefore, 66% of patients aged 75 to 79 years
could have similar risks of recurrence attributable to EFTR
alone and surgical mortality. Patients aged 80 years may
theoretically choose EFTR instead of surgery because the
risk of recurrence is lower than the risk of surgical mortality.
In addition, a sufﬁcient lymph node yield is important for
robustly clarifying lymph node status. It has been reported
that a minimum of 12 lymph nodes must be examined to
accurately predict LNM negativity in CRC.27 In
this validation dataset, the median follow-up period was
55  25 months, and the proportion of patients with <12
harvested lymph nodes was 13% (13/100). The recurrence
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rate in the LNM-negative group was 4.2% (3/72). Of these,
12 patients had <12 harvested lymph nodes, and all 3 cases
with positive recurrence had <12 harvested lymph nodes.
Conversely, in the LNM-positive group, the recurrence
rate was 10.7% (3/28). Of these, 1 patient had <12 harvested
lymph nodes, and all 3 cases with positive recurrence
had 12 harvested lymph nodes. Therefore, a low lymph
node harvest rate could be associated with an underestimation of the lymph node status or an increased recurrence
rate in the LNM-negative group.
For rectal tumors, TAMIS could be a potential option in
addition to EFTR. TAMIS was initially described in 2010 by
Atallah et al28 as a hybrid between TEM and single-port laparoscopy. Conventional TEM, as introduced by Buess
et al,29 is limited by the signiﬁcant associated initial cost
of the operating system and its steep learning curve.30
Conversely, TAMIS, which uses conventional laparoscopic
devices with a single incision port, is superior in terms of
cost and operability. In addition, TAMIS can obtain a 360degree view of the rectal lumen and facilitate the resection
of lesions >2 cm in size with negative margins, whereas the
indication for EFTR is limited by tumor size.
This study has several limitations. First, the study
concept was based on the premise that T2 CRC could be
resected en bloc with EFTR. However, currently available
EFTR devices allow the removal of tumors up to 2 cm.
This will limit generalization of the study results. To overcome this issue, we conducted the subanalyses focused
on 2-cm tumors and tumors in the rectum and obtained
results similar to the primary analysis. However, given
recent strong interest in EFTR, we can expect technologic
leaps in the near future and may be able to remove all sorts
of T2 CRCs with EFTR regardless of their sizes in the near
future. Second, this was a retrospective single-center study
with internal validation. The clinicopathologic criteria of
the respective training and validation datasets were similar,
and thus the discriminating power may have been overestimated. In addition, the protocol for histopathologic evaluation differs between Japan and Western countries, and
interobserver agreement among pathologists is low.31
Therefore, a multicenter study including researchers in
Western countries is required as a next step. We believe
there is a possibility of using the “transfer learning”
method, which permits the efﬁcient adaptation of
information learned in the current model to different
situations. Third, in this study, tumor budding, which is a
risk factor for LNM in T1 CRC, was excluded from the AI
system because of a lack of data. Although this AI system
only analyzed factors that can be obtained at any
hospital, because the addition of tumor budding to the
AI system is expected to increase the predictive ability, it
is considered a future issue to investigate. Similarly, it is
necessary to verify the method of compensating for
missing values in the RF model in a prospective or
multicenter study.
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In conclusion, this study proposed the resect and analysis approach for T2 CRC after EFTR as a new innovative
treatment option. Considering the high prediction
capability of the AI system for LNM and the substantial
risk of postoperative mortality of CRC, the proposed minimally invasive approach could be an attractive
option especially for vulnerable patients for surgical
resection.
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SUPPLEMENTARY TABLE 1. Baseline characteristics of lesions with tumor size ≤2 cm (n [ 27) and rectum (n [ 28) in the validation cohort
(n [ 100)
Tumor size ≤2 cm (n [ 27)

Rectum (n [ 28)

65  9

64  11

Male

14 (52)

13 (46)

Female

13 (48)

15 (54)

19 (70)

0 (0)

Age, y
Sex

Tumor location
Colon
Rectum

8 (30)

28 (100)

17  4

31  13

Positive

11 (41)

11 (39)

Negative

16 (59)

17 (61)

Positive

17 (63)

19 (68)

Negative

10 (37)

9 (32)

Tumor size, mm
Lymphatic invasion

Vascular invasion

Histologic differentiation
Poorly differentiated adenocarcinoma/mucinous carcinoma/signet-ring cell carcinoma

1 (4)

0 (0)

26 (96)

28 (100)

1.9  1.6

2.3  2.4

Positive

9 (33)

9 (32)

Negative

18 (67)

19 (68)

Tubular differentiated adenocarcinoma/papillary adenocarcinoma
Carcinoembryonic antigen
Lymph node metastasis

Values are mean  standard deviation or n (%).

www.giejournal.org

Volume 96, No. 4 : 2022 GASTROINTESTINAL ENDOSCOPY 672.e1

