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The detection of early colorectal cancer (CRC) is increasing through the implementation of screening programs. This in-
creased detection enhances the likelihood of minimally invasive surgery and significantly lowers the risk of recurrence, there-
by improving patient survival and reducing mortality rates. T1 CRC, the earliest stage, is treated endoscopically in cases with 
a low risk of lymph node metastasis (LNM). The advantages of endoscopic treatment compared with surgery include minimal 
invasiveness and limited tissue disruption, which reduce morbidity and mortality, preserve bowel function to avoid colectomy, 
accelerate recovery, and improve cost-effectiveness. However, T1 CRC has a risk of LNM. Thus, selection of the appropriate 
treatment between endoscopic treatment and surgery, while avoiding overtreatment, is challenging considering the potential 
for complete resection, LNM, and recurrence risk.
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INTRODUCTION

T1 colorectal cancer (CRC), as defined in the TNM classifi-
cation, is characterized by carcinoma invasion through the 
muscularis mucosae and into the submucosa without en-
try into the muscularis propria, regardless of lymph node 
involvement [1,2]. The current Japanese classification uses 
a more nuanced categorization of T1 CRC, subdividing T1 
CRC into T1a and T1b according to the extent of submuco-
sal invasion (i.e., whether the submucosal invasion is within 
or exceeds 1,000 µm) [3].

The primary treatment approach for T1 CRC involves sur-
gery with lymph node dissection. However, recent research 
indicates that specific cases of T1 CRC with a low risk of 
lymph node metastasis (LNM) can be effectively managed 
through endoscopic resection (ER) [4]. Successful endoscop-
ic management of malignant polyps is dependent upon 
accurate prediction of T1 CRC cases with a low risk of 
LNM and the selection of a high-probability ER method for 
achieving complete en bloc resection of malignant polyps.

ENDOSCOPIC PREDICTION AND  
EVALUATION OF T1 CRC

White light endoscopic findings
White light endoscopy (WLE) is a fundamental technique 
for the detection and differentiation of neoplastic polyps. A 
meta-analysis showed the sensitivity of WLE for predicting 
T1 CRC was relatively low (0.21–0.46); this was inferior to 
the sensitivities of narrow-band imaging (NBI) and magni-
fying chromoendoscopy (CE). However, its specificity was 
relatively high (0.81–1.0) [5]. Thus, malignant polyps should 
be suspected when using WLE. The keys to prediction or 
observation of malignant polyps include their morphology, 
size, and location [6]. Therefore, although WLE may be less 
sensitive than other T1 CRC detection methods, its high 
specificity makes it valuable for the initial identification and 
suspicion of malignant polyps.

Endoscopic characteristics of T1 CRC
Lesion size is closely associated with the risk of CRC [7,8]. In 
a retrospective study of 755 polyps measuring ≥ 6 mm, larg-
er polyp size was associated with higher rates of malignan-
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cy: 0%, 0.9%, 6.1%, and 38.1% for polyps measuring 6–9, 
10–19, 20–29, and ≥ 30 mm, respectively [7]. Furthermore, 
a meta-analysis of studies concerning laterally spreading 
tumors (LSTs) revealed that the proportion of malignancy 
increased according to lesion size: 4.6%, 9.2%, and 16.5% 
for lesions measuring 10–19, 20–29, and ≥ 30 mm, respec-
tively [9]. Both the US Multi-Society Task Force (USMSTF) on 
CRC [10] and the Clinical Guidelines of the European So-
ciety of Gastrointestinal Endoscopy [11] recommend using 
advanced imaging for polyps measuring ≥ 10 mm to assess 
the malignancy risk and depth of submucosal invasion (DSI).

Morphological features play key roles in the prediction 
of T1 CRC. Several studies have identified specific morpho-
logical features as indicators of submucosal invasive cancer 
(SMIC); such features include a demarcated depressed area, 
ulceration fold convergence, induration, loss of lobulation, 
excavation, the chicken skin sign, stalk swelling, the non-lift-
ing sign, and spontaneous or contact bleeding [12-15]. A 
multicenter prospective study of 2,123 cases of T1 CRC 
showed that the non-lifting sign, the chicken skin sign, de-
pressed areas, induration, and ulceration were significantly 
associated with deep SMIC, defined as DSI ≥ 1 mm (1,000 
µm) [15]. Additionally, a retrospective study of 64 cases of 
T1 CRC showed that demarcated depressed areas, stalk 
swelling, and fullness are more common in deep SMIC than 
in superficial SMIC [12].

Endoscopic characteristics of LSTs
As originally proposed by Kudo et al. [16,17], LSTs are 
non-pedunculated adenomatous lesions measuring ≥ 10 
mm with Paris 0-II and 0-Is classifications [10]. They are clas-
sified into granular (LST-G) and non-granular (LST-NG) types 
based on endoscopic morphology. LST-G is subdivided into 
homogeneous granular (HG) and nodular mixed (NM) types, 
whereas LST-NG is divided into the flat elevated (FE) and 

pseudo-depressed (PD) types (Fig. 1). The risk of malignan-
cy in LSTs increases according to tumor size and subtype 
[9,18,19]. Tumor size is associated with a higher SMIC rate 
in LST-NG than in LST-G [18]. A meta-analysis showed that 
LST-G-HG has a low probability (0.5%) of SMIC, whereas 
the LST-G-NM, LST-NG-FE, and LST-NG-PD types have in-
creased risks of SMIC: 10.5%, 4.9%, and 31.6%, respec-
tively [9]. The risk of SMIC within LSTs increases when large 
nodules, depressions, or submucosal tumor-like elevations 
are present [20,21]. It is also important to be cautious about 
multifocal submucosal invasion. A comprehensive analysis 
of 2,822 LSTs revealed that LST-NG-PD has a significantly 
higher multifocal invasion rate (46.9%) compared with the 
LST-G-NM (7.9%) and LST-NG-FE (11.8%) types [18].

The relationship between the location and risk of SMIC is 
unclear, but a meta-analysis showed that most LST-G-HG 
and LST-NG-FE types are located in the proximal colon (73% 
and 71%, respectively), whereas the LST-G-NM and LST-
NG-PD types are more evenly distributed throughout the 
colon. LSTs containing SMIC are more frequently located in 
the distal colon, rather than the proximal colon [9].

Imaging-enhanced endoscopy
Imaging-enhanced endoscopy is an important advancement 
that offers various contrast enhancement methods via dye, 
optical, or electronic techniques. Imaging-enhanced endos-
copy is broadly categorized into dye- and electronic-based 
CE. Notable examples of electronic-based CE include NBI, 
i-scan, and flexible spectral imaging color enhancement 
(FICE). Imaging-enhanced endoscopy plays a crucial role in 
detecting and distinguishing neoplastic lesions, as well as 
predicting the DSI of T1 CRC [22,23]. The USMSTF recom-
mends the proficient use of electronic-based CE, such as NBI, 
i-scan, FICE, or blue light imaging, as well as dye-based CE. It 
also emphasizes the importance of proficiency in the endo-

Figure 1. Endoscopic images of the four endoscopic laterally spreading tumor subtypes: (A) homogenous granular; (B) granular nodular 
mixed; (C) non-granular flat elevated; and (D) non-granular pseudo-depressed.
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scopic recognition of DSI [1].
NBI is one of the most widely used endoscopic methods 

for characterization of colorectal polyps. A simple classifi-
cation system is essential for international standardization 
of the NBI observation criteria. The Colon Tumor NBI Inter-
est Group, which comprises endoscopists from Japan, the 
United States, and Europe, developed the NBI International 
Colorectal Endoscopic (NICE) classification [24], which clas-
sifies colorectal tumors into three types via close observation 
using high-resolution colonoscopy, regardless of magnifica-
tion. The primary advantage of this system is that it sim-
plifies the NBI classification, facilitating learning and clinical 
application. In particular, NICE type 3 is characterized by 
distorted or missing vessels or the distortion or absence of 
a surface pattern. The predictive accuracy of deep SMIC for 
this type exceeds 95% [25,26]. Thus, these findings can reli-
ably guide clinicians who are considering surgery.

However, NICE type 2 is excessively broad and includes 
histological patterns ranging from adenoma to deep SMIC. 
Thus, the Japanese NBI expert team (JNET classification) di-

vided NICE type 2 into more detailed subtypes: JNET types 
2A and 2B [26]. Type 2B was subdivided into types 2B-low 
and 2B-high by magnifying endoscopy [27], allowing more 
accurate histopathological prediction. These modifications 
are important because accurate prediction of DSI can deter-
mine the optimal treatment modality, such as ER or surgery, 
and reduce underestimates or overtreatments. JNET type 
2A histological findings mostly comprise adenoma, whereas 
JNET 2B-low histological findings [26] with uniformly distrib-
uted irregular vessels are consistent with ~98% of adeno-
mas or superficial SMIC and ~2% of deep SMIC [27]. Thus, 
these findings suggest that ER is feasible (Fig. 2). However, 
JNET type 2B-high histological findings with irregular het-
erogeneously distributed vessels are consistent with ~40% 
of high-grade adenomas or superficial SMIC and ~60% 
of deep SMIC [27]. These findings suggest that ER is not 
sufficient. Therefore, suspected cases of JNET type 2B-high 
should be carefully evaluated to determine the suitability 
of ER or surgery (Fig. 3). Dye-based CE is an established 
technique for predicting histological diagnoses and DSI in 

Figure 2. Endoscopic curative resection. (A) A 20-mm non-granular pseudo-depressed laterally spreading tumor located in the trans-
verse colon. (B) Irregular and uniform vascular and surface patterns were observed (JNET type 2B-low) on narrow-band imaging with 
near-focus. (C) Circumferential incision and submucosal dissection of the lesion using an endoscopic knife after submucosal injection. (D) 
Mucosal defect after completion of ESD. (E) Histopathological examination confirmed complete resection (R0) (22 × 17 mm, tubulovillous 
adenoma with low-grade dysplasia).
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patients with T1 CRC. This technique involves the use of 
dyes, such as indigo carmine with or without crystal violet, 
applied via magnifying endoscopy to highlight the surface 
pattern of the colonic mucosa. This application is followed 
by the observation and interpretation of pit patterns, which 
are categorized according to the Kudo classification [28].

The Kudo classification defines type VI as an irregular pit 
pattern in terms of shape, size, and arrangement; type VN 
is considered nonstructural, characterized by the absence 
of a pit pattern [29,30]. A retrospective analysis of 272 col-
orectal neoplasms showed that dysplasia, superficial SMIC, 
and deep SMIC were associated with 57.9%, 11.4%, and 
30.7% of type VI pit patterns, respectively. Conversely, dys-
plasia, superficial SMIC, and deep SMIC were associated 
with 0%, 4.3%, and 95.7% of type VN pit patterns, respec-
tively [31]. Therefore, surgery should be considered for neo-
plasms categorized as type VN under the Kudo classification; 
a careful decision should be made regarding the suitability of 
ER or surgery for Kudo classification type VI neoplasms. Dye-

based CE has several limitations, including a cumbersome 
time-consuming application process, the cost of the dye 
solution, and the toxicity-related prohibition of crystal violet 
use in some countries. Additionally, magnifying endoscopes 
are not consistently used in clinical practice worldwide.

In contrast, NBI offers a more convenient option because 
it is easily activated by a button on the endoscope. Accord-
ingly, experts often recommend the initial use of NBI for 
predicting DSI in cases of suspected or diagnosed CRC. 
However, in challenging cases (e.g., JNET type 2B-high le-
sions) where the decision between ER and surgery is ambig-
uous, experts suggest the use of magnifying dye-based CE. 
This approach allows more precise evaluation of DSI, aiding 
the selection of the most appropriate treatment strategy 
[23,27]. Recently, research has been actively conducted on 
enhancing the prediction of LNM in T1 CRC by applying ar-
tificial intelligence to various endoscopic imaging methods, 
making it a promising field for future developments [32].

Figure 3. Endoscopic non-curative resection. (A) A 20-mm non-granular pseudo-depressed laterally spreading tumor located in the trans-
verse colon. (B) Irregular and heterogeneous vascular and surface patterns were observed (JNET type 2B-high) on narrow-band imaging 
with near-focus. (C) Circumferential incision and submucosal dissection of the lesion using an endoscopic knife after submucosal injection. 
(D) Mucosal defect after completion of endoscopic submucosal dissection. (E) Histopathological examination confirmed incomplete resec-
tion (20 × 17 mm adenocarcinoma well-differentiated, depth of submucosal invasion ≥ 2,000 μm, no lymphatic invasion, with carcinoma 
involvement in the vertical resection margin).
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ENDOSCOPIC MANAGEMENT OF T1 CRC

The efficacy of endoscopic treatment of T1 CRC is well-es-
tablished [33-35]. A meta-analysis found no significant dif-
ferences in 5-year outcomes, such as overall survival (79.6% 
vs. 82.1%, hazard ratio [HR], 1.10; 95% confidence interval 
[CI], 0.84–1.45), recurrence-free survival (96.0% vs. 96.7%, 
HR, 1.28; 95% CI, 0.87–1.88), or disease-specific survival 
(94.8% vs. 96.5%; HR, 1.09; 95% CI, 0.67–1.78), between 
ER and primary surgery for endoscopically resectable T1 
CRC. A significantly smaller proportion of patients who un-
derwent ER experienced procedure-related adverse events 
compared with patients who underwent primary surgery 
(2.3% vs. 10.9%, p < 0.001) [4].

An important aspect of ER in cases of diagnosed or sus-
pected T1 CRC is that the lesion must be resected en bloc to 
ensure precise assessment of the resected specimen margin, 
enabling evaluation of the completeness of lesion removal. 
In contrast, piecemeal resection increases the risk of local 
recurrence and makes it difficult to determine whether the 
lesion has been completely resected. This difficulty can lead 
to unnecessary surgery, along with complicated treatment 
and surveillance plans. Thus, the ER method should be care-
fully selected based on strict standards.

Endoscopic mucosal resection (EMR) 
EMR is widely used to remove polyps, typically ranging in 
size from small (6–9 mm) to intermediate (10–19 mm). EMR 
ensures safe effective resection through injection into the 
submucosal layer, which lifts the lesion and separates it 
from the muscular layer. This approach reduces the risk of 
thermal injury and perforation while enhancing the feasi-
bility of en bloc resection [36]. However, EMR usually is not 
recommended for en bloc resection of non-pedunculated 
polyps > 20 mm because of snare size limitations and the 
challenges associated with effective resection at the center 
of larger lesions [11,37].

The rate of incomplete resection increases according to 
lesion size. A prospective study of 346 neoplastic polyps 
removed by 11 endoscopists showed that the incomplete 
resection rate increased with increasing lesion size: 5.8%, 
9.4%, 13.4%, and 23.3% for 5–7, 8–9, 10–14, and 15–20 
mm, respectively [38]. Another prospective study of 102 in-
termediate (10–20 mm) sessile colorectal polyps removed by 
EMR demonstrated an en bloc resection rate (EBR) of 75% 
and a complete resection rate (CRR) of 50% [39]. There-

fore, EMR does not consistently ensure en bloc resection or 
complete resection as the lesion size approaches 20 mm for 
lesions < 20 mm. Accordingly, for CRCs slightly smaller than 
20 mm or with suspected comorbid submucosal fibrosis, or 
any other case where EMR may not readily achieve en bloc 
resection, modified EMR or endoscopic submucosal dissec-
tion (ESD) can be considered for more reliable en bloc and 
complete resection [40,41].

Endoscopic piecemeal mucosal resection 
(EPMR) 
EPMR is a method for the removal of large lesions that can-
not be captured by a snare, which involves cutting them 
into several pieces. At the lesion boundary, 2–3 mm of nor-
mal mucosa is removed and en bloc resection is attempted 
to the maximum possible extent for an area with suspected 
malignancy. The remaining lesion is then sequentially re-
moved using a snare [42,43]. Snares measuring 10–15 mm 
are usually recommended. Experts also recommend begin-
ning resection from the most inaccessible and difficult area 
[42].

In a meta-analysis of lesions measuring > 20 mm, the local 
recurrence rate was approximately sevenfold greater when 
the lesion was removed by piecemeal resection than when 
it was removed by en bloc resection [44]. Furthermore, col-
orectal tumor resection into > 5 pieces was associated with 
a high risk of recurrence [45]. In that study, the time to re-
currence among cases with resection into > 5 pieces was 
significantly shorter than the time for cases with resection 
into < 4 pieces (3.8 ± 1.9 mo vs. 7.9 ± 5.0 mo, p < 0.05). 
EPMR is not recommended for the resection of diagnosed 
or suspected T1 CRC because of the associated difficulty 
in evaluating resection margins and the high risk of recur-
rence. However, if a lesion with SMIC can be resected by 
EPMR, the suspected carcinoma area should be resected en 
bloc to the maximum possible extent and follow-up should 
be carefully scheduled considering the potential for recur-
rence [42-44,46,47].

Modified EMR
Modified EMR is an advanced ER technique intended to 
overcome the limitations of conventional EMR. It involves 
using an endoscopic snare and modifications to enhance 
the likelihood of en bloc resection, even for large lesions, or 
to achieve deeper submucosal resection.

www.kjim.org
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Underwater endoscopic mucosal resection 
(UEMR) 
UEMR is a resection technique that involves submerging the 
lesion in water. Air is aspirated from the lumen, which is 
then filled with water. Next, the lesion is removed by snaring 
without injection of the submucosal layer. This approach is 
based on the notion that after water immersion, the muscu-
laris propria of the colon remains circular; the mucosal sur-
face tends to involute inwards and assume a collapsed state. 
Simultaneously, the lesion is submerged in water, causing 
the mucosa and submucosa to float away from the muscu-
laris propria because of the underwater buoyancy created 
by the fat density of the submucosal tissue. This combined 
effect allows safer, more effective lesion resection [48,49].

In a multicenter randomized control trial (RCT), both 
UEMR and EMR showed high efficacy in removing small 
non-pedunculated colorectal polyps (4–9 mm), with similar 
EBR (94.4% for UEMR vs. 91.5% for EMR) and CRR (83.1% 
for UEMR vs. 87.3% for EMR), and no significant differenc-
es in complication rates [50]. Another RCT involving small 
polyps (6–9 mm) showed that the rates of incomplete re-
section in the UEMR and EMR groups were low and did not 
significantly differ (2% vs. 1.9%, p = 0.91) [51].

In a prospective RCT of intermediate (10–20 mm), ses-
sile, colorectal lesions involving 210 polyps, the EBR and 
CRR were significantly higher in the UEMR group (89% and 
69%) than in the EMR group (75% and 50%), but there 
were no significant differences in adverse events between 
the groups [39]. In a retrospective study of large lesions (20–
30 mm) that compared a UEMR group (125 lesions) with an 
ESD group (306 lesions), the EBR and CRR were significant-
ly lower in the UEMR group (61% and 36%, respectively) 
than in the ESD group (99% and 86%, respectively) [52]. In 
another single-center RCT that compared UEMR with EMR 
for 20–40 mm lesions, UEMR demonstrated superior EBR 
and CRR (33% and 32%, respectively) compared with EMR 
(18% and 16%, respectively) [53]. However, both groups 
had very low EBR and CRR.

UEMR can be considered for small or intermediate T1 
CRC. However, it is not a reliable method for achieving en 
bloc or complete resection of T1 CRCs measuring ≥ 20 mm.

Anchored snare-tip EMR (ASEMR)
ASEMR, or tip-in EMR, involves making a small incision 
proximal to the lesion using the tip of a snare after suffi-
cient submucosal injection. The snare tip is anchored within 

the submucosal layer of the incision site. Subsequently, the 
snare is opened to capture and resect the entire lesion. This 
technique has a favorable EBR for large flat lesions because 
anchoring of the snare tip prevents slippage from the proxi-
mal part, ensuring stable capture of the lesion [54-57].

A prospective RCT compared the efficacies of ASEMR and 
EMR in 82 lesions measuring 15–25 mm [58]. The EBRs for 
ASEMR and EMR were 90% and 73.1%, respectively. How-
ever, that study was conducted at a single center with a 
relatively small sample size; it did not include detailed com-
parisons of EBR and CRR for ASEMR and EMR in each size 
range (i.e., 15–20 and 20–25 mm). A large-scale retrospec-
tive study of 709 lesions measuring 20–30 mm showed that 
both EBR (87.4% vs. 97.8%, p < 0.001) and CRR (69.9% 
vs. 87.3%, p < 0.01) were significantly lower in the ASEMR 
group than the ESD group; this result remained statistically 
significant after propensity matching [59]. A multicenter ret-
rospective study analyzing the ASEMR results for a series of 
141 consecutive lesions revealed a mean lesion size, overall 
EBR, and CRR of 19.8 mm, 81.6%, and 70.2%, respectively; 
the CRR significantly decreased with increasing lesion size 
(82.8% for lesions < 20 mm, 55.3% for lesions 21–30 mm, 
and 50.0% for lesions > 30 mm; p = 0.002) [57].

Based on these results, caution is needed in the ASE-
MR-mediated removal of T1 CRC lesions measuring > 20 
mm because the rate of incomplete resection may increase.

EMR with precutting (EMR-P)
EMR-P, also known as EMR with circumferential mucosal 
incision, was developed to enhance the en bloc resection 
of large, flat, colorectal lesions. In this technique, the tu-
mor is either fully or partially incised along its circumference 
using a snare tip or endoscopic knife after injection of the 
submucosal layer. Subsequently, the lesion is captured and 
resected using the snare (Fig. 4).

A retrospective single-center study evaluated the efficacy 
of EMR-P for colorectal lesions measuring > 20 mm (mean 
22.3 ± 3.9 mm); it showed that EMR-P achieved high EBR 
(94.1%) and CRR (76.5%) [60]. Another retrospective study 
reviewed 523 non-pedunculated colorectal tumors measur-
ing ≥ 20 mm that underwent ER; the respective EBR and 
CRR values were 42.9% and 32.9% for EMR (mean tumor 
size 21.7 ± 3.5 mm), 65.2% and 59.4% for EMR-P (23.5 ± 
5.6 mm), and 92.7% and 87.6% for ESD (28.9 ± 12.7 mm) 
[61]. In a retrospective multicenter study of lesions mea-
suring < 20 mm, the EMR-P group had significantly higher 

www.kjim.org
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rates of EBR (98.0% vs. 85.7%, p = 0.004) and CRR (87.8% 
vs. 67.3%, p < 0.001) than the EMR group after propensi-
ty score matching; however, the mean procedure time was 
significantly longer (11.8 ± 7.5 vs. 2.8 ± 1.7 min, p < 0.001). 
For lesions measuring ≥ 20 mm, EMR-P had significantly 
higher EBR (88.6% vs. 48.5%, p < 0.001) and CRR (71.4% 
vs. 42.9%, p = 0.02), compared with EMR [62].

EMR-P tends to have a relatively higher probability of en 

bloc resection for lesions measuring ≥ 20 mm, compared 
with other modified EMR techniques. However, the EBR 
and CRR are lower for EMR-P than for ESD. The variation 
in EBR and CRR across studies suggests that endoscopist 
confidence and proficiency affect the outcome. Therefore, 
EMR-P could be considered for some T1 CRC lesions mea-
suring ≥ 20 mm, depending on these factors.

Figure 4. Endoscopic mucosal resection with precutting. (A) A 16-mm non-granular flat elevated laterally spreading tumor located in the 
ascending colon. (B) Irregular and uniform vascular and surface patterns were observed on narrow-band imaging with near-focus (JNET 
type 2B-low). (C) Complete circumferential incision of the lesion using a snare tip after submucosal injection. (D) Visual inspection of the 
iatrogenic polypectomy ulcer after snare-mediated mucosal resection of the lesion.

A B C D

Figure 5. Endoscopic submucosal dissection (ESD). (A) A 70-mm granular nodular mixed laterally spreading tumor located in the rectosig-
moid junction. (B) Most of the lesion had a regular vascular and surface pattern (JNET type 2A) on narrow-band imaging with near-focus, 
but the large nodule had an irregular and uniform vascular pattern (JNET type 2B-low). (C) Circumferential incision and submucosal dis-
section of the lesion using an endoscopic knife after submucosal injection. (D) Mucosal defect after completion of ESD. (E) Histopatholog-
ical examination confirmed complete resection (R0) (70 × 55 mm villous adenoma with high-grade dysplasia).
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ESD
ESD is an advanced ER technique used to remove large le-
sions with endoscopic knives, enabling en bloc resection 
regardless of tumor size. Colorectal ESD is typically indi-
cated for lesions that require en bloc resection but may 
be challenging to manage with snare EMR [41]. EBR and 
CRR are significantly higher with ESD than with EMR [19], 
UEMR [52], ASEMR [59], or EMR-P for large colorectal le-
sions [60,61]. The EBR for ESD was not affected by lesion 
size. It remained consistently high (> 90%) in all subgroups; 
it was 92.8% for lesions measuring > 20 mm and 91.9% 
for lesions measuring > 30 mm [19] (Fig. 5). However, both 
EBR and CRR tend to be lower for ESD in non-Asian coun-
tries (81.2% and 71.3%, respectively) compared with Asian 
countries (93.0% and 85.6%, respectively) [63]. Recently, 
the use of pocket creation or traction-assisted ESD, which 
enhance submucosal layer exposure during submucosal dis-
section, has shown promising results for challenging cases, 
such as lesions with submucosal fibrosis, lesions requiring 
deep vertical margins, or instances of locally recurring/resid-
ual lesions [64-67].

Nonetheless, ESD has not been broadly adopted world-
wide because of technical difficulties, long procedure time, 
and a high risk of complications [68-71]. In one meta-analy-
sis, the overall perforation rate and delayed bleeding rate of 
ESD were 5.2% and 2.7%, respectively [63]. Another me-
ta-analysis showed that ESD had a significantly higher perfo-
ration risk than EMR (pooled incidence 5.9% vs. 1.2%) [19].

Endoscopic full-thickness resection (EFTR) 
EFTR is advantageous for efforts to secure a sufficient ver-
tical-free margin for T1 CRC. Although it cannot be used 
to resect lymph nodes, its indications are identical to ESD. 
The most popular EFTR device is the full-thickness resection 
device (FTRD; Ovesco Endoscopy, Tübingen, Germany). In 
an analysis of data from the Multicenter Dutch EFTR regis-
try that included consecutive EFTR procedures involving an 
FTRD for T1 CRC, the primary resection group (n = 132) 
had a median lesion size of 15 mm (12–16 mm); technical 
success was achieved in 89.4% of EFTR-amenable cases, 
whereas R0 resection was achieved in 82% of such cases. 
In the secondary treatment group, which included cases of 
previously incomplete ER (n = 198) with a median lesion size 
of 10 mm (7–15 mm), technical success was achieved in 
85.4% of EFTR-amenable cases; R0 resection was achieved 
in 88.0% of such cases [72]. A meta-analysis of EFTR for 

colorectal lesions incorporated data from 14 studies involv-
ing 1,936 patients. The mean procedure duration was 45.4 
± 11.4 min. The pooled technical success rate was 87.6%, 
and the R0 resection rate was 78.8%. Procedure-associated 
adverse events occurred in 12.2% of cases, and the recur-
rence rate was 12.6% over a mean weighted follow-up of 
20.1 ± 3.8 weeks. The R0 resection rate was significantly 
lower, and the overall procedural-associated adverse event 
rate was significantly higher, for lesions measuring > 20 mm 
than for lesions measuring ≤ 20 mm [73].

EFTR with an FTRD has a high success rate for primary 
treatment of T1 CRC tumors measuring < 20 mm, as well as 
cases with a history of incomplete ER or concomitant severe 
fibrosis.

CURATIVE RESECTION AFTER  
HISTOLOGICAL ASSESSMENT

After endoscopic removal of T1 CRC, it is important to eval-
uate whether the resection was curative when considering 
the need for additional surgery. The final classification of 
ER of T1 CRC as curative (i.e., associated with a low risk of 
LNM) or non-curative depends on histological findings con-
cerning the resected specimen. Guidelines from the USMSTF 
[1], Korean Society [74], and Japanese Society for Cancer of 
the Colon and Rectum (JSCCR) [37] indicate that curative 
resection should be assessed based on the resection mar-
gin status, DSI, lymphovascular invasion, histological grade, 
and tumor budding. Widely accepted criteria for curative ER 
include en bloc and histologically complete resection with 
tumor-free horizontal and vertical margins (R0); the absence 
of lymphatic or vascular invasion; a low to moderate his-
tological grade, excluding poor histological types (poorly 
differentiated adenocarcinoma, signet ring cell carcinoma, 
and mucinous carcinoma); superficial DSI (< 1,000 µm); and 
low-grade tumor budding (single tumor cell or a cell clus-
ter of ≤ 4 tumor cells) [75] at the site of deepest invasion 
[1,37,74,76].

The decision to curatively resect a pedunculated malig-
nant polyp is controversial compared with such a decision 
for non-pedunculated malignant polyps [77,78]. Malignant 
pedunculated polyps are typically categorized using the 
Haggitt classification [79], which is based on the invasion 
level. This system classifies polyps as level 1 (invasive ade-
nocarcinoma confined to the polyp head, but penetrating 
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through the muscularis mucosae), level 2 (invasion of the 
neck), level 3 (infiltration of the stalk), and level 4 (invasion 
of submucosa below the stalk, but not reaching the muscu-
laris propria).

In a retrospective multicenter study involving 384 malig-
nant pedunculated polyps, the overall incidence of LNM was 
3.5%; the incidence of LNM in patients with head invasion 
was 0.0% (0/101), compared with 6.2% (8/129) among pa-
tients with stalk invasion [4]. In another study involving 141 
malignant pedunculated polyps, the LNM rate was 0% in 
head or stalk invasion with DSI < 3,000 µm in the absence 
of lymphatic invasion [80]. In a third study, the overall inci-
dence of LNM was 6% for malignant pedunculated polyps, 
although no LNM was observed when the SMIC was limited 
to the polyp head, neck, and stalk (levels 1, 2, and 3) [81]. 
The risk of LNM significantly increased to 27% when the 
SMIC reached the base of the stalk (level 4).

The DSI is particularly relevant to non-pedunculated ma-
lignant polyps, whereas the resection margin is important 
for pedunculated polyps [1,77]. In one study, when the re-
section margin was ≤ 1 mm in the absence of other unfa-
vorable histological factors (e.g., poor histological grade [3] 
or lymphatic or vascular invasion), the rate of adverse out-
comes such as recurrence, local cancer, or LNM was 19.7% 
[82]. However, when the margin was > 1 mm and no other 
unfavorable histological factors were present, the rate of 
adverse outcomes was 0%.

The American Society for Gastrointestinal Endoscopy [83] 
and USMSTF [1] recommend surgery for pedunculated pol-
yps with unfavorable histological features, such as a can-
cer-free margin < 1 mm, poor histological differentiation, 
vascular or lymphatic invasion, submucosal invasion below 
the stalk of the polyp, or deep wall invasion.

Considerations based on current  
recommendations for curative resection
In cases of T1 CRC, DSI ≥ 1,000 µm (1 mm) is a controver-
sial independent high-risk factor for LNM. In a study that 
involved 724 non-pedunculated T1 CRC lesions, the rate of 
LNM was 0% for DSI < 1,000 µm, whereas it was 12.5% 
for DSI ≥ 1000 µm; it subsequently increased (1,000 ≤ X  
< 1,500 µm: 11.5% LNM and 1,500 ≤ X < 2,000 µm: 
12.2% LNM) [81]. Several studies have demonstrated that 
DSI ≥ 1,000 µm (odds ratio 2.1 to 5.4) is a risk factor for 
LNM in T1 CRC [80,84,85]. However, a recent meta-analysis 
of eight studies involving 1,146 patients revealed that DSI ≥ 

1,000 µm was the sole risk factor for LNM in the absence 
of other histological high-risk factors, such as poor histo-
logical grade, lymphovascular invasion, or tumor budding; 
the results showed that the absolute risk of LNM for DSI  
≥ 1,000 µm was 2.6% [86]. These findings suggest that DSI 
≥ 1,000 µm in the absence of all other high-risk features is 
associated with a relatively low risk of LNM. Indeed, chal-
lenges are associated with the measurement of DSI [87]. 
These challenges include the deformed status of the mus-
cularis mucosa and interobserver agreement regarding its 
status, with a kappa value of 0.67, indicating substantial but 
not perfect agreement [88].

Assessments of the resection margin are controversial. R0 
resection is typically defined as the absence of tumor inva-
sion within 1 mm of the transection line, whereas R1 resec-
tion is defined as the absence of tumor invasion within ≤ 1 
mm. This criterion is based on findings that the risk of local 
residual or recurrent cancer is 0–2% in tumors with a free 
resection margin > 1 mm [82,89,90]; this risk increases to  
≤ 16% in cases with a resection margin ≤ 1 mm [82,89]. 
However, recent evidence challenges this notion, demon-
strating similar risks of residual disease in patients with free 
resection margins between 0.1 and 1 mm and patients with 
margins > 1 mm in the absence of other histological risk 
factors [91].

When piecemeal resection of T1 CRC results in a negative 
vertical margin but unclear lateral margin, in the absence of 
other histological high-risk factors for LNM, a difficult deci-
sion arises. The selection of secondary ER/EFTR, short-term 
surveillance, or additional surgery requires careful consider-
ation because there is a lack of definitive information re-
garding residual disease. The JSCCR guideline recommends 
surgical resection when the vertical margin is positive. How-
ever, when piecemeal resection results in a positive horizon-
tal margin, the guideline suggests endoscopic surveillance 
for approximately 6 months considering the increased risk 
of local recurrence [37].

When piecemeal resection is performed, especially in 
cases where only a single fragment exhibited malignancy, 
the resection margin could be accurately evaluated. How-
ever, most piecemeal resections hinder accurate histologi-
cal assessment of submucosal or lymphovascular invasion. 
This limitation is particularly concerning in lesions classified 
as LST-NG, where piecemeal resection may not allow ade-
quate analysis in cases of multifocal invasion [92,93]. Pre-
vious studies have demonstrated a significant association 
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between EPMR and an increased risk of local recurrence [94-
96]. Therefore, the Chinese national guidelines and general 
consensus recommend colectomy with regional lymph node 
dissection when the specimen is fragmented, which would 
limit pathological evaluation [97,98].

After piecemeal resection of T1 CRC, additional surgery 
should be prioritized. However, this decision can be individ-
ualized based on factors such as the estimated oncologic 
benefit of surgery, the operative risk, the endoscopist’s con-
fidence in achieving complete resection, and the patient’s 
preferences.

PROGNOSIS OF PRIMARY AND SECONDARY 
SURGERY

There is some concern that pre-surgical ER affects patient 
outcomes. Some studies have evaluated the outcomes of ER 
followed by secondary surgery for T1 CRC. A retrospective 
study analyzed 191 patients with high-risk T1 CRC after ER 
[99]. More than 90% of the patients successfully underwent 
laparoscopic surgery, rather than open surgery. Another ret-
rospective study of 852 patients compared the long-term 
outcomes of T1 CRC primary surgery in 388 patients and 
secondary surgery in 464 patients over a median follow-up 
interval of 57.0 months. The rates of cancer recurrence 
(2.8% vs. 1.5%, p = 0.180) and locoregional (0.3% vs. 
0.6%) and distant recurrence (2.5% vs. 0.9%, p = 0.105) 
did not significantly differ between the primary and sec-
ondary surgery groups. Further analyses of recurrence-free 
survival rates according to nodal stage and the number of 
high-risk histological features also showed no differences 
between the groups [100]. A recent retrospective study 
revealed that 5-year recurrence-free survival did not sig-
nificantly differ between radical surgery with prior ER and 
radical surgery alone in matched data (96.9% vs. 95.5%,  
p = 0.596) or in the unadjusted model (97.2% vs. 96.8%,  
p = 0.930). ER before surgery did not increase the cost of 
radical surgery [101]. A meta-analysis showed no significant 
differences in recurrence-free survival between additional  
T1 CRC surgery after ER and primary surgery (HR, 1.27; 
95% CI, 0.85–1.89) [4]. Thus, ER before surgery for high-
risk T1 CRC does not appear to affect patient outcomes.

In conclusion, T1 CRC should initially be suspected ac-
cording to endoscopic findings. The risk of LNM should be 
assessed to determine the most suitable treatment, endo-

scopic or surgical, based on this risk. If endoscopic treat-
ment is chosen, a method that allows complete en bloc 
resection of the lesion should be selected. The pathology 
should be evaluated, and the decision for additional surgery 
should be made carefully, considering the risk of LNM and 
the patient’s overall condition.
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