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Colorectal laterally spreading tumors (LST) are a distinct form of non-polypoid colorectal neoplasia that extend 
laterally along the mucosal surface and often exceed 20 mm in diameter. Despite advances in optical imaging 
technologies, diagnostic accuracy for large LSTs varies widely among classification systems, emphasizing the 
need to assess combined endoscopic approaches and recurrence prediction models to improve risk stratification 
and treatment planning.

Aim. To compare the diagnostic accuracy of combinations of combined endoscopic classifications and recurrence 
prediction models to identify the most effective approach for granular and non-granular subtypes of laterally 
spreading tumors.

Materials and methods. A single-center mixed retrospective-prospective study was conducted at the Medical 
Educational and Scientific Center “University Clinic” (Zaporizhzhia), including 110 patients with LSTs ≥20 mm 
(2015–2024). Granular (LST-G) and non-granular (LST-NG) lesions were assessed using JNET, Kudo, Modified 
Sano, and Hiroshima classifications. Six combinations of endoscopic classification systems were tested in parallel 
to determine diagnostic metrics. The histological evaluation of the resected neoplasia served as the reference 
standard. Resection techniques included endoscopic mucosal resection (EMR), piecemeal EMR, endoscopic 
submucosal dissection (ESD), and hybrid ESD. Recurrence was assessed at 6 months, with its prediction 
evaluated using the SMSA, SERT, and Baylor College of Medicine (BCM) models.

Results. The JNET + Hiroshima combination showed the highest diagnostic performance (LST-G: 81.82 % 
(95  % CI, 67.29–91.81  %) sensitivity, 90.91  % (95  % CI, 70.84–98.88  %) specificity, 84.29  % (95  % CI, 
72.76–92.30 %) diagnostic accuracy; LST-NG: 86.67 % (95 % CI, 59.54–98.34) sensitivity, 100 % (95 % CI, 
86.28–100.00) specificity, 95.00 % (95 % CI, 83.08–99.39 % diagnostic accuracy). JNET + Kudo served as a 
strong alternative. Progressive histological changes and recurrence were significantly more common among 
LST-G (68.6 %) than LST-NG (37.5 %). Recurrences were observed only in the LST-G group (8/70). BCM score 
≥1 demonstrated the highest predictive ability for recurrence (AUC: 0.78), outperforming SMSA and SERT models 
which demonstrated poor discrimination (AUC: 0.31–0.37).

Conclusions. The combination of JNET + Hiroshima or JNET + Kudo classifications optimizes histologic prediction 
in both granular and non-granular large LSTs. LST-Gs demonstrate a higher risk for advanced histology and 
recurrence. The BCM model is preferable for recurrence prediction in large granular LSTs.
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Порівняльна ефективність комбінацій ендоскопічних класифікацій 
і моделей прогнозування рецидивів для великих пухлин товстої кишки, 
що поширюються латерально
В. С. Ткачов, О. М. Кіосов, А. В. Клименко

Пухлини товстої кишки, що поширюються латерально (LST), – окрема форма неполіпоїдних колоректаль-
них неоплазій, які поширюються латерально вздовж поверхні слизової оболонки і часто більші за 20 мм у 
діаметрі. Незважаючи на прогрес у технологіях візуалізації, діагностична точність для великих LST значно 
варіює залежно від використаної класифікаційної системи. Це обґрунтовує доцільність застосування 
комбінованих ендоскопічних підходів і моделей прогнозування рецидивів для покращення стратифікації 
ризику та планування лікування.

Мета роботи – порівняти діагностичну ефективність комбінацій ендоскопічних класифікацій і моделей 
прогнозування рецидивів для великих LST товстої кишки з окремим аналізом гранулярного і негрануляр-
ного підтипу.

Матеріали і методи. Одноцентрове змішане ретроспективно-проспективне дослідження здійснили в 
Навчально-науковому медичному центрі «Університетська клініка ЗДМФУ» (2015–2024), до дослідження 
залучено 110 пацієнтів із LST ≥20 мм. Гранулярні (LST-G) та негранулярні (LST-NG) ураження оцінювали 
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Recent global trends indicate that colorectal cancer poses 
a significant and growing public health challenge worldwide. In 
2020, there were approximately 1.93 million new cases of colorec-
tal cancer globally, with an age-standardized incidence rate of 
19.5 per 100,000 individuals. The mortality burden is substantial, 
with around 935,000 deaths and an age-standardized mortality 
rate of 9 per 100,000 persons. Projections indicate the global bur-
den of colorectal cancer is expected to increase by 60 % by 2030, 
reaching over 2.2 million new cases and 1.1 million deaths [1].

Colonoscopy remains the gold standard in colorectal cancer 
screening, primarily due to its dual ability to detect and remove 
benign precursor lesions, such as adenomatous polyps, before 
they progress to malignancy. Numerous studies demonstrate 
that colonoscopy screening reduces colorectal cancer incidence 
by approximately 30 % and mortality by about 32 % through the 
direct visualization and resection of early, non-invasive lesions. 
The procedure enables the identification of precancerous growth 
at a stage when treatment is most effective, thereby preventing 
the development of advanced disease and substantially improving 
patient outcomes [2].

Image-enhanced endoscopy [3] has revolutionized colorec-
tal cancer diagnostics by enabling real-time, highly accurate 
prediction of histological changes in neoplastic lesions through 
enhanced visualization of mucosal and vascular patterns. This 
technique markedly surpasses conventional white-light endo
scopy, particularly regarding the detection and characterization of 
subtle and flat lesions, using technologies such as narrow-band 
imaging (NBI), flexible spectral imaging color enhancement, blue 
laser imaging, and autofluorescence imaging. The adoption of 
standardized endoscopic classifications – including the Kudo [4], 
Modified Sano [5], Hiroshima [6], and Japan NBI Expert Team 
(JNET) [7] systems – is indispensable for this approach, as these 
frameworks facilitate the optical biopsy process by allowing 
endoscopists to reliably predict histopathology in vivo, optimize 
diagnostic precision, and standardize clinical decision-making [8].

Optical diagnosis has largely supplanted targeted forceps 
biopsy in the routine evaluation of colorectal lesions due to its 
high diagnostic accuracy and real-time histologic prediction 

capabilities. Current evidence demonstrates that while forceps 
biopsy can still provide diagnostic information, it often fails to 
offer additional benefits over advanced optical classifications for 
most lesions prior to endoscopic resection, partly because biopsy 
samples may miss the most dysplastic or malignant areas not 
visible macroscopically. Consequently, targeted forceps biopsy 
is now primarily reserved for cases where deep invasive cancer 
is suspected, and endoscopic resection is not feasible, while 
optical diagnosis governs the assessment and management of 
the majority of colorectal neoplastic lesions. This shift enhances 
procedural efficiency, reduces patient risk, and streamlines clinical 
decision-making [9,10,11].

The JNET classification has demonstrated satisfactory accu-
racy in differentiating neoplastic from non-neoplastic colorectal 
lesions, with particularly high specificity for the detection of deeply 
invasive cancers (type 3). However, the classification’s diagnos-
tic performance in predicting histology shows limitations when 
applied to certain lesion subtypes, especially laterally spreading 
tumors (LST), with the granular mixed subtype being notably chal-
lenging. These lesions often present with extensive and irregular 
surface architecture, complicating endoscopic assessment and 
leading to reduced accuracy in histologic prediction within this 
subgroup [12,13].

In comparison, other classification systems, such as the 
Hiroshima and Modified Sano classifications, continue to provide 
detailed evaluations of vascular and pit patterns, often yielding 
even higher diagnostic metrics than JNET in certain contexts, 
particularly for lesions where surface and pit pattern analysis 
are more straightforward. These systems may incorporate more 
nuanced criteria, including pit pattern assessment through chro-
moendoscopy, which enhances the discrimination of invasive 
versus benign lesions in difficult cases [14].

Overall, while JNET provides a valuable framework for 
real-time optical diagnosis, especially when magnification and 
image-enhancement technologies are utilized, certain lesion 
types, like the granular mixed LST, still pose diagnostic chal-
lenges, warranting supplementary assessment tools such as pit 
pattern analysis to improve accuracy [12,15]. Although the JNET 

за класифікаціями JNET, Kudo, Modified Sano та Hiroshima. Проведено паралельне тестування шести 
комбінацій ендоскопічних класифікацій з визначенням діагностичних метрик. Гістологічний висновок 
видаленої неоплазії використано як стандарт порівняння. Техніки резекції включали EMR, фрагментарну 
EMR, ESD та гібридну ESD. Через 6 місяців оцінювали наявність рецидиву, прогноз якого здійснено за 
допомогою моделей SMSA, SERT і Baylor College of Medicine (BCM).

Результати. Комбінація JNET і Hiroshima показала найвищу діагностичну ефективність (LST-G: чутливість – 
81,82 % (95 % CI, 67,29–91,81 %), специфічність – 90,91 % (95 % CI, 70,84–98,88 %), діагностична точність 
– 84,29 % (95 % CI, 72,76–92,30 %); LST-NG: чутливість – 86,67 % (95 % CI, 59,54–98,34 %), специфічність 
– 100,00 % (95 % CI, 86,28–100 %), діагностична точність – 95,00 % (95 % CI, 83,08–99,39 %)). Комбінація 
JNET і Kudo стала хорошою альтернативою. Прогресивні гістологічні зміни виявляли значно частіше у 
LST-G (68,6 %) порівняно з LST-NG (37,5 %). Рецидиви зафіксовано лише у LST-G групі (8/70). Показник 
BCM ≥1 мав найвищу прогностичну здатність щодо рецидивів (AUC: 0,78), перевищуючи показники моделей 
SMSA та SERT, які мали низьку дискримінаційну здатність (AUC: 0,31–0,37).

Висновки. Комбінація класифікацій JNET і Hiroshima або JNET і Kudo оптимізує прогнозування гістологічних 
змін і для гранулярних, і для негранулярних великих LST. LST-G асоційовані зі значно вищим ризиком 
прогресивної гістології та рецидиву. Модель BCM є кращою для прогнозування рецидивів у великих 
гранулярних LST.
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classification represents a well-balanced and widely validated 
system for the optical diagnosis of colorectal lesions, it remains 
the most optimal rather than a perfect solution. Its strength lies in 
combining vascular and surface pattern assessment to guide his-
tologic predictions, yet it faces diagnostic challenges, particularly 
with heterogeneous lesion types such as JNET type 2B, which 
includes a spectrum from high-grade intramucosal neoplasia to 
superficial submucosal invasive cancers [16]. These limitations 
necessitate adjunctive methods like pit pattern analysis for more 
accurate diagnosis in certain cases [17]. Accordingly, combining 
the JNET classification with other established systems such as the 
Hiroshima and Modified Sano classifications, which emphasize 
additional detailed vascular and pit pattern evaluations, has the 
potential to leverage the advantages of each. Such integrative 
approaches may enhance diagnostic precision and improve 
clinical decision-making in colorectal cancer management beyond 
what any single classification can achieve on its own.

Another unresolved issue is recurrence after removal of 
large LSTs, that remains a critical challenge in colorectal cancer 
management. The SMSA score [18], which incorporates lesion 
size, morphology, site, and access, has been a longstanding 
model for predicting recurrence risk. However, recent years have 
seen the development of additional predictive tools, including 
the Sydney EMR Recurrence Tool (SERT) [19] and the Baylor 
College of Medicine (BCM) model [20], which aim to improve risk 
stratification particularly after piecemeal endoscopic mucosal re-
section (pEMR), but can potentially be used after other methods of 
endoscopic removal. Combining insights from these models could 
optimize the clinical algorithm for managing large LSTs, potentially 
reducing recurrence rates and improving patient outcomes.

Aim
The aim of this study is to compare the diagnostic accuracy 

of combined endoscopic classifications and recurrence prediction 
models to identify the most effective approach for granular and 
non-granular subtypes of laterally spreading tumors.

Materials and methods
This study was conducted at the Medical Educational and Sci-

entific Center “University Clinic” (Zaporizhzhia) as a single-center 
investigation. Patient data were retrospectively collected between 
2015 and 2022 and prospectively enrolled from 2023 to 2024. 
The study cohort comprised 110 patients diagnosed with later-
ally spreading tumors (LSTs) measuring greater than 20 mm 
in diameter. For each participant, only the largest lesion was 
included for analysis.

Inclusion criteria encompassed individuals aged 18 years 
or older presenting with LSTs that satisfied the specified size 
threshold. Key exclusion criteria were defined as: age under 18 
years; endoscopic features suggestive of deep tumor invasion; 
coexistence of malignant neoplasms at other anatomical sites; 
or contraindications to LST excision.

Patients were classified according to the Paris system 
described by Se Kudo et al. [21], based on macroscopic lesion 
morphology. The case series was stratified into two major groups: 

the granular LST (LST-G, n = 70) and the non-granular LST 
(LST-NG, n = 40).

Eligible lesions were assessed by an experienced endosco-
pist utilizing both virtual and vital chromoendoscopy with indigo-
carmine. Vascular and pit patterns were evaluated in accordance 
with the criteria established by the Kudo [4], JNET [7], Modified 
Sano [5], and Hiroshima [6] classifications. Following compre-
hensive optical evaluation, lesions meeting resection criteria 
were excised endoscopically, and histopathological examination 
of the specimen was considered the diagnostic gold standard.

All neoplastic lesions were removed through endoscopic 
techniques. Resection modality was selected based on lesion 
size and morphological characteristics: endoscopic mucosal re-
section (EMR) in 29 cases (26.36 %, en bloc removal), piecemeal 
EMR (pEMR) in 45 cases (40.91 %), endoscopic submucosal 
dissection (ESD) in 25 cases (22.73 %), and hybrid ESD in 11 
cases (10 %).

In accordance with current post-polypectomy surveillance 
recommendations [22] and tumor size considerations, all patients 
underwent follow-up colonoscopy at 6 months post-resection. 
Recurrence was defined as the detection of adenomatous tis-
sue at the excision scar site consistent with the original tumor’s 
morphology.

Categorical variables, including histopathological findings and 
resection methods, were summarized as percentages. Lesion 
size was reported as mean with standard deviation. For each 
group, six combinations of endoscopic classification systems 
were examined: JNET + Hiroshima, JNET + Kudo, JNET + Modi-
fied Sano, Hiroshima + Kudo, Modified Sano + Kudo, and Modified 
Sano + Hiroshima. For each pair of classifications, a combined 
test was considered positive if at least one of the two classifica-
tions indicated a positive result (parallel testing). True-positive, 
false-negative, false-positive, and true-negative values were cal-
culated to derive sensitivity, specificity, negative predictive value 
(NPV), positive predictive value (PPV) and diagnostic accuracy 
metrics. Confidence intervals (95 % CI) for these proportions 
were computed using the Wilson Score Interval. Fisher’s exact 
test was applied to 2 × 2 contingency tables to calculate p-values. 
The significance level was set at p < 0.05.

Tumor recurrence was scored as a binary outcome (0 or 1), 
and recurrence prediction model scores (SMSA, SERT, BCM) 
were assigned following respective primary literature: SMSA 
score range 4–17 [18], SERT range 0–4 [19], BCM range 0–4 
[20]. Logistic regression was used to evaluate relationships be-
tween recurrence model scores and complication outcomes. The 
discriminatory power of each model was further evaluated using 
receiver operating characteristic (ROC) analysis with calculation 
of the area under the curve (AUC) and cutoff values determined 
by Youden’s J statistics.

Statistical analyses were performed using Statistica 13 (Stat-
Soft Inc., Tulsa, OK, USA; License No. JPZ804I382130ARCN10-J).

Results
In the LST-G group, the mean lesion size was 

38.79 ± 16.88 mm, which was substantially larger than that ob-
served in the LST-NG group (23.75 ± 6.38 mm). Tubulo-villous 
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adenomas constituted the majority of resected lesions in the 
LST-G group (49 out of 70 cases), whereas tubular adenomas 
were most prevalent in the LST-NG group (23 out of 40 cases). A 
comprehensive overview of the morphological subtype distribution 
across both groups is illustrated in Fig. 1.

Table 1 presents a comparative analysis of combinations of 
endoscopic classifications in the LST-G group. The JNET + Hi-
roshima combination achieved the highest diagnostic accuracy 
(84.29 %), with a sensitivity of 81.82 % and specificity of 90.91 %, 
representing the most effective balance between lesion detection 
and minimization of false positives. This superiority is further sup-
ported by its diagnostic accuracy index (84.29 %) and Youden’s 
J statistic (0.7273).

The JNET + Kudo pairing ranked second, yielding a Youd-
en’s J statistic of 0.6136 and diagnostic accuracy of 78.57 %, 
with slightly reduced sensitivity (75 %) and specificity (86.36 %) 
relative to the JNET + Hiroshima combination.

Combinations incorporating the Modified Sano classification, 
such as JNET + Modified Sano, Modified Sano + Kudo, and 
Modified Sano + Hiroshima, demonstrated high sensitivity (range: 
93.18–95.45 %) but notably lower specificity (40.91–45.45 %). 
This reduced specificity may result in an excessive number of 
false positives, which may be undesirable in clinical practice.

The Kudo  + Hiroshima combination exhibited the lowest 
sensitivity (56.82 %) and diagnostic accuracy (70 %), indicating 
limited reliability for optical assessment and histological prediction 
of large granular LSTs.

As demonstrated in Table 2, for the non-granular LST group, 
the combination of JNET + Hiroshima proved to be the most 
effective, achieving the highest specificity (100 %), diagnostic 
accuracy (95 %), positive predictive value (100 %), and Youden’s 
index (0.8667). Although its sensitivity (86.67 %) and negative 
predictive value (92.59 %) were marginally lower compared to 
other combinations, these metrics remained robust.

JNET + Kudo and JNET + Modified Sano were the sec-
ond-best performing combinations, each yielding a high Youden’s 
index (0.8533), diagnostic accuracy (92.50 %), and the highest 
sensitivity (93.33 %) and negative predictive value (95.83 %).

The Modified Sano + Kudo pairing exhibited sensitivity equiv-
alent to that of the leading combination but demonstrated inferior 
specificity, diagnostic accuracy, and predictive values.

Among all combinations evaluated, Hiroshima + Kudo and 
Modified Sano + Hiroshima had the lowest sensitivity (73.33 %) 
and were consistently outperformed by the JNET + Hiroshima 
combination across all diagnostic metrics.

Progressive histological changes (high-grade dysplasia and/
or cancer in situ) were observed in 37.5 % (15/40) of patients in 
the LST-NG group and in 68.6 % (48/70) of those in the LST-G 
group. The difference between the two groups was statistically 
significant (p = 0.0025). These findings indicate a higher frequen-
cy of advanced histological alterations in LST-G lesions compared 
with LST-NG lesions.

According to follow-up data, no recurrences were observed 
in the non-granular LST group; consequently, recurrence was 
not predicted and all subsequent analyses of recurrence were 
limited to the LST-G group.

Among granular LSTs, local recurrence at the post-resection 
scar site occurred in 8 out of 70 patients. Statistical evaluation 
indicated that the BCM scoring system demonstrated the highest 
predictive performance for recurrence, with an area under the 
curve (AUC) of 0.78 (95 % CI, 0.63–0.91). Using a threshold of 1 
point, the BCM model achieved a sensitivity of 66.67 % (95 % CI, 
54.11–100) and a specificity of 80.6 % (95 % CI, 70.13–88.89).

The SERT scale and the SMSA scoring system demonstrated 
areas under the curve (AUC) of 0.37 (95 % CI, 0.19–0.63) and 
0.31 (95 % CI, 0.08–0.63), respectively. These results indicate 
that both models perform no better than chance in predicting 
recurrence in large granular LSTs.

8	 Modern medical technology. Volume 18. Issue 1, January – March 2026	 ISSN 2072-9367

Оригінальні дослідження / Original research

6
1

10

23

18

1

49

2

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

LST-NG LST-G

Villous adenoma

Tubulo-villous adenoma

Tubular adenoma

Serrated adenoma

Hyperplastic polyp

Fig. 1. Distribution of morphological subtypes in granular and non-granular LST groups.

1



Discussion
The results of our study highlight that identical endoscopic di-

agnostic approaches can produce divergent outcomes depending 
on the LST subtype. Specifically, endoscopic classifications tend 
to yield higher diagnostic accuracy metrics in non-granular LSTs 
compared to granular types. This discrepancy is likely attributable 
to the greater ease of visualizing the flat, smooth surface char-
acteristic of non-granular lesions, whereas the nodular, irregular 
morphology of granular LSTs presents challenges. The latter 
often features thick, opaque mucus production – a hallmark of 
tubulovillous adenomas, which comprise the majority of granular 
LSTs – further complicating optical assessment and possibly ob-
scuring diagnostic features, as it was also described before [8,17].

The diagnostic sensitivity and specificity achieved in our 
investigation for combinations such as JNET + Hiroshima and 
JNET + Kudo (sensitivity: 75.00–93.33 %, specificity: 86.36–
100.00 %) for large laterally spreading tumors notably surpass 

the performance of individual endoscopic classifications reported 
in recent literature.

For the JNET classification, contemporary studies report 
a sensitivity of 56.6 % for high-grade colorectal lesions and a 
specificity ranging between 77.4 % and 95.7 %, with notable 
variability depending on lesion subtype and size. While some 
series demonstrate correctly classified rates above 77 %, overall 
discriminatory ability for histological prediction remains moderate 
in challenging cases [12,13,14].

The Kudo classification remains one of the most widely 
utilized and recommended systems for determining the morpho-
logical type of colorectal neoplasms. While it performs effectively 
in identifying invasive cancer and in differentiating neoplastic from 
non-neoplastic polyps, its ability to distinguish benign lesions 
from dysplasia and early-stage cancer is limited, aligning with 
previous reports [23,24].

Recent research has also explored multimodal classification 
approaches to enhance diagnostic accuracy.
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Table 1. Comparison of combinations of endoscopic classifications in the LST-G group

Classifications Sensitivity 
(95 % CI)

Specificity 
(95 % CI)

NPV  
(95 % CI)

PPV  
(95 % CI)

Diagnostic 
accuracy 
(95 % CI)

Youden’s 
J statistic

p-value

JNET + Hiroshima 81.82 %  
(67.29–91.81)

90.91 %  
(70.84–98.88)

71.43 %  
(51.29–86.82)

94.74 %  
(82.25–99.36)

84.29 %  
(72.76–92.30)

0.7273 <0.0001

JNET + Kudo 75.00 %  
(60.55–86.02)

86.36 %  
(65.09–97.09)

65.52 %  
(45.67–82.06)

90.91 %  
(77.01–97.88)

78.57 %  
(66.31–87.97)

0.6136 <0.0001

JNET + Modified Sano 95.45 %  
(84.53–99.44)

40.91 %  
(21.71–62.33)

81.82 %  
(48.22–97.72)

73.68 %  
(59.99–84.70)

75.71 %  
(63.38–85.57)

0.3636 <0.0001

Hiroshima + Kudo 56.82 %  
(41.24–71.51)

92.31 %  
(74.87–99.05)

55.56 %  
(38.10–72.06)

92.59 %  
(75.71–99.09)

70.00 %  
(57.18–80.87)

0.4913 <0.0001

Modified Sano + Kudo 93.18 %  
(81.34–98.57)

42.31 %  
(23.37–62.96)

78.57 %  
(49.20–95.34)

73.21 %  
(59.02–84.70)

74.29 %  
(61.93–84.43)

0.3549 <0.0001

Modified Sano + Hiroshima 93.18 %  
(81.34–98.57)

45.45 %  
(25.16–66.29)

78.57 %  
(49.20–95.34)

74.55 %  
(60.40–85.71)

75.71 %  
(63.38–85.57)

0.3863 <0.0001

Table 2. Comparison of combinations of endoscopic classifications in the LST-NG group

Classifications Sensitivity 
(95 % CI)

Specificity 
(95 % CI)

NPV  
(95 % CI)

PPV  
(95 % CI)

Diagnostic 
accuracy 
(95 % CI)

Youden’s 
J statistic

p-value

JNET + Hiroshima 86.67 %  
(59.54–98.34)

100.00 %  
(86.28–100.00)

92.59 %  
(75.71–99.09)

100.00 %  
(75.29–100.00)

95.00 %  
(83.08–99.39)

0.8667 <0.0001

JNET + Kudo 93.33 %  
(68.05–99.83)

92.00 %  
(73.97–99.02)

95.83 %  
(78.88–99.89)

87.50 %  
(61.65–98.45)

92.50 %  
(79.61–98.43)

0.8533 <0.0001

JNET + Modified Sano 93.33 %  
(68.05–99.83)

92.00 %  
(73.97–99.02)

95.83 %  
(78.88–99.89)

87.50 %  
(61.65–98.45)

92.50 %  
(79.61–98.43)

0.8533 <0.0001

Hiroshima + Kudo 73.33 %  
(44.90–92.21)

92.00 %  
(73.97–99.02)

85.19 %  
(66.27–95.81)

84.62 %  
(54.55–98.08)

85.00 %  
(70.16–94.29)

0.6533 <0.0001

Modified Sano + Kudo 86.67 %  
(59.54–98.34)

84.00 %  
(63.92–95.46)

91.30 %  
(71.96–98.93)

76.47 %  
(50.10–93.19)

85.00 %  
(70.16–94.29)

0.7067 <0.0001

Modified Sano + Hiroshima 73.33 %  
(44.90–92.21)

92.00 %  
(73.97–99.02)

85.19 %  
(66.27–95.81)

84.62 %  
(54.55–98.08)

85.00 %  
(70.16–94.29)

0.6533 <0.0001



The supplementary application of the Kudo pit pattern in 
conjunction with the JNET classification has been proposed to 
mitigate limitations in JNET’s performance, particularly for type 
2B lesions, by refining diagnostic granularity. This combined ap-
proach has shown promise for enhancing detection of high-grade 
dysplasia and invasive cancer, supporting the need for integrated 
diagnostic strategies [13].

The novel Colorectal Neoplasia Endoscopic Classification 
to Choose the Treatment (CONECCT) integrates visual and 
macroscopic features to predict morphologic type of neoplasia 
and submucosal or deep invasion in colorectal lesions [25]. 
Based on the most recent evidence, the CONECCT classifi-
cation demonstrates high sensitivity, ranging from 70.7 % to 
100.0 % across different studies, but frequently at the expense 
of low specificity (as low as 26.2  %) and positive predictive 
value (11.6 %) for submucosal cancer prediction in colorectal 
lesions. In other contexts, particularly in heterogenous cohorts 
and for specific lesion subtypes, the CONECCT classification 
has reported more balanced specificity values between 83.4 % 
and 98.9 %. Thus, its diagnostic performance varies depending 
on lesion characteristics, with a notable tradeoff between sen-
sitivity and specificity depending on the clinical scenario and 
population studied. However, it is important to note that these 
diagnostic metrics were primarily reported in studies evaluating 
heterogeneous lesion cohorts, rather than focusing specifically 
on large colorectal lesions [25,26,27].

Overall, these findings are consistent with contemporary 
literature emphasizing the benefits and limitations of individual 
and combined endoscopic classifications. They underscore the 
importance of tailored diagnostic approaches contingent upon 
lesion subtype morphology and highlight the ongoing evolution 
of endoscopic optical diagnosis in colorectal neoplasia man-
agement.

The SMSA scoring system has previously been evaluated 
as a model for recurrence prediction and has consistently 
demonstrated mediocre results. The SERT and BCM models 
were specifically developed to predict recurrence after piece-
meal EMR procedures, but in our study, both were applied 
to a mixed cohort of patients who had undergone various 
endoscopic resection methods, including piecemeal EMR, en 
bloc EMR, ESD, and hybrid ESD. Despite the marked lack of 
predictive power observed with the SMSA and SERT models 
– rendering them ineffective in this clinical context, the BCM 
model exhibited fair discriminative ability. Accordingly, the 
BCM model was validated in our analysis as an effective tool 
for predicting recurrence in large granular LSTs regardless of 
the method of endoscopic removal used. These findings are 
consistent with broader recent literature, which highlights the 
superiority and reliability of the BCM model over alternative 
systems for risk stratification and recurrence prediction in 
colorectal neoplasia [19,20,28].

Conclusions
1. The combination of JNET and Hiroshima classifications 

was identified as the most effective and accurate for predicting 
histological changes in both granular and non-granular large 

laterally spreading tumors, with JNET and Kudo serving as a 
viable alternative.

2. Large granular LSTs exhibit a higher incidence of pro-
gressive histological changes and tumor recurrence compared 
to non-granular types.

3. The Baylor College of Medicine model demonstrated good 
predictive performance for recurrence, achieving an area under 
the curve (AUC) of 0.78. A BCM score of 1 or greater significantly 
correlates with an increased risk of recurrence.

Prospects for further scientific research. Future research 
should focus on expanding and validating combined endoscopic 
classification systems in multicenter and international cohorts, 
thus ensuring generalizability and reproducibility across diverse 
patient populations. Further studies should also prioritize the 
longitudinal assessment of BCM and emerging recurrence pre-
diction models to refine postoperative surveillance protocols and 
optimize individualized management strategies. Investigations 
into molecular markers and genetic profiles associated with re-
currence and progression in LSTs could provide complementary 
predictive tools, fostering a more comprehensive, precision-med-
icine approach to colorectal neoplasia.

Ethical approval
All procedures performed in this study were in accordance with the ethical 
standards of the institutional research committee and Helsinki declaration and 
its later amendments. Informed consent was obtained from all participants 
included in the study. The Bioethics Committee of Zaporizhzhia State Medical 
and Pharmaceutical University reviewed the materials presented in the 
article and confirmed their compliance with all moral and ethical standards 
stipulated by the current regulatory and legal documents (Protocol No. 10 
dated September 18, 2025).

Funding
The study was performed without financial support.

Information about the authors:
Tkachov V. S., MD, PhD Student of the Department of Faculty Surgery and 
Oncology, Zaporizhzhia State Medical and Pharmaceutical University, Ukraine.
ORCID ID: 0000-0002-5583-4921
Kiosov O. M., MD, PhD, Assistant of the Department of General Surgery 
and Postgraduate Surgical Education, Zaporizhzhia State Medical and 
Pharmaceutical University, Ukraine.
ORCID ID: 0000-0002-0212-1549
Klymenko A. V., MD, PhD, DSc, Professor, Head of the Department of Faculty 
Surgery and Oncology, Zaporizhzhia State Medical and Pharmaceutical 
University, Ukraine.
ORCID ID: 0000-0002-8502-0769

Відомості про авторів:
Ткачов В. С., аспірант каф. факультетської хірургії і онкології,  
Запорізький державний медико-фармацевтичний університет,  
Україна.
Кіосов О. М., PhD, асистент каф. загальної хірургії та післядипломної 
хірургічної освіти, Запорізький державний медико-фармацевтичний 
університет, Україна.
Клименко А. В., д-р мед. наук, професор каф. факультетської хірургії і 
онкології, Запорізький державний медико-фармацевтичний університет, 
Україна.

	 Vladyslav Tkachov (Владислав Ткачов)
	 tkachov.facultysurg@gmail.com

10	 Modern medical technology. Volume 18. Issue 1, January – March 2026	 ISSN 2072-9367

Оригінальні дослідження / Original research

https://orcid.org/0000-0002-5583-4921
https://orcid.org/0000-0002-0212-1549
https://orcid.org/0000-0002-8502-0769
mailto:tkachov.facultysurg%40gmail.com?subject=


References
1.	 Darmadi D, Mohammadian-Hafshejani A, Kheiri S. Global Disparities in 

Colorectal Cancer: Unveiling the Present Landscape of Incidence and 
Mortality Rates, Analyzing Geographical Variances, and Assessing the 
Human Development Index. J Prev Med Hyg. 2025;65(4):E499-E514. 
doi: 10.15167/2421-4248/jpmh2024.65.4.3071

2.	 Zheng S, Schrijvers J, Greuter M, Kats-Ugurlu G, Lu W, de Bock GH. 
Effectiveness of Colorectal Cancer (CRC) Screening on All-Cause and 
CRC-Specific Mortality Reduction: A Systematic Review and Meta-Analysis. 
Cancers (Basel). 2023;15(7):1948. doi: 10.3390/cancers15071948

3.	 Shahsavari D, Waqar M, Thoguluva Chandrasekar V. Image enhanced colo-
noscopy: updates and prospects-a review. Transl Gastroenterol Hepatol. 
2023;8:26. doi: 10.21037/tgh-23-17

4.	 Kudo S, Hirota S, Nakajima T, Hosobe S, Kusaka H, Kobayashi T, et al. 
Colorectal tumours and pit pattern. J Clin Pathol. 1994;47(10):880-5. 
doi: 10.1136/jcp.47.10.880

5.	 Singh R, Jayanna M, Navadgi S, Ruszkiewicz A, Saito Y, Uedo N. Nar-
row-band imaging with dual focus magnification in differentiating colorectal 
neoplasia. Dig Endosc. 2013;25 Suppl 2:16-20. doi: 10.1111/den.12075

6.	 Kanao H, Tanaka S, Oka S, Hirata M, Yoshida S, Chayama K. Narrow-band 
imaging magnification predicts the histology and invasion depth of colorec-
tal tumors. Gastrointest Endosc. 2009;69(3 Pt 2):631-6. doi: 10.1016/j.
gie.2008.08.028

7.	 Sano Y, Tanaka S, Kudo SE, Saito S, Matsuda T, Wada Y, et al. Narrow-band 
imaging (NBI) magnifying endoscopic classification of colorectal tumors 
proposed by the Japan NBI Expert Team. Dig Endosc. 2016;28(5):526-33. 
doi: 10.1111/den.12644

8.	 Nagai M, Suzuki S, Minato Y, Ishibashi F, Mochida K, Ohata K, et al. 
Detecting colorectal lesions with image-enhanced endoscopy: an updated 
review from clinical trials. Clin Endosc. 2023;56(5):553-62. doi: 10.5946/
ce.2023.055

9.	 Ferlitsch M, Hassan C, Bisschops R, Bhandari P, Dinis-Ribeiro M, Risio M, 
et al. Colorectal polypectomy and endoscopic mucosal resection: European 
Society of Gastrointestinal Endoscopy (ESGE) Guideline – Update 2024. 
Endoscopy. 2024;56(7):516-45. doi: 10.1055/a-2304-3219

10.	 Jiang Y, Wang J, Chen Y, Sun H, Dong Z, Xu S. Discrepancy Between 
Forceps Biopsy and Resection in Colorectal Polyps: A 1686 Paired 
Screening-Therapeutic Colonoscopic Finding. Ther Clin Risk Manag. 
2022;18:561-9. doi: 10.2147/TCRM.S358708

11.	 Tkachov VS, Klymenko AV, Kiosov OM. [Diagnostic accuracy of endo-
scopic optical evaluation and forceps biopsy in comparison with patho-
histological findings of colorectal laterally spreading tumors]. Pathologia. 
2024;21(2):106-12. Ukrainian. doi: 10.14739/2310-1237.2024.2.302882

12.	 Wang Y, Li WK, Wang YD, Liu KL, Wu J. Diagnostic performance of nar-
row-band imaging international colorectal endoscopic and Japanese nar-
row-band imaging expert team classification systems for colorectal cancer 
and precancerous lesions. World J Gastrointest Oncol. 2021;13(1):58-68. 
doi: 10.4251/wjgo.v13.i1.58

13.	 Grega T, Kmochova K, Hejcmanova K, Ngo O, Brodyuk N, Majek O, et al. Im-
pact of narrow band imaging in prediction of histology of advanced colorectal 
neoplasia. Sci Rep. 2025;15(1):1414. doi: 10.1038/s41598-025-85669-w

14.	 Le NQ, Huynh TM, Vo D, Le HM, Tran T, Tran V, et al. Diagnostic perfor-
mance of the Japanese Narrow-band imaging expert team classification sys-
tem using dual focus magnification in real-time Vietnamese setting. Medicine 
(Baltimore). 2024;103(27):e38752. doi: 10.1097/MD.0000000000038752

15.	 Ahmed N, Bechara R. Endoscopic submucosal dissection and JNET 
classification for colorectal neoplasia: A North American academic center 
experience. DEN Open. 2023;4(1):e322. doi: 10.1002/deo2.322

16.	 Zhang Y, Chen HY, Zhou XL, Pan WS, Zhou XX, Pan HH. Diagnostic 
efficacy of the Japan Narrow-band-imaging Expert Team and Pit pattern 
classifications for colorectal lesions: A meta-analysis. World J Gastroenterol. 
2020;26(40):6279-94. doi: 10.3748/wjg.v26.i40.6279

17.	 Sakamoto T, Akiyama S, Narasaka T, Tuchiya K. Advancements and 
limitations of image-enhanced endoscopy in colorectal lesion diagnosis 
and treatment selection: A narrative review. DEN Open. 2025;6(1):e70141. 
doi: 10.1002/deo2.70141

18.	 Gupta S, Miskovic D, Bhandari P, Dolwani S, McKaig B, Pullan R, et al. A 
novel method for determining the difficulty of colonoscopic polypectomy. 
Frontline Gastroenterol. 2013;4(4):244-8. doi: 10.1136/flgastro-2013-100331

19.	 Silva MA, Leal C, Ruge A, Fernandes A, Eliseu L, Vasconcelos H. Ad-
enoma Recurrence after Endoscopic Piecemeal Mucosal Resection of 

Colorectal Flat Lesions: Applicability of the Sydney EMR Recurrence Tool 
in a Non-Tertiary Centre. GE Port J Gastroenterol. 2021;29(4):247-55. 
doi: 10.1159/000518445

20.	 Gomez Cifuentes JD, Berger S, Caskey K, Jove A, Sealock R, Hair C, et al. 
New Model to Predict Recurrence After Endoscopic Mucosal Resection of 
Non-pedunculated Colonic Polyps ≥ 20 mm. Dig Dis Sci. 2023;68(10):3935-
42. doi: 10.1007/s10620-023-08054-5

21.	 Kudo Se, Lambert R, Allen JI, Fujii H, Fujii T, Kashida H, et al. Nonpolypoid 
neoplastic lesions of the colorectal mucosa. Gastrointest Endosc. 2008;68(4 
Suppl):S3-47. doi: 10.1016/j.gie.2008.07.052

22.	 Hassan C, Antonelli G, Dumonceau JM, Regula J, Bretthauer M, Chauss-
ade S, et al. Post-polypectomy colonoscopy surveillance: European 
Society of Gastrointestinal Endoscopy (ESGE) Guideline – Update 2020. 
Endoscopy. 2020;52(8):687-700. doi: 10.1055/a-1185-3109

23.	 Murakami T, Kamba E, Tsugawa N, Fukushima H, Shibuya T, Yao T, et al. 
Usefulness of magnifying endoscopy for diagnosis of sessile serrated lesion 
with dysplasia or carcinoma: Large retrospective study. Endosc Int Open. 
2024;12(7):E895-E904. doi: 10.1055/a-2337-3944

24.	 Hong SW, Byeon JS. Endoscopic diagnosis and treatment of early colorectal 
cancer. Intest Res. 2022;20(3):281-90. doi: 10.5217/ir.2021.00169

25.	 Brule C, Pioche M, Albouys J, Rivory J, Geyl S, Legros R, et al. The 
COlorectal NEoplasia Endoscopic Classification to Choose the Treatment 
classification for identification of large laterally spreading lesions lacking 
submucosal carcinomas: A prospective study of 663 lesions. United Euro-
pean Gastroenterol J. 2022;10(1):80-92. doi: 10.1002/ueg2.12194

26.	 Bonniaud P, Jacques J, Lambin T, Gonzalez JM, Dray X, Coron E, et al. 
Endoscopic characterization of colorectal neoplasia with different published 
classifications: comparative study involving CONECCT classification. En-
dosc Int Open. 2022;10(1):E145-53. doi: 10.1055/a-1613-5328

27.	 De Lange G, Prouvost V, Rahmi G, Vanbiervliet G, Le Berre C, Mack S, et al. 
Artificial intelligence for characterization of colorectal polyps: Prospective 
multicenter study. Endosc Int Open. 2024;12(3):E413-8. doi: 10.1055/a-
2261-2711

28.	 Bragança S, Garcia AC, Alexandrino G, Oliveira AM, Horta D, Lourenço LC, 
et al. Validation of a novel BCM model for recurrence risk prediction after 
mucosectomy of colorectal lateral spreading tumors in a European cohort. 
Clin Res Hepatol Gastroenterol. 2024;48(7):102414. doi:  10.1016/j.
clinre.2024.102414

ISSN 2072-9367	 Сучасні медичні технології. Т. 18, № 1(68), січень – березень 2026 р.	 11

Оригінальні дослідження / Original research

https://doi.org/10.15167/2421-4248/jpmh2024.65.4.3071
https://doi.org/10.3390/cancers15071948
https://doi.org/10.21037/tgh-23-17
https://doi.org/10.1136/jcp.47.10.880
https://doi.org/10.1111/den.12075
https://doi.org/10.1016/j.gie.2008.08.028
https://doi.org/10.1016/j.gie.2008.08.028
https://doi.org/10.1111/den.12644
https://doi.org/10.5946/ce.2023.055
https://doi.org/10.5946/ce.2023.055
https://doi.org/10.1055/a-2304-3219
https://doi.org/10.2147/TCRM.S358708
https://doi.org/10.14739/2310-1237.2024.2.302882
https://doi.org/10.4251/wjgo.v13.i1.58
https://doi.org/10.1038/s41598-025-85669-w
https://doi.org/10.1097/MD.0000000000038752
https://doi.org/10.1002/deo2.322
https://doi.org/10.3748/wjg.v26.i40.6279
https://doi.org/10.1002/deo2.70141
https://doi.org/10.1136/flgastro-2013-100331
https://doi.org/10.1159/000518445
https://doi.org/10.1007/s10620-023-08054-5
https://doi.org/10.1016/j.gie.2008.07.052
https://doi.org/10.1055/a-1185-3109
https://doi.org/10.1055/a-2337-3944
https://doi.org/10.5217/ir.2021.00169
https://doi.org/10.1002/ueg2.12194
https://doi.org/10.1055/a-1613-5328
https://doi.org/10.1055/a-2261-2711
https://doi.org/10.1055/a-2261-2711
https://doi.org/10.1016/j.clinre.2024.102414
https://doi.org/10.1016/j.clinre.2024.102414

	Tkachov V. S., Kiosov O. M., Klymenko A. V. [Comparative efficacy of combinations of endoscopic classifications and recurrence models for large colorectal laterally spreading tumors]
	Article info
	DOI
	UDC
	Key words
	Conflicts of interest

	Introduction
	Aim
	Materials and methods
	Results
	Discussion
	Conclusions
	Ethical approval
	Funding
	Information about the authors
	Corresponding author
	References
	Tables
	Table 1. Comparison of combinations of endoscopic classifications in the LST-G group
	Table 2. Comparison of combinations of endoscopic classifications in the LST-NG group

	Figures
	Fig. 1. Distribution of morphological subtypes in granular and non-granular LST groups.





