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ABSTRACT

Objective: Colorectal cancer develops from precursor epithelial polyps, including tubular adenomas, villous or tubulovillous adenomas, sessile
serrated lesions, and traditional serrated adenomas. Although diagnostic criteria for these lesions have been established, overlapping features
often complicate classification. This study aimed to define the characteristics and shared features of colorectal adenomas.

Material and Methods: A total of 140 adenomas were evaluated, comprising 71 conventional adenomas, 34 sessile serrated lesions, and 35
traditional serrated adenomas. Hematoxylin and eosin-stained slides were reviewed. Macroscopic features, including sessile or polypoid
structure, were documented from pathology and endoscopy reports. Histopathological features were assessed first as present or absent, and then
by extent using a four-tiered scale (0: less than 10%, 1: 10-25%, 2: 25-75%, 3: more than 75%). Sixteen adenomas with overlapping features were
classified as hybrid or unclassified. Molecular studies, including mutation analysis of KRAS, NRAS, and BRAF, as well as microsatellite instability
and MLH1 promoter methylation, were performed in 50 cases.

Results: No gender predominance was identified. Sessile morphology was most common in sessile serrated lesions and hybrid adenomas.
Conventional adenomas showed serration in 50% of cases and ectopic crypts in 23%, though usually involving less than 25% of the lesion.
Adenomatous dysplasia was present in most traditional serrated adenomas and nearly half of sessile serrated lesions, while serrated dysplasia
occurred in a minority of conventional adenomas. KRAS mutations predominated in conventional (55%) and hybrid adenomas (80%), whereas
BRAF mutations were most frequent in sessile serrated lesions (60%) and traditional serrated adenomas (40%); MLH1 promoter methylation
was observed across all types, while no NRAS mutations or microsatellite instability were detected.

Conclusion: Histopathological features overlapped among all adenoma types, and no single feature was lesion-specific. Applying quantitative
thresholds may improve diagnostic accuracy and reduce interobserver variability.

Keywords: Colorectal adenomas, Sessile serrated lesion, Traditional serrated adenoma, Ectopic crypt, Microsatellite Instability

INTRODUCTION conventional adenomas (tubular, villous and tubulovillous
adenoma) and serrated lesions (hyperplastic polyp, sessile
serrated lesion, dysplastic sessile serrated lesion, traditional
serrated adenoma, unclassified serrated adenoma) (2). In
this most recent version, the histological characteristics of
adenomas were also determined. Nevertheless, the book
and the literature are unclear about the differential diag-

nosis of these adenomas when there are overlapping his-

Adenomas are the most common neoplasms in the colon
and are frequently implicated in the development of colon
cancer (1,2). Two classical morphological pathways (classi-
cal adenoma-carcinoma development and serrated neopla-
sia development) and three molecular pathways (chromo-
somal instability, microsatellite instability, and CpG island
methylation) have been identified as playing a role in the

progression from adenoma to carcinoma (3,4). The latest
updates of the WHO 2019 Gastrointestinal System Tumors
manual have updated the precursors of these pathways for

tological features (5). The focus of many recent studies has
been on distinguishing between hyperplastic polyps and
neoplastic serrated lesions. Additionally, the diagnosis of
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lesions displaying mixed characteristics, such as conven-
tional adenoma with serrated features, poses challenges for
pathologists in their routine practice (6,7). Studies in the
literature have reported that adenomatous dysplasia can
be seen in serrated neoplasms at varying rates and serrated
dysplasia can also be seen in conventional adenomas. How-
ever, there is no information on how to make the differen-
tial diagnosis of these lesions when dysplasia is seen (8).
Furthermore, there is a lack of clarity regarding the specific
histopathological features that should be considered when
naming a lesion and the extent to which these features con-
tribute to meeting diagnostic criteria. Therefore, the aim
of this study was to investigate whether the histopathologi-
cal and molecular features of polyps/adenomas from either
pathway can aid in the differentiation and diagnosis of
these lesions.

MATERIAL and METHODS
Case Inclusion and Exclusion Criteria

A total of 140 cases were included in this retrospective
study, comprising 71 conventional adenomas (CA) (35
tubular adenomas (TA) and 36 tubulovillous adenomas
(TVA)), 34 sessile serrated lesions (SSL), and 35 traditional
serrated adenomas (TSA), as diagnosed at our clinic. Each
case underwent re-evaluation by one experienced patholo-
gist, two moderately experienced pathologists, and one ju-
nior pathologist. To be included in the study, each case had
to have sufficient tissue in the blocks for molecular tests.
Additionally, for microsatellite instability (MSI) analysis, it
was required that at least 10 cases had normal tissue, or a
biopsy with normal tissue had been obtained from another
region at a different time. Cases where access to the archi-
val block was not possible or those that had been sent to an
external center for consultation were excluded.

Demographic and Histopathological Analysis

Data regarding age, gender, lesion size, localization, and
pedunculated or sessile status were obtained from the
hospital intranet system. All pathology materials from the
cases were re-evaluated, and the following features were as-
sessed: tubular structure, villous structure, serration (slit-
like and usual), ectopic crypt, eosinophilic cytoplasm, pen-
cillate nucleus, crypt base dilatation, mucinous hypersecre-
tion at the base and surface, adenomatous/serrated dyspla-
sia, and the degree of dysplasia. The presence of tubular
and villous structures, serration, ectopic crypt, eosinophilic
cytoplasm, pencillate nucleus, and mucinous hypersecre-
tion at the base and surface were initially evaluated using
a two-item system (present/absent), and then a four-item
scoring system was employed to determine the extent of
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these features relative to the total material area (0: <10%,
1: 10-25%, 2: 25-75%, 3: 75% or more). Adenomatous and
serrated dysplasia, as well as dilatation of the crypt base,
were assessed as present/absent, as one basal dilatation in
a crypt was sufficient for serrated lesions according to the
2019 WHO classification.

A diagnosis of traditional serrated adenoma was based on
the presence of luminal slit-like serration, ectopic crypt, eo-
sinophilic cytoplasm, pencillate nucleus, and for serrated
lesions serration with mucin droplets and goblet cells in the
crypts, crypt base dilatation (observed as an inverse T or L
shape), asymmetrical proliferation, and horizontal growth
along the muscularis mucosa were used (2,9,10). A diagno-
sis of conventional adenoma was established by identifying
spindling of the epithelium with loss of polarity, varying
degrees of hyperchromatic features, nuclei with increased
stratification, and a reduced number of goblet cells and
absorptive cells. Subtyping of conventional adenomas was
performed based on the degree of tubular and villous ar-
chitecture (2). The final diagnosis was determined when at
least three pathologists reached the same conclusion. Cases
where a majority consensus could not be reached were clas-
sified as hybrid/unclassified cases.

Molecular Analysis

Molecular analysis, including KRAS, NRAS, BRAF muta-
tion analysis, microsatellite instability analysis, and MLH-1
promoter methylation analysis, was conducted on a total
of 50 cases, with 10 cases from each group (TA, TVA, SSL,

TSA, and hybrid) having sufficient tissue in the paraffin
blocks.

BRAF, KRAS, NRAS Mutation Analyses: DNA Extraction:
Ten histological tissue sections with a thickness of 10 um
were obtained from the extra-lesional formalin-fixed par-
affin-embedded tissue blocks of each patient for lesion and
microsatellite instability analysis. The sections were manu-
ally located to include the areas that best represented the
lesion. The dissected tissue sections were placed in a ster-
ile 1.5 ml Eppendorf tube, and the paraffin was removed.
DNA extraction was performed using the QIAamp DNA
FFPE Tissue Kit (Catalog No: 56404). The quantity and
quality of the extracted DNA were measured using a spec-
trophotometer, and the DNA was stored at -20°C until fur-
ther analysis.

PCR and Sequencing: Exon 15 of the BRAF gene, exon 2, 3,
and 4 of the NRAS gene, and exon 2, 3, and 4 of the KRAS
gene were amplified using PCR with the HotStarTaq DNA
Polymerase kit (Qiagen, Germany, Catalog No: 203205)
and the specified forward and reverse primers listed in
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Table I: Forward and reverse primer sequences of exon
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Primer sequences of each exon.

Gene Forward primer sequence (5’>3’) Reverse primer sequence (5’>3’)
BRAF exon 15 TCATAATGCTTGCTCTGATAGG GGCCAAAAATTTAATCAGTGG
KRAS exon 2 GTGTGACATGTTCTAATATAGTCA CTGTATCAAAGAATGGTCCTGCAC
KRAS exon 3 TTTTTGAAGTAAAAGGTGCACTG TTTAAACCCACCTATAATGGTGAA
KRAS exon 4 GGACTCTGAAGATGTACCTATGGTC AAGAAGCAATGCCCTCTCAA
NRAS exon 2 GAAAGCTTTAAAGTACTGTAGATGTGG AGATGATCCGACAAGTGAGAGA
NRAS exon 3 CCCCTTACCCTCCACACC CACAAAGATCATCCTTTCAGAGAA
NRAS exon 4 TGGTGCTAGTGGGAAACAAG TGAATATGGATCACATCTCTACCA

Table I. Once it was confirmed that the samples had suc-
cessfully amplified to the expected length, the control was
functional, and there was no contamination, the PCR prod-
ucts underwent purification according to the protocol us-
ing the QIAquick PCR Purification Kit (Qiagen, Germany,
Catalog No: 28106). The purified PCR products were then
subjected to forward and reverse sequencing following the
protocol with the Big Dye Terminator v 3.1 Cycle Sequenc-
ing kit using the ABI-3730 (48 capillaries) DNA Sequencer
device.

Microsatellite Instability and MLH-1 Promoter Methyla-
tion Analysis: DNA extraction from tissues with or with-
out tumor cells was completed in the previous step. The
PCR master mix, positive and negative controls, sample
without DNA, and K 562 (used as an amplification con-
trol) were distributed among the patient samples for the
amplification procedure. PCR amplification was per-
formed using the Promega MSI Analysis System, Version
1.2 kit, with the 5 mononucleotide repeat markers (NR-21,
BAT-25, MONO-27, BAT-26, and NR-24) for detecting
microsatellite instability (MSI) and the 2 pentanucleotide
repeat markers (Penta C and Penta D) for assessing con-
sistency between the patient’s lesion and normal tissue and
detecting any potential contamination. The fluorescence-
labeled PCR products were then analyzed and sized using
electrophoresis in the ABI-3730 (48 capillaries) automatic
sequencing device. The genotypes for each marker were
compared and scored as either stable or unstable. MLH-
1 promoter analysis was performed using the Real-Time
PCR method. Methylation of the MGMT gene was detected
in the promoter region and at the 9 CpG islands in exon-1.

Statistical Method

Continuous variables were presented as mean and standard
deviation (SD), while categorical variables were presented
as number and percentage. The normality of numerical
variables was assessed using the Kolmogorov-Smirnov test.

For normally distributed data, the independent samples t-
test was used for analysis, while the Mann-Whitney U test
was used for data with skewed distribution. Categorical
variables were presented as percentages and analyzed using
the chi-square test. One-way analysis of variance (ANOVA)
was used to assess statistically significant differences among
more than two independent (unrelated) groups for normal-
ly distributed data, while the Kruskal-Wallis test was used
for data with an abnormal distribution. The Tukey test was
employed to compare differences between parametric vari-
ables, and the Dwass-Steel-Critchlow-Fligner test was used
for non-parametric variables. Pearson’s chi-square test was
used to compare differences between categorical variables.
Pearson correlation analysis was used for variables with
normal distribution, while Spearman correlation analysis
was used for variables with abnormal distribution to evalu-
ate the relationships between variables. All statistical analy-
ses were performed using Jamovi (Version 0.9), a computer
software for statistical analysis (Jamovi project, 2018). A p-
value < 0.05 was considered statistically significant.

RESULTS

Microscopic evaluation led to a change in the initial diag-
nosis for 10 cases initially diagnosed as TV A, 5 cases as SSL,
and 1 case as TSA, resulting in a reclassification as hybrid
adenomas (HA). Consequently, the number of cases for
CA, SSL, TSA, and HA was determined as 61, 29, 34, and
16, respectively.

Table II shows the demographic, histopathological and
molecular findings of each group.

Demographic Findings

Out of the total 140 patients, 43 (30.7%) were females and
97 (69.3%) were males, with an age range of 27-88 years
and a mean (SD) age of 63.3 (£11.22) years. There were no
statistically significant differences (p > 0.05) in terms of age
and gender among the CA, SSL, TSA, and hybrid groups.
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Table II: Demographic, histopathological and molecular findings of all groups

CA n=61 SSL n=29 TSA n=34 HA n=16
Findings p-value
n (%) n (%) n (%) n (%)

Sex (male) 45/61 (73.7) 18/29 (62) 23/34 (67.6) 11/16 (68.7) 0.7222
Age (year) 63 (55-69) 59 (54-71) 65 (59-74) 64 (56-70) 0.222!
Lesion diameter (cm) 1.20 (1-1.73) 0.8 (0.5-1.5) 1.5 (1-2.5) 1.45 (0.94-2.12) 0.001!
Sessile morphology 12/61 (19.6) 29/29 (100) 18/34 (52.9) 12/16 (75) <0.0012
Left-sided localization 53/61 (86.8) 12/29 (41.3) 28/34 (82.3) 14/16 (87.5) <0.0012
Tubular structures 61/61 (100) 21/29 (72.4) 19/34 (55.8) 16/16 (100) <0.0012
Villous morphology 27/61 (44.2) 18/29 (62) 27/34 (79.4) 10/16 (62.5) 0.009>
Basal mucinous hyperplasia 16/61 (26.2) 13/29 (44.8) 2/34 (5.8) 2/16 (12.5) 0.0022
Luminal mucinous hyperplasia 6/61 (9.8) 22/29 (75.8) 1/34 (2.9) 2/16 (12.5) <0.0012
Serration 1/61 (1.6) 29/29 (100) 32/34 (94.1) 9/16 (56.2) <0.0012
Ectopic crypts 2/61 (3.2) 0/29 (0) 18/34 (52.9) 2/16 (12.5) <0.0012
Eosinophilic cytoplasm 2/61 (3.2) 2/29 (6.8) 16/34 (47) 2/16 (12.5) <0.0012
Slender nuclei 4/61 (6.5) 1/29 (3.4) 13/34 (38.2) 2/16 (12.5) <0.0012
Adenomatous dysplasia (AD) 61/61 (100) 16/29 (55.1) 23/34 (67.6) 16/16 (100) <0.0012
Serrated dysplasia (SD) 6/61 (9.8) 5/29 (17.2) 14/34 (41.1) 4/16 (25) 0.004>
Low grade AD 58/61 (95) 14/29 (48.2) 22/34 (64.7) 16/16 (100) <0.0012
High grade AD 33/61 (54) 5/29 (17.2) 6/34 (17.6) 8/16 (50) <0.0012
Low grade SD 6/61 (9.8) 5/29 (17.2) 14/34 (41.1) 2/16 (12.5) 0.0022
High grade SD 2/61 (3.2) 1/29 (3.4) 5/34 (14.7) 4/16 (25) 0.016>
Basal dilatation 16/61 (26.2) 28/29 (96.5) 18/34 (52.9) 12/16 (75) <0.0012
Filiform morphology 6/61 (9.8) 0/29 (0) 8/34 (23.5) 3/16 (18.7) 0.028>
BRAF mutation 0/20 (0) 6/10 (60) 4/10 (40) 1/10 (10) 0.0012
KRAS mutation 11/20 (55) 2/10 (20) 6/10 (60) 8/10 (80) 0.057
NRAS mutation 0/20 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0.1122
Microsatellite instability (MSI) 0/20 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0.1122
Methylation 4/20 (20) 4/10 (40) 2/10 (20) 2/10 (20) 0.625>

'Kruskal-Wallis; *Pearson

Histopathological Findings

SSLs exhibited a higher rate of right colon localization
compared to other groups (p < 0.05). Furthermore, both
SSLs and the hybrid group showed a higher prevalence of
sessile macroscopic configuration (p < 0.05).

Adenomatous dysplasia was the characteristic of conven-
tional adenomas (p < 0.001), with serrated dysplasia ob-
served in 10% of the cases. Luminal serration was pres-
ent in more than half of the CA cases, but its occurrence
was 25% or higher in only 3 cases. Eosinophilic cytoplasm
(n=30), pencillate nucleus (n=20), and ectopic crypt (n=23)
were frequently observed in CA cases, but with a score of 1
or 0 in the majority. Crypt base dilatation was identified in
16 of the CA cases. (Figure 1).

v

For SSLs, the most distinguishing features were serra-
tion, dilated crypt base, and mucinous hypersecretion (p <
0.001). At least focal adenomatous dysplasia (low- or high-
grade) was present in over half (55%) of SSL cases, dyspla-
sia was observed in only five cases (17%) (Figure 2). Ectopic
crypt (n=4, 14%) and pencillate nucleus (n=5, 17%) were
rare findings and localized in focal areas within SSLs.

TSAs were characterized by luminal slit-like serration, ec-
topic crypt, pencillate nucleus and eosinophilic cytoplasm
(p < 0.001). Adenomatous dysplasia was found in 67% of
TSA cases, serrated dysplasia in 41%, and crypt base dilata-
tion in 52% (Figure 3).

Among the 16 polyps classified as hybrid adenomas due
to the absence of a definitive diagnosis, 11 were sessile. All
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Figure 2: Sessile serrated lesion with adenomatous dysplasia.

cases in this group exhibited adenomatous dysplasia, and
25% had concurrent serrated dysplasia. Luminal serration
was observed in all cases, while crypt base dilatation was
present in 75%.

Among the histopathological criteria, the presence of lu-
minal serration in CAs was below 25%. By establishing a
threshold value of 25% for the presence of luminal serra-
tion (=25% as present, <25% as absent), we found it to be
a useful criterion for distinguishing CAs from serrated le-
sions (p < 0.001) (Graph I).

Similarly, when using a threshold value of 10% for the pres-
ence of pencillate nucleus and ectopic crypts in serrated le-
sions (210% as present, <10% as absent), we were able to
differentiate TSAs from SSLs. TSAs comprised over 95%
of the polyps with a luminal serration rate > 25%, ectopic
crypt rate > 10%, and pencillate nucleus rate > 10% (p <
0.001) (Graph II).

Based on these threshold values, we developed an algorithm
for cases with adenomatous dysplasia that posed a diagnos-
tic challenge (Figure 4). By using this algorithm, 7 cases
originally classified as unclassified could be reclassified as
CA, all of which were found to have KRAS mutations. Two
cases originally classified as unclassified could be reclassi-

\Y%
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Figure 3: Traditional serrated adenoma with dysplasia (red arrow
shows area with adenomatous dysplasia; blue arrow shows area
with serrated dysplasia) (A) with adenomatous dysplasia (B) and
with serrated dysplasia, the area shown with arrow (C).
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Graph II: The chart shows that after using a cut off of 25% for
serration and 10% for pencillate nucleus and ectopic crypt, TSAs
can be differentiated from the others

CA: Conventional Adenomas, SSL: Sessile Serrated Lesions,
TSA: Traditional Serrated Adenomas, HA: Hybrid Adenomas

fied as SSA, with only one case having undergone molecu-
lar analysis, revealing a BRAF mutation. Seven hybrid cases
initially classified as TSA according to this algorithm had
3 cases with KRAS mutation. Additionally, 8 cases origi-
nally classified as SSA were reclassified as TSA, with one
case showing focal TSA features upon reevaluation. Only
2 cases had undergone molecular analysis, both of which
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Neoplastic Colon Lesion with adenomatous dysplasia

Yes Does the presence
of ectopic crypt or pencillate nuclei is

more than 10%

Sesile serrated
adenoma

Traditional serrated
adenoma

Is Serration more than 25%

Conventional Adenoma

Figure 4: Neoplastic colon polyp
with adenomatous dysplasia

Table III: Mutation analyses

MLHI-
BRAF KRAS NRAS MSI - thylation
CA (n=20) 0 11 0 0 4
SSL (n=10) 6 0 0 4
TSA (n=10) 4 0 0 2
HA(n=10) 1 8 0 0 2

CA: Conventional Adenomas, SSL: Sessile Serrated Lesions,
TSA: Traditional Serrated Adenomas, HA: Hybrid Adenomas

had KRAS mutations, and no further material was available
for examination after molecular analysis in the other block.

Molecular Findings

Among the cases diagnosed with CA, SSL, TSA, and hybrid
adenoma, no NRAS mutations or microsatellite instabil-
ity were observed in 20, 10, 10, and 10 cases, respectively.
BRAF mutations were found in 6 SSLs, 4 TSAs, and 1 hy-
brid adenoma, while KRAS mutations were found in 11
CAs, 2 SSLs, 6 TSAs, and 8 hybrid cases. MLHI1 promoter
methylation was detected in 4 CAs, 4 SSLs, 2 TSAs, and 2
hybrid cases. (Table III).

Two cases diagnosed with SSL that exhibited the KRAS mu-
tation were also found to have concurrent MLH-1 methyla-
tion. Histopathological examination of one of these cases
revealed focal areas with histopathological characteristics
resembling TSA. Most cases with MLHI methylation dem-
onstrated dysplastic changes.

DISCUSSION

Most colorectal carcinomas arise from pre-cancerous pol-
yps that are broadly categorized as either conventional ad-

enomas or serrated polyps. The initial pathway elucidated
in colorectal carcinogenesis was the “classical adenoma-
carcinoma pathway,” characterized by microsatellite in-
stability, chromosomal instability, and mutations in genes
such as KRAS, APC, and TP53(11). Subsequently, the “ser-
rated neoplasia pathway” was identified as an alternative
pathway, characterized by CpG gene promoter hypermeth-
ylation, along with mutations in TP53, KRAS, and BRAF,
as well as microsatellite instability. As is well-known,
three types of precancerous mass-producing lesion have
been identified: conventional colorectal adenoma, sessile
serrated adenoma, and traditional serrated lesion/polyp,
which arise from these molecular pathways. Therefore, it
is critical to correctly differentiate these types (12-15). The
specific diagnostic histopathological characteristics of co-
lon adenomas and dysplastic changes in these lesions have
been documented (2,8). However, sometimes distinguish-
ing between adenomas based on morphological character-
istics can be challenging. Various lesions may exhibit simi-
lar histopathological changes, leading to difficulties in the
differential diagnosis. Currently, there are no defined cut-
off criteria for distinguishing such lesions, and pathologists
require clear criteria for accurate definition and naming
of adenomas. In addition, in recent years, it became more
challenging to address lesions with serrated features. Nu-
merous publications discuss new lesion definitions and
kinds, as well as nomenclature (16-19). A study conducted
by Ensari et al., focusing on 70 SSLs, examined whether
European pathologists have reached a consensus regarding
common diagnostic and nomenclature criteria. The study
found that consensus among pathologists significantly in-
creased when specific diagnostic criteria were provided in
advance (20). Another study reported that TSAs with ad-
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enomatous dysplasia histopathologically resemble TV As
(referred to as serrated TVAs) and pose diagnostic chal-
lenges (21,22).

In our current study involving 140 adenomas, we assessed
the histopathological parameters of all diagnostic groups
to identify overlapping histopathological and molecular
characteristics and establish clear criteria for diagnosing
colorectal adenomas. We observed that all criteria, includ-
ing those considered diagnostic, were present in varying
proportions across all adenoma groups. None of the his-
topathological parameters were specific to a single type of
lesion.

The key distinction between serrated lesions with dysplasia
and conventional adenomas is the presence of serration. In
our study, we observed at least focal serration in more than
half of the conventional adenomas, but only a minority dis-
played serration involving more than 25% of the lesion. By
analogy to the 25% cutoff used to distinguish tubulovillous
from tubular adenomas, we propose that applying the same
threshold would be a practical and broadly applicable ap-
proach for distinguishing serrated lesions with adenoma-
tous dysplasia.

TSAs are complex and the most difficult lesions to differ-
entiate, as in the literature (9, 18, 23-25). It is worth noting
that the parameters considered characteristic features of
TSAs, such as ectopic crypts, pencillate nucleus, and lumi-
nal serration, were found in all adenoma groups. However,
like their molecular features, the histopathological distinc-
tions of these lesions pose challenges.

Ectopic crypts, which are abnormal crypts that do not reach
the muscularis mucosae and are considered definitive cri-
teria for TSAs, were present in 23 cases of conventional ad-
enomas, 4 cases of SSAs, and 11 cases in the hybrid/unclas-
sified group. Several studies have compared the histopath-
ological characteristics of TSAs with other adenomas and
reported finding features of conventional adenomas and
serrated lesions in TSAs and vice versa (22-24). Bakthiari
et al. and Vayrynen et al. conducted separate studies and
reported that ectopic crypts are predominantly associated
with a villous morphology and can also be observed in con-
ventional adenomas (25,26). In our current study, when we
examined these three parameters, we found that luminal
serration was present in most conventional adenomas but
at a rate of 25% or less. Eosinophilic cytoplasm and pencil-
late nucleus were present in all groups but rarely exceeded
10% in conventional adenomas.

Bettington et al. have reported that for a diagnosis of TSA,
at least two of the following three criteria should be pres-
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ent, with at least one criterion >50%: 1) typical cytology, 2)
slit-like serration, and 3) ectopic crypts (27). Hiromoto et
al. have diagnosed TSAs when all three of these criteria are
present at 50% or more (28).

Similarly, in this study, we concluded that all three histo-
pathological parameters needed to be present for a diagno-
sis of TSA. To differentiate TSAs from other adenomas, we
established an algorithm using a threshold value of 25% for
luminal serration (present > 25% and absent < 25%), and a
threshold value of 10% for pencillate nucleus and ectopic
crypts (present > 10% and absent < 10%) (Figure 4). This
algorithm demonstrated that more than 95% of the polyps
with luminal serration > 25%, ectopic crypts > 10%, and
pencillate nucleus > 10% were TSAs.

In the studies conducted solely by Bettington and Hiro-
mato, percentage values were used for the differentiation
of lesions. In our study, we also developed a diagnostic al-
gorithm using similar percentage values. However, while
their study considered a threshold of 50% and above as
significant, we determined 25% for serration and 10% for
the presence of a pencillate core and ectopic crypts to be
sufficient. Based on the results of our study, we suggest that
this algorithm will aid in the diagnosis and classification of
lesions.

When we applied this algorithm to our hybrid polyp
group, the diagnosis was changed as 7 CAs, 7 TSAs, and 2
SSLs. Molecular evaluation performed on a subset of this
group (n:10) revealed the presence of KRAS mutation in
6 cases of the CA subgroup, BRAF mutation in 1 case of
the SSL subgroup (mutation analysis conducted in only 1
case), and KRAS mutation in 2 cases of the TSA subgroup
(mutation analysis conducted in only 2 cases). BRAF mu-
tations are most frequently observed in SSLs (60%), rein-
forcing their connection to the serrated pathway, while
they are also found in 40% of TSAs, suggesting that some
TSAs may originate from this pathway. In contrast, hybrid
adenomas show a lower BRAF mutation rate (10%), indi-
cating a mixed molecular background. KRAS mutations
are predominantly present in CAs (55%) and HAs (80%),
aligning them with the conventional adenoma-carcinoma
sequence, while their presence in 60% of TSAs highlights
their molecular heterogeneity and potential non-serrated
origin. MLH]I promoter methylation, typically linked to the
serrated pathway and often co-occurring with BRAF muta-
tions, is found in 40% of SSLs and 20% of TSAs, suggesting
its role in epigenetic regulation. Some SSL cases exhibiting
both MLH1 methylation and KRAS mutations imply an al-
ternative molecular mechanism, with TSA-like histological
features supporting the hypothesis of SSL transformation
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into TSA. Hybrid adenomas, with a high KRAS mutation
rate (80%) and a lower BRAF mutation rate (10%), appear
more closely related to conventional adenomas, although
their 20% MLHI methylation suggests some overlap with
the serrated pathway. These molecular features appeared
to support the algorithm for CAs and SSAs. However, it
is important to note as in the literature that this algorithm
should be further validated with larger case series with mo-
lecular analysis.

The present study has some limitations. Firstly, the number
of patients is low, and further studies with a larger sample
size are needed to confirm the results. Secondly, molecular
studies could not be performed on all cases due to the lim-
ited availability of tumoral and non-tumoral tissue blocks
required for molecular analysis.

CONCLUSION

In conclusion, our study examined the histopathological
parameters required for diagnosis in various lesions and
found that none of the criteria were specific to a single le-
sion. Molecular analysis also revealed unexpected muta-
tions in the diagnostic groups, further supporting this find-
ing. Cases with dysplasia and serrated features presented a
diagnostic challenge. We observed that a threshold value of
25% for the serration parameter was significant, while oth-
er unexpected histopathological parameters were typically
below this threshold. In a small number of cases, ectopic
crypts and eosinophilic nuclei, features defined for TSAs,
exceeded the threshold of 10%. Based on these findings,
an algorithm can be developed. Using a threshold value
of 25% for luminal serration can aid in differentiating be-
tween CAs and serrated lesions, while a threshold value of
10% for ectopic crypts and cylinder nuclei can serve as an
auxiliary method to differentiate TSAs. The molecular data
also appeared to support these findings.
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