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Abstract

Objective: This study aimed to investigate the clinicopathological and molecular characteristics
of colorectal precursor lesions and to evaluate the presence of KRAS and BRAF mutations and
microsatellite instability (MSI) according to the 2019 World Health Organization (WHO) classification.
Methods: A total of 48 colorectal precursor lesions obtained during colonoscopy were analysed,
including 12 conventional adenomas, 24 serrated polyps (12 hyperplastic polyps [HP], 7 sessile
serrated lesions [SSL], 5 traditional serrated adenomas [TSA]) and 12 lesions with dual morphological
features (9 TSA/tubulovillous adenoma [TSA/TVA], 3 SSL/HP). Real-time PCR was utilised to evaluate
KRAS (codons 12, 13, 61), BRAF V600E mutations and MSI status (BAT25, BAT26, NR21, NR24,
MONO27). Statistical comparisons were performed using Fisher's exact test.

Results: KRAS mutations were detected in 45.8% (22/48) of all lesions, with a higher frequency
observed in conventional adenomas (50%) compared to serrated polyps (37.5%), although
this difference did not reach statistical significance (p=0.499). KRAS-mutant polyps exhibited a
significantly larger size compared to KRAS wild-type polyps (17.07 mm vs. 12.24 mm; p=0.028).
BRAF V600E mutations were identified in 31.3% (15/48) of lesions and were significantly associated
with serrated polyps (58.4%) compared with conventional adenomas (0%) (p=0.01). BRAF-mutant
polyps exhibited a tendency to be of smaller size in comparison to wild-type polyps, demonstrating
borderline statistical significance (p=0.055). Among serrated subtypes, KRAS mutations
predominated in TSAs (100%) and goblet-rich HPs, whereas BRAF mutations were most frequent in
SSLs (85.7%) and microvesicular HPs (80%). MSI was detected in a single TSA/TVA lesion (2%), which
is a noteworthy finding given its rarity.

Conclusion: Distinct molecular alterations have been shown to correlate with specific morphological
subtypes of colorectal precursor lesions. KRAS mutations have been observed to be associated with
larger lesion size and conventional or TSA-related pathways, whereas BRAF mutations have been
shown to characterise the serrated pathway. Molecular profiling has been demonstrated to provide
valuable adjunctive information for the classification and risk stratification of colorectal precursor
lesions under the 2019 WHO framework.
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INTRODUCTION

Colorectal carcinomas (CRCs) are a heterogeneous group of diseases and are the fourth most common
cancer in males and the third most common cancer in females (1). The most common colorectal neoplasia
is adenoma, and 85% of CRCs have adenocarcinoma morphology (2). Three primary molecular mechanisms
drive colorectal carcinogenesis, and precursor lesions progress to carcinoma through these mechanisms
via distinctive morphological pathways. The principal molecular mechanisms drive the two best-known
morphological pathways: the classical adenoma-carcinoma sequence and the serrated neoplasia pathway,
which are associated with chromosomal instability (CIN), microsatellite instability (MSI), and the CpG island
methylator phenotype (CIMP) (3-4). Chromosomal instability is the main driver of the classical adenoma-
carcinoma sequence that is causative in 70-85% of sporadic CRCs. In this pathway, mutations accumulating
in somatic cells induce chromosome gains or losses, extensive deletions or duplications, ultimately resulting
in aneuploidy (3,5). The serrated neoplasia pathway proceeds with genetic and epigenetic alterations that
are constitutively MSI and CIMP. Carcinomas developed through the serrated neoplasia pathway often have
the BRAF mutation, MSI, and CIMP (4). MSI is responsible for the development of 75-85% of hereditary
CRCs and 15-30% of sporadic CRCs (6). Microsatellite unstable tumours have a good prognosis, distinctive
microscopic appearance, and chemotherapy sensitivity (4,6,7). Conventional adenomas are precursor
lesions of the classical adenoma-carcinoma sequence that result in chromosomally unstable, microsatellite
stable, and non-CIMP carcinomas and are classified into three subgroups: tubular, tubulovillous, and villous,
and two grades of dysplasia: low or high, according to the 5th edition of the WHO Digestive System Tumors
Book (2). Serrated lesions and polyps are precursor lesions of the serrated neoplasia pathway that give rise
to sporadic microsatellite unstable and high-frequency CIMP (CIMP-H) carcinomas (4,7). Serrated polyps
are classified into five groups: hyperplastic polyp (HP), sessile serrated lesion (SSL), sessile serrated lesion
with dysplasia (SSLd), traditional serrated adenoma (TSA), and unclassified serrated adenoma in the 5th
edition of the WHO Digestive System Tumors Book (2). Although the molecular characteristics of CRCs are
well studied, the morphomolecular profiles of precursor lesions remain unclear.

The aim of this study was to investigate the molecular and clinicopathological features of precursor
lesions and determine the role of KRAS, BRAF mutations, and MSI in the differential diagnosis of colorectal
conventional adenomas, serrated polyps, and lesions with dual features in accordance with the 5th edition
of the WHO Digestive System Tumors (2019).

MATERIALS AND METHODS

This study comprised 48 colorectal precursor lesions that were obtained during colonoscopy. Patients were
evaluated for gender, age, localization, gross appearance, size, and presence of synchronous/metachronous
polyps according to pathology reports. Localization of polyps was divided into the proximal and distal
colon. The ascending colon, hepatic flexure, transverse colon, and splenic flexure were considered as
proximal, while the descending colon, sigmoid colon, rectosigmoid, and rectum were considered as distal.
We subgrouped the conventional adenomas by villous structure ratio: tubular, tubulovillous, and villous.
Hyperplastic polyps (HPs) were classified into two subgroups—microvesicular and goblet-rich—according
to the criteria described by Torlakovic et al. (8). SSL/HPs and TSA/TVAs were also examined for their
component ratios, histomorphological properties, and dysplasia. Tissue blocks that had more than 70% of
neoplastic cells were selected or prepared with the guidance of H&E sections. DNA extraction was performed
by the Cobas DNA Preparation Kit. DNA concentration was calculated by spectrophotometry (NanoDrop
2000, Thermo Scientific, USA). Molecular analyses were performed by the real-time PCR method (COBAS z
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480, Roche). Each case was analyzed for KRAS codon 12, 13, 61, and V600E BRAF mutations as well as five
microsatellite loci (BAT25, BAT26, NR21, NR24, and MONQO27). MSI was evaluated by the comparison of the
normal tissue results. Instability in 2 or more loci was termed as high-frequency microsatellite instability
(MSI-H). Instability in one locus was accepted low-frequency microsatellite instability (MSI-L). The cases
stable in all loci were classified as microsatellite stable (MSS).

Statistical Analysis

Statistical analyses were performed using SPSS software version 25.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean * standard deviation or median (range), depending on data
distribution, while categorical variables were presented as counts and percentages. Colorectal precursor
lesions were categorized according to their histomorphological classification as conventional adenomas,
serrated polyps, and lesions with dual histological features. Comparisons between groups were conducted
for clinicopathological parameters (age, sex, lesion size, anatomical location, presence of synchronous or
metachronous polyps) and molecular features (KRAS mutation, BRAF mutation, and microsatellite instability
[MSI] status). Categorical variables, including mutation frequencies and lesion localization, were compared
using Fisher’s exact test due to the relatively small sample sizes in subgroup analyses. Continuous variables,
such as lesion size, were compared using non-parametric tests when appropriate based on data distribution.
The associations between KRAS mutation status and lesion size, as well as between BRAF mutation status
and serrated histology, were specifically evaluated. All statistical tests were two-tailed, and a p-value < 0.05
was considered statistically significant. Multivariate analysis could not be performed due to the limited
number of cases in individual subgroups.

RESULTS

The mean age of patients was 59.6 (max: 86, min: 32). Thirty-three (68.7%) patients were male, and 15
(31.3%) were female. Fourteen lesions (29.1%) were located in the proximal colon, and 34 (70.9%) in the
distal colon. The average size was 17.4 mm. Twelve conventional adenomas, 24 serrated polyps, and 12
lesions that had dual features, which were difficult to classify morphologically were analyzed (Table 1).
Serrated polyps comprised 12 HPs, 7 SSLs, and 5 TSAs. Nine of 12 dual-featured polyps had TSA-like
components in the TVA background (TSA/TVA), while 3 of them had SSL-like crypts in the HP background
(SSL/HP). Twelve of the polyps were conventional adenomas. These were four tubular adenomas (TA), four
tubulovillous adenomas (TVA), and four villous adenomas (VA), and the mean sizes were 6.5 mm, 22.5 mm,
and 27.7 mm, respectively. Two of the four VAs had high-grade dysplasia, while the others had low-grade

Table 1. Clinical features of conventional adenomas and serrated polyps

Clinical characteristics Conventional adenomas Serrated polyps
Mean age (year) 61 58

Male/Female 8/4 17/7

Mean size (mm) 18.9 11.9

Location

Proximal colon 1 8

Distal colon 11 16
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dysplasia. Nine of 12 conventional adenomas had metachronous/synchronous adenomas/polyps. The
serrated polyp group comprised 5 TSAs, 7 SSLs, and 12 HPs. All TSAs had low-grade intestinal dysplasia.
There was no dysplasia or adenomatous change in SSLs and HPs. We compared the clinical features of
conventional adenomas and serrated polyps. One of 12 (8.3%) conventional adenomas was located in
the proximal colon, while 11 of 12 (91.3%) were in the distal colon.Eight of 24 (33.3%) serrated polyps
were proximally located, and 16 of 24 (66.7%) were distally located. There was no significant difference
(p=0.219). The average sizes of the conventional adenomas and serrated polyps were 18.92 mm and
11.92 mm, respectively, that was evaluated borderline statistically (p=0.076). Proximal polyps were average
13.33 mm and distal polyps were average 14.56 mm, with no significant difference (p=0.076). Hyperplastic
polyps were classified into three morphological subgroups; 10 of 12 were microvesicular hyperplastic polyp
(MVHP), 2 of 12 were goblet-rich hyperplastic polyp (GRHP). While 2 of 7 MVHPs were located in the
proximal colon, the rest of the HPs were located distally. There was no significant difference in size, age,
and sex for HP subtypes. We analyzed twelve lesions with dual features, which were difficult to classify
morphologically, comprising nine TSA/TVAs and three SSL/HPs The average sizes of TSA/TVAs and SSL/
HPs were 33.4 mm and 7.6 mm, respectively. Three TSA/TVAs (33.3%) and two SSL/HPs had a proximal
location, while the other lesions were located in the distal colon. Histomorphologically, in SSL/HPs, the
majority of crypts lacked SSL characteristics in the MVHP background (Figure 1). In all of the TSA/TVAs,
there was hypereosinophilic epithelium and an ectopic crypt that was specific to TSA, less than 50% (Figure
2A-C). KRAS mutation was identified in 22 of 48 (45.8%) polyps. Twenty of 22 KRAS mutations were at
codon 12/13, 1 was at codon 61, and 1 was at codons 12/13 and 61. BRAF V600E mutation was identified
in 15 of 48 (31.3%) polyps. MSI was detected in only one lesion (2%). KRAS mutation was detected in
6 of 12 (50%) conventional adenomas. Although 3 of 4 (75%) TVAs and 3 of 4 (75%) VAs had KRAS
mutation, TAs had wild-type KRAS. The mean size of KRAS-mutant conventional adenomas was 21 mm,
while KRAS wild-type ones were 7.8 mm. Six of the nine conventional adenomas that had metachronous/
synchronous adenomas/polyps were KRAS-mutant, and 3 were KRAS wild-type. BRAF mutation and
microsatellite instability were not identified in conventional adenomas (Table 2). Nine of 24 (37.5%) serrated
polyps had KRAS mutation, while 14 of 24 (58%) polyps showed BRAF mutation. KRAS mutations were

Figure 2. A. Traditional serrated adenoma-like areas in
tubulovillous adenoma background, slit-like serrations

: : : : : (Tubulovillous adenoma component is not presented) H&E
Figure 1. Sessile serrated lesion like crypts in x20 B. Ectopic crypts H&E x20 C. Hypereosinophilic

hyperplastic polyp background H&E x40 (This polyp epithelium and serrations (This polyp had low grade
showed a BRAF-mutation. KRAS-mutation and intestinal dysplasia. It showed a KRAS-mutation while
microsatellite instability were not detected). BRAF-mutation and microsatellite instability were

not detected. Presence of KRAS-mutation did not help
to differential diagnosis. Morphologically, this polyp
was named as unclassified serrated adenoma/serrated
tubulovillous adenoma (WHO 2019) H&E x40.
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Table 2. Clinicopathological and molecular features of conventional adenomas

Clinicopathological features TA TVA VA

Mean size (mm) 6.5 22.5 27.7
Location

Proximal colon 1 0 0

Distal colon 3 4 4
Dysplasia (HG/LG) 0/4 0/4 2/2
Molecular features

KRAS-mutation 0/4 3/4 (75%) 3/4 (75%)
BRAF-mutation 0/4 0/4 0/4
Microsatellite instability 0/4 0/4 0/4

Abbreviations: TA: Tubular adenoma, TVA: Tubulovillous adenoma, VA: Villous adenoma, HG: High-
grade, LG: Low-grade

identified in 2 of 7 (28.6%) SSLs, 5 of 5 (100%) TSAs, and 2 of 12 (16.7%) HPs. 6 of 7 (85.7%) SSLs and 8 of
12 (66.7%) HPs showed BRAF mutation. When evaluated by HP subgroups, BRAF mutation was identified in
8 of 10 (80%) MVHPs. 2 of 2 (100%) GRHPs showed KRAS mutation. There was no BRAF mutation detected
in TSAs and GRHPs. Eight of 9 KRAS mutations detected in serrated polyps were in KRAS codon 12/13, and
only one SSL had KRAS codon 12/13 and codon 61 mutations. In one case, an SSL, KRAS codon 12/13
mutation, and BRAF mutation were detected simultaneously. No MSI was observed in serrated polyps
(Table 3). KRAS mutation was found in 6 of 12 (50%) of conventional adenomas and 9 of 24 (37.5%) of
serrated polyps. Although the frequency of KRAS mutation was higher in conventional adenomas, there was
no statistically significant difference (p=0.499). BRAF mutation was detected in 14 of 24 (58.4%) serrated
polyps, which was statistically significant (p=0.01). The average sizes of KRAS-mutant and KRAS wild-type
polyps were 17.07 mm and 12.24 mm, respectively. KRAS-mutant polyps were significantly larger (p =
0.028). The mean size of wild-type polyps was 16.5 mm, while BRAF-mutant polyps tended to be smaller,

Table 3. Clinicopathological and molecular features of serrated polyps

Clinicopathological features HP SSL TSA
Mean size (mm) 6.3 14.7 214
Location

Proximal colon 2 6 0
Distal colon 10 1 5

Molecular features

KRAS-mutation 2/12 (16.7%) 2/7 (28.6%) 5/5 (100%)
BRAF-mutation 8/12 (66.7%) 6/7 (85.7%) 0/5
Microsatellite instability 0/12 0/7 0/5

Abbreviations: HP: Hyperplastic polyp, SSL: Sessile serrated lesion, TSA: Traditional serrated adenoma
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approaching statistical significance (p=0.055). KRAS mutation was identified in 7 of 9 (77.7%) TSA/TVAs
and was not observed in SSL/HPs. While 1 of 3 (33.3%) SSL/HP was BRAF mutant, no BRAF mutation was
detected in TSA/TVAs. MSI-H (5 of 5 loci) was detected in 1 of 9 (11.1%) TSA/TVAs.

DISCUSSION

Conventional adenomas are the precursor lesions of most sporadic CRCs, which are MSS and have CIN
characteristics, mainly APC, KRAS, and TP53 mutations (3,9). In contrast to the classic adenoma-carcinoma
sequence, serrated polyps, which are precursor lesions of sporadic MSI and CIMP-H colorectal carcinomas,
frequently contain BRAF mutations and epigenetic gene silencing through promoter hypermethylation
(3). Consistent with the literature, in this study, KRAS mutations were frequently detected in conventional
adenomas, TSAs, and GRHPs, and BRAF mutations were often identified in SSLs and MVHPs. Although we
did not detect a BRAF mutation in conventional adenomas, it has been reported that a BRAF mutation
can be seen in a minority of conventional adenomas (10). In the present study, we found microsatellite
instability in one TSA/TVA. In some studies, MSI has been reported in approximately 10% of non-Lynch-
related conventional adenomas, particularly in lesions associated with distal location and high-grade
dysplasia. MSI is not caused by adenomatous areas, but by micro-serrated areas (11). In this study, the
majority of the TVAs and VAs were KRAS-mutant, and no mutation was observed in tubular adenomas.
The correlation between villosity, size, and KRAS mutation suggests that KRAS mutation provides a growth
advantage to the polyps. In the literature, it was shown that the villous component and the average size
correlated with increases in LOH, methylation, KRAS/BRAF mutations, and Ki-67 proliferative index (12).
Although dysplasia, villosity, and size are correlated, no association has been demonstrated between
KRAS mutation frequency and the degree of dysplasia. In our study, KRAS mutation was observed in
1 of 2 (50%) VAs with high-grade dysplasia and 5 of 10 (50%) conventional adenomas with low-grade
dysplasia. Another parameter related to KRAS-mutant conventional adenomas is that this mutation
may be associated with metachronous/synchronous adenoma/polyps (13). In the present study, all six
(100%) KRAS-mutant conventional adenomas and 3 of 6 (50%) KRAS wild-type conventional adenomas
had a metachronous/synchronous adenoma. Until recent years, HPs were considered as lesions without
malignant transformation potential. However, identification of molecular changes revealed the need for
follow-up and treatment of HP (14). HPs are classified morphologically into two groups: microvesicular
and goblet-rich (8). Ten of the 12 HPs studied were the microvesicular type; 2 of them (20%) were located
in the proximal colon, and both were BRAF-mutant (15). It was thought that MVHP could be the precursor
lesion of SSL, because of the SSL-like serrations and smaller size (4,6,10,14,16). GCHPs have a less serrated
and more tubular appearance compared to MVHPs (15). Two GRHPs analyzed in our study were located in
the distal colon, and both showed KRAS mutation. Studies have reported that GRHPs often harbor KRAS
mutations, but rarely contain BRAF mutations and show less methylation than MVHPs (8,16). It is thought
that GRHPs may be the precursor of KRAS-mutant TSAs because of distal and frequent KRAS mutation (4).
Six of the seven SSLs analyzed were BRAF-mutant in concordance with the pertinent literature (2,14,17).
The initiating molecular event in SSL development is thought to be the BRAF mutation (4,18). Therefore,
MSI is frequently detected in patients with SSL-associated cancers, often together with BRAF mutations.
This supports that SSLs are the precursors of microsatellite unstable sporadic CRCs (19). In this study, we
detected concurrent KRAS and BRAF mutations in one SSL that is an infrequent finding in the extensive
series of CRC studies, and there is no information about precursor lesions (15). When the clinical data of
this patient were reviewed, the lesion was described grossly as “depressed” by the endoscopist. It has been
reported that depressed and flat colorectal polyps and adenomas have aggressive behavior and tend to
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develop high-grade dysplasia and submucosal invasive carcinoma (20). TSAs are the least understood
group of serrated polyps because of their rarity (21). Although 2/3 of TSAs have a BRAF mutation, in
recent years, it was shown that distally located TSAs tend to have a KRAS mutation (21). All five TSA
cases in the present study were also located in the distal colon and showed KRAS mutation, and all were
MSS. BRAF-mutant TSAs show CIMP-H phenotype, whereas KRAS-mutant ones contain less methylation.
This suggests that GRHPs may be the precursor lesion of KRAS-mutant TSAs (22). All TSAs studied had
low-grade intestinal dysplasia. TSAs may also exhibit intestinal or serrated dysplasia. Intestinal dysplasia
has been reported to occur in KRAS-mutant TSAs and is thought to be associated with adenomatous
polyps in the distal colon. In contrast, serrated dysplasia occurs in BRAF-mutant TSAs, which is thought
to be associated with MVHP and SSL in the proximal colon (23,24). In addition to the classical adenoma-
carcinoma sequence and serrated pathway, it has been shown that some of the KRAS-mutant TSAs and
TVAs can progress to carcinoma through alternative pathways and may lead to CIMP-L, MSS carcinomas as
a result of KRAS mutation and promoter-methylation-mediated MGMT silencing (25).

Limitations:
The relatively low number of cases in the groups can be considered a limiting factor of the study.
CONCLUSION

Colorectal carcinogenesisis acomplex process that progresses through distinct molecularand morphological
pathways. Colorectal precursor lesions are considered under two main headings: conventional adenomas
and serrated polyps. Although conventional adenomas have more known features, the diagnosis of serrated
polyps can be problematic. In addition to determining these lesions during colonoscopic examinations
applied to the patients, it is important for the patient management to use proper terminology, know the
molecular and morphological nature of these lesions as well as their malignancy potential according to
age, gender, and location.
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