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Abstract
Over the last decade, our knowledge of colorectal serrated polyps and lesions has 
significantly improved due to numerous studies on this group of precursor 
lesions. Serrated lesions were misleading as benign before 2010, but they are 
currently reclassified as precancerous lesions that contribute to 30% of colorectal 
cancer through the serrated neoplasia pathway. The World Health Organization 
updated the classification for serrated lesions and polyps of the colon and rectum 
in 2019, which is more concise and applicable in daily practice. The responsible 
authors prescribe that “colorectal serrated lesions and polyps are characterized by 
a serrated (sawtooth or stellate) architecture of the epithelium.” From a clinical 
standpoint, sessile serrated lesion (SSL) and SSL with dysplasia (SSLD) are the 
two most significant entities. Despite these advancements, the precise diagnosis of 
SSL and SSLD based mainly on histopathology remains challenging due to va-
rious difficulties. This review describes the nomenclature and the terminology of 
colorectal serrated polyps and lesions and highlights the diagnostic criteria and 
obstacles encountered in the histopathological diagnosis of SSL and SSLD.
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Core Tip: The “serrated neoplastic pathway”, a crucial and significant aspect of our comprehension of cancer, has seen 
substantial advancement over the past decade. While the literature has made significant strides in molecular biology and 
diagnostic criteria, there is room for improvement in achieving a consensus on terminology. This review, which could 
potentially revolutionize your practice, aims to offer an in-depth understanding of essential criteria, the intricacies involved 
in diagnosing sessile serrated lesion (SSL) and SSL with dysplasia, the two entities of utmost clinical importance, and the 
ongoing discussions related to terminology.
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INTRODUCTION
Since 1996, Torlakovic and Snover[1] have postulated that “serrated adenoma polyposis” should have been distinguished 
from true hyperplastic polyposis, given a possible association with adenocarcinoma. This proposal put a milestone as a 
new entity, termed “sessile serrated adenoma (SSA)” with distinct morphological and genetic features, in a fundamental 
original article published in 2003[2].

Large lesions with abnormal proliferation, dilated distorted crypts, and dilation at the crypt base, with or without focal 
nuclear atypia with pseudostratification, were not diagnosed as simply “hyperplastic polyps (HP)” but should be given a 
different designation as “SSA” as neoplastic lesions for practical purposes. Since then, a series of studies on sessile 
serrated lesion (SSL) have emerged and increasingly shed more light on the nature of this lesion[3-5]. The diagnostic 
criteria and nomenclature for SSLs have undergone multiple changes, repeatedly causing confusion among pathologists 
and gastroenterologists[6]. The World Health Organization (WHO) classification of tumours of the digestive system, 4th 
edition, approved various terms for serrated polyp subgroups in the colon and rectum in 2010[7].

The “serrated pathway” has been recognized and accepted as the second pathway in colorectal cancer, summarized in 
a review article by Rex et al[8] in 2012. The hallmarks of the main “serrated pathway”[7] were pathological adenocar-
cinomas demonstrating frequent hypermethylation [CpG island methylator phenotype (CIMP)] and resulting in the loss 
of the MLH1 function and expression, BRAF V600E mutations, and microsatellite instability (MSI) with an often charac-
teristic “MSI-like” tumor morphology.

SSL and traditional serrated adenoma (TSA) are known precursors to carcinoma, although HP, particularly proximal 
microvesicular HPs (MVHP), are probably a precursor to SSL. Goblet cell HPs and some MVHP may also give rise to 
TSA. The progression of SSL to carcinoma proceeds through the development of overt epithelial dysplasia (SSLD) due to 
progressive CpG island methylation. Overt dysplasia and low levels of CpG methylation also occur in TSA during its 
progression to carcinoma[6]. A large serrated polyp also increases the risk of colorectal carcinoma. Nevertheless, small 
distal HPs have no substantial malignant potential and do not affect colonoscopic surveillance intervals. Index SSL, TSA, 
and large (≥ 1 cm) serrated polyps, regardless of histology, increase the risk of large metachronous serrated polyps[9]. As 
a result, follow-up intervals are based on low levels of evidence and vary by country[8,10,11]. Irrespective of a better 
understanding of this genetically and pathologically, the accurate diagnosis of SSL and SSLD based mainly on his-
topathology remains challenging. In this review, we provide an overview of the nomenclature and terminology of 
colorectal serrated polyps and lesions and focus on the diagnostic criteria and obstacles encountered in the histopatho-
logical diagnosis of SSL and SSLD.

NOMENCLATURE, RELATED TERMINOLOGIES, AND PRINCIPAL CLASSIFICATION SYSTEMS
There were controversies over the terminology of serrated lesions and polyps in the colon-rectum region between 
members of the WHO classification of gastrointestinal tumors board in 2010[7]. Considerable authors advocated using the 
term “SSA” to describe these lesions due to their potential for the development of malignancy, similar to conventional 
adenomas. Nonetheless, the structural changes in SSL primarily involve glandular architecture without cytological 
dysplasia, as seen in conventional adenomas. Thus, “adenoma” might mislead clinicians that these lesions have 
cytological dysplasia. The remaining authors suggested the term “adenoma with cytologic dysplasia,” but this again 
created a disarray because “adenoma” inherently implies the presence of dysplasia. As a result, the term “polyp” was 
proposed to obtain a more “neutral” biological perspective, and that was respected as less incoherent by fellow gastroen-
terologists[7,12]. Unfortunately, the term “polyp” was not entirely accurate either as most SSLs are not truly polypoid, 
but typically flat, making them hard to distinguish from normal mucosa with poorly defined boundaries. The committee 
members ultimately had to vote according to their perspectives, and as expected, the decision was asserted, and thus, as a 
compromise, the term “SSA/polyp (SSA/P)” was coined.

It was addressed that over the next decade, the term “SSA/P” was not widely accepted among pathologists and 
gastroenterologists[6,12]. This hardship was primarily due to the mentioned reasons and partially because of diagnoses 
translated into at least three other variants, namely, sessile serrated polyp (SSP)/A, SSA, and SSP. Consequently, the 
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updated WHO classification presented a remarkable challenge to authors drafting the fifth edition. Their task was to 
correct past mistakes and accomplish two goals: (1) Unify the past terminologies into widely accepted ones for research 
and practice purposes; and (2) Design substitution terms that should be as biologically and pathologically precise as 
possible. Therefore, “injury” was a suggested term, which seems to meet both goals. The neutral term “lesion,” instead of 
adenoma or polyp, is defined as “an area of abnormal tissue change that may be benign or malignant.” This term is 
applicable to confound the dilemma of “adenoma” and “polyp,” as discussed earlier. When maintaining a neutral 
attitude in diagnostic pathology, “SSA/P” is commonly employed instead of “SLL” in classifying colorectal serrated 
lesions/(or) polyps.

SSL is the currently recommended terminology for a type of serrated colorectal polyp characterized by disordered 
maturation, abnormal basal crypt growth, and propensity for developing cytologic dysplasia and, ultimately, carcinoma 
by the WHO 2019[6,13]. The diagnostic criteria of SSLs include at least one “unequivocal” architecturally distorted crypt 
defined as “horizontal growth along the muscularis mucosae, dilation of the crypt base, serrations extending into the 
crypt base, and asymmetrical proliferation”[2,6,13,14]. The term “unequivocal” is noteworthy because crypts with only 
subtle architectural abnormalities should not be regarded as diagnostic of SSL[6,15]. These lesions are frequently found in 
the proximal colon, and size variations are possibly more significant than 5 mm. Nevertheless, location and size should be 
considered only when orientation or ambiguity complicates the diagnosis[6].

Although numerous organizations support the new term SSL, a survey conducted by Ono et al[16] in late 2019 revealed 
a significant disagreement among pathologists from North America. Only 29% (79 out of 274) of them intended to use the 
term SSL, compared to 78% (31 out of 40) and 70% (21 out of 30) of pathologists from Europe and Asia, respectively. In 
contrast, 85% (186 out of 219) of those who refused to use SSL cited that it might confuse or disappoint gastroentero-
logists. A pathologist from America, Nagtegaal and Snover[17] raised her view of using SSL over SSA and published a 
review in 2022, proposing not to use the term “adenoma” in this scenario since there is no cytological dysplasia in SSL, 
making it incorrect.

Furthermore, the definition of “adenoma”[17] does not necessarily require cytological dysplasia. For instance, 
adenomas from other organs, such as the liver, adrenal gland, bile duct, and thyroid, do not exhibit cytological dysplasia. 
Despite the absence of cytological dysplasia in TSA, the term “adenoma” is still considered relevant, and if not, the term 
“TSA” would also need to be reconsidered. Moreover, the term “lesion” is often vague and does not fully capture the 
precancerous nature of “adenoma.” These ongoing debates highlight the demand for a unified understanding of SSL’s 
histopathological characteristics and its role in colorectal carcinogenesis. While there is a broad consensus on its clinical 
implications, the applicable terminologies continue to vary across geographical regions, with Europe and Asia more 
accepting of the term “SSL.” In contrast, America tends to use the term “SSA.”

SSLD is the abrupt transition lesion from a typical SSL to a dysplastic one. Most SSLs harbor the BRAF gene mutation 
and exhibit a high level of CpG island methylation. The methylation process leads to a down-regulation of gene 
expression, including the MLH1 gene[18-20]. Consequently, SSLD is constantly associated with the loss of MLH1 
expression. In SSLD, several studies have categorized dysplastic components into low and high grades[21-23], while other 
studies have classified varied dysplastic patterns[24,25], including three recent landmark studies (Table 1). In their study, 
Cenaj et al[23] used three categories: Serrated dysplasia, intestinal dysplasia, and a mixture of serrated and intestinal 
dysplasia. Liu et al[24] used four categories: Serrated dysplasia, adenomatous dysplasia, minimal deviation dysplasia, and 
dysplasia, not otherwise specified. Finally, an American Society of Clinical Pathology (ASCP) study[25] used five 
categories: Dysplasia as a superficial cap, dysplasia not as a superficial cap, serrated type, minimal deviation type, and 
not otherwise specified. Currently, the WHO 2019 classification[6] recommends using only the term SSLD, not reco-
mmending the classification of dysplastic patterns in SSLD nor categorizing the dysplastic component into low and high 
grades.

PITFALLS IN DIAGNOSTIC APPROACHES TO SERRATED LESIONS
Tissue-handling technique for the diagnostic accuracy of SSLs
SSLs[26] are diagnosed primarily by architectural features, including deep crypt serration, crypt dilation, and abnormal 
shape at the crypt base. Nevertheless, the crypts’ bases are usually not visible in routine practice when the slides are not 
histologically well-oriented, such as tangential or horizontal cutting, leading to challenges in assessing architectural 
features. It had been observed that when flat right-colon polyps were placed directly into formalin, they sometimes 
“curled up,” which can later make it difficult for histologic technicians to orient polyp specimens properly in daily 
histopathological routine[26]. To address this problem, we can use an envelope consisting of a 2 cm × 4 cm piece of 
construction paper folded in half[26,27]. After performing a polypectomy, the assistant transfers the specimen onto the 
envelope’s bottom flap, with two pieces of standard adhesive tape attached perpendicularly for easy retrieval. Use a 
toothpick or a plastic utensil to gently flatten the specimens, of which the mucosal surface would face up or down. The 
top flap was then gently folded over the polyp and taped shut. Because tape affixed to construction paper may detach 
when immersed in formalin, the tape completely encircled the envelope such that tape was affixed to tape. The perpen-
dicular application prevented the specimen from falling out through the sides of the envelope. The corners of the 
envelope were left untaped, which allowed formalin to enter both the envelope and the specimen. This complex was then 
placed in a jar of formalin. For piecemeal endoscopic resection, the fragments were kept in separate envelopes before 
being combined in a jar of formalin (Figure 1). The modified protocol with an improved orientation gave pathologists a 
better representation of mucosal architecture and crypt bases[26]. It increased inter-pathologist concordance from 62.8% 
to 77.0%, decreased pathologists’ requests for deeper tissue sections from 31.8% to 11.1%, and increased the SSL diagnosis 
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Table 1 Major classifications of dysplasia patterns with MLH1 status

Cenaj et al[23] Liu et al[24] ASCP (2021)[25] WHO (2019)[6]

Categories of dysplasia MLH1 loss 
(%)

Categories of 
dysplasia

MLH1 loss 
(%)

Categories of 
dysplasia

MLH1 loss 
(%)

Categories of 
dysplasia

MLH1 loss 
(%)

Intestinal dysplasia: Low-
grade; High-grade

NA Adenomatous 
dysplasia

5 SSLDad1 6.1

Serrated dysplasia: Low-
grade; High-grade

NA Serrated dysplasia 13 SSLDser 59.1

Mixture of a serrated and 
intestinal dysplasia: Low-
grade; High-grade

NA Dysplasia NOS 83 SSLDnos SSLDad2 35 24.3

Minimal deviation 
dysplasia

91 SSLDmin 50

NA1 NA2

1Classification of dysplastic morphology in sessile serrated lesions with dysplasia is not recommended.
2MLH1 can be used in cases of minimal dysplasia.
ASCP: American Society of Clinical Pathology; WHO: World Health Organization; SSLD: Sessile serrated lesions with dysplasia; NOS: Not specified; 
SSLDad1: SSLD “Adenomatous type 1”; SSLDser: SSL, “Serrated type”; SSLDnos: SSLD, “Not otherwise specified”; SSLDad2: SSLD, “Adenomatous type 
2”; SSLDmin: SSLD, “Minimal Deviation” type; NA: Not available.

Figure 1 The modified protocol improved orientation gives pathologists a better representation representation of mucosal architecture 
and crypt bases. In practice, the specimen envelope can be used in the procedure room during colonoscopy. Firstly, the envelope can be open on the counter top. 
After performing a polypectomy, the assistant transfers the specimen onto the envelope’s bottom flap, with two pieces of standard adhesive tape attached 
perpendicularly for easy retrieval. Use a toothpick to gently flatten the specimens, of which the mucosal surface would face up or down. The top flap was then gently 
folded over the polyp and taped shut. The tape completely encircled the envelope so that tape was affixed to tape. The perpendicular application prevented the 
specimen from falling out through the sides of the envelope. The corners of the envelope were left untaped, which allowed formalin to enter both the envelope and the 
specimen. Finally, this complex was placed in a jar of formalin.

rate from 40.3% to 75.6%.
In a local retrospective study by our group[27] virtually supported by Bateman’s review[28], we also examined the 

frequencies of cross-sectional, longitudinal, and tangential cuts found in 53 cases of MVHPs, 17 cases of SSLs, and 12 
cases of SSLDs (using general biopsy-specimen processing techniques). As a result, the frequencies of the cross-sectional 
samples in the MVHP and SSL groups accounted for greater than one-third of the cases, which is a possible cause of the 
difficulty in distinguishing between MVHP and SSL among these cases. In the group of tangential cut samples, SSL 
misdiagnosis was possible if deeper sections were undone for re-evaluation. In the SSLD group, no cross-sectional 
samples were recorded partly due to either the larger lesion size or the sample eradicated by endoscopic tissue removal 
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supporting a better orientation.
Vice versa, what should we do when a sample has poor orientation? If a sample has been tangentially sectioned, 

pathologists may request deeper sections to expose features at the crypt base. In a study by Jaravaza and Rijby[29], 103 
cases initially diagnosed as HP were re-examined by having eight additional slices. The result yielded 11 cases of SSL, all 
less than 5 mm and representing 14.3% of proximal polyps and 10.4% of distal polyps. On average, it takes 3.6 serial 
sections to reverse a diagnosis. If the sample is cross-sectioned, it can be challenging for pathologists (Figure 2A). In such 
cases, rotating the block 90° to recut it longitudinally may not provide enough material for further evaluation, especially if 
the recent specimen is from a small biopsy. According to our report, pathologists must rely on other features rather than 
structural changes at the crypt base[27]. However, we can instead utilize asymmetrical crypt growth and clinical features, 
such as size and location, to support the diagnosis. For example, asymmetrical proliferation, location in the proximal 
colon, and size > 5 mm suggest SSL. Alternatively, if a minimal SSLD lesion (Figure 2B) is suspected, staining with MLH1 
may support the diagnosis.

Morphological characteristics of SSL and their specificity
Over time, the definitions for SSLs and HPs have changed, leading to changes in the prevalence of diagnostic categories. 
The term “SSLs” was later replaced by “SSA/Ps” in the WHO classification 2010, defined as “serrated polyp with 
structural deformation from 2 to 3 continuous glands.” Several studies have shown that 8%-19% of HPs were reclassified 
as SSLs[30-32]. Applying the “1 crypt” rule in the WHO classification 2019 would likely increase the sensitivity of 
detecting SSLs. A study by Bettington et al[14] reported that applying the “at least one crypt” rule resulted in a 7% 
increase in the ratio of serrated polyps reclassified as SSLs.

Of the 1000 cases extracted from the archival data of diagnosed HP admitted to our hospital from 2019 to 2021[27], our 
survey reviewed 64 HPs with equivocal histological features, 13 over 64 were reclassified as 08 SSLs, 03 SSLDs, and 02 
TSAs (a total of 21.5% actual serrated lesions and polyps) according to WHO 2019. Meanwhile, reviewing 118 cases 
diagnosed with serrated lesions/polyps, but not HP, 71 cases met the WHO 2019 criteria, including 25 HPs, 09 SSLs, 09 
SSLDs, 27 TSAs, 01 unclassified serrated adenoma, and 02 cases of mixed polyps. The remaining 45 (38.1%) cases do not 
truly belong to a serrated group (i.e., inflammatory polyps, conventional tubular adenoma with mucosa prolapse with 
and without intramucosal carcinoma components). As a result, we suggest the following issues: (1) Dilation of the crypt 
base can be a subjective appraisal when it is the only one present without accompanying features (Figure 2C and D), 
leading to a significant variation in diagnosis among pathologists; (2) The presence of one or more crypts with horizontal 
growth along the muscularis mucosae forming an L or inverted T shape is considered the most objective and convincing 
feature (Figure 2E); (3) Serrations are often a conspicuous feature in SSL, but do not consistently extend to the crypt base; 
and (4) Asymmetrical proliferation constantly accompanies other features.

Therefore, a comprehensive assessment of these features is required in diagnostic practice, balancing subjective and 
objective features to reach the most appropriate and accurate diagnosis.

Why is it difficult to distinguish between HP and SSL in particular cases?
Difficulty distinguishing between HP and SSL can arise due to several factors. As mentioned earlier[28], when the 
singular feature present is dilation of the crypt base, which is subjective, it can lead to varying diagnoses between HP and 
SSL (Figure 2D). This subjectivity creates ambiguity, contributing to diagnostic inconsistency.

The poor orientation of samples is an essential and commonly encountered reason for difficulty in diagnostic his-
topathology. When the sample is cross-sectioned (Figure 2A) or cut tangentially, evaluating the characteristic structural 
changes at the crypt base becomes challenging or impossible. The absence of longitudinal sections complicates the 
assessment of crucial features, such as horizontal growth along the muscularis mucosae, serrations extending into the 
crypt base, and asymmetrical proliferation. Additionally, inconsistent terminology and diagnostic criteria require 
pathologists to stay updated with the latest version and ensure an accurate understanding of them to diagnose and 
distinguish between HPs and SSLs.

Overall, comprehensive training, awareness of evolving diagnostic criteria, and a combination of objective and 
subjective feature assessments are crucial in distinguishing between these two types of polyps.

DYSPLASIA MORPHOLOGIES IN SSLDS AND THEIR ASSOCIATION WITH LOSS OF MLH1  
EXPRESSION
Serrated dysplasia and intestinal dysplasia
In a study by Cenaj et al[23], the authors divided SSLD into three dysplastic forms: (1) Serrated dysplasia (58%); (2) 
Intestinal dysplasia (26%); and (3) Mixture of a serrated and intestinal dysplasia (16%).

Intestinal dysplasia: Intestinal dysplasia is similar to conventional adenomas[23]. Low-grade intestinal dysplasia is 
characterized by an epithelium that lacks structural abnormalities (there are no back-to-back glands, cribriform, or gland-
in-gland formations) and does not exhibit any high-grade cytologic features, as outlined below. By contrast, high-grade 
intestinal dysplasia presents high-grade cytologic features, which may or may not be accompanied by structural 
abnormalities.

Serrated dysplasia: Serrated dysplasia is composed of epithelial cells that have nuclei ranging from oval to slightly 
extended in shape, with a clear chromatin pattern and conspicuous nucleoli[23]. The nuclei are smaller in size than in 
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Figure 2 Chromatogram by general biopsy-specimen processing techniques. A and B: Poorly orientated, horizontal sections (H&E, 100 ×); A: Case 
No. 1 with serrated pattern might require more information on polyp size and location to guide differential diagnosis between hyperplastic polyp (HP) and sessile 
serrated lesion (SSL); B: Case No. 2, which revealed hypercellularity and structure asymmetry, highly suggested a SSL with dysplasia (SSLD). Therefore, MLH1 
staining was required for confirmative diagnosis; C and D: Crypt-base or crypt dilation might be hard to define in equivocal cases (H&E, 100 ×); C: Case No. 3 is 
rugged to evaluate for crypt dilation; however, the serrated feature could support diagnosis as a SSL; D: Case No. 4, which only showed the crypt base dilated 
without other features, could lead to being misdiagnosed or debated; E and F: Well-performed endoscopic submucosal dissection specimen with the reserved 
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orientation of SSL and SSLD; E: Case No. 5, SSL, demonstrated the lateral growth along muscularis mucosae, creating an L or an inverted T, the most reliable 
feature (H&E, 40 ×); F: Case No. 6, SSLD, by World Health Organization 2019, reclassified as a mixture of serrated and intestinal dysplasia by Cenaj et al[23] and 
reclassified as dysplasia not specified by Liu et al[24], and reclassified as SSLDnos by American Journal of Clinical Pathology 2021 (100 ×); G and H: Several 
uncommon cases of serrated lesions; G: Case No. 7, which was flat overall, should be categorized as traditional serrated adenoma, transforming from an SSL rather 
than SSLD (H&E, 40 ×); H: Case No. 8, SSL, which had an eosinophilic surface change, should not be interpreted as cytological dysplasia (H&E, 100 ×).

intestinal dysplasia and typically show a less pronounced stratification with smooth nuclear membranes. The cytoplasm 
is eosinophilic. There may also be a varying number of goblet cells present. A defining architectural characteristic of 
serrated dysplasia is the existence of luminal serration or a saw-toothed growth pattern, which is typically more 
noticeable in the upper parts of the crypts and surface epithelium than at the bases of the crypts. There may also be an 
increase in mitotic figures, including atypical ones. High-grade serrated dysplasia is characterized by high-grade 
cytologic and/or architectural abnormalities. These nuclear alterations are often linked with architectural changes, such 
as the formation of back-to-back glands and gland-in-gland structures, with the possibility of a hyperserrated growth 
pattern.

A mixture of serrated and intestinal dysplasia: Dysplasia is characterized as lesions that encompass both types of 
morphologies within the same lesion.

Compared with conventional adenomas, SSLDs showed a significantly higher risk of malignant transformation within 
the polyp. SSLDs exhibiting intestinal dysplasia show a greater likelihood of cancer association compared to those with 
serrated dysplasia. This observation suggests that intestinal dysplasia is a notably high-risk feature in SSLD. Further 
investigations also pathogenetically support SSL’s low- to high-grade dysplasia sequencing to carcinoma.

Four patterns of dysplasia
In 2017, Liu et al[24] performed a morphological analysis of 266 SSLD with concurrent MLH1 immunohistochemistry to 
better determine the spectrum of dysplasia observed in these lesions. The patterns of dysplasia are correlated with the 
MLH1 expression. It was discovered that dysplasia can be morphologically categorized into four primary patterns, 
namely: (1) Minimal deviation (making up 19% of cases); (2) Serrated (accounting for 12%); (3) Adenomatous (comprising 
8%); and (4) Not otherwise specified (making up the majority at 79%).

Minimal deviation dysplasia: This pattern was the single dysplasia pattern in the group[24]. It exhibits minimal 
architectural and cytological changes and is difficult to identify histologically. There is mild crypt disorganization, crypt 
crowding, and reduced luminal serration at low magnification compared with the background SSL. The cells frequently 
have a hypermucinous appearance with compressed, basally located nuclei showing mild hyperchromasia compared 
with the nuclei of the adjacent SSA component. This pattern was associated with loss of the MLH1 expression in 91%. In 
seven cases, the MLH1 expression was retained with intense MLH1 staining in lesions with other dysplasia patterns.

Serrated dysplasia: This less common dysplasia pattern was also a single pattern of the group[24]. An eosinophilic 
appearance at a low power with tightly packed crypts is characteristic. It shows closely packed small glands that occupy 
the entire thickness of the mucosa with an occasional cribriform growth. Architectural serration is subtle. The cells are 
cuboidal to low columnar with evident dysplasia, containing round vesicular nuclei, prominent nucleoli, and abundant 
eosinophilic cytoplasm. Mitoses are frequent, extend to the luminal surface, and can be atypical. The serrated dysplasia 
pattern had a solid predilection to retain staining for MLH1 (loss of the MLH1 expression in 13%).

Adenomatous dysplasia: This distinctive dysplasia pattern was identified as a single dysplasia pattern in all but one 
lesion[24]. The main characteristics of adenomatous dysplasia are the predominant location of the dysplastic component 
on the surface (“top-down” dysplasia) with preserved non-dysplastic SSA at the base of the lesion and complete 
similarity to the dysplasia of conventional adenomas without serration. The cells are columnar with at least focal goblet 
cell differentiation, elongated nuclei, and pseudostratification. This pattern also had a solid predilection to retain staining 
for MLH1 (loss of the MLH1 expression in 5%).

Dysplasia not otherwise specified: This pattern[24], which was the most prevalent, encompassed all instances that did 
not conform to the criteria for any of the distinct dysplasia patterns previously described. Therefore, the morphological 
manifestations within this pattern are diverse, but include the most readily identifiable and quintessential examples of 
SSLD. Architectural dysplasia includes crypt elongation, crypt crowding, excessive serration, and complex branching or 
cribriform growth. Cytological dysplasia is evident at low magnification and occupies the total thickness of the 
epithelium. The columnar dysplastic cells have basal hyperchromatic nuclei with pseudostratification, increased mitotic 
activity, and loss of polarity and cytoplasm, ranging from eosinophilic to amphophilic. Despite encompassing a 
“wastebasket” of patterns of dysplasia, this group was united by a high rate of MLH1 expression loss (83%).

The MLH1 immunohistochemistry is a useful supplementary test to aid in the diagnosis of dysplasia in SSAs under 
certain circumstances, but it should not be applied to every lesion. In the case of SSL with clear architectural and 
cytological dysplasia, the status of the MLH1 expression does not change the final diagnosis. It is advised in the following 
scenarios[24]: (1) Ambiguous cytological atypia that could be due to inflammation, prolapse, or cross-cut of the crypt 
bases; (2) Piecemeal resection with separate fragments of dysplasia and SSL, where a loss of the MLH1 expression in the 
dysplastic fragments leans toward SSLD rather than a conventional adenoma mixed with SSL; and (3) Lesions with mild 
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morphological alterations of minimal deviation dysplasia to corroborate the diagnosis of dysplasia. The most noteworthy 
discovery of this study is the identification of minimal deviation dysplasia. The precise diagnosis of these subtle lesions 
poses a challenge for pathologists, and the MLH1 expression should be utilized when suspected on routine stains.

SSLD subtypes of ASCP
In 2021, an ASCP study evaluating 349 cases of colorectal polyps classified five SSLD subtypes[25].

SSLDad1, “adenomatous type 1” (dysplasia as a superficial cap): SSADad1 appears similar to a conventional adenoma 
that is positioned on top of an SSL, similar to Liu et al’s adenomatous dysplasia[24].

SSLDad2, “adenomatous type 2” (dysplasia not as a superficial cap): This group demonstrated an SSL with dysplasia 
that resembled a conventional tubular adenoma throughout the dysplastic component (similar to ad1). It did not exhibit 
features of serrated dysplasia, and, unlike SSLDad1, it did not exist as a superficial cap.

SSLDser, “serrated type”: This was also defined by Liu et al[24]. Specifically, TSA-like serrated changes were not 
included in this group. High-grade serrated dysplasia, as defined by Cenaj et al[23], is likely in this group as well, but not 
their low-grade serrated dysplasia.

SSLDmin, “minimal deviation” type: This was also defined as per the Liu et al[24] concept, including SSL with subtle 
histologic abnormalities, but clonal loss of MLH1 immunostaining.

SSLDnos, “not otherwise specified”: This refers to instances of definitive SSAD that do not conform to any of the 
previously mentioned categories (Figure 2F). This includes both new, unclassifiable cases (which make up the vast 
majority) and those where a consensus could not be achieved.

SSL admixed with TSA (SSL/TSA): This refers to polyps that contain both an SSL component and a distinct area that 
appears clonal, which is typical of a TSA, as previously defined by others. To summarize: (1) The nuclei are slim or 
pencillate; (2) The cytoplasm is eosinophilic or possibly mucinous; (3) The mitotic activity is minimal; and (4) The 
serrations are slit-like. Often, there is the presence of ectopic crypt base formation (Figure 2G).

SSL mixed with TSA and conventional dysplasia (SSL/TSA/CD): This category is characterized by three separate 
elements: SSL, TSA, and any type of conventional dysplasia, all as previously defined.

SSL with enteric metaplasia (SSLem): As mentioned above, this is a potential mimic of SSLD, which contains a focal area 
of the eosinophilic epithelium with absorptive features (i.e., brush border, no atypia, and no mitotic activity) that mimics 
dysplasia (Figure 2H).

Serrated tubulovillous adenoma: This refers to another recently identified potential counterpart of SSLD incorporated as 
a diagnostic category in anticipation of such cases appearing in the search population prior to the description of this 
lesion. As per the definition provided by Bettington et al[33], these are characterized as villiform polyps with more than 
50% serrations associated with conventional-type dysplasia and lacking significant TSA-type features. These TSA-type 
features include slit-like serrations, TSA-like cytology, and minimal or absent mitotic activity.

The morphological classification of dysplasia in SSLD presented by the ASCP[25] has similarities to Liu et al’s classi-
fication, although the statistical figures show some differences[24]. SSLDad1 resembles the two studies, with the 
proportion in the ASCP study and Liu et al’s study being 11.6% and 8%, respectively, and the MLH1 expression loss rate 
being 6.1% and 5% for both. The SSLDser rates were 6.3% and 12% in the study of Liu et al[24] (and possibly 9% in Cenaj 
et al’s study[23]), but the rate of MLH1 expression loss was different, that is, from 59% to 13%. According to the ASCP, 
this distinction implies that SSADser with MLH1 loss is probably following the CIMP/MSI pathway of colon cancer. This 
observation certainly warrants further investigation.

SSLDmin by the ASCP only detected two cases (1%)[25]. The authors explained that this classification was only 
proposed by Liu et al[24]; hence, during the research sampling period (2007-2012), these lesions can be classified as mixed 
polyps. SSLDnos and SSLDad2 are considered included in Liu et al’s SSLDnos group (Figure 2F). The proportions of these 
two groups were 33.8% and 31.2%, respectively, almost similar to 79% in Liu et al’s study. Nevertheless, the rate of the 
MLH1 expression loss was 35% and 24.3% by the ASCP study[25] vs 83% by Liu et al[13]. SSL/TSA in the ASCP classi-
fication corresponds to the WHO[6] classification of TSA that originates from a precursor lesion, such as SSL. Many TSAs 
in adjacent or underlying regions contain lesions like HP (often MVHP) or SSL, which are considered precursor lesions. 
Several studies[33-36] have shown that approximately 30%-50% of TSAs arise from these precursor lesions. The 
recognition of such lesions as a transitioning TSA rather than an SSL is critical (Figure 2G).

SSL with enteric metaplasia, termed as “SSLem” in the ASCP classification 2022[25], refers to an SSL lesion with areas 
of eosinophilic cytoplasmic changes, which can be mistaken for SSLD, a controversial topic (Figure 2H). The visual 
characteristics of these cells are similar to the absorptive cells typically found in the small intestine, with narrow slits 
along the epithelium and a brush border on the apical surface[37]. Due to these features, some researchers refer to this 
phenotype as enteric metaplasia, which exhibits traits of aging cells rather than dysplastic cells[7]. However, there are 
others who believe that this cell type in a serrated polyp is a form of serrated dysplasia and should be classified as a SSP 
with TSA-like dysplasia or low-grade serrated dysplasia. Despite the eosinophilic appearance, these cytoplasmic changes 
in SSLem should not be mistaken for dysplasia with the view point of ASCP[25] and Pai et al[38]. Indeed, additional 
research is required to determine whether SSL with TSA-like cytology or flat TSA that originates from a SSP possesses the 
molecular characteristics of TSA. This would support the hypothesis that these lesions are a variant of TSA. Alternatively, 
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they might represent a subtype of advanced SSL. This is an important area of study to enhance our understanding of 
these conditions.

The SSL/TSA/CD lesions showing mixed morphological features are not uncommonly encountered in diagnostic 
practice. Debate continues as to whether these represent “collision lesions,” that is, the coalescence of two closely situated, 
but independently arising lesions, or the result of distinct differentiation patterns occurring within a single lesion. Several 
studies recommend[39-41] that such cases should be termed as “mixed polyps,” and each component of lesion within the 
polyp should be reported individually.

The WHO classification 2019 for colorectal serrated lesions and polyps emphasizes that the dysplastic component in 
SSLD can be morphologically heterogeneous, with multiple dysplastic patterns coexisting in one lesion[6]. The MLH1 
expression loss can be helpful in cases of minimal dysplasia[6]. So far, since it may be difficult and not reproducible due 
to the heterogeneity of morphological changes and the lack of correlation with the MLH1 expression loss, the current 
consensus does not either address a specific categorization of dysplasia patterns within SSLD, either recommend 
stratifying dysplasia into low and high grades as in conventional adenomas.

CONCLUSION
Pathologists use diagnostic terminology as a professional language to effectively communicate with clinicians. Therefore, 
it is necessary to reach a consensus on using terminology related to SSL such that data can be shared consistently and 
accurately. Diagnosing SSLs with endoscopic detection and eradication allows sample processing for a completely 
vertical orientation in parallel with updated terminology and diagnostic criteria. The lack of knowledge and ill experience 
with this diagnostic histopathology can cause difficulties at any step of the process. A well-processed sample combined 
with strict criteria will enhance the diagnostic skills of serrated lesions. Studies have shown that dysplasia morphology in 
SSLD is complex and heterogeneous, much more significant than conventional adenomas. Hence, there is no consensus 
on classifying these dysplastic lesions. Nevertheless, SSLD is associated with the MLH1 expression loss, which might be 
helpful in diagnosing SSLD in individual cases. Further studies are necessary to describe dysplastic patterns in SSLD. 
Hopefully, the next principle classification will reach a consensus on this issue.
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