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OBJECTIVES:

Sessile serrated adenomas (SSAs) are known to be precursors of sporadic colorectal cancers (CRCs)
with microsatellite instability (MSI), and to be tightly associated with BRAF mutation and the CpG
island methylator phenotype (CIMP). Consequently, colonoscopic identification of SSAs has important
implications for preventing CRCs, but accurate endoscopic diagnosis is often difficult. Our aim was
to clarify which endoscopic findings are specific to SSAs.

METHODS:

The morphological, histological and molecular features of 261 specimens from 226 colorectal
tumors were analyzed. Surface microstructures were analyzed using magnifying endoscopy. Mutation
in BRAF and KRAS was examined by pyrosequencing. Methylation of p16, IGFBP7, MLH1 and
MINT1, -2, -12 and -31 was analyzed using bisulfite pyrosequencing.

RESULTS:

Through retrospective analysis of a training set (n = 145), we identified a novel surface microstructure,
the Type II open-shape pit pattern (Type II-O), which was specific to SSAs with BRAF mutation and
CIMP. Subsequent prospective analysis of an independent validation set (n = 116) confirmed that the
Type II-O pattern is highly predictive of SSAs (sensitivity, 65.5%; specificity, 97.3%). BRAF mutation and CIMP occurred with significant frequency in Type II-O-positive serrated lesions. Progression
of SSAs to more advanced lesions was associated with further accumulation of aberrant DNA
methylation and additional morphological changes, including the Type III, IV and V pit patterns.

CONCLUSIONS: Our results suggest the Type II-O pit pattern is a useful hallmark of the premalignant stage of CRCs

with MSI and CIMP, which could serve to improve the efficacy of colonoscopic surveillance.
SUPPLEMENTARY MATERIAL is linked to the online version of the paper at http://www.nature.com/ajg
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INTRODUCTION
Colorectal cancers (CRCs) arise through the accumulation of multiple genetic changes to oncogenes and tumor suppressor genes,
a process often referred to as the adenoma–carcinoma sequence
(1). In addition to genetic changes, epigenetic alterations such as
DNA methylation also have important roles in silencing cancerrelated genes, and a subset of CRCs show hypermethylation of
the promoter CpG islands of multiple genes (2,3). This has been
termed the CpG island methylator phenotype (CIMP) (3). CRCs
with CIMP have several characteristic features, including frequent
BRAF mutation, MLH1 methylation, microsatellite instability
(MSI) and infrequent p53 mutation (4–6).

Serrated lesions were initially described by Longacre and
Fenoglio-Preiser (7) and include hyperplastic polyps (HPs),
sessile serrated adenomas (SSAs) and traditional serrated adenomas (TSAs). The criteria used to categorize serrated lesions
as HPs, TSAs or SSAs were defined by Torlakovic et al. (8) and
Snover et al. (9), but distinction between SSAs and HPs is often
difficult because of their morphological similarity (10–12). In the
past, SSAs were classified as HPs, which were considered to have
no malignant potential. However, recent studies have shown that
SSAs are mainly observed in the proximal colon and are associated with frequent BRAF mutation and CIMP, which suggests
SSAs are precursors of CRCs with MSI. By contrast, TSAs are
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often found in the distal colon and show frequent KRAS mutation (13–16).
Colonoscopic identification of serrated lesions and conventional adenomas has important implications for preventing CRCs.
However, accurate diagnosis of serrated lesions is often difficult,
and it is particularly difficult to distinguish SSAs from HPs solely
through colonoscopic observation (12,17). In that regard, highresolution magnifying colonoscopy is now recognized to be a powerful diagnostic tool for predicting the malignancy of conventional
adenomas, the efficacy of which has been confirmed in a number
of independent studies (18–21). According to Kudo’s classification (18,20), the pit patterns of non-neoplastic lesions are classified as Type I (normal colon) or II (HP), whereas the pit patterns
of neoplastic lesions are classified as Types III, IV and V. Because
Type II pits are indicative of non-neoplastic HP lesions and are
also observed in serrated lesions, SSAs and TSAs were considered
to be benign when the pit pattern classification was established
(17,22,23). But given the aforementioned evidence that SSAs may
be precursors of CRCs with MSI, it would seem necessary to refine
the criteria for the Type II pit pattern, based on its histological and
molecular characteristics.
In the present study, we hypothesized that SSAs exhibit morphological features that are distinct from the features of non-neoplastic
lesions or conventional adenomas. To test that idea, we carried
out an integrative analysis of the morphological, histological and
molecular features of serrated lesions with the ultimate aim of
establishing more accurate diagnostic criteria.

METHODS
Patients and tissue specimens

All specimens of colorectal serrated lesions were collected from
Japanese patients who underwent endoscopic mucosal resection
of a colorectal tumor at Akita Red Cross Hospital. The training
set included 145 specimens from 122 serrated lesions or conventional adenomas collected between January 2009 and December
2009. An independent validation set included 116 specimens from
104 serrated lesions or conventional adenomas, which were prospectively collected between January 2010 and December 2010.
Informed consent was obtained from all patients before collection
of the specimens. Approval of this study was obtained from the
Institutional Review Board of Akita Red Cross Hospital and Sapporo Medical University. Genomic DNA was extracted from biopsy
specimens using the standard phenol-chloroform procedure.
Endoscopic analysis

High-resolution magnifying endoscopes (CF260AZI; Olympus,
Tokyo, Japan) were used for all colonoscopic analyses. Participating
in this study were 10 endoscopists, all of whom were trained as gastroenterologists for at least 3 years. Among them, moreover, four had
experience with more than 1,000 cases before this study. All serrated
lesions detected by colonoscopy were observed at high magnification, using indigo carmine dye. Surface microstructures were classified according to the Kudo’s pit pattern classification system (18,20).
Biopsy specimens were obtained from all of the lesions for genomic
© 2012 by the American College of Gastroenterology

DNA extraction, after which the lesions were treated by endoscopic
mucosal resection or endoscopic submucosal dissection. In principle, one biopsy specimen was obtained from each lesion. If more
than two pit patterns were observed in a single lesion, a biopsy
specimen was obtained from each pit pattern portion.
Histological analysis

Histological findings for all specimens were evaluated by a gastrointestinal pathologist (TS) who was blinded to the clinical and
molecular information. Conventional adenoma was diagnosed
using the standard criteria. Conventional adenoma with serration (Ad + se) was included with the serrated lesions (15).
Serrated lesions (HPs, SSAs and TSAs) were classified on the basis
of the criteria previously described by Torlakovic et al. (8). In this
study, serrated lesions that did not satisfy the criteria for SSA or
TSA were defined as intermediate (IM) and classified in the same
category as HP (HP/IM). Mixed serrated lesions composed of
HP/IM, SSA, TSA, adenomatous change (Ad-C) or high-grade
dysplasia (HGD) were evaluated on the basis of each component
and described as HP/IM + Ad-C, SSA + Ad-C or SSA + HGD.
DNA methylation analysis

CpG island methylation was analyzed as described previously (24).
Briefly, genomic DNA (1 μg) was modified with sodium bisulfite
using an EpiTect Bisulfite Kit (QIAGEN, Hilden, Germany). Pyrosequencing was carried out using a PSQ96 system with a PyroGold reagent Kit (QIAGEN), and the results were analyzed using
Q-CpG software (QIAGEN). A cutoff value of 15% was used to
define genes as methylation-positive. Tumors were defined as
CIMP-positive when methylation was detected in three or more
loci of the five markers (MINT1, MINT2, MINT12, MINT31 and
p16). Sequence information for primers and probes are summarized in Supplementary Table 1.
Mutation analysis

Mutation of codon 600 of BRAF and codons 12 and 13 of KRAS
was examined by pyrosequencing using BRAF and KRAS pyro
kits (QIAGEN) according to the manufacturer’s instructions.
Analysis of MSI

MSI was assessed as described previously (25). The primers proposed by the National Cancer Institute Workshop on Microsatellite Instability (BAT25, BAT26, D5S346, D2S123, D17S250) were
used (26). MSI was defined by the presence of abnormally sized
bands in the tumor sample, as compared with a sample of the
corresponding normal DNA. A tumor sample was defined as
MSI-positive when two or more markers showed instability.
Statistical analysis

To compare differences in continuous variables between groups,
a t-test or ANOVA with post-hoc Tukey test was performed.
Fisher’s exact test or χ2-test was used for analysis of categorical
data. Odds ratios were calculated using logistic regression models.
Values of P < 0.05 (two-sided) were considered significant.
Receiver operating characteristic curves for diagnosis of colorectal
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tumors with BRAF mutations and CIMP were constructed, based
on the probability in each leaf of the decision tree. All statistical
analyses were carried out using SPSS statistics 18 (IBM Corporation, Somers, NY).

RESULTS
Type II open-pit pattern is a specific feature of SSAs

To achieve a more accurate colonoscopic diagnosis of SSAs, we
first examined the pit patterns in a series of histologically defined
serrated lesions (n = 69) and conventional adenomatous lesions
(n = 76) as a training set (Supplementary Figure 1). Through this
retrospective study, we identified an interesting pit pattern that was
specific to SSAs (Figure 1). We termed this pattern Type II-open
(Type II-O), because it was similar to the conventional Type II pattern, but the pits were wider and more rounded in shape, reflecting
dilatation of the crypts. The shapes of the Type II-O pits also differed from those of Type I pits, in that they were larger in size with
serrations surrounding the pit. Lesions with Type II-O pits often
showed conventional Type II pits in the surrounding fields.
We categorized the lesions into two groups, depending upon
the presence of Type II-O pits, and then examined the relationship
between the Type II-O pit pattern and several molecular alterations (Table 1). Importantly, none of the conventional adenomas
exhibited the Type II-O pit pattern, and among the serrated lesions,
the Type II-O pit pattern was specific to SSAs. A majority of Type

II-O pit-positive lesions exhibited BRAF mutations, whereas KRAS
mutations were more prevalent among Type II-O-negative lesions
(Table 1). Because BRAF mutation is strongly associated with
CIMP in CRCs, we determined the CIMP status of the lesions by
assessing the methylation of five CIMP markers (MINT1, -2, -12,
-31 and p16). As expected, a majority of the lesions with Type II-O
pits was CIMP-positive, and showed elevated levels of p16 methylation (Table 1, Figure 2). Type II-O-positive lesions also showed
elevated methylation of IGFBP7, another CIMP-associated gene
(Figure 2) (27).
To confirm our findings, we carried out a prospective study using
an independent validation set, which included serrated lesions
(n = 55) and conventional adenomas (n = 61; Supplementary
Figure 1). With this validation set, we initially made a colonoscopic diagnosis of each lesion, and then examined its histological and molecular features. Again, we observed that Type II-O pits
were specific to SSAs with BRAF mutations and CIMP (Table 1).
As shown in Figure 2, lesions with Type II-O pits exhibited elevated
levels of p16 and IGFBP7 methylation. These results strongly suggest
that morphological observations made using magnifying colonoscopy can effectively identify one of the earliest steps in the CIMP
and MSI pathway.
Clinicopathological features of Type II-O-positive lesions

The clinicopathological characteristics of the patients are summarized in Table 2. There were no statistically significant differences

a

b

c

Type II-O

Type II

Figure 1. Identification of the Type II open-shape (Type II-O) pit pattern in sessile serrated adenomas (SSAs). (a) Colonoscopic view of a representative
SSA with (right) and without indigo carmine dye (left). (b) Magnified views of the SSA areas indicated by the red and yellow boxes in panel a. Left panel:
the majority of the pits are Type II-O. Right panel: the upper region is covered by Type II-O pits, whereas the lower region is covered by conventional Type II
pits. Schematic diagrams of Type II and Type II-O pits are shown below. (c) Histological appearance of the SSA with Type II-O pits.
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SSA

KRAS

BRAF

CIMP

Yes

No

Mut

WT

Mut

WT

Positive

Negative

Positive

15

0

1

14

14

1

11

4

Negative

0

31

9

22

9

22

3

28

(a) Training Set
Serrated lesions
Type II-O

Conventional adenoma
Type II-O
Positive

0

0

0

0

0

0

0

0

Negative

0

76

25

51

1

75

2

74

Sensitivity

1.000

0.029

0.583

0.688

Specificity

1.000

0.839

0.99

0.962

(b) Validation Set
Serrated lesions
Type II-O
Positive

19

2

1

20

18

3

15

6

Negative

10

12

4

18

10

12

5

17

Conventional adenoma
Type II-O
Positive

0

0

0

0

0

0

0

0

Negative

0

61

16

45

1

60

1

60

Sensitivity

0.655

0.001

0.621

0.714

Specificity

0.973

0.759

0.960

0.928

69.4 (14–343.5)

0.2 (0.0–1.2)

39.3 (9.9–155.7)

32.1 (9.1–113.1)

OR (95% CI)

CI, confidence interval; CIMP, CpG island methylator phenotype; Mut, mutant; OR, odds ratio; SSA, sessile serrated adenoma; Type II-O, Type II open-shape; WT, wild type.

with respect to age, lesion morphology and size between patients
with Type II-O pit-positive and -negative lesions. In addition, the
majority of lesions with Type II-O pits were located on the right
side of the colon, which is consistent with the well-defined characteristics of CIMP-positive CRCs. Histologically, a large majority
of Type II-O pit-positive lesions were diagnosed as SSA. A subset
of lesions exhibited more advanced pit patterns in addition to the
Type II-O pits (Type II-O plus Type III, IV or V), and those specimens showed mixtures of SSA and Ad-C, TSA or HGD (Table 2).
By contrast, a majority of the conventional Type II lesions showed
HP/IM histology, and a subset of Type II lesions that contained
additional Type IV patterns showed a mixture of HP/IM and
Ad-C or TSA (Table 2).
Molecular signatures define the progression of Type II-Opositive serrated lesions

Our observations summarized above suggest that serrated lesions
with Type II-O pits differ from those with conventional Type II
pits, and that they represent a premalignant stage of CIMP-positive
CRCs. To confirm this hypothesis, we next examined in detail the
© 2012 by the American College of Gastroenterology

molecular features of mixed serrated lesions in which Type II or
II-O pits were present along with more advanced pits (Type III, IV
or V; Figure 3a-d, Supplementary Figure 2). In lesions with Type
II-O plus Type IV or V pits, both the Type II-O subcomponents
and the Type IV or V subcomponents exhibited similar molecular
features (e.g., BRAF mutation and CIMP), though they differed
histologically (i.e., SSAs in the Type II-O components vs. TSAs,
Ad-Cs or HGDs in the Type IV or V components; Figure 3e,
Supplementary Table 2). In addition, levels of p16 and MLH1
methylation were higher in lesions with Type II-O pits plus more
advanced pits than in lesions with only Type II-O pits (Supplementary Figure 3). MSI was observed only in portions with a
Type V pit pattern (Supplementary Figure 2, Supplementary
Table 2). These molecular signatures strongly suggest that Type
IV and V subcomponents develop from coexisting SSAs.
In contrast to lesions with Type II-O pits, those without Type
II-O pits showed much lower frequencies of BRAF mutation and
CIMP, but higher frequencies of KRAS mutations (Figure 3e, Supplementary Table 2). And although Type II-O pit-negative lesions
with advanced pit patterns (e.g., Type II plus Type IV lesions) did
The American Journal of GASTROENTEROLOGY
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Training set

P 16

IGFBP7

P < 0.001
ns

Methylation (%)

P < 0.001

80

60

60

40

40

20

20

0

0

P < 0.001

P < 0.001

Validation set
P < 0.01
P < 0.05

Methylation (%)

COLON/SMALL BOWEL

80

P < 0.001

P < 0.001
ns

P < 0.01

50

100

40

80

30

60

20

40

10

20

0

P < 0.05

0
Conventional
adenoma

Serrated
lesions

Type II-O
negative

Conventional
adenoma

Type II-O
positive

Serrated
lesions

Type II-O
negative

Type II-O
positive

Figure 2. Increased CpG island methylation in Type II open-shape (Type II-O) pit-positive lesions. All of the Type II-O pit-positive specimens are serrated
lesions. Type II-O pit-negative specimens contain serrated lesions and conventional adenomas. Methylation levels of p16 and IGFBP7 were obtained by
bisulfite pyrosequencing. Each point represents an individual specimen; the horizontal bars represent the respective means.

show somewhat higher frequencies of BRAF mutation and CIMP,
they never showed MSI (Figure 3e, Supplementary Table 2).
Thus, Type II-O pit-positive and -negative serrated lesions appear
to develop through distinct tumorigenic pathways.
To develop an efficient diagnostic method for detecting precursors of BRAF mutant and CIMP-positive CRCs, we next constructed a diagnostic tree to classify serrated lesions on the basis of
their pit patterns (Figure 4a). We first excluded lesions containing
only advanced pits (Type III or more) because they are unlikely to
be SSAs. We next divided the lesions according to whether they
were Type II-O pit-positive or -negative as the second node of the
diagnostic tree. Finally, we subdivided the lesions into four groups
according to the coexisting advanced pits (Figure 4a; Supplementary Table 3). As shown in Figure 4a, group 1 (Type II-O plus
Type III, IV or V) exhibited significant specificity for BRAF mutation and CIMP-positive lesions. To evaluate the performance of
the diagnostic tree in defining BRAF-mutant plus CIMP-positive
lesions, a receiver operating characteristic curve was constructed
by plotting the sensitivity over one specificity at three cut-offs for
each group (group 1 vs. groups 2–4; groups 1–2 vs. groups 3–4;
groups 1–3 vs. group 4). Areas under the curves in both the training set and the validation set were very high (for training set, 0.987;
for validation set, 0.846).
We summarize our findings in Figure 5. We found that the Type
II-O pit pattern is a clinically useful hallmark of SSAs. Moreover,
The American Journal of GASTROENTEROLOGY

during the progression of carcinogenesis, SSAs undergo additional
molecular and histological changes, and our results demonstrate that
colonoscopic observations can be used to predict these changes.

DISCUSSION
SSAs were previously reported to be precursors of CRCs with MSI
(13,14). Although identification of SSAs in screening colonoscopies has important implications for the prevention and early detection of CRCs, the colonoscopic findings for SSAs have been less
than definitive. Criteria for colonoscopic diagnosis of colorectal
lesions were established on the basis of histological findings; however, there is no clear histological definition to distinguish SSAs
from HPs, and the rate of concordance among gastrointestinal
pathologists for diagnosis of SSA is low (10). Detection of SSAs
also reportedly differs among endoscopists, and classification of
HP and SSA differs among pathologists (12).
In the present study, we performed an integrated analysis of
the genetic, epigenetic and clinical features of serrated lesions in
an effort to establish more definitive criteria for the colonoscopic
diagnosis of SSA. We identified an SSA-specific pit pattern Type
II-O and prospectively validated its clinical utility for detecting
SSA. Molecular dissection of mixed serrated lesions suggested
that subcomponents with advanced pit patterns were derived from
coexisting Type II-O pit-positive SSAs, and additional molecular
VOLUME 107 | MARCH 2012 www.amjgastro.com
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Training Set

Validation Set

Type II-O

Type II-O

Positive

Negative

P-value

Positive

Negative

P-value

71.4±7.84

68.7±10.09

NS

65.48±8.77

64.05±10.72

NS

F (%)

9 (60)

29 (27.1)

0.013

10 (47.62)

34 (40.96)

NS

M (%)

6 (40)

78 (72.9)

11 (52.38)

49 (59.04)

14 (93.33)

43 (40.19)

18 (85.71)

44 (53.01)

1 (6.67)

28 (26.17)

3 (14.46)

27 (32.53)

0 (0)

36 (33.64)

0 (0)

12 (14.46)

7 (46.67)

49 (45.79)

15 (71.43)

43 (51.81)

6 (40)

13 (12.15)

2 (9.52)

4 (5.82)

2 (13.33)

45 (42.06)

4 (19.05)

36 (43.37)

11.00±4.02

10.45±8.56

11.71±6.02

13.83±10.73

Age (mean±s.d.)
Sex

Location
Right (%)
Left (%)
Rectum (%)

< 0.001

0.002

Morphology
Flat (%)
Flat + protruded (%)
Protruded (%)
Size (mm, mean±s.d.)

NS

NS

NS

NS

Pit pattern
Type II (%)

19 (19.92)

Type II + Type IV (%)

16 (19.28)

13 (12.26)

6 (7.23)

Type IV (%)

53 (50)

34 (40.96)

Type III (%)

21 (19.81)

26 (31.33)

Type III + Type IV (%)
Type II-O (%)

0 (0)

1 (1.2)

6 (40.00)

16 (76.2)

Type II-O + Type III (%)

0 (0)

2 (9.52)

Type II-O + Type IV (%)

7 (46.67)

2 (9.52)

Type II-O + Type V (%)

2 (13.33)

1 (4.76)

Histology
HP/IM (%)

0 (0)

14 (13.08)

1(4.76)

4 (4.82)

HP/IM + Ad-C (%)

0 (0)

0 (0)

< 0.001

0 (0)

2 (2.40)

HP/IM + TSA (%)

0 (0)

9 (8.41)

1(4.76)

2 (2.41)

TSA (%)

0 (0)

6 (5.61)

0 (0)

2 (2.41)

Ad + se (%)

0 (0)

2 (1.87)

0 (0)

2 (2.41)

Ad (%)

0 (0)

76 (71.03)

0 (0)

61 (73.49)

SSA (%)

8 (53.33)

0 (0)

17 (80.95)

8 (9.64)

SSA + Ad-C (%)

4 (26.67)

0 (0)

1 (4.76)

2 (2.41)

SSA + HGD (%)

2 (13.33)

0 (0)

1 (4.76)

0 (0)

SSA + TSA (%)

1 (6.67)

0 (0)

0 (0)

0 (0)

< 0.001

Ad, conventional adenoma; Ad-C, adenomatous change; Ad + se, conventional adenoma with serration; HGD, high grade dysplasia; HP/IM, hyperplastic polyp/
intermediate; NS, not significant; SSA, sessile serrated adenoma; TSA, traditional serrated adenoma; Type II-O, Type II open-shape.

alterations (e.g., p16 and MLH1 methylation) were acquired during tumorigenesis. The inactivation of cell cycle regulatory genes,
including p16 and p53, has an important role in CRC develop© 2012 by the American College of Gastroenterology

ment by enabling tumor cells to escape oncogene-induced cellular senescence (28,29). IGFBP7 has been shown to have a central
role in oncogenic BRAF-induced senescence, and it is also a direct
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a

Type II plus Type IV

Type II-O plus Type IV

Type II-O plus Type V

c Type II-O compoment

b

d

Type V component

Training set

e

Validation set
Type II-O pit-positive

Type II-O pit-positive

Type II-O + Type III or IV

Type II-O plus Type IV

Type II-O

Type II-O
component

Type IV
component

Type II-O

Type II-O
component

Type III or IV
component

SSA
SSA

TSA
SSA

SSA

ND

HP/IM

Ad-C

Ad-C
TSA

SSA

Type II-O plus Type V
Type II-O
component

Type II-O + Type V

Type V
component

SSA

HGD

Type II-O
component
SSA

HP/IM

HGD

Type II-O pit-negative

Type II-O pit-negative

Type II + Type IV

Type II plus Type IV
Type II

Type V
component

Type II
component

Type IV
component

Type II

Type II
component

HP/IM
HP/IM
HP/IM
HP/IM

Type IV
component

HP/IM

TSA

SSA

Ad-C

TSA
TSA

SSA
TSA
Ad+se

Ad+se

Ad+se
Ad+se

Type IV

TSA

KRAS mutation

CIMP-positive

BRAF mutation

CIMP-negative

Wild type
Figure 3. Morphological and molecular signatures reveal progression of sessile serrated adenomas (SSAs) with Type II open-shape (Type II-O pits).
(a) Schematic diagram of serrated lesions with mixed pit patterns. (b) Colonoscopic view of a representative serrated lesion with Type II-O and Type V pits.
(c, d) Magnified views of the Type II-O subcomponent (c) indicated by the yellow box (b) and the Type V subcomponent (d) indicated by the red box (b).
(e) Summary of the molecular, colonoscopic and histological features of serrated lesions with or without Type II-O pits. Each row indicates one lesion.
Results of the training set are on the left, and those of the validation set are on the right. ND, not determined.
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Type II or II-O
Yes

No

Type II-O
Yes

b

No

1.0

+ Type III, IV, V
No

Yes

0.8

No

Sensitivity

Yes

Group 1 Group 2 Group 3 Group 4

100

Training set
0.2

60

0.0

AUC=0.987

0.0

0.2

0.4

0.6

0.8

1.0

1-Specificity

40
20

1.0

0

0.8

Validation set

Molecular alterations (%)

0.4

80

Sensitivity

Molecular alterations (%)

Training set

0.6

100

0.6
0.4

Validation set

80
0.2

AUC=0.846

60
0.0
0.0

40

0.2

0.4

0.6

0.8

1.0

1-Specificity
20
0
Group 1

Group 2

Group 3

Yes

Group 4

No

BRAF+CIMP

Figure 4. Clinical usefulness of the Type II open-shape (Type II-O) pit pattern for defining sessile serrated adenomas (SSAs). (a) A diagnostic tree to identify
SSAs with BRAF mutation and CpG island methylator phenotype (CIMP). Serrated lesions are classified into four groups according to their pit patterns.
The ratios of BRAF-mutant plus CIMP-positive lesions in the respective groups of the training and validation sets are shown below. (b) Receiver operating
characteristic (ROC) curve analysis of the performance of the diagnostic tree. Sensitivities and specificities for definition of BRAF-mutant plus CIMP-positive lesions were calculated at three cutoffs for each group (group 1 vs. groups 2–4; groups 1–2 vs. groups 3–4; groups 1–3 vs. group 4).
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target of p53 (27,30). In CRCs, methylation of IGFBP7 is strongly
associated with BRAF mutation, the lack of p53 mutation and the
presence of MSI and CIMP (27). In the present study, we showed
© 2012 by the American College of Gastroenterology

that levels of IGFBP7 methylation are elevated in Type II-O pitpositive serrated lesions, suggesting the tumor suppressor function
of p53 is attenuated at an early stage of the MSI pathway.
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The mechanism underlying the strong relationship between
Type II-O pits and SSAs remains unclear. SSAs exhibit a variety
of histological features, including exaggerated serration, bootshaped crypts, and the branching and dilatation of the crypts
(8,15,31). These features are usually observed near the base of
the crypts, making it difficult to endoscopically discriminate
SSAs from HPs. SSAs are often covered by abundant mucus production, and accumulation of the mucin within crypts may lead
to their dilatation (31). It is thus conceivable that overproduction of mucin may be associated with the Type II-O pit pattern
in SSAs.
Identification of SSAs in screening colonoscopies has great
significance for the prevention and surveillance of CRCs, as it is
generally accepted that colonoscopy and polypectomy reduce the
incidence of CRCs (32–35). Although SSAs are usually treated
as conventional adenomas, it is still uncertain whether all SSAs
should be endoscopically resected (16,36). In the present study,
a large majority of Type II-O-positive lesions were histologically
SSAs, and were tightly associated with BRAF mutation and CIMP,
suggesting these lesions are appropriate targets for endoscopic
resection. Moreover, as serrated lesions with Type II-O plus Type
III, IV or V pits exhibit additional malignant potential, they too
should be targets of early treatment. On the other hand, we noted
that approximately half of the serrated lesions with only conventional Type II pits in our validation set were diagnosed as SSAs,
though all Type II lesions in the training set were HP/IMs. This
difference reflects the extremely high specificity and relatively
low sensitivity of Type II-O pits for distinguishing SSAs from
HP/IMs (Table 1).
There are several possible explanations for the low sensitivity
of Type II-O pits for definition of SSAs. First, SSAs with only
conventional Type II pits in our validation set may have been at
a very early stage of development, where Type II-O pits were not
yet established. Alternatively, it may simply reflect the difficulty
of histologically distinguishing SSAs from HP/IMs. Of these
two possibilities, the first is supported by the fact that although
BRAF was frequently mutated in these lesions, aberrant DNA
methylation was infrequent and only a limited number of the
specimens were CIMP-positive. Further prospective study will
be needed to unravel the time course of the emergence of Type
II-O pits in the serrated pathway.
There are several potential limitations to the current study.
First, our diagnostic system is based on endoscopic observations, so it may be affected by the skills of the endoscopists.
As described above, among the ten endoscopists participating
in this study, four had experience with more than 1,000 endoscopy cases, whereas the remaining six were less experienced.
We therefore divided the data into two parts according the endoscopists’ experience and compared the diagnostic accuracy of
Type II-O pits for defining SSAs. As shown in Supplementary
Table 4, the sensitivities and specificities were similar between
the two groups, suggesting the intra-observer variability in our
diagnostic system is relatively limited. Second, there are several biases in the selection of tumor specimens in this study.
For instance, the average size of the lesions is relatively large
The American Journal of GASTROENTEROLOGY

( > 10 mm). This is because these specimens were collected
through endoscopic resection, and smaller lesions, which are
usually subject to follow-up observation, were less likely to be
included in this study. In addition, during the collection of the
training set specimens, we treated as many possible serrated
lesions as possible, which might have resulted in a somewhat
high frequency of TSAs in our training set. Moreover, the
identification of Type II-O pits enabled us to distinguish nonneoplastic HP/IM from neoplastic serrated lesions, which
might have reduced the frequency of HP/IM in the validation
set. Thus, our findings should be validated in an independent
multicenter study that includes a larger number of samples. Third, our study does not provide effective criteria to
endoscopically define TSAs. Further study may enable us
to find new clues to refine the endoscopic diagnosis of serrated
lesions.
In summary, we have identified a novel surface microstructure that is specific to SSAs. Recent studies have shown that the
presence of SSAs is associated with an increased risk of synchronous CRCs (37–40). In the context of those findings, our observations indicate detection of Type II-O pits could be predictive
of CRC risk. Thus, more intensive and frequent colonoscopic
surveillance may be appropriate for patients in whom Type IIO-positive lesions were once detected. Not only could these
findings contribute to the prevention of MSI-positive CRCs,
they also demonstrate that integrative analysis of molecular
and endoscopic characteristics greatly improves our understanding of the pathogenesis of CRC and the quality of colonoscopic surveillance.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE

3Recent evidence suggests that sessile serrated adenomas
(SSAs) are precursor lesions for colorectal cancers (CRCs)
with microsatellite instability (MSI).

3Pit pattern analysis using magnifying colonoscopy is an

effective method of distinguishing malignant from benign
lesions.

WHAT IS NEW HERE

3The Type II open-shape pit pattern (Type II-O) is a novel
surface microstructure specific to SSAs.
3The presence of the Type II-O pit pattern is a hallmark of
the premalignant stage of MSI and CpG island methylator
phenotype (CIMP)-positive CRCs.

3Our findings will improve the efficacy of colonoscopic

surveillance to prevent CRCs, especially those with MSI
and CIMP.
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