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BACKGROUND & AIMS: Among patients with large colorectal
sessile polyps or laterally spreading lesions, it is important to
identify those at risk for submucosal invasive cancer (SMIC).
Lesions with overt endoscopic evidence of SMIC are referred
for surgery, although those without these features might still
contain SMIC that is not visible on endoscopic inspection
(covert SMIC). Lesions with a high covert SMIC risk might be
better suited for endoscopic submucosal dissection than for
endoscopic mucosal resection (EMR). We analyzed a group of
patients with large colon lesions to identify factors associated
with SMIC, and examined lesions without overt endoscopic
high-risk signs to determine factors associated with covert
SMIC. METHODS: We performed a prospective cohort study of
consecutive patients referred for EMR of large sessile or flat
colorectal polyps or laterally spreading lesions (�20 mm) at
academic hospitals in Australia from September 2008 through
September 2016. We collected data on patient and lesion
characteristics, outcomes of procedures, and histology findings.
We excluded serrated lesions from the analysis of covert SMIC
due to their distinct phenotype and biologic features. RESULTS:
We analyzed 2277 lesions (mean size, 36.9 mm) from 2106
patients (mean age, 67.7 years; 53.2% male). SMIC was evident
in 171 lesions (7.6%). Factors associated with SMIC included
Kudo pit pattern V, a depressed component (0–IIc), rec-
tosigmoid location, 0–Is or 0–IIaþIs Paris classification, non-
granular surface morphology, and increasing size. After
exclusion of lesions that were obviously SMIC or serrated, fac-
tors associated with covert SMIC were rectosigmoid location
(odds ratio, 1.87; P ¼ .01), combined Paris classification, surface
morphology (odds ratios, 3.96�22.5), and increasing size (odds
ratio, 1.16/10 mm; P ¼ .012). CONCLUSIONS: In a prospective
study of 2106 patients who underwent EMR for large sessile or
flat colorectal polyps or laterally spreading lesions, we associ-
ated rectosigmoid location, combined Paris classification and
surface morphology, and increasing size with increased risk for
covert malignancy. Rectosigmoid 0–Is and 0–IIaþIs non-
granular lesions have a high risk for malignancy, whereas
proximally located 0–Is or 0–IIa granular lesions have a low
risk. These findings can be used to inform decisions on which
patients should undergo endoscopic submucosal dissection,
EMR, or surgery. ClinicalTrials.gov, Number: NCT02000141.
Keywords: Colon Cancer; Tumor; Prognostic Factor; Prediction.
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EDITOR’S NOTES

BACKGROUND AND CONTEXT

Large colorectal sessile polyps and laterally spreading
lesions (LSL) without endoscopic features of
submucosal invasive cancer may still disclose
malignancy on subsequent histopathology.

NEW FINDINGS

In lesions without overt endoscopic evidence of cancer,
rectosigmoid location, increasing size, and combined
Paris classification and surface morphology stratify the
risk of covert cancer.

LIMITATIONS

Data were accumulated in a tertiary referral setting and
ideally requires independent validation in community
practice.

IMPACT

LSL with a very high risk of covert cancer may benefit
from en-bloc resection techniques such as endoscopic
submucosal dissection. Lesions with a very low risk of
covert cancer such as proximally located Paris 0-IIa
granular lesions can be confidently resected by
endoscopic mucosal resection.
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he prediction of submucosal invasive cancer (SMIC)
Tis an integral part of the endoscopic evaluation of
large colonic lesions. Lesions with a high risk of SMIC
require careful decision making in order to select the best
therapeutic modality and optimize outcomes for the patient.
The gross morphology and surface characteristics of large
colonic lesions have been shown to predict SMIC, but
independently overestimate the risk in the majority of
lesions and underestimate the highest-risk lesions. Existing
classification systems have used data derived primarily
from Japanese cohorts and are typically single-center and
retrospective.1,2 Most studies enroll primarily small or
diminutive lesions that can easily be viewed en-face in one
image.3,4 Several studies utilize specialized magnification
endoscopes or chromoendoscopy, tools that are not avail-
able to the majority of endoscopists worldwide.1,5 The Paris
classification6 is used to describe lesion morphology, how-
ever, it was designed as a descriptive tool rather than a
clinical risk stratification aide. Laterally spreading tumors
(LSTs) have been characterized as granular (LST-G) or
non-granular (LST-NG), however, this classification in
isolation poorly predicts SMIC.1 Overt SMIC is often readily
manifest by a depressed or ulcerated component to the
lesion or an area of disrupted surface pit pattern. The Kudo
classification of surface pit patterns strongly predicts
SMIC,7,8 (Kudo V), but in lesions without these overt
features, diminutive focal SMIC is often endoscopically
undetectable. An accurate method of stratifying the risk of
endoscopically nonvisible, or “covert” malignancy in these
lesions is required in order to guide resection choice. Any
classification system should be simple to use and reflect
clinical outcomes. In a prior study, we evaluated risk factors
for SMIC by univariable analysis in a cohort of 479 patients
referred for endoscopic mucosal resection (EMR).9 We
identified Paris 0–IIaþc classification, LST-NG, and Kudo V
as risk factors, and noted that the presence of multiple
factors magnified risk.

In the current study, we identify the key clinical and
endoscopic features associated with SMIC within this large
prospective multicenter cohort. We then excluded lesions
with overt evidence of SMIC to identify factors associated
with “covert” SMIC. Serrated lesions were excluded, as they
have biologic and phenotypic characteristics that funda-
mentally differ from conventional adenomas, and they also
represent a minority of lesions. We have used the identified
factors to develop a pragmatic schema for guiding endoscopic
resection decisions. We also aim to examine whether these
factors are associatedwith endoscopically curable superficial
SMIC (SM1) or nonresectable deep SMIC (SM2/3).

Materials and Methods
Prospective, observational, multicenter data on consecutive

patients referred to 1 of 8 Australian academic hospitals for the
management of large sessile and flat colorectal polyps or later-
ally spreading lesions� 20mmwere analyzed. The study period
was from September 2008 to September 2016 and is registered
as The Australian Colonic Endoscopic Resection (ACE) study
(ClinicalTrials.gov NCT01368289 and NCT02000141). All le-
sions had been initially identified and referred by a nationally
accredited consultant endoscopist. Institutional Review Board
approval was obtained at each center. Written informed consent
was obtained from each patient on the day of the procedure. Data
were recorded in a comprehensive centralized database.

All EMR procedures were performed by a study investigator
or a senior therapeutic endoscopy fellow under direct super-
vision. All clinical investigators were gastroenterologists with
significant prior colonic EMR experience after training in
high-volume tertiary referral centers in Australia or overseas.
Colonoscopy was performed using Olympus 180 or 190 series
high-definition variable-stiffness colonoscopes (180/190 PCF/
CF; Olympus, Tokyo, Japan). The EMR technique is standard
across all centers, and has been described in detail previously.9

Data collection included patient and lesion characteristics,
procedural events and outcomes, complications, and scheduled
follow-up at 14 days, 4�6, and 16 months. Data were pro-
spectively collected at the time of patient admission, during,
and then immediately after the procedure. Lesions were care-
fully examined in vivo by one of the study investigators at the
initial endoscopy and classified according to Paris classification,
Kudo pit pattern (KPP), and surface topography (LST-G, LST-
NG, or mixed). Paris classification is a consensus international
standard for defining superficial gastrointestinal lesion
morphology.6 Elevated (>2.5 mm above the surrounding
normal mucosa) sessile lesions are described as Type 0�Is and
sessile lesions <2.5 mm classed as 0�IIa (slightly elevated),
0�IIb (flat) or 0�IIc (slightly depressed). Excavated lesions are
classed as 0�III. KPP is a classification of the endoscopic
appearance of surface mucosal crypts.10 A type V pattern is a
disorganized pit pattern associated with invasive malignancy.
Although initially described using magnification endoscopy, pit
pattern can be discerned using high-definition endoscopes,
although this has not been validated experimentally. Clinical
follow-up for the index procedure was obtained at 14 days by
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structured telephone interview. Histology data were also
collected at this time. All authors had access to the study data
and reviewed and approved the final manuscript.
Pathologic Analysis
Histologic specimens were analyzed at their respective study

center pathology department. Results were then centrally
collated on a prospectively maintained database. Surgical his-
tology reports were obtained where patients had undergone
surgical resection. In cases where the underlying polyp type was
not evident, primarily due to obliteration by invasive colorectal
cancer, the case was reviewed and classified according to the
morphology and molecular changes in the colorectal cancer.
Data and Analyses
SPSS statistical software (version, 23.0, IBM Corp, Armonk,

NY, 2012) was used to analyze the data. All analyses were
exploratory and 2-tailed tests with a significance level of 5%
were used throughout. No attempt was made to correct for
multiple comparisons. Data analysis was per lesion, however,
for analyses that included patient-level data where patients
had �2 lesions resected in 1 procedure, the largest lesion was
selected for analysis. Mann-Whitney U tests were used to test
for differences in the distribution of age and lesion size. The
Pearson c2 or Fisher’s exact test was used to test for associ-
ation between categorical variables and outcomes. Multiple
logistic regression with backward stepwise variable selection
was used to identify the independent predictors of outcomes
of interest. Candidate variables with P values for association
that were �.1 on univariable analysis were considered as
potential risk factors in multiple logistic regression analysis.
Backward stepwise variable selection was used to identify the
best-fitting model and independent factors associated with
SMIC. Odds ratios with 95% confidence intervals (CIs) from
the model were used to quantify the extent of this association.

To determine factors associated with covert SMIC, lesions
with endoscopically overt high-risk features consistent with
SMIC (KPP V, depressed Paris 0�IIc component) were excluded.
Lesions with serrated histology or a serrated endoscopic
appearance were excluded, as they typically have characteristic
endoscopic findings, a generally lower risk of SMIC and funda-
mentally different biological behavior.11,12 Non-dysplastic
serrated lesions have identifiable features that allow them to
be recognized easily.13 Sessile serrated polyps with dysplasia
may be more likely to endoscopically resemble conventional
adenoma, so prospective lesion assessment may result in these
being misclassified.14�16 In addition, sessile serrated polyps
with dysplasia may be very rapidly progressive and represent
only a small proportion of total lesions, so it was thought that
excluding these lesions would allow amore valid assessment of a
group of conventional colon polyps with similar biological and
phenotypic characteristics. Sessile serrated polyps require a
separate assessment schema andmalignancy risk is predicted by
endoscopically recognizable dysplasia.14

After these exclusions, univariable and multivariable
analyses were then repeated as mentioned to generate the best-
fitting model and independent predictors of covert SMIC.

Lesions with confirmed SMIC were examined to determine
whether the identified factors associated with covert SMIC
were also associated with SM1 or SM2/3 invasion.
All authors had access to the study data and reviewed and
approved the final manuscript.
Results
There were 2693 lesions assessed in the study period.

One hundred and twenty-one lesions had missing histologic
data, 89 lesions had incomplete Kudo classification data, 17
lesions had incomplete Paris classification data, 8 lesions
had incomplete size data, and 15 lesions had incomplete
surface morphology data. One hundred and fifty lesions had
unclassifiable surface features, and 92 lesions had rare
morphologic type (Paris IIb, III). Some lesions had more
than one missing data type, so in total 416 lesions with
missing, unclassifiable or rare data were excluded (15.4%).

Overall 2277 lesions were assessed (mean size, 36.9 mm,
splenic flexure and proximal 64.4%) in 2106 patients (mean
age 67.7 years, 53.2%male). SMIC was evident in 171 lesions
(7.6%). Cohort characteristics are presented in Table 1.

Factors Associated With Submucosal
Invasive Cancer

Univariable analysis indicated that patient factors
including age, sex, and American Society of Anesthesiolo-
gists score were not predictive of SMIC risk. Key factors
associated with SMIC were lesion characteristics including
size, location, Paris classification, 0�IIc component and
surface morphology. Factors associated with SMIC on
multivariable analysis are listed in Table 2. The strongest
independent predictor was identification of a KPP V (odds
ratio, 14.2; 95% CI, (8.57�23.4); P < .001). Size was an
independent predictor of SMIC, however, the effect was
modest and only just reached significance. All other vari-
ables had similar odds ratios ranging from 1.92 to 2.84.

For lesions with KPP V, the specificity for cancer pre-
diction was 97.5% (95% CI, 96.7%�98.1%), sensitivity
40.4% (95% CI, 33.3%�47.8%), positive predictive value
56.6% (95% CI, 47.7%�65.0%) and negative predictive
value 95.3% (95% CI, 94.3%�96.1%). Diagnostic accuracy
was 93.2% (95% CI, 92.1%�94.2%). For lesions with a
Paris 0�IIc component, the specificity was 95.9% (95% CI,
95.0%�96.7%), sensitivity 21.1% (95% CI, 15.6%�27.8%),
positive predictive value 29.3% (95% CI, 22.0%�37.8%),
and negative predictive value 93.7% (95% CI, 92.6%�
94.7%). Diagnostic accuracy was 90.3% (95% CI, 89.0%�
91.4%). The high specificity and limited sensitivity of these
findings means that there remained a large proportion of
bland-appearing lesions with undefined SMIC risk.

Factors Associated With “Covert”
Submucosal Invasive Cancer

In order to determine the risk of SMIC in lesions without
overt endoscopic evidence of invasion, we excluded lesions
with KPP V and Paris 0�IIc (depressed) components.
Serrated lesions were also excluded.

Univariable analysis of this group identified the strongest
remaining factors associated with covert SMIC; Paris classi-
fication, surface morphology, size, and location. Multiple



Table 1.Characteristics of Study Patients and Lesions

Patient characteristics Data

Patient factors (n ¼ 2106)
Age, y
Mean (SD) 67.7 (11.6)
Range 18�95

Sex, n (%)
Male 1119 (53.2)
Female 983 (46.8)

ASA class, n (%)
1 827 (41.1)
2 895 (44.5)
3 283 (14.1)
4 7 (0.3)
No data 94 (4.5)

Lesion factors (n ¼ 2277)
Lesion size, mm
Mean (SD) 36.9 (16.9)
Range 20�180

Lesion location, n (%)
Rectum <5 cm 121 (5.3)
Rectum >5 cm 304 (13.4)
Sigmoid 241 (10.6)
Descending colon 98 (4.3)
Splenic flexure 46 (2.0)
Distal transverse 62 (2.7)
Mid transverse 101 (4.4)
Proximal transverse 95 (4.2)
Hepatic flexure 163 (7.2)
Ascending colon 543 (23.9)
Cecum 387 (17.0)
Cecum ICV involved 92 (4.0)

Lesion location
Cecum appendiceal orifice involved 22 (1.0)
Rectum to splenic flexure (distal colon) 810 (35.6)
Distal transverse colon to cecum (proximal colon) 1465 (64.4)

Paris classification, n (%)
0�IIa 1218 (53.5)
0�Is 446 (19.6)
0�IIaþIs 613 (26.9)
Any 0�IIc component (0�IIaþc, 0�IIc) 123 (5.4)

Morphology, n (%)
LST-G 1439 (63.2)
LST-NG 583 (25.6)
Mixed 161 (7.1)
Consistent with serrated morphology 94 (4.1)
Kudo type, n (%)

I 19 (0.8)
II 232 (10.2)
III 725 (31.8)
IV 1179 (51.8)
V 122 (5.4)

Histology
Majority polyp histology, n (%)
Tubular adenoma 575 (25.3)
Tubulovillous adenoma 1245 (54.7)
Villous adenoma 59 (2.6)
SSP 308 (13.5)
TSA 30 (1.3)
Tubulovillous adenoma with serrated component 41 (1.8)
Invasive cancer only, no identifiable

underlying polyp
19 (0.8)

SMIC 171 (7.6)

ASA, American Society of Anesthesiologists; ICV, ileocecal
valve; SSP, sessile serrated polyp; TSA, traditional serrated
adenoma.

September 2017 Risk Stratification for Covert Invasive Colorectal Cancer 735

CL
IN
IC
AL

AT
logistic regression indicated the best-fitting factors were
location, size, and combined Paris classification and surface
topography (Table 3).

Assessing SMIC risk using these factors provided a
stratification effect (Figure 1). Proximal 0�IIa G or 0�Is G
lesions had the lowest risk of SMIC (0.7% and 2.3%),
whereas distal 0�Is NG lesions had the highest risk
(21.4%). Increasing size had a minor effect when risk was
stratified per 10-mm increase in size, however, it had a
more marked effect when the size cutoff was set at 50 mm.

SMIC risk in the total cohort according to the risk factors
identified in the multivariable model was then compared to
the group with covert SMIC (Table 4).

For granular lesions with SMIC, few display overt
endoscopic evidence of submucosal invasion. As a result,
the rates of SMIC are minimally changed when comparing
the occult group with the total cohort. The rates of endo-
scopically overt SMIC are considerably higher for NG
lesions, however despite this, for distally located 0�Is NG
or 0�IIaþIs NG lesions there remains a substantial
(>15%) risk of SMIC even when lesions with overt evi-
dence of SMIC are excluded. One lesion type that differs
from the pattern is 0�IIa NG lesions. Once lesions with
overt evidence of SMIC are excluded, these lesions have a
low risk (4.2%) of harboring underlying cancer.

All lesion types have a poor sensitivity for the diagnosis
of SMIC, however, the 0�Is NG and 0-IIaþIs NG lesions have
specificities of 95.5% (95% CI, 94.4�96.4) and 94.5% (95%
CI 93.3�95.5) respectively (Table 5).

Superficial Submucosal Invasive
Cancer�Potential for Curative Resection

Of the 138 lesions with covert SMIC, 64 were SM1 and
potentially amenable to cure by endoscopic resection
(41.6%; 3.7% of the total cohort). No lesion type identified
by the multivariable model for covert SMIC was associated
with a higher proportion of SM1 disease (Supplementary
Table 1). The analysis was also performed for the entire
cohort, and there were similarly no associations with lesion
type (Supplementary Table 2).

Discussion
The decision to undertake endoscopic resection of any

colonic lesion hinges on the underlying risk of SMIC. For
lesions with overt endoscopic signs of deep SMIC (Kudo V,
Paris 0�IIc component), endoscopic resection is not rec-
ommended and surgical resection is favored unless there
are compelling comorbidities that preclude surgery. Deep
SMIC is associated with higher rates of lymph node metas-
tasis, so even if endoscopic resection is successful, surgical
resection and removal of locoregional lymph nodes is
required to stage disease and reduce the risk of further
metastatic spread.17 Existing endoscopic predictors of SMIC
are specific, but have poor sensitivity, meaning that a large
proportion of lesions may harbor cancer without displaying
overt evidence of this.

In this study, we have defined the key risk factors for
SMIC in a large prospective, multicenter, intention-to-treat



Table 2.Risk of Submucosal Invasive Cancer in All Lesions According to Study Factors and Best-Fitting Multiple Logistic
Regression Model for Factors Associated With Submucosal Invasive Cancer

Variable No SMIC SMIC P value

Patient factors (n ¼ 2106)
Age, y .58

Mean (SD) 67.6 (11.6) 68.4 (11.6)
Range 18�95 27�91

Sex .57
Male 1026 (91.7) 93 (8.3)
Female 908 (92.4) 75 (7.6)

ASA class, n (%) .66
1 755 (91.3) 72 (8.7)
2 830 (92.7) 65 (7.3)
3 259 (91.5) 24 (8.5)
4 7 (100.0) 0 (0.0)

Lesion factors (n¼2277)
Lesion size, mm .001
Mean (SD) 36.5 (16.5) 41.3 (20.7)
Range 20-160 20-180

Lesion size .002
20�29.9 mm 717 (94.3) 43 (5.7)
30�39.9 mm 572 (93.2) 42 (6.8)
40�49.9 mm 360 (93.3) 26 (6.7)
50þ mm 457 (88.4) 60 (11.6)

Lesion size <.001
20�49.9 mm 1649 (93.7) 111 (6.3)
50þ mm 457 (88.4) 60 (11.6)

Lesion location, n (%) <.001
Rectum to splenic flexure (distal colon) 713 (88.0) 97 (12.0)
Distal transverse colon to cecum (proximal colon) 1393 (95.0) 74 (5.0)

Lesion location, n (%) <.001
Rectum 378 (88.9) 47 (11.1)
Sigmoid colon 201 (83.4) 40 (16.6)
Descending colon to splenic flexure (distal colon) 134 (93.1) 10 (6.9)
Distal transverse colon to cecum (proximal colon) 1393 (95.0) 74 (5.0)

Lesion location, n (%) <.001
Rectum and sigmoid colon (rectosigmoid) 579 (86.9) 87 (13.1)
Descending colon to cecum 1527 (94.8) 84 (5.2)

Paris classification, n (%) <.001
0�IIa 1158 (95.1) 60 (4.9)
0�Is 399 (89.5) 47 (10.5)
0�IIaþIs 549 (89.6) 64 (10.4)

No 0�IIc component 2019 (93.7) 135 (6.3) <.001
Any 0�IIc component (0�IIaþc, 0�IIc) 87 (70.7) 36 (29.3)
Morphology, n (%) <.001

LST-G 1372 (95.3) 67 (4.7)
LST-NG 510 (87.5) 73 (12.5)
Mixed 131 (81.4) 30 (18.6)
Consistent with serrated morphology 93 (98.9) 1 (1.1)

Morphology, n (%) <.001
LST-G 1372 (95.3) 67 (4.7)
Any non-granular component (LST-NG) 641 (86.2) 103 (13.8)
Consistent with serrated morphology 93 (98.9) 1 (1.1)

Kudo type, n (%) <.001
I 19 (100.0) 0 (0.0)
II 228 (98.3) 4 (1.7)
III 698 (96.3) 27 (3.7)
IV 1108 (94.0) 71 (6.0)
V 53 (43.4) 69 (56.6)

Kudo type, n (%) <.001
I�IV 2053 (95.3) 102 (4.7)
V 53 (43.4) 69 (56.6)
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Table 2.Continued

Variable No SMIC SMIC P value

Excluded lesions
Unclassifiable surface featuresa 132 (91.0) 13 (9.0)
Rare morphologic type (Paris IIb, III)a 86 (96.6) 3 (3.4)

Best-fitting multiple logistic regression model for factors associated with SMIC

Best-fitting multiple logistic regression model Adjusted odds ratio P value

Kudo type <.001
I�IV 1
V 14.2 (8.57�23.4)

Size .030
Per 10-mm increase 1.12 (1.01�1.23)

Location group .001
Rectum and sigmoid colon (rectosigmoid) 1.91 (1.31�2.79)
Proximal colon (descending colon to cecum) 1

Morphology
LST-G 1
Any non-granular (LST-NG) component 2.80 (1.89�4.16) <.001
Other (not reported as LST-G, NG, or mixed) 0.72 (0.09�5.20) .72

Paris classification
0�IIa 1
0�Is 2.73 (1.64�4.55) <.001
0�IIa þ Is 2.49 (1.52�4.08) <.001

Any 0�IIc component .07
No 0�IIc component 1
Any 0�IIc component 1.80 (0.95�3.42)

ASA, American Society of Anesthesiologists.
aMissing data on histology in each group: Unclassifiable surface features n ¼ 5; rare morphologic type n ¼ 3.
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cohort of lesions referred for EMR. The strongest predictor
of SMIC was KPP V (odds ratio, 14.2; P < .001), and if this is
present, endoscopic resection is not advised. A depressed
(0�IIc) component to the lesion is also an independent
predictor of SMIC, which may preclude resection. Separately
to these overt endoscopic predictors of SMIC, 4 key vari-
ables (distal location, increasing size, Paris type, and surface
morphology) are associated with elevated risk of occult
Table 3.Best-Fitting Multiple Logistic Regression Model Exami
Cancer (Serrated Histology, Serrated Surface Features

Best-fitting multiple logistic regression mode

Best-fitting multiple logistic regression model

Location group
Rectum and sigmoid colon (rectosigmoid)
Proximal colon (descending colon to cecum)

Combined Paris and surface features
0�IIa G
0�Is G
0�IIa þ Is G
0�IIa NG
0�Is NG
0�IIa þ Is NG

Lesion size
Per 10-mm increase
cancer. Combining Paris type and surface morphology al-
lows accurate stratification of SMIC risk in large colonic
lesions. Distally located 0�Is and 0�IIaþIs NG lesions have
a high risk of SMIC, whereas proximally located 0�Is G or
0�IIa G lesions a very low risk. The system is simple and
easily applicable in clinical practice. It is pragmatic and
readily adoptable, using existing assessment tools available
to every endoscopist, and is derived from prospective,
ning Factors Associated With Covert Submucosal Invasive
, Kudo Type V, and Paris 0�IIc lesions excluded)

l for factors associated with occult SMIC

Adjusted odds ratio P value

1.87 (1.16�3.02)
1 .010

1
3.96 (1.24�12.7) .020
6.11 (2.07�18.0) .001
5.97 (1.92�18.5) .002
22.5 (7.07�71.6) <.001
14.4 (4.53�45.5) <.001

1.16 (1.04�1.31) .012



Figure 1. Risk of occult SMIC according to gross morphology and location (n ¼ 1712).
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multicenter data. It helps endoscopists to grapple with the
fact that the majority of colonic lesions encountered will be
low risk. In fact, lesions with an SMIC risk of <5% make up
approximately 70% of the cohort. Endoscopic resection
strategy decisions can be more acutely focused on higher-
risk lesions.
Table 4.Rates of Submucosal Invasive Cancer in the Total Coh
Cancer According to Location, Morphology, and Surfa

Variable

Lesions with potential “covert” SMIC (n ¼ 1

Proportion
of cohort

Proximal
colon

Recto
c

0-IIa G 506 (29.5) 3/422 (0.7) 1/8
0-Is G 299 (17.5) 4/176 (2.3) 7/12
0-IIaþIs G 411 (24.0) 9/212 (4.2) 20/19
0-IIa NG 312 (18.2) 10/265 (3.8) 3/4
0-Is NG 85 (5.0) 7/57 (12.3) 6/2
0-IIaþIs NG 99 (5.8) 7/55 (12.7) 7/4

NOTE. Values are n (%). Lesions not included in table from total c
rectosigmoid), 0-IIaþIs serrated n ¼ 6 (SMIC 0/5 proximal, 0/1
SMIC, submucosal invasive cancer.
aSerrated histology, serrated surface features, Kudo type V, an
Prediction of SMIC for laterally spreading lesion is
currently flawed and a simple SMIC risk stratification sys-
tem does not exist. Contemporary paradigms rely on iden-
tifying specific overt high risk factors, such as 0�IIc
morphology or KPP V in isolation.4,9 An extension of the
original Narrow-Band Imaging International Colorectal
ort and in Lesions With Potential Covert Submucosal Invasive
ce Characteristics

712)a Total cohort (n¼2277)

sigmoid
olon

Proportion
of cohort

Proximal
colon

Rectosigmoid
colon

4 (1.2) 634 (27.8) 10/528 (1.9) 1/106 (0.9)
3 (5.7) 328 (14.4) 6/193 (3.1) 13/135 (9.6)
9 (10.1) 477 (20.9) 11/243 (4.5) 26/234 (11.1)
7 (6.4) 496 (21.8) 29/413 (7.0) 19/83 (22.9)
8 (21.4) 118 (5.2) 14/73 (19.2) 14/45 (31.1)
4 (15.9) 130 (5.7) 13/71 (18.3) 14/59 (23.7)

ohort; 0�IIa serrated surface n ¼ 88 (SMIC 1/85 proximal, 0/3
rectosigmoid).

d Paris 0�IIc lesions excluded.



Table 5.Diagnostic Performance of Lesion Classification Types for Covert Submucosal Invasive Cancer

Variable Sensitivity Specificity Positive predictive value Negative predictive value Accuracy

0�IIa G 5.73 (3.05�10.5) 70.0 (67.8�72.1) 1.70 (0.90�3.20) 89.1 (87.4�90.7) 64.6 (62.5�66.8)
0�Is G 11.5 (7.38�17.4) 83.2 (81.4�84.9) 5.83 (3.72�9.02) 91.2 (89.7�92.5) 77.3 (75.3�79.1)
0�IIa þ Is G 22.9 (17.1�30.1) 77.4 (75.3�79.3) 8.39 (6.12�11.4) 91.7 (90.2�93.0) 72.8 (70.8�74.8)
0�IIa NG 27.4 (21.0�34.8) 79.5 (77.5�81.32) 10.8 (8.1�14.2) 92.4 (90.9�93.6) 75.2 (73.2�77.1)
0�Is NG 16.6 (11.6�23.2) 95.5 (94.4�96.4) 25.0 (17.7�34.1) 92.7 (91.4�93.8) 89.0 (87.5�90.3)
0�IIaþIs NG 15.9 (11.0�22.5) 94.5 (93.3�95.5) 20.7 (14.4�28.7) 92.6 (91.2�93.7) 88.0 (86.4�89.3)

NOTE. Values are % (95% CI).
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Endoscopic classification to identify deep SMIC has been
developed using a small series of selected still images that
demonstrated high (>90%) sensitivity and specificity when
validated by trained novice raters.18 Despite this, there are
no published prospective clinical validation studies, and
preliminary data from a Spanish prospective multicenter
study of 824 lesions (546 sessile) showed that while spec-
ificity was satisfactory at 94.7% (95% CI, 92.8%�96.7%),
sensitivity was poor at 60.0% (95% CI, 55.8%�64.2%).
These results are similar to the results obtained in this
study for the entire cohort assessing KPP V (specificity
97.5% (95% CI, 96.7%�98.1%), sensitivity 40.4% (95% CI,
33.3%�47.8%). It emphasizes that when SMIC is not
endoscopically evident, it is not possible to completely
exclude. The perfect endoscopic test for SMIC is unlikely to
be achieved as not all cancers present a visible face to the
surface. Buried or diminutive foci are essentially “covert”
and endoscopists require an accurate and useful risk strat-
ification system to advise patients and guide resection in
this context.

Paris classification is used to describe lesion morphology,
however, it is cumbersome and rarely used by general
endoscopists outside of research settings. Inter-observer
variation has been questioned, particularly for smaller
polyps,19 and it does not specifically predict SMIC risk. Kudo
et al20 classified colon lesions �10 mm as LSTs and charac-
terized them as granular (LST-G) or non-granular (LST-NG).
LST-NG is associated with SMIC, however, this binary classi-
fication is overly simplistic and poorly predicts lesions at very
high or very low risk of SMIC.21 The Sano classification sys-
tem identifies lesions at high risk of SMIC using narrow band
imaging (Olympus, Tokyo, Japan) assessment of the surface
vasculature, however, it has not been widely applied outside
of initial validation studies.22,23 Other features that might
suggest submucosal invasion, include probing the lesion
with biopsy forceps to check for fixation, or submucosal in-
jection to assess nonlifting. These factors have deliberately
not been assessed in this study because they may not be
appropriate to perform for endoscopists who will subse-
quently refer to a tertiary center for resection. Extensive
biopsy or an unsuccessful attempt at resection of a lesion
increases the difficulty for subsequent resection and is
discouraged.24 Nonlifting is strongly associated with deep
submucosal invasive disease (SM3),25 however, lesions with
superficial invasion (SM1 and SM2) may still lift well, as the
underlying submucosa is not completely obliterated andmay
still expand.26 False positive nonlifting signs can also occur in
the setting of submucosal fibrosis, biopsy, or tattoo.24,27 In
our study, nonlifting was associated with SMIC, however, not
all lesions were subjected to the lifting test if EMR was not
attempted. Nonlifting was observed in 20 of 2176 lesions,
partial lifting in 155 of 2176, and good lifting in 2001 of 2176
lesions. SMIC was diagnosed in 4 nonlifting lesions (20%), 24
partially lifting lesions (15.5%) and 105 lesions with good
lifting (5.2%) (P� .001). Overall for any lesionwith partial or
non-lifting the unadjusted odds ratio for SMICwas 3.44 (95%
CI, 2.19�5.39) (P � .001).

Expert endoscopists may have relied on a “gestalt”
approach using several endoscopic risk factors together,
however, a risk stratification tool combining the strongest of
these associated factors makes assessment more accessible
and reproducible.

The risk of SMIC in 0�IIa NG lesions is low when there
are no overt endoscopic predictors evident. The reason for
this is likely that minimally elevated NG lesions are easy to
comprehensively assess, as any SMIC is evident on the
surface and not hidden by granular undulations or buried
within a 0�Is nodule. Comprehensive inspection of large
granular lesions is often challenging due to these factors
resulting in hidden disease, but the underlying SMIC risk is
lower overall, reducing the clinical impact. Size was relevant
in the prediction of occult SMIC, however, this was most
prominent in lesions >50 mm in size, and in NG lesions with
a 0�Is component (0�Is NG and 0�IIaþIs NG lesions). It is
likely that NG lesions of this size are considerably more
biologically advanced than granular lesions of a similar size.
Size may be an additional factor compromising complete
assessment of NG lesions with a nodule, or extensive
spreading granular lesions, particularly if they also exhibit
nodules (Figure 2).

Rates of SMIC in this study were markedly lower than in
cohorts from “Eastern” investigators. The overall rate of
SMIC was 8.3% in this study, 3.5% in granular lesions and
11.1% in NG lesions. Yamada et al28 report a rate of 29% in
a cohort referred for endoscopic resection in Japan, 19% in
granular lesions and 39% in NG lesions. Other studies have
reported similar rates of SMIC in Japanese populations.29�31

This may represent biologic differences or case selection,
however, it implies that the approach to endoscopic resec-
tion needs to be different in a Western setting. The differ-
ences in risk between distal and proximal lesions were
clearly noted in this study, however, are not as prominent in



Figure 2. (A) A 40-mm 0�IIa G lesion in the ascending colon. If there are no overt features of SMIC, this lesion has a 0.7% risk
of covert malignancy. (B) A 50-mm 0�IIaþIs G lesion at the hepatic flexure. If there are no overt features of SMIC, this lesion
has a 4.2% risk of covert malignancy. (C) A 50-mm 0�Is NG lesion in the rectum. Despite having no overt features of SMIC,
this lesion still has a 21.4% risk of covert malignancy. (D) A 20-mm 0�IIa NG lesion in the sigmoid colon. 0�IIa NG lesions
have an overall 23.4% risk of SMIC, however, if lesions with overt features of SMIC are excluded (KPP V, any 0�IIc
component), the risk falls to 6.4%. (E) A 40-mm 0�IIaþc NG lesion in the distal transverse colon. This lesion has a central
depressed component (0�IIc) (F) and on close inspection (including with narrow band imaging) there is a disrupted pit pattern
(KPP Vn). (G) Lesions with overt endoscopic evidence of SMIC are not suitable for resection and should be referred for surgical
management.
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cohorts from Japan. There is clear evidence that there are
biologic differences, depending on lesion location, however,
it may be that these are more pronounced in the West.

The prediction of endoscopically resectable disease is
not clarified by this study. Stratifying SMIC risk according
to the schema we have outlined does not delineate lesions
with SM1 or SM2/3 disease. It may be that a depressed
component to a lesion represents an endoscopically visible
early superficial focus for disease, whereas a nodule
represents an obscured deeper focus. Yamada et al28

described risk factors for deep SMIC in 822 lesions �10
mm in a series of patients undergoing en-bloc endoscopic
submucosal dissection (ESD). Lesions undergoing EMR or
piecemeal ESD were excluded, biasing the series toward
higher-risk lesions, and reducing the applicability for
endoscopists faced with a lesion where the decision on
resection modality is yet to be made. They demonstrated
that a depressed component or a nodule both appear to be
strongly associated with deep SM2/3 SMIC, however, this
was compared to all lesions rather than to SM1 disease.28

Our analysis likewise showed that Kudo V and a
depressed component were good predictors of any SMIC.
Without tools to distinguish superficial vs deep invasion, it
is impossible to clarify which lesions may fall into the
narrow window where ESD is justified based on cost,
safety, and curative effectiveness.

This inability to accurately identify SM1 disease means
that risk stratification for lesions without overt evidence of
SMIC is vitally important for guiding resection decisions.
The benefit of ESD lies in its potential for curative resection
for SM1 early CRC. If all lesions in our cohort were sub-
jected to ESD and assuming all ESD outcomes were perfect,
the 64 patients that were diagnosed with SM1 disease
(3.4%) would benefit from a curative resection and avoid
surgery. ESD is, however, associated with a higher risk of
surgery for adverse events over EMR (0.2% EMR32 and 1%
ESD33) and curative resection rates are at best 90%.33 This
small net surgery-sparing benefit must also take into
account the significant resource, time, and cost disadvan-
tages of ESD, which, in many time- and budget-constrained
health care systems would result in significantly reduced
access to timely care for a large proportion of patients with
large colonic laterally spreading lesions. An alternative
strategy based on the risks of SMIC established in this
study would favor a selective ESD approach. Where ESD is
well established, with experienced operators, high success
rates and low procedural adverse event risks, high-risk
lesions, including distal 0�IIa NG lesions without overt
evidence of SMIC, and all distal 0�Is or 0-IIaþIs lesions
may be targeted by a primary ESD approach. This results in
only 14% of patients undergoing ESD and approximately
10% of these ESDs resulting in a curative outcome. Where
ESD is less well established, an approach targeting rectal
NG lesions may be appropriate as the risks of ESD are
lower and the surgical adverse event rates considerable for
low rectal surgery.34

The strengths of this study include the large number of
advanced lesions enrolled, and the completeness of follow-
up data. The results represent “real-world” prospective
assessment in a number of centers across Australia using
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standard colonoscopes without chromoendoscopy. Variation
or errors in assessment are possible in these settings, but
the large dataset reduces the impact of error and makes the
findings more applicable to general clinical practice in a
Western environment. Lesions with “unclassifiable” surface
features were initially reported in the cohort, but as endo-
scopists have become more experienced over the course of
the study these have declined in number. No “unclassifiable”
lesions have been reported since 2014. Lesions with
morphology consistent with serrated histology have been
reported since an update to the study protocol in 2013, so
this classification is not representative of all lesions in the
cohort.

Lesion location and gross morphology are strong pre-
dictors of SMIC and allow the endoscopist greater confi-
dence in decisions regarding resection or referral for
surgery. Clinical predictors of SMIC in colonic lesions are
well studied, but factors that improve clinical decision
making are lacking, particularly in an era where the avail-
ability of colonic ESD is increasing. Distal NG lesions have a
high risk of occult SMIC, whereas proximal, granular 0�IIa
lesions, after a careful assessment for features associated
with SMIC, have a very low risk. The 0�IIa NG lesions in the
distal colon have a comparatively low risk of SMIC once
overt features of malignancy are excluded. In lesions
without overt evidence of SMIC, the risks can be stratified
according to these factors and used to rationalize an
approach to endoscopic resection based on local availability,
expertise, and adverse event rates. An informed and strati-
fied approach is essential to mirror the disease process,
choose the correct resection modality and thus minimize
morbidity, while optimizing clinical outcomes.
Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at http://dx.doi.org/10.1053/
j.gastro.2017.05.047.
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Supplementary Table 2.Submucosal Invasion According to
Lesion Morphology and Surface
Characteristics in the Entire Cohort
(n ¼ 2277)

Characteristic SM1 SM2�3 P value Missing

0�IIa G 5 (45.5) 4 (36.4) 2 (18.2)
0�Is G 4 (21.1) 13 (68.4) 2 (10.5)
0�IIa þ Is G 16 (43.2) 15 (40.5) .53 6 (16.2)
0�IIa NG 24 (50.0) 18 (37.5) 6 (12.5)
0�Is NG 9 (32.1) 16 (57.1) 3 (10.7)
0�IIaþIs NG 10 (37.0) 15 (55.6) 2 (7.4)
Totals 68 (39.8) 82 (48.0) 21 (12.3)
n 170

NOTE. Values are n (%) unless otherwise noted. One lesion
not included in this table: 0�IIa SM2/3 cancer with serrated
surface appearance.

Supplementary Table 1.Submucosal Invasion According to
Lesion Morphology and Surface
Characteristics in the “Covert”
Cohort (n ¼ 1892)

Characteristic SM1 SM2-3 P value Missing

0�IIa G 4 (44.4) 3 (33.3) 2 (22.2)
0�Is G 4 (22.2) 12 (66.7) 2 (11.1)
0�IIa þ Is G 15 (41.7) 15 (41.7) 6 (16.7)
0�IIa NG 22 (52.4) 15 (35.7) .36 5 (11.9)
0�Is NG 9 (34.6) 15 (57.7) 2 (7.7)
0�IIaþIs NG 10 (40.0) 14 (56.0) 1 (4.0)
Totals 64 (41.0) 74 (47.4) 18 (11.5)
n 138

NOTE. Values are n (%) unless otherwise noted.

September 2017 Risk Stratification for Covert Invasive Colorectal Cancer 742.e1


	Risk Stratification for Covert Invasive Cancer Among Patients Referred for Colonic Endoscopic Mucosal Resection: A Large Mu ...
	Editor's Notes
	Background and Context
	New Findings
	Limitations
	Impact
	Pathologic Analysis
	Data and Analyses

	Results
	Factors Associated With Submucosal Invasive Cancer
	Factors Associated With “Covert” Submucosal Invasive Cancer
	Superficial Submucosal Invasive Cancer−Potential for Curative Resection

	Discussion
	Supplementary Material
	References


