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ABSTRACT
Objective Diagnostic imaging by CT colonography and
capsule endoscopy is used to detect colonic lesions.
Controversy exists regarding the work-up of
subcentimetric lesions. The aim of this study was to
identify risk indicators for advanced neoplasia (AN) in
subcentimetric polyps.
Design Colonoscopies were classified on the basis of
the largest lesion found. AN was defined as high-grade
dysplasia, villous histology, or cancer. Logistic regression
models were developed to identify risk factors for AN,
and validated on separate datasets. A risk index based
on the logistic regression was generated, and the
number needed to screen (NNS) to detect AN was
determined.
Results 1 077 956 colonoscopies identified 106 270
intermediate (5e9 mm) and 198 954 diminutive
(#4 mm) lesions; 13% of intermediate and 3.7% of
diminutive lesions contained AN. The risk of AN was
higher in intermediate than in diminutive lesions (OR 3.1;
95% CI 3.0 to 3.3). Age $85 versus <45 years was
associated with ORs of 2.4 (95% CI 1.8 to 3.1) for
intermediate polyps and 3.2 (95% CI 2.3 to 4.5) for
diminutive polyps. Pedunculated versus sessile
morphology was associated with a higher risk of AN in
intermediate (OR 2.0; 95% CI 1.9 to 2.2) and diminutive
(OR 3.5; 95% CI 2.9 to 4.1) lesions. In the combined
analysis for subcentimetric lesions, ORs were 2.7 (95%
CI 2.2 to 3.3) for age $85 versus <45 years, 1.1 (95%
CI 1.1 to 1.2) for male sex, 1.6 (95% CI 1.4 to 1.7) for
occult blood, 1.3 (95% CI 1.2 to 1.5) for overt blood in
stool, 1.3 (95% CI 1.2 to 1.4) for more than four lesions,
and 2.2 (95% CI 2.1 to 2.3) for pedunculated versus
sessile lesions. At median risk index values, the NNS
was 9.3 (95% CI 9.1 to 9.5) in individuals with
intermediate lesions and 29.4 (95% CI 28.5 to 30.2) in
those with diminutive lesions. Compared with the NNS
of 15 of the whole cohort, the majority of intermediate,
but a minority of diminutive, lesions were deemed at
high risk of AN.
Conclusion This study successfully identified risk factors
and established a risk index for subcentimetric lesions.
This has implications for the work-up of patients with
subcentimetric lesions identified on diagnostic imaging.

INTRODUCTION
Colorectal cancer is among the most common
causes of cancer-related morbidity and mortality.1 2
Screening for premalignant adenoma and cancer by
Gut 2013;62:863–870. doi:10.1136/gutjnl-2011-300111

Significance of this study
What is already known on this subject?
< Diagnostic imaging by CT colonography and

colon capsule endoscopy have been proposed
as alternatives to optical colonoscopy for the
detection of colonic neoplasia.
< There is no consensus about the post-test
referral for polypectomy of patients with
subcentimetric lesions.
< Risk factors for advanced neoplasia in subcentimetric lesions are not well understood, and
therefore currently no stratification into low- and
high-risk groups is possible.

What are the new findings?
< Age, sex, blood in stool, location, multiplicity

and morphology of lesions are important risk
indicators for advanced neoplasia in subcentimetric polyps.
< A risk index was developed that helps to identify
low- and high-risk groups within the population
of patients with subcentimetric lesions.
< The majority of people with intermediate, and
a small subset with diminutive, lesions have risk
indices associated with a number needed to
screen stratifying them into the high-risk group,
implicating immediate work-up by colonoscopy.

How might it impact on clinical practice in the
foreseeable future?
< The assessment of risk factors for advanced
neoplasia in patients with subcentimetric lesions
may help in making evidence-based decisions
about the work-up by colonoscopy in cases of
subcentimetric findings identified on diagnostic
imaging.

faecal occult blood tests (FOBT), sigmoidoscopy
and colonoscopy reduces cancer incidence and
cancer-speciﬁc death and is recommended by
national guidelines.3 4 The American joint guideline
also endorses new tests, including faecal DNA tests
and virtual colonoscopy by CT.3 In addition, colon
capsule endoscopy (CCE), which has been shown
to have a reasonably high sensitivity for colonic
lesions,5 6 has recently been introduced as a diagnostic tool in several countries around the world.
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Especially for individuals non-compliant to colonoscopy, for
patients receiving anticoagulation therapy, older patients, and
those with signiﬁcant comorbidities, diagnostic imaging may be
a valuable and less invasive approach than colonoscopy.
However, CTC and CCE have in common that they can detect
but not remove polyps. Therefore patients with polyps need to
be referred for conventional colonoscopy.
The overall prevalence of polyps in average-risk, asymptomatic adults is at least 20e30%. Still, only roughly one in three of
these individuals have polyps $10 mm.7e11 All adenomas
$10 mm in size are, per deﬁnition, advanced adenomas.12
Advanced neoplasia, the main target of colorectal screening and
diagnosis, is deﬁned as advanced adenoma or cancer. Subcentimetric adenomas of tubulovillous or villous architecture and
those carrying high-grade dysplasia have also been recognised as
advanced adenoma because they bear an increased risk
of progression to colorectal cancer. However, only a fraction of
subcentimetric lesions are advanced neoplasia; the majority of
subcentimetric lesions consist of non-advanced adenoma,
hyperplastic lesions and other benign histologies.13 While it is
generally agreed on that patients with polyps $10 mm in
diameter found on CTC should undergo polypectomy,14 15
a clinical dilemma exists about the work-up of those with
subcentimetric lesions.16e18 The American College of Radiology
has proposed re-examining people with single polyps of intermediate size found on screening CTC by another CTC examination 3 years later alternatively to immediate colonoscopy for
polypectomy.15 Immediate colonoscopy is suggested only if
three or more polyps 6e9 mm in size or polyps $10 mm are
detected. The same proposal considers 6 mm as the minimum
size for reporting polyp lesions. The European Society of
Gastrointestinal and Abdominal Radiology recommends that
polyps #4 mm found on CTC may be ignored.19 In contrast
with these proposals, the American College of Gastroenterology
recommends that patients with polyps $6 mm and those with
three or more polyps of any size should be offered colonoscopy
and polypectomy.18 Moreover, the American College of Gastroenterology recommends reporting of polyps of any size. Another
important aspect in this context is that histology is required for
the determination of surveillance intervals, which is commonly
available after endoscopic removal of adenoma but not if a lesion
identiﬁed by diagnostic imaging is not followed-up by endoscopy.4 20 21 To solve the clinical dilemma and to ensure costeffectiveness of CTC and CCE, it is essential to establish
algorithms indicating which subcentimetric ﬁndings need to be
followed-up by colonoscopy, which can be safely controlled by
repeat diagnostic imaging, and which can possibly be ignored.
A previous study attempting to identify risk factors within
subcentimetric polyps was limited by a small sample size.13 To
identify risk indicators for advanced neoplasia in subcentimetric
lesions and to improve management of the respective patients,
we performed an analysis of a large database of outpatient
colonoscopies. We sought to analyse the frequency and relative
distribution of polyps found according to size and histology and
to identify risk indicators for advanced neoplasia within
subcentimetric lesions. We intended to develop a risk index for
individuals with diminutive and intermediate lesions.

MATERIALS AND METHODS
Bavarian registry of outpatient colonoscopies
In Bavaria, Germany, 83% of the population of 12.5 million
inhabitants is insured by a public system, the compulsory health
insurance (CHI). Starting at age 55, CHI insurants are entitled to
864

two screening colonoscopies at an interval of 10 years. In addition, guaiac-based FOBT is offered annually from age 50 to 54
and biannually from age 55 to those refusing colonoscopy.
Symptomatic insurants have free access to diagnostic colonoscopy independent of age. In 2006 the Bavarian Association of
CHI Physicians (Kassenärztliche Vereingung Bayerns, KVB)
introduced a central colonoscopy database. All outpatient colonoscopies performed in CHI patients are documented electronically via the internet in this database. Photographs of the caecal
landmarks and complete online documentation are requirements
for reimbursement. Reimbursement is higher in the case of
polypectomy. Items documented in the database include age,
sex, family risk, indication for colonoscopy (eg, screening,
surveillance, diagnosis), symptoms (eg, blood in stool, FOBT
positive, anaemia, diarrhoea, obstipation), sedation, complications, polyp count (one, two to four, or more than four polyps),
localisation of lesions (sigma or rectum vs rest of colon vs lesions
in both regions), and morphology, size and histology of the
largest lesion found. The size of the largest polyps is documented according to three size groups, #4 mm (diminutive),
5e9 mm (intermediate) and $10 mm (large).
No individual patient identiﬁcation data are contained in the
database. Contents and the data collection procedure are regulated by federal guidelines (Krebsfrüherkennungs-Richtlinie),
a contract between KVB and all health funds in Bavaria, which
has been approved by the Bavarian governmental authority for
data protection. For the present retrospective analysis, colonoscopies performed in people younger than 18 years and people
with a history of chronic inﬂammatory bowel disease, as well as
repeat examinations, were excluded from the analysis. In the
case of repeat examinations, only the index colonoscopy was
included. Biopsy specimens were evaluated by local pathologists.
The ﬁndings on colonoscopy were categorised on the basis of the
most advanced lesion found. Advanced adenoma was deﬁned as
an adenoma that had high-grade dysplasia, had villous or
tubulovillous histological characteristics, or was $10 mm in
diameter, or any combination thereof. Advanced neoplasia was
deﬁned as cancer or advanced adenoma.

Statistical analysis
Distributions of characteristics of patients, examinations,
complications and detected lesions were described using absolute
and relative frequencies. We modelled the risks of advanced
adenoma, cancer and advanced neoplasia in patients with lesions
using logistic regression models including the following set of
independent variables: lesion count, size and histology of the
largest lesion, localisation of lesions, gender, age, known family
risk, and colonoscopy indication. We used the same ﬁxed set of
independent variables in all our modelsdthat is, we did not use
any variable selection algorithm based on p values or goodnessof-ﬁt criteria. To facilitate interpretation, we refrained from
modelling interactions between the independent variables. Only
lesions with known histology and size were included in the
logistic regression models. Separate models were ﬁt for different
outcomes (advanced adenoma, advanced neoplasia, cancer) and
lesion sizes (diminutive, intermediate, subcentimetric (ie,
diminutive or intermediate), large). Number needed to screen
(NNS) to detect one lesion fulﬁlling the respective outcome
criteria was calculated as the inverse of the predicted outcome
probability from the regression model. The NNS of the whole
cohort was adopted as a guide to efﬁcient post-test referral for
polypectomy. For internal validation of our results, we followed
Regula et al,10 dividing our sample into a randomly selected
derivation set (two-thirds of the total sample) and a validation
Gut 2013;62:863–870. doi:10.1136/gutjnl-2011-300111
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set (one-third). The risk index for advanced neoplasia is based on
the model for subcentimetric lesions from the derivation set.
Regression coefﬁcients with a signiﬁcant Wald test (p<0.05)
were multiplied by 10 and subsequently rounded to the nearest
integer. The results on the predictive power of the index are
based on the validation set. All analyses were performed using
SAS V.9.2 for Linux.

RESULTS
A total of 1 105 092 colonoscopies were documented in the
database between 2006 and 2009. After exclusion of 18 274
colonoscopies performed in people with chronic inﬂammatory
bowel disease, 5762 repeat examinations, and 3100 colonoscopies because of age <18 years, a total of 1 077 956 colonoscopies were included in the analysis. Of these, 258 116 (23.94%)
colonoscopies were screening studies, 137 923 (12.79%) were
performed for post-adenoma and 49 153 (4.56%) for post-cancer
surveillance, 53 039 (4.92%) were work-ups on a positive FOBT,
104 864 (9.73%) for overt blood in stool, and 474 861 (44.05%)
for other signs and symptoms (table 1). More women (56.17%)
had colonoscopy than men (43.83%; 605 515 vs 472 441).
Increased family risk was the reason for 66 007 (6.12%) colonoscopies. Intravenous sedation was used in 1 012 360 (93.92%)
colonoscopies. The caecum was reached in 97.61% cases. A total
of 2219 (0.2%) complications were documented.
Lesions were revealed by 401 696 (37.27%) colonoscopies:
198 954 of these lesions were diminutive (#4 mm), 106 270 were
intermediate (5e9 mm), and 53 490 were large ($10 mm) (table
2). A total of 62 991 patients had advanced adenoma; in 6522
(10.35%) cases, these were diminutive, in 12 751 (20.24%)
intermediate, and 43 138 (68.48%) large. Cancer was found in
8840 (0.82%) patients; of these cancers, 858 (9.71%) were
diminutive, 1083 (12.25%) were intermediate, and 2152

Table 1 Demographic characteristics and performance of colonoscopy
Characteristic

n (%)

Total
Age group (years)
Younger than 45
45e54
55e64
65e74
75e84
84 and older
Sex
Female
Male
Increased family risk
Indication for colonoscopy
Screening
FOBT+
Post-adenoma surveillance
Post-cancer surveillance
Overt blood in stool
Other signs and symptoms
Performance of colonoscopy
Intravenous sedation
Caecal intubation
Complications
Bleeding
Perforation
Cardiorespiratory

1 077 956 (100.00)

FOBT, faecal occult blood test.
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181 133
179 941
298 323
303 820
105 218
9521

(16.80)
(16.69)
(27.67)
(28.18)
(9.76)
(0.88)

605 515 (56.17)
472 441 (43.83)
66 007 (6.12)
258 116
53 039
137 923
49 153
104 864
474 861

(23.94)
(4.92)
(12.79)
(4.56)
(9.73)
(44.05)

1 012 360 (93.92)
1 052 139 (97.61)
1662 (0.15)
235 (0.02)
322 (0.03)

(24.34%) were large. The size of 4747 (53.70) cancers was not
known. In total, 71 831 (6.66%) advanced neoplasias were
detected: 7380 (10.27%) were diminutive, 13 834 (19.26%) were
intermediate, and 45 290 (63.05%) were large. The Prevalence of
high-grade dysplasia, villous or tubulovillous histology, and
cancer within lesions according to size and variable analysed is
given in table 3.
The results of the logistic regression analyses for patients with
subcentimetric lesions in the derivation and the validation
sample are shown in table 4. The modelling revealed the
following risk indicators of advanced neoplasia in subcentimetric
lesions: age, male sex, the simultaneous presence of proximal
and distal lesions, occult or overt blood in stool, multiplicity of
polyps, and ﬂat or pedunculated morphology of polyps. The OR
of intermediate compared with diminutive lesions to carry
advanced neoplasia was 3.11 (95% CI 2.98 to 3.25; p<0.001).
The strongest risk indicators in intermediate and diminutive
lesions were age and morphology of the largest lesion found.
Compared with adults <45 years of age, people $85 years with
an intermediate or diminutive lesion revealed ORs of 2.39 (1.84
to 3.10; p<0.001) and 3.21 (2.31 to 4.48; p<0.001), respectively.
Compared with people with sessile lesions, those carrying
a pedunculated intermediate polyp had an OR of 2.03 (1.91 to
2.15; p<0.001) in the case of an intermediate lesion and an OR
of 3.46 (2.90 to 4.13; p<0.001) in the case of a diminutive lesion.
The ORs for the whole dataset and a risk factor analysis for the
categories villous/tubulovillous adenoma, high-grade dysplasia,
and cancer are presented in online supplementary table 1.
Table 5 details the calculation of the risk index based on the
identiﬁed risk indicators age, sex, family risk, presence of overt or
occult blood in stool, and the polyp-associated factors
morphology, size, and location. The NNS to ﬁnd a diminutive or
intermediate lesion carrying advanced neoplasia for the individual index values can be derived from ﬁgure 1. A risk index of
10 indicates an NNS of 9.3 (95% CI 9.1 to 9.5) in the case of an
intermediate lesion, and an NNS of 26.6 (95% CI 25.9 to 27.3) in
the case of a diminutive lesion. An NNS <10 is not reached
below a risk index of 21 in the diminutive category. Figure 1
shows the good ﬁt of predicted and observed NNS for intermediate lesions at a risk index $5, and a good ﬁt for diminutive
lesions at risk indices between 9 and 20. An NNS of 15, which
represents the NNS of the whole cohort to detect advanced
neoplasia, was used as a benchmark to distinguish between
high-risk (NNS #15) and low-risk (NNS >15) groups. An NNS
of #15 is reached at a risk index of 5 (NNS 14.8; 95% CI 14.3 to
15.4) for intermediate, and a risk index of 16 for diminutive,
lesions (NNS 14.9; 95% CI 14.4 to 15.4). The median risk index
of all intermediate lesions was 11 (NNS 8.5), and more than 95%
of all intermediate lesions had an index $5 (table 6), leaving only
1213 (3.42%) of the 35 460 patients with intermediate lesions of
the validation set in the low-risk group. In contrast, the median
risk index of all diminutive lesions was 9 (NNS 29.4), and less
than 5% of the diminutive lesions had a risk index of >15,
resulting in a shift of only 1719 (2.59%) of 66 281 patients of the
validation set with diminutive lesions into the high-risk group.
Exclusion of FOBT+ colonoscopies or inclusion of screening
colonoscopies only identiﬁed similar proportions of high-risk
patients in the diminutive and intermediate size groups,
respectively (online supplementary table 2).

DISCUSSION
Depending on age, sex and indication for colonoscopy, up to 40%
of colonoscopies reveal ﬁndings. Commonly, lesions found on
colonoscopy are removed or biopsied for histological assessment.
865
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Table 2

Prevalence of neoplasia and hyperplastic polyps by size according to the largest lesion found in 1 077 956 colonoscopies
£4 mm
n (%)

Total
n (%)
Lesions
Adenoma
Villous
Tubulovillous
Tubular
High-grade dysplasia
Advanced adenoma
Cancer
Advanced neoplasia
Hyperplastic polyps

401 696
224 462
2261
30 537
186 075
5589
62 991
8840
71 831
68 751

(37.27)
(20.82)
(0.21)
(2.83)
(17.26)
(0.52)
(5.84)
(0.82)
(6.66)
(6.38)

198 954
104 455
336
5638
97 933
548
6522
858
7380
46 303

(18.46)
(9.69)
(0.03)
(0.52)
(9.09)
(0.05)
(0.61)
(0.08)
(0.69)
(4.30)

With the introduction of CT colonography, a general work-up of
all patients with subcentimetric lesions by colonoscopy is being
disputed.15 19 Similar considerations may be applied to capsule
endoscopy of the colon in the future.22 In our study of 1 077 956
colonoscopies, which identiﬁed a total of 305 224 subcentimetric
lesions including 21 214 subcentimetric lesions with advanced
neoplasia, the large sample size allowed us to derive and validate
a model to identify independent predictors of advanced
neoplasia in diminutive and intermediate lesions. Some of these
Table 3

5e9 mm
n (%)

‡10 mm
n (%)

No size given
n (%)

106 270
75 095
677
10 800
62 344
1274
12 751
1083
13 834
17 197

53 490
43 138
1211
13 754
24 604
3569
43 138
2152
45 290
4461

42 982
1774
37
345
1194
198
580
4747
5327
790

(9.86)
(6.97)
(0.06)
(1.00)
(5.78)
(0.12)
(1.18)
(0.10)
(1.28)
(1.60)

(4.96)
(4.00)
(0.11)
(1.28)
(2.28)
(0.33)
(4.00)
(0.20)
(4.20)
(0.41)

(3.99)
(0.17)
(0.00)
(0.03)
(0.11)
(0.02)
(0.05)
(0.44)
(0.49)
(0.07)

factors were also predictive of cancer. We successfully aggregated
the independent risk factors to build a predictive model that can
be applied for stratifying patients with subcentimetric lesions
for work-up by colonoscopy after diagnostic imaging of the
colon.
The frequency of ﬁndings in our cohort is consistent with
previous studies.9 10 12 13 23 In our series, 71 831 (6.66%) colonoscopies performed in symptomatic and asymptomatic
patients revealed advanced neoplasia. In other studies, the

Prevalence of high grade dysplasia, villous or tubulovillous histology, and cancer within lesions according to size and variable

Age (years)
Younger than 45
45e54
55e64
65e74
75e84
85 and older
Sex
Female
Male
Increased family risk
Yes
No
Location of lesions
Sigmoid/rectum
Proximal to sigmoid
Both locations
No information
Indication for colonoscopy
Screening
FOBT+
Post-adenoma surveillance
Post-cancer surveillance
Overt blood in stool
Other signs and symptoms
Number of polyps
1
2e4
>4
No information
Morphology
Flat
Sessile
Pedunculated
No information

All sizes
n (%)

£4 mm
n (%)

1824
5223
12 849
17 764
7865
910

320
878
2100
2793
1147
92

(4.48)
(8.68)
(10.70)
(13.44)
(17.58)
(32.72)

(1.91)
(2.83)
(3.32)
(4.22)
(5.67)
(6.29)

5e9 mm
n (%)

‡10 mm
n (%)

502
1560
3989
5320
2105
197

763
2246
5604
7733
3392
409

(7.56)
(10.61)
(11.97)
(14.10)
(16.41)
(18.71)

(28.30)
(32.56)
(36.19)
(39.49)
(42.59)
(47.17)

No size given
n (%)
239
539
1156
1918
1221
212

(1.64)
(7.15)
(14.33)
(22.17)
(32.81)
(46.70)

20 080 (10.32)
26 355 (12.72)

3259 (3.30)
4071 (4.07)

5863 (12.21)
7810 (13.41)

8461 (37.22)
11 686 (37.99)

2497 (10.03)
2788 (15.42)

2194 (4.72)
44 241 (11.76)

397 (5.42)
6933 (3.75)

712 (5.21)
12 961 (13.04)

944 (4.69)
19 203 (37.88)

141 (2.67)
5144 (12.50)

12 637
6326
12 256
15 216

(10.59)
(8.73)
(13.55)
(12.74)

2005
1631
1998
1696

(2.84)
(3.63)
(4.73)
(4.13)

4261
2104
4049
3259

(12.91)
(11.00)
(13.16)
(13.94)

6371
2591
6209
4976

(40.80)
(30.58)
(35.66)
(41.50)

0
0
0
5285

(0.00)
(0.00)
(0.00)
(12.30)

13 193
4951
7431
1939
5734
13 187

(12.69)
(21.95)
(9.74)
(11.08)
(15.86)
(9.08)

1912
477
1691
440
617
2193

(3.67)
(5.27)
(3.97)
(4.64)
(4.07)
(3.11)

4012
1109
2739
611
1151
4051

(12.85)
(16.69)
(11.93)
(13.88)
(14.63)
(11.85)

6230
2591
2835
642
2712
5137

(38.43)
(45.92)
(32.95)
(36.54)
(44.65)
(33.79)

1039
774
166
246
1254
1806

(23.42)
(34.62)
(8.03)
(13.30)
(17.76)
(7.13)

18 911
17 768
4479
5277

(9.54)
(13.00)
(18.77)
(12.30)

3826
3050
452
2

(3.14)
(4.42)
(5.66)
(7.14)

6330
6075
1268
0

(11.90)
(13.57)
(15.28)
(0.00)

8742
8641
2759
5

(37.91)
(37.83)
(36.39)
(55.56)

13
2
0
5270

(14.77)
(6.25)
(0.00)
(12.30)

5961
22 836
12 341
5297

(15.20)
(8.20)
(30.21)
(12.31)

866
6175
288
1

(5.21)
(3.44)
(10.69)
(2.00)

1771
8280
3616
6

(13.45)
(11.01)
(20.20)
(25.00)

3322
8376
8437
12

(35.28)
(35.19)
(41.65)
(66.67)

2
5
0
5278

(18.18)
(22.73)
(0.00)
(12.29)

FOBT, faecal occult blood test.

866
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(1.19
(1.44
(1.74
(2.25
(2.31

to
to
to
to
to

1.71)
2.04)
2.45)
3.24)
4.48)

to
to
to
to
to

2.02)
2.24)
2.75)
3.80)
4.57)

FOBT, faecal occult blood test; NA, not applicable.

1.53 (1.39 to 1.69)
3.46 (2.90 to 4.13)
NA
NA
NA
NA

<0.001

0.98 (0.86 to 1.12)

0.97 (0.88 to 1.06)

1.45 (1.25 to 1.68)
3.58 (2.78 to 4.61)
NA
NA

1.26 (1.13 to 1.40)
1.57 (1.28 to 1.93)

1.13 (0.92 to 1.39)

1.41 (1.23 to 1.62)

1.23 (1.14 to 1.32)
1.60 (1.38 to 1.85)

1.05 (0.84 to 1.30)

1.45 (1.28 to 1.63)
1.33 (1.18 to 1.49)

1.08 (0.90 to 1.30)

1.16 (1.00 to 1.35)

<0.001

(1.20
(1.36
(1.68
(2.25
(1.68

1.15 (1.04 to 1.26)

1.55
1.74
2.15
2.92
2.77

1.55 (1.25 to 1.92)
1.07 (0.94 to 1.22)

<0.001

<0.001

0.109

<0.001

<0.001

1.53 (1.32 to 1.79)
1.04 (0.95 to 1.14)

1.37 (1.26 to 1.50)
1.22 (1.12 to 1.33)

1.12 (0.98 to 1.28)

1.19 (1.12 to 1.27)

1.43
1.72
2.06
2.70
3.21

OR (95% CI)

OR (95% CI)

p Value

Validation dataset

Derivation dataset

Diminutive (£4 mm)

Risk indicators for advanced neoplasia in subcentimetric lesions

Age (years)
45e54 vs <45
55e64 vs <45
65e74 vs <45
75e84 vs <45
$85 vs <45
Sex
Male vs female
Increased family risk
No vs yes
Location of lesions
Proximal and distal vs distal
Proximal vs distal
Indication for colonoscopy
FOBT+ vs screening
Post-adenoma: Surveillance
vs screening
Post-cancer: Surveillance
vs screening
Overt blood in stool vs
screening
Other signs and symptoms
vs screening
Multiplicity of polyps
2e4 vs 1
>4 vs 1
Morphology of polyp
Flat vs sessile
Pedunculated vs sessile
Polyp size
Intermediate vs diminutive

Table 4

NA
NA

<0.001

<0.001

0.001

<0.001

0.413

0.004

<0.001

p Value
(1.24
(1.45
(1.72
(1.99
(1.84

to
to
to
to
to

1.66)
1.92)
2.26)
2.67)
3.10)

1.24 (1.15 to 1.34)
2.03 (1.91 to 2.15)
NA
NA

1.10 (1.04 to 1.17)
1.23 (1.11 to 1.36)

0.99 (0.93 to 1.07)

1.28 (1.15 to 1.42)

1.03 (0.90 to 1.17)

1.57 (1.41 to 1.76)
0.95 (0.89 to 1.03)

0.97 (0.91 to 1.04)
0.84 (0.78 to 0.90)

1.20 (1.08 to 1.33)

1.09 (1.04 to 1.15)

1.44
1.67
1.97
2.31
2.39

OR (95% CI)

Derivation dataset

NA
NA

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

p Value
(1.10
(1.45
(1.75
(2.00
(2.33

to
to
to
to
to

1.69)
2.17)
2.61)
3.04)
4.73)

1.29 (1.16 to 1.43)
2.06 (1.89 to 2.25)
NA
NA

1.14 (1.05 to 1.24)
1.35 (1.18 to 1.56)

1.05 (0.96 to 1.16)

1.30 (1.12 to 1.52)

1.23 (1.03 to 1.48)

1.75 (1.50 to 2.05)
0.98 (0.88 to 1.09)

0.94 (0.86 to 1.03)
0.94 (0.85 to 1.03)

1.11 (0.96 to 1.28)

1.07 (0.99 to 1.15)

1.36
1.77
2.14
2.47
3.32

OR (95% CI)

Validation dataset

Intermediate (5e9 mm)

NA
NA

<0.001

<0.001

<0.001

0.284

0.176

0.085

<0.001

p Value
(1.29
(1.52
(1.81
(2.20
(2.18

to
to
to
to
to

1.61)
1.89)
2.25)
2.77)
3.30)

3.11 (2.98 to 3.25)

1.33 (1.25 to 1.42)
2.19 (2.07 to 2.32)

1.14 (1.09 to 1.20)
1.31 (1.21 to 1.42)

0.98 (0.93 to 1.04)

1.33 (1.22 to 1.45)

1.09 (0.98 to 1.20)

1.56 (1.43 to 1.71)
0.99 (0.93 to 1.05)

1.10 (1.05 to 1.16)
0.97 (0.92 to 1.02)

1.18 (1.08 to 1.28)

1.13 (1.09 to 1.18)

1.44
1.70
2.02
2.47
2.68

OR (95% CI)

Derivation dataset

<0.001

<0.001
<0.001

<0.001

<0.001

<0.001

0.002

<0.001

<0.001

p Value

(1.22
(1.51
(1.85
(2.26
(2.38

to
to
to
to
to

1.70)
2.07)
2.52)
3.13)
4.21)

3.13 (2.94 to 3.33)

1.34 (1.23 to 1.46)
2.23 (2.05 to 2.42)

1.18 (1.11 to 1.26)
1.39 (1.24 to 1.56)

1.03 (0.95 to 1.11)

1.24 (1.09 to 1.40)

1.15 (1.00 to 1.33)

1.68 (1.49 to 1.91)
1.02 (0.94 to 1.11)

1.10 (1.02 to 1.18)
1.07 (1.00 to 1.16)

1.11 (0.99 to 1.24)

1.10 (1.04 to 1.16)

1.44
1.77
2.16
2.66
3.16

OR (95% CI)

Validation dataset

Subcentimetric (1e9 mm)

<0.001

<0.001

<0.001

<0.001

0.024

0.088

0.002

<0.001

p Value
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Table 5

Scoring system for the risk index

Risk factor

Category

Points

Age

<45 years
45e54 years
55e64 years
65e74 years
75e84 years
$85 years
Female
Male
No
Yes
No
Overt blood
Occult blood
Proximal or distal only
Proximal and distal
1
2e4
>4
Sessile
Flat
Pedunculated

0
4
5
7
9
10
0
1
2
0
0
3
4
0
1
0
2
5
0
3
8

Sex
Family risk
Blood in stool

Location of polyps
Multiplicity of polyps

Morphology of polyp

reported frequency of advanced neoplasia ranges from 4.8% in
screening series to over 30% in FOBT positive people.13 23 We
found that 13% of all intermediate lesions and 3.7% of diminutive lesions harboured advanced neoplasia. This is within the
range of 5.3% to 53% for intermediate and 0.9% to 17.4% for
diminutive lesions reported by others,13 23e27 with lower
numbers reported in screening studies and highest frequencies
reported in people with occult blood in stool. We identiﬁed
increasing age, male sex, occult and overt blood, and location,
number and morphology of polyps as risk indicators of
subcentimetric lesions to contain advanced neoplasia. Only
a few studies have previously assessed the risk of advanced
neoplasia within lesions.13 28 29 Lieberman et al13 assessed risk
factors for polyps in a screening population and also identiﬁed

Figure 1 Application of the risk index in the validation sample. The
lines depict the number needed to screen (NNS) based on the observed
frequencies of advanced neoplasia in patients with diminutive (circles)
and intermediate (plus signs) lesions. The data points represent the
predictions with 95% CI. The bold horizontal line indicates the number
needed to screen of 15 of the whole cohort to detect advanced
neoplasia, which is used as a benchmark to distinguish between highrisk (NNS #15) and low-risk (NNS >15) groups.
868

Table 6 Distribution of risk index counts for diminutive and
intermediate lesions
Diminutive

Intermediate

Quantile of patients

Risk index

NNS

Risk index

NNS

100%
99%
95%
90%
75%
50% (median)
25%
10%
5%
1%
0%

25
17
14
13
11
9
7
6
4
2
0

6.6
13.5
18.0
19.9
24.1
29.4
35.8
39.5
48.2
65.1
71.9

28
22
19
17
14
11
9
7
6
2
0

2.3
3.4
4.3
5.1
6.5
8.5
10.2
12.3
13.5
19.8
24.0

NNS, number needed to screen.

distal location as a risk factor in intermediate lesions. In contrast
with our ﬁndings, they failed to identify age and sex as risk
factors for advanced neoplasia, which is most likely attributable
to the large difference in sample size (1 077 956 vs 13 992 colonoscopies) between these two studies.
To decide which patients with diminutive and intermediate
lesions should receive a work-up by colonoscopy, we adopted
a benchmark NNS of 15, which represents the NNS to detect
advanced neoplasia in the whole cohort. Any NNS higher than
the benchmark would represent a relatively inefﬁcient use of
post-test colonoscopy, while the higher the advanced neoplasia
rate is, and vice versa, the lower the NNS, the better is the
exploitation of colonoscopy. Referral of all patients with any
ﬁndings on CTC to colonoscopy would strongly conﬂict with
cost-efﬁciency of CTC.30 31 Therefore, risk-adapted work-up of
CTC ﬁndings may help to cut costs, avoid unnecessary colonoscopies, and increase compliance of patients. Based on this
benchmark, what are the clinical implications of our risk index
for diminutive lesions? We identiﬁed the presence of more than
four diminutive polyps, older age, and pedunculated morphology
of the polyp as the most important risk factors for diminutive
polyps. Application of the risk index and the benchmark NNS of
15 to people with diminutive lesions demonstrates that only
a minority of diminutive lesions carries a substantial risk of
advanced neoplasia. The small high-risk group of carriers with
diminutive lesions that needs to be identiﬁed and recommended
for immediate work-up by colonoscopy is deﬁned by the presence of the two main risk factors, pedunculated morphology and
age $65 years, or one of these two in combination with blood in
stool and the presence of more than four polyps. Therefore
a general non-reporting policy of diminutive lesions15 19 does not
appear acceptable, as it misses a small but relevant group of
high-risk individuals.
Our study also has practical clinical implications for the workup of patients with intermediate lesions. One strategy proposed
by the American College of Radiology has suggested colonoscopy for those with three or more polyps 6e9 mm in size and
control by CTC for those with one or two 6e9 mm lesions.15
The index described in this study clearly demonstrates that
multiplicity of polyps, morphology and age are important risk
factors, which need to be taken into account for decisions about
the work-up strategy. Taking into account the median NNS of
8.5 for intermediate lesions and the NNS of 15 of the whole
cohort, it becomes obvious that, in contrast with diminutive
lesions, the strategy should be to identify people with intermediate lesions who do not require immediate work-up. People
Gut 2013;62:863–870. doi:10.1136/gutjnl-2011-300111
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$55 years of age, everybody with a pedunculated polyp, and
those $45 years of age with one additional risk factor have an
NNS to ﬁnd advanced neoplasia in intermediate lesions that is
below the benchmark and therefore require work-up by colonoscopy. This leaves only a small subgroup of people #45 years
and with a risk index #4 where an immediate colonoscopy does
not appear necessary. The low-risk group of individuals with
intermediate lesions who might be sufﬁciently followed-up by
diagnostic imaging includes young and female adults without
evidence of blood in the stool and only one non-pedunculated
lesion. Therefore, if not checked for risk factors, all patients
with intermediate lesions should rather receive immediate
colonoscopy.
Application of the risk index would improve the efﬁciency of
work-up after diagnostic imaging of the colon. It could help to
identify individuals with substantial risk of advanced neoplasia,
thereby decreasing the number of low-yield colonoscopies and
helping to avoid delayed work-up in high-risk groups. Physicians
would be given a tool that could help them to give risk-adapted
recommendations to their patients rather than, as demonstrated
by a recent survey, recommending work-up of all subcentimetric
lesions identiﬁed on CTC by colonoscopy.32 However, a ﬁx cutoff value is difﬁcult to deﬁne, and potentially further factors
including comorbidities need to be taken into account. Imperiale
and colleagues developed a risk index to stratify risk for
advanced proximal neoplasia in people undergoing sigmoidoscopy screening.33 Points were assigned to the categories, age, sex
and most advanced distal ﬁnding. Patients deemed to be at
intermediate and high risk had an NNS of 24 to detect advanced
neoplasia in the proximal colon. Another risk index has been
developed to identify low-risk patients who might be good
candidates for CTC instead of colonoscopy screening.34 Here,
points were assigned to the categories sex, age and family
history, and the prevalence of advanced neoplasia in the lowand high-risk groups was 3.0% and 5.7%, corresponding to NNS
of 33 and 17.5, respectively. Regula et al studied age, family
history and sex as risk factors for advanced neoplasia in
a screening population and suggested an NNS of 23 as
a threshold for the initiation of screening colonoscopy.10 If we
used a threshold NNS of 23 or 24, this would result in the workup of the majority of individuals with diminutive lesions and
virtually all with intermediate lesions. Therefore an NNS of 15
might serve as a benchmark to distinguish between a high- and
a low-risk group, resulting in an efﬁcient and risk-adapted workup of individuals with subcentimetric ﬁndings on diagnostic
imaging.
Our ﬁndings should be interpreted in the context of the
limitations of our study. First, the risk index was indirectly
derived from patients undergoing colonoscopy rather from
patients undergoing diagnostic imaging. CTC and CCE have
lower sensitivities for diminutive and intermediate lesions than
colonoscopy,5e9 and therefore the number of subcentimetric
lesions detected by these techniques would have been lower.
However, there is no reason to assume that the relative
frequency of advanced neoplasia within lesions would also be
different. Second, another limitation is the identiﬁcation of risk
factors in a retrospective study and that the validation process
was performed in a subgroup from the same setting of the
derivation subgroup. Also, we do not have any information
about previous colonoscopies and the time since resection of
cancer or adenoma in the surveillance groups. Although there is
no reason to assume that this would have any inﬂuence on the
histology of lesions found, future database documentation
should account for this. Only prospective studies can fully
Gut 2013;62:863–870. doi:10.1136/gutjnl-2011-300111

overcome the limitations of a retrospective analysis. Still, for the
ﬁrst time, the very large sample size allows the identiﬁcation of
robust risk factors and establishment of a robust, internally
validated risk index. Third, it might be argued that the inclusion
of non-screening colonoscopies limits our results. Indeed, as
screening colonoscopies are not reimbursed under the age of 55
and can therefore not be documented in the database, we lack
data about colonoscopies performed for screening in younger
adults. Still, we included a total of 258 116 screening colonoscopies, the largest series of screening colonoscopies analysed for
risk factors in subcentimetric lesions so far. Moreover, our risk
index also allows determination of the risk of lesions found in
examinations performed for other indications. Fourth, polyp size
was determined by the endoscopist and polyps were classiﬁed
into three predeﬁned size groups. Previous work has suggested
that these size estimates may be inaccurate and may result in
misclassiﬁcation of polyps into the wrong size groups.3 35e38
Some studies rely on the measurement of polyp size after
removal only24 or have determined the size by open biopsy
forceps before removal and after polypectomy.25 Moreover, one
analysis showed that categorisation based on CT colonography
measurement into the three size groups differed from preﬁxation
measurement in 43% of cases.39 Sensitivity analysis has been
used to estimate the impact of misclassiﬁcation of polyps on the
frequency of advanced histology in size groups.13 However,
owing to the classiﬁcation of lesions into size categories by the
endoscopists, this analysis is not feasible here. In addition, the
categories ‘diminutive’ and ‘intermediate’ are deﬁned differently
in the literature. Our database classiﬁes diminutive as #4 mm
and intermediate as 5e9 mm, others have used the size groups
#4 mm and 5e10 mm,24 25 and current publications commonly
deﬁne diminutive polyps as <6 mm and intermediate (or small)
as 6e9 mm.13 23 26 27 The differences in classiﬁcation and the
obvious common misclassiﬁcation of polyp size is clearly an
unsolved and partly unsolvable problem. In clinical practice in
particular, the correct classiﬁcation of polyps may be even more
problematic. Drawing rigid cut-offs for size classiﬁcation is
mainly a tribute to practicability, as the risk of a lesion
containing advanced adenoma or cancer is continuously
increasing with size.24 Fifth, there is a relatively small, yet
potentially interesting, subgroup for which no lesion size has
been reported. These patients exhibit an enormous prevalence of
cancer and an unexpectedly low prevalence of hyperplastic
polyps. As the majority of colorectal cancers are larger in size
and endoscopic size estimation of cancers is often difﬁcult
because of circular, semicircular and stenosing growth, the
majority of cancers without documentation of size are most
likely to occur in the large size group. The reason for the low
number of hyperplastic polyps in this subgroup remains unclear,
but might be attributable to the fact that, after diagnosis of
cancer, other small lesions, especially those exhibiting features of
hyperplastic polyps, might not have been endoscopically
removed.
In conclusion, our risk index allows the risk-adapted work-up
of CTC and CCE ﬁndings. On the one hand, this may help to
cut costs, avoid unnecessary colonoscopies, and increase
compliance of patients. On the other hand, the risk index may
also help to avoid the delay in work-up of patients at high risk of
advanced neoplasia. Application of the risk index clearly
demonstrates that the majority of patients with intermediate
lesions have a high risk of advanced neoplasia. Therefore, if not
checked for risk factors, all patients with intermediate lesions
should rather be followed-up by immediate colonoscopy. A
subgroup of patients with diminutive lesions also carries
869
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a substantial risk of advanced neoplasia. These can be identiﬁed
and recommended for work-up by colonoscopy. Our risk index
should be validated in other cohorts.
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