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Genetic Biopsy for Prediction of Surveillance
Intervals after Endoscopic Resection of Colonic
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Abstract
Background and objective: Current surveillance strategies for colorectal cancer following polypectomy are determined by

endoscopic and histopathological factors. Such a distinction has been challenged. The present study was designed to

identify molecular parameters in colonic polyps potentially defining new sub-groups at risk.

Methods: One hundred patients were enrolled in this multicentre study. Polyps biopsies underwent formalin-free processing

(PAXgene, PreAnalytiX) and targeted next generation sequencing (38 genes (QIAGEN), NextSeq 500 platform (Illumina)).

Genetic and histopathological analyses were done blinded to other data.

Results: In 100 patients, 224 polyps were removed. Significant associations of genetic alterations with endoscopic or

histological polyp characteristics were observed for BRAF, KRAS, TCF7L2, FBXW7 and CTNNB1 mutations. Multivariate ana-

lysis revealed that polyps� 10 mm have a significant higher relative risk for harbouring oncogene mutations (relative risk

3.467 (1.742–6.933)). Adenomas and right-sided polyps are independent risk factors for CTNNB1 mutations (relative risk

18.559 (2.371–145.245) and 12.987 (1.637–100.00)).

Conclusions: Assessment of the mutational landscape of polyps can be integrated in the workflow of current colonoscopy

practice. There are distinct genetic patterns related to polyp size and location. These results suffice to optimise individual

risk calculation and may help to better define surveillance intervals.
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Key summary

What is already known about this subject?

At the moment, the focus in colorectal cancer (CRC)
screening is on optical colonoscopy with conventional
histopathological assessment of resected polyps. Based
on current guidelines, the repeated colonoscopy inter-
val depends on a no-risk, low-risk or high-risk situ-
ation. Recent studies brought a deeper molecular
understanding of colorectal polyps that already demon-
strates subtypes of adenoma with more or less aggres-
sive behaviour. Nevertheless, molecular diagnostics of
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resected colonic polyps are not yet recommended in
current guidelines. Correlating data between genetic
alterations in resected polyps and the respective risk
situations in the individual patients are lacking.

What are the new findings?

Significant associations of genetic alterations with
endoscopic or histological polyp characteristics were
observed for BRAF, KRAS, transcription-associated
genes (TCF7L2 and/or FBXW7) and ß-Catenin
(CTNNB1) mutations, already in the no-risk situation,
where a repeated colonoscopy is recommended in
10 years. Multivariate analysis revealed distinct genetic
patterns related to histopathology, size and location of
polyps. Our data open the avenue for a molecular sub-
typing of resected colorectal polyps in CRC screening.
We were able to show that assessment of the mutational
landscape of resected polyps can easily be integrated in
the workflow of current colonoscopy practice. These
findings might serve as a valuable tool for individual
risk calculation and thereby help to better define sur-
veillance intervals after index colonoscopy.

Introduction

Colorectal cancer (CRC) ranks third in worldwide
diagnosed cancers and represents the fourth leading
cause of cancer-related deaths.1 At the moment, the
focus in CRC screening is on optical colonoscopy and
histopathological assessment of resected polyps. Such a
strategy has proven to reduce the incidence and mor-
tality.2,3 Therefore, primary population-based colonos-
copy screening is recommended by several medical
societies.4,5 Recommendations on surveillance after
polypectomy are based on clinical and histopatho-
logical parameters and range from 6–12 months to
10 years.4,5 High-risk factors are polyp size of
�10mm that confers a 3% annual risk for CRC devel-
opment, villous architecture that confers a risk of 17%
or high-grade dysplasia that already has a risk of
37%.6–8 Such a distinction has also been questioned,9

particularly in consideration of (a) increasing knowledge
of substantial differences for adenoma affiliation to the
right or left colon10,11 and (b) the deepened molecular
understanding that already demonstrates subtypes of
adenoma with more or less aggressive behaviour.

The most frequently detected colon lesions are
hyperplastic polyps (HP), considered to be benign
leading to extended surveillance intervals after resec-
tion.12 However, pathologists may misclassify sessile
serrated adenoma/polyps (SSA/P) as HP and min-
imum criteria necessary to establish a diagnosis of
an SSA/P have not been set,13 resulting in a large
interobserver variation.14 Recent sequencing studies

revealed new insights into basic evolutional processes
in conventional adenomas and SSA/P. Two major
pathways are in focus,15 associated with either
chromosomal or microsatellite instability. One of the
first genetic events in colorectal carcinogenesis is the
inactivation of the APC/b-catenin signalling pathway,
followed by molecular alterations in KRAS and TP53.
This pathway is the basis of the adenoma–carcinoma
sequence. Significantly less CRCs develop out of the
alternatively mutated pathway termed as serrated neo-
plasia pathway, representing an important contributor
to CRC, and a disproportionate contributor to inter-
val or post colonoscopy CRC, particularly in the
proximal colon.16 The serrated pathway includes a
variety of possible driver mutations and cause in a
high-frequency microsatellite instability. Moreover,
CpG island hypermethylation is frequently found
that can further be linked to the CpG island methy-
lator phenotype (CIMP) of CRC and a proximal
colon localisation.17,18 BRAF mutations are a hall-
mark for CIMPs.18 Taken all these changes together,
chromosomal or microsatellite instability expressed by
detection of various genetic mutations might therefore
be important to calculate the risk of CRC
development.

The Genetic Biopsy for Prediction of Surveillance
Intervals after Endoscopic Resection of Colonic
Polyps (GENESIS) study was designed to further char-
acterise colonic polyps by adding these new molecular
stratification parameters to the current state of the art
recommendations and thereby potentially set up new
sub-groups at risk.

Patients and methods

Institutional review board and
general information

The study was approved by the ethical review board of
Ulm University (Ulm University, approval date:
07.07.2015, approval number: 128/15). Participation
in the study was voluntary. Written, informed consent
was obtained from each patient included in this study.
The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in
prior approval by the institution’s Human Research
Committee. All authors had access to the study data
and reviewed and approved the final manuscript.

Study design and patient selection

Patients within this multicentre study (www.clinical-
trials.gov number, NCT02595645) were recruited at
two high-volume endoscopic centres in Germany:
Department of Internal Medicine I, Ulm University
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and an outpatient clinic for gastroenterology in the
Ulm region (Dornstadt). Data were collected prospect-
ively and analysed retrospectively. All patients that
underwent a routine colonoscopy, signed a written
informed consent prior to colonoscopy and, in the
case of having resectable polyps, were included in the
study. Reasons for exclusion were chronic inflamma-
tory bowel diseases and known malignancies. The
recruitment period was July 2015–December 2015.
One hundred and sixteen patients were enrolled, and
of these 15 had to be excluded afterwards because of
not having any resectable polyp and one patient was
excluded because the resected polyp turned out to be a
CRC (Figure 1). From each patient, we took up to six
biopsies from up to six respective polyps. For final
analysis, 224 polyp biopsies from 100 patients were
available. Detailed patient characteristics are provided
in Supplementary Material, Table S1.

Sample collection

Before a detected polyp was resected, the endoscopist
took a small extra biopsy of the respective polyp and
stored it in a separate biopsy cassette, enabling storage
of up to six biopsies from various respective polyps per
patient. Each biopsy was numbered and several data,
regarding localisation, diameter, morphology and
removal technique were noted. Each specimen was
fixed with the formalin-free PAXgene Tissue Fix
(PreAnalytix GmbH, Hombrechtikon, Switzerland)
for 2–4 h. Subsequently, PAXgene-fixed samples were
transferred into PAXgene Tissue Stabilizer to stop the
fixation process. Using a standard protocol, PAXgene-
treated tissues were dehydrated and embedded in
low-melting temperature paraffin in a formalin-free

embedding processor. Sections from all samples were
stained with haematoxylin and eosin (HE) for histo-
pathological evaluation.

Histopathology

Evaluation of the slides, histopathological grading and
staging was done at the Institute of Pathology, Medical
University of Graz, Austria, by a histopathologist with
special expertise in colonic pathology (CL). Each evalu-
ation was done in accordance with the current World
Health Organisation (WHO) classification system of
tumours of the digestive system.19

Tissue DNA extraction

For DNA isolation, we took five sections (10mm thick)
from each PAXgene-fixed human tissue sample. The
samples were deparaffinised by xylene and ethanol
and deoxyribonucleic acid (DNA) was isolated, using
the PAXgene Tissue DNA Kit (PreAnalytiX,
Hombrechtikon, Switzerland).

Next generation sequencing and
molecular analyses

Isolated DNA underwent initial quality assessment
using QuantiMIZE kit (QIAGEN, Hilden, Germany).
For molecular analyses the GeneRead workflow
(QIAGEN, Hilden, Germany) was applied (GeneRead
DNAseq Targeted Panel V2 for colorectal cancer,
QIAGEN, Hilden, Germany), consisting of 38 most fre-
quently mutated genes in CRC. The GeneRead work-
flow comprises targeted enrichment by multiplex
polymerase chain reactions (PCR), pooling and library

116 patients enrolled

Colonoscopy and polypectomy

16 patients excluded

100 patients for analysis

PAXgene tissue asservation

Endoscopic and clinical data Histopathology Next generation sequencing

Figure 1. Flow chart of the Genetic Biopsy for Prediction of Surveillance Intervals after Endoscopic Resection of Colonic Polyps (GENESIS)

study.
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construction with the TruSeq Nano DNA HT Sample
Prep Kit (Illumina FC-121-4003). An amount of 40 ng
of DNA was used for target enrichment and 16 ng of the
target-enriched DNA for the library preparation. A
TapeStation (Agilent 4200 TapeStation system) was
used for the qualification of PCR and library fragments
as well as for fragment size determination. Library con-
centrations were determined based on qPCR results and
fragment sizes. Paired end sequencing was performed on
a NextSeq 500 sequencer (Illumina) running 2� 150 bp
chemistry version 2. Variant filtering was performed in
two stages. Stage 1 of the filtering marked variants that
fail some of the thresholds for variant calling. Filters
derived from the recommendations in the GATK best
practices document were used. Stage 2 of filtering
removed single nucleotide polymorphism (SNP) and
indels that did not pass minimum variant frequency
and coverage thresholds. Data analysis including align-
ment to the reference genome hg19 and variant calling
was carried out using QIAGEN’s online GeneRead
Variant Analysis portal (http://ngsdataanalysis.sabios-
ciences.com/NGS2/). Mutations found by next gener-
ation sequencing were verified against the catalogue of
somatic mutations in cancer (COSMIC) database by
COSMIC-ID and categorised as pathogenic according
to the Functional Analysis Through Hidden Markov
Models v2.3 (FATHMM prediction score).20 Only
pathogenic mutations according to FATHMM predic-
tion score were included in the final evaluation.

Statistics

All statistical analyses were performed using IBM SPSS
Statistic 23. The presence of various genetic factors was
tested for statistically significant association with
established endoscopic or histological factors using the
chi-square test. A p-value< 0.05 was considered to be
statistically significant. Multivariate logistic regression
analysis was performed to look for independent param-
eters associated with respective mutations.

Results

Clinicopathological and endoscopic data

Clinical, endoscopic, histopathological and molecular
data of the entire cohort are presented in Table 1.
Based on international guideline recommendations4,5

we classified the study cohort into three different risk
groups: 25 (25.0%) patients were classified as no-risk,
21 (21.0%) as low- (or intermediate-) risk and 54
(54.0%) as high-risk. These recommendations are
based on the histology, size and number of resected
polyps and have been coined to determinate surveil-
lance intervals following polypectomy.

Table 1. Patient characteristics of the Genetic Biopsy for

Prediction of Surveillance Intervals after Endoscopic

Resection of Colonic Polyps (GENESIS) study.

Variable All (%)

Clinical data
Number of patients 100 (100)

Gender

Female 50 (50)

Male 50 (50)

Average age (years) 62.9

Risk-group
No-risk 25 (25)

Low-risk 21 (21)

High-risk 54 (54)

Endoscopic data

Number of polyps 224 (100)

NICE classification
NICE type I 146 (65.2)

NICE type II 63 (28.1)

NICE type III 5 (2.2)

No data 10 (4.5)

Localization
Localization left colon 90 (40.2)

Localization right colon 126 (56.3)

No data 8 (3.6)

Polyp size
<10 mm 121 (54.0)

�10 mm 71 (31.7)

No data 32 (14.3)

Histopathological data
Adenomatous yes/no

Adenomatous polyps 112 (50.0)

Non-adenomatous polyps 110 (49.1)

No data 2 (0.9)

Dysplasia no/low/high
No dysplasia 110 (49.1)

Hyperplastic polyp 75 (33.5)

Hamartomatous polyp 4 (1.8)

Leiomyoma 1 (0.4)

Normal colonic mucosa 24 (10.7)

Sessil serrated adenoma 6 (2.7)

Low-grade dysplasia 109 (48.7)

Tubular adenoma 106 (47.3)

Tubulo-villous adenoma 3 (1.3)

High-grade dysplasia 3 (1.3)

Tubular adenoma 3 (1.3)

No data 2 (0.9)

Molecular data (mutations)
Oncogene

NRAS 1 (0.4)

BRAF 44 (19.6)
(continued)
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Molecular data

Frequency of respective mutations related to polyp

characteristics. The most relevant findings of the respect-
ive mutations are provided in Table 1 and Table 2,
detailed molecular data amongst all analysed genes
are listed in Supplementary Material, Table S1.
Amongst the 38 analysed genes, 20 genes showed alter-
ations in the analysed polyps, in the remaining 18 genes
no relevant changes could be seen. Findings were
categorised by the respective gene according to its bio-
logical function: oncogenes, cell-cycle associated genes,
tumour suppressor genes, cytostructure-associated
genes and transcription-associated genes (Table 1).
Moreover, CTNNB1 was analysed. Further analysis
showed significant correlations between the respective
molecular landscape, polyp histology, polyp localisa-
tion within the colon and polyp size. For BRAF muta-
tions, a significant correlation between polyp histology
and the occurrence of a distinct BRAF mutation
(V600E) could be observed (adenomas vs. non-adeno-
mas: 1.8% vs 39.1%, p< 0.001). Moreover, a trend to
more BRAF mutations in right sided and larger polyps
(�10mm) occurred, although not significant (polyp
localisation right vs left 23.8% vs 15.6%, p¼n.s.;
polyp size< 10 vs� 10mm 19.0% vs 25.4%, p¼ n.s.).

KRAS mutations were significantly associated with
adenomatous polyps in the left colon and larger size
(adenomas vs non-adenomas: 17.9% vs 8.2%,
p< 0.05; polyp localisation right vs left 7.9% vs
20.0%, p< 0.01; polyp size< 10 vs� 10mm 7.4% vs
19.7%, p< 0.05). Detection of transcription-associated
genes (FBXW7 and/or TCF7L2) was significantly asso-
ciated with larger polyps� 10mm (0.8% vs 7.0%,
p< 0.05). Mutations in CTNNB1 (ß-catenin) linked to
activation of the Wnt-signaling pathway were signifi-
cantly associated to adenomatous polyps in the right
colon (adenomas vs non-adenomas: 16.1% vs 0.9%,
p< 0.001; polyp localisation right vs left 13.5% vs
1.1%, p< 0.001). No significant differences were
observed with respect to polyp histology, polyp local-
isation or size and detection of tumour suppressor
genes (APC, TP53 and DCC), cite-structure associated
genes (MAP7, PTPN12 and DMD) or cell-cycle asso-
ciated genes (MSH2, MLH1, ATM, GPC6, ERBB2,
CDC27 and EP300).

Association of risk factors (polyp characteristics) with respec-

tive mutations. Large polyps (�10mm) have a signifi-
cant higher relative risk (RR) to carry any oncogene
(KRAS and/or BRAF) mutation (RR 3.467; confidence
interval (CI) 1.742–6.933), compared to smaller ones.
Moreover, adenomas and also right-sided polyps
are independent risk factors for CTNNB1 mutations
(adenomas’ RR for CTNNB1 mutations (95% CI):
18.559 (2.371–145.245)); right-sided polyps’ RR
for CTNNB1 mutations (95% CI): 12.987 (1.637–
100.00)). For transcription-associated genes, no signifi-
cant polyp related and independent risk factors could
be identified by multivariate analysis (Table 3).
Of interest, even small diminutive polyps (>5mm) of
different histology harboured oncogenic mutations
(Figure 2).

Mutational landscape of polyps in relation to cancer

risk. Fifty-four patients (54%) were classified as high-
risk, 21 patients (21%) as low-risk and 25 patients
(25%) were categorised as no-risk. Considering the
respective mutational status for BRAF, KRAS,
TCF7L2, FBXW7 and/or CTNNB1 (detected in any
polyp per patient) in correlation to guideline-based
risk group classification, we have found that in the
no-risk group oncogenic mutations were found in
48.0% of cases, whereas 38.1% of low-risk patients
and 68.6% of high-risk patients were positive for
either BRAF, KRAS, TCF7L2, FBXW7 and/or
CTNNB1 mutations. The variant allele frequency in
relation to risk groups and polyp location (right vs
left colon) is shown in Figure 3. As demonstrated,
KRAS mutations are more frequent in the left
colon in contrast to CTNNB1 mutations that are

Table 1. Continued

Variable All (%)

PIK3CA 5 (2.2)

KRAS 29 (12.9)

Cell-cycle
MSH2 2 (0.9)

MLH1 128 (57.1)

ATM 85 (37.9)

GPC6 69 (30.8)

ERBB2 1 (0.4)

CDC27 1 (0.4)

EP300 2 (0.9)

Tumor suppressor
APC 8 (3.6)

TP53 3 (1.3)

DCC 2 (0.9)

Cytostructure
MAP7 5 (2.2)

PTPN12 183 (81.7)

DMD 8 (3.6)

Transcription
TCF7L2 2 (0.9)

FBXW7 3 (1.3)

CTNNB1 (ß-catenin) 19 (8.5)

NICE: NBI-International-Colorectal-Endoscopic.
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almost exclusively found in patients with right sided
polyps. Mutations in TCF7L2 were only found in
high risk patients with polyps in the left colon.
However, both transcription-associated genes
(TCF7L2 and FBXW7) were detected in only few
patients, in general.

Discussion

The aim of any surveillance strategy after polyp detec-
tion and resection is to reduce the incidence and mor-
tality of CRC.4,21 Following the initial index
colonoscopy, surveillance intervals for each patient

Table 2. Frequency of respective mutations related to polyp characteristics.

Polyp histology

adenomas/non-adenomas

(n¼ 112 vs n¼ 110)

Polyp location

right/left

(n¼ 126 vs n¼ 90)

Polyp size

<10/�10 mm

(n¼ 121 vs n¼ 71)

Oncogene 22.3%/49.1% 34.1%/36.7% 27.3%/50.7%a

NRAS 0.9%/0.0% 0.0%/0.8% 0.0%/1.4%

BRAF 1.8%/39.1%a 23.8%/15.6% 19.0%/25.4%

PIK3CA 1.8%/3.6% 2.2%/1.6% 1.7%/4.2%

KRAS 17.9%/8.2%b 7.9%/20%c 7.4%/19.7%b

Cell-cycle 83.0%/78.2% 78.6%/81.1% 81.8%/87.3%

MSH2 1.8%/0.0% 0.0%/1.6% 0.0%/2.8%

MLH1 57.1%/57.3% 60.3%/51.1% 55.4%/63.4%

ATM 37.5%/39.1% 35.7%/43.3% 39.7%/45.1%

GPC6 33.9%/28.2% 28.9%/33.3% 37.2%/28.2%

ERBB2 0.9%/0.0% 0.8%/0.0% 0.0%/1.4%

CDC27 0.9%/0.0% 0.0%/1.1% 0.0%/1.4%

EP300 0.9%/0.9% 0.8%/1.1% 0.0%/2.8%

Tumor suppressor 12.5%/6.4% 12.7%/5.6% 9.1%/11.3%

APC 5.4%/1.8% 4.8%/2.2% 3.3%/4.2%

TP53 2.7%/0.0% 1.6%/1.1% 0.0%/4.2%

DCC 0.0%/1.8% 1.6%/0.0% 0.8%/0.0%

Cyto-structure 78.6%/86.4% 80.2%/86.7% 80.2%/84.5%

MAP7 0.9%/3.6% 2.4%/1.1% 2.5%/2.8%

PTPN12 77.7%/85.5% 78.6%/86.7% 79.3%/83.1%

DMD 5.4%/1.8% 4.8%/2.2% 0.0%/0.0%

Transcription 4.5%/0.9% 1.6%/2.4% 0.8%/7.0%b

TCF7F2 1.8%/0.0% 0.0%/2.2% 0.0%/2.8%

FBXW7 2.7%/0.0% 0.8%/2.2% 0.8%/2.8%

CTNNB1 (ß-catenin) 16.1%/0.9%a 13.5%/1.1%a 10.7%/7.0%

ap< 0.001; bp< 0.05; cp< 0.01; chi-squared method. Univariate analysis.

Table 3. Risk factors (polyp characteristics) and association with respective mutations. Multivariate analysis using logistic regression

analysis.

Adenomas

RR (95% CI)

Right-sided polyps

RR (95% CI)

Polyps� 10 mm

RR (95% CI)

Any oncogene 0.209 (0.101–0.414) 0.695 (0.357–1.353) 3.467 (1.742–6.933)

BRAF 0.026 (0.006–0.111) 1.575 (0.660–3.759) 1.772 (0.741–4.239)

KRAS 2.527 (0.914–6.988) 0.301 (0.116–0.784) 2.898 (1.123–7.478)

Any transcription factor 3.660 (0.396–33.866) 0.319 (0.054–1.898) 8.631 (0.963–77.364)

CTNNB1 (ß-catenin) 18.559 (2.371–145.245) 12.987 (1.637–100.00) 0.708 (0.219–2.286)

CI: confidence interval; RR: relative risk.
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must be specified. So far, clinical, endoscopic and histo-
pathological data define the respective time line for
each patient. Nevertheless, CRC in between two screen-
ing colonoscopies occur in about 3%.22 Previously
reported data assume one out of 27 CRCs as interval
CRC, which were more frequently located in the right
colon.23 However, location of polyps so far has not
been regarded important in common surveillance
guidelines. Furthermore, a characterisation of colonic
polyps in a more molecular field is not recommended
yet. Nevertheless, a more detailed characterisation of
polyps (and patients) could help to better identify
high-risk patients/polyps in addition of established
risk group classification.4,5

CRC develops from adenomas through a sequence
of genetic events. The APC/Wnt/b-catenin pathway
plays a major role in CRC carcinogenesis in both spor-
adic and hereditary CRC and APC mutations were
reported to be found in approximately 30–70% of spor-
adic adenomas and sporadic CRCs.24 Within the
GENESIS study, APC mutations were found in only
5.4% of adenomas, which is in contrast to these data.
Nevertheless, a few studies have addressed a broader

mutational landscape with subsequent prevalence of
oncogene mutations in colorectal lesions.25–27 In par-
ticular, the role of KRAS oncogenic mutations in colo-
rectal polyps remains unclear. As shown in Figure 3,
hyperplastic polyps without any grade of dysplasia may
already harbour these relevant oncogenic mutations,
mainly in the left colon. In contrast, there was a trend
that BRAF mutations were more often found in right-
sided polyps, confirming previous data.28 As shown in
Figure 2 and in more detail in Figure 3, even small
hyperplastic polyps without any grade of dysplasia
(no-risk patients) harbour oncogenic BRAF mutations.
Previously published data reported, that BRAF
mutation were strongly linked to HP and SSA.27

Nevertheless, BRAF mutations are too common in ser-
rated polyps to be used as a marker of a high-risk situ-
ation. BRAF mutations are early events in the serrated
pathway, and by itself not a driver mutation for pro-
gression to CRC. Therefore, BRAF mutations may be a
good marker for determining that a CRC likely arose
from the serrated pathway,29 but it is not a good
marker by itself for predicting which polyps will go
on to cancer. However, such an association needs

Tubular adenoma

Sessil serrated adenoma

Low-grade dysplasia Low-grade dysplasia

Left-sided colon

No dysplasia No dysplasia

Right-sided colon

Right-sided colon Right-sided colon

Positive for KRAS, MLH1,PTPN12, GPC6 Positive for CTNNB1, PTPN12

Positive for BRAF, PTPN12, ATM Positive for BRAF, PTPN12, ATM

Tubular adenoma

Hyperplastic polyp

Figure 2. Exemplary images of small diminutive polyps (<5 mm) resected by biopsy. Images are hematoxylin and eosin (HE)-stains of

PAXgene-fixed specimens (see text). In addition to the histopathological results, location of polyps and mutated genes according to next

generation sequencing are mentioned.
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further prove in long-term follow-up studies to clarify
the real impact of BRAF mutations on carcinogenesis
of CRC. In terms of distinguishing between SSA/P
and HP in a clinical field, the results of a recently
published study show, that the prevalence of SSA/Ps
in diminutive hyperplastic-appearing polyps in the
rectosigmoid is low (2.1–6%), which supports the
safety and feasibility of a ‘do not resect’ policy
for diminutive hyperplastic-appearing rectosigmoid
polyps.30 Nevertheless, molecular markers for distin-
guishing both SSA/P and HP are still lacking.

Of interest, activating mutations for Wnt signaling
pathway (CTNNB1) were found significantly associated
with adenomas, as well as with right-sided polyps. As
previously reported, ß-catenin expression is signifi-
cantly associated with an early relapse after endoscopic
polypectomy. Conclusively, CTNNB1 might be suitable
as a risk marker after polypectomy, but also need fur-
ther clarification. Moreover, we identified significant
mutations in transcription-associated genes, such as
TCF7L2 and FBXW7. It has been reported that
TCF7L2 mutations are leading to increased CRC cell
growth.31 Others recently mentioned that mutations in

the FBXW7 gene were more common in younger
patients (�45 years) suffering from CRC. Hence,
apart from oncogenes and ß-catenin expression, the
presence of one of these transcription-associated genes
might also imply a higher risk for interval lesions after
polypectomy.

There are certain limitations of our study worth
mentioning. First, we do not have follow-up data to
evaluate whether the genetic changes found in this
study have any influence on clinical outcome. Second,
only representative polyp biopsies were analysed. A cer-
tain degree of intratumoral heterogeneity even in the
benign situation cannot be excluded as described for
example in CRC.32 That only biopsies were available
for blinded histopathological assessment might also
explain why the number of SSA/P was rather low
(n¼ 6 in the present study). We were not able to identify
reliable markers that might help to reliably distinguish
HPs from SSA/Ps. Second, in particular in serrated
adenomas methylation markers (e.g. CIMP)18 are con-
sidered to be important, but could not be addressed in
this study. Last not least, not only changes in the mole-
cular setup in colonic mucosa pave the way to CRC.

Figure 3. Patients with colonic polyps, classified as no-, low- or high-risk candidates, according to current guidelines4,5 are associated

with distinct molecular patterns of oncogenic mutations, stratified according to colonic location of the respective polyp (yellow¼ right

colon, blue¼ left colon).
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Recent data also suggest shifts in the faecal microbiota
being associated with adenomatous polyps33 and
CRC.34 Finally, work over the last decade has proposed
that epigenetic changes such as DNA methylation, his-
tone modification of protein coding genes might also
play an important role in CRC development.35 Hence,
CRC develops through a series of events resulting in the
individual risk for CRC formation.

In summary, we can conclude that we were able to
show that assessment of the mutational landscape of
resected polyps/poly biopsy can easily be integrated in
the workflow of current colonoscopy practice. There
are distinct genetic patterns related to size and location
of polyps and the clinician can appreciate this add-
itional information to better estimate a patient’s indi-
vidual risk. In line with that, identifying polyps with an
altered genetic (high risk) profile that traditionally
would be classified as low risk would result in an earlier
surveillance colonoscopy to prevent advanced interval
polyps. This might help prevent morbidity and mortal-
ity due to CRC. In contrast persons classically classified
as high risk that do not harbour (high risk) genetic
alterations can be monitored as the low risk group.
To evaluate the robustness of genetic risk prediction,
we will conduct a prospective, multicentre, non-rando-
mised cohort study (GENESIS II).
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