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Chapter 1
General introduction and thesis outline

General introduction and thesis outline

Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the
fourth leading cause of cancer related mortality worldwide.1 The incidence of CRC is
particularly high in Western societies.2 Most colorectal cancers are thought to arise from
premalignant polyps by gradual accumulation of genetic mutations.3,4 Colorectal polyps
are roughly divided into hyperplastic polyps, without malignant potential, and neoplastic polyps, which are premalignant and referred to as adenomas. As the adenoma
– carcinoma sequence is estimated to occur over 10 years on average,5 there is a window
of opportunity to detect and treat adenomas and early carcinomas. CRC is therefore
suitable for screening, aiming to prevent CRC and decrease mortality.

PART I. Detection and differentiation of colorectal polyps
Colonoscopy is the gold standard for detection of colorectal polyps and frequently used
as a screening instrument.6 Colonoscopy allows not only detection, but also removal
of adenomas, which has been shown to reduce the incidence and mortality of CRC.7-9
The quality and effectiveness of colonoscopy are ultimately reflected in this reduction.
However, measuring the incidence of post-colonoscopy colorectal cancer (PC-CRC)
requires long-term follow-up and does not allow instant feedback to the endoscopist
performing the investigation. To measure quality of colonoscopy, several quality indicators have been proposed to provide direct feedback.10
An important quality parameter is cecum intubation rate (CIR). The CIR is the proportion of colonoscopies in which the cecum is reached, allowing complete inspection of
the entire colon. As CRC occurs throughout the colon,11 it is important that all segments
are visualized. A previous study showed that patients who died from CRC were less
likely to have undergone a complete colonoscopy than matched controls.12 Obviously,
meticulous inspection of the mucosa is impossible without adequate bowel cleansing, which requires a combined effort of patients, who should be compliant with the
prescribed bowel preparation solution, and the endoscopy team, who should instruct
patients before the procedure and perform additional cleansing during colonoscopy, if
needed.
An inverse association with PC-CRC has been demonstrated for the adenoma detection
rate (ADR). The ADR is the proportion of colonoscopies in which at least one adenoma
is detected. Two previous studies have shown that if the ADR is high, the risk of PC-CRC
and related mortality is low.13,14 The ADR is therefore an important quality parameter. As
the ADR does not reflect the number of adenomas, it is often used in combination with
the mean number of adenomas per procedure.15
Both CIR and ADR vary between hospitals,16-18 which could be a consequence of differences in case mix or differences in quality of colonoscopy. Case mix is a composition
of patient characteristics that could affect CIR and ADR, such as age, gender, comorbidity and indication for colonoscopy. Quality of the colonoscopy itself is determined
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by modifiable factors, which can be subdivided into procedural factors, such as bowel
preparation and use of sedation, and competence of the endoscopist. In Chapter 2 we
compared CIR and ADR between hospitals to determine whether differences were attributable to modifiable factors, thereby providing incentives and directions for quality
improvement.
At least one third of detected colorectal polyps is hyperplastic, of which the vast majority has no malignant potential.19-21 In routine clinical practice, it is difficult to reliably
distinguish adenomatous polyps from hyperplastic polyps using conventional white
light colonoscopy.22-25 Therefore, guidelines recommend that all detected polyps are
resected and retrieved for histologic examination, except very small rectal polyps with
hyperplastic appearance.26 Histologic examination of colorectal polyps is important, as
surveillance strategy after polypectomy is predominantly determined by the number
of adenomas and the grade of dysplasia.27,28 The timing of surveillance colonoscopy
depends on histologic outcomes. Current colonoscopy practice therefore requires polyp
retrieval rates of above 90%.29,30 This minimum standard is not routinely met by all endoscopists.31,32 Variations in retrieval rates can be explained by differences in dedication
or technique.33,34 In Chapter 3 we performed a single-center study in which we provided
education and started a competition between endoscopists to increase the overall
polyp retrieval rate.
The number of polypectomies and histopathologic examinations could be reduced
significantly if endoscopists are able to differentiate between neoplastic and nonneoplastic polyps during colonoscopy. Selective polypectomy and resect-and-discard
approaches can reduce costs and risk of complications,35,36 but require a high sensitivity and negative predictive value.37 Misinterpreting adenomas as hyperplastic polyps
would lead to inappropriate surveillance intervals or erroneously leaving premalignant
polyps in situ. Several imaging techniques have been evaluated for in vivo diagnosis
in colorectal polyps, of which the most important are narrow band imaging (NBI) and
confocal laser endomicroscopy (CLE).38-42
CLE is a technique that uses laser light to provide high-resolution images that enable
optical diagnosis in colorectal polyps.43 CLE can be probe-based (pCLE) or integrated
into the endoscope (eCLE). pCLE is performed with a re-usable probe that can be inserted through the working channel of the endoscope. The probe is connected to a
laserscanning unit that creates a real-time video at a 1000-fold magnification.44 Videos
can be reviewed immediately. Experts have achieved a high sensitivity using pCLE to
diagnose neoplasia in colorectal polyps, but these promising results came from post-hoc
interpretations (after the colonoscopy).41,42,45,46 For pCLE to be broadly implemented, it
is important that accurate real-time differentiation of colorectal polyps can be learned
rapidly by endoscopists routinely performing colonoscopy. In Chapter 4 we determined
the accuracy and sensitivity of real-time pCLE used by two endoscopists during their
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first 50 evaluations of colorectal polyps and compared these results to post-hoc interpretation by a panel of six endoscopists and two pathologists.

PART II. Outcome after endoscopic resection of colorectal adenomas and early
cancer
Despite the preventive effect of polypectomy,7-9 CRC still occurs after colonoscopy.47-49
Post-colonoscopy CRC can be a consequence of rapidly growing new lesions, but the
majority is thought to be caused by missed or incompletely resected premalignant lesions.50-53 Residual adenomatous tissue after incomplete resection has been shown to be
capable of regeneration,54,55 resulting in local recurrence and eventually CRC.56-59
Several techniques are used to remove colorectal polyps, depending on size and morphology of the polyp and preference of the endoscopist.60 Polypectomy can be roughly
divided into removal with a biopsy forceps and resection with a snare. Depending on
whether electrocautery is used or not, polypectomy is defined as ‘hot’ or ‘cold’. It has been
reported that forceps biopsy is associated with higher rates of incomplete polypectomy
and should only be considered for polyps less than 5 mm.61,62 Pedunculated polyps are
frequently resected with simple cold or hot snaring, depending on their size. Resection
of non-pedunculated polyps can be a challenge and often requires submucosal fluid
injection. Snaring after injection is called endoscopic mucosal resection (EMR) and can
be performed en bloc or in multiple fragments, which is referred to as piecemeal EMR. As
concerns on incomplete resection exists for non-pedunculated lesions, and particularly
for piecemeal resections, current guidelines recommend follow-up colonoscopy at 2
to 12 months after EMR.27,63 In Chapter 5 we performed a meta-analysis to assess the
recurrence rate after en bloc and piecemeal EMR of non-pedunculated adenomas and
minimally invasive carcinomas, and to determine the optimal follow-up colonoscopy
interval thereafter.
The proportion of PC-CRC that occurs because of incomplete resection ranges from 9
to 50% in previous studies.51-53,57 These studies either retrospectively identified PC-CRC
amongst prevalent CRC cases or prospectively followed post-polypectomy patients to
detect small numbers of PC-CRCs. In Chapter 6 we performed a nationwide populationbased study, using the Dutch pathology database to assess the incidence of PC-CRC due
to incomplete adenoma resection and identify risk factors for these PC-CRCs.
Colorectal adenomas can harbor low-grade dysplasia or high-grade dysplasia. The
latter is the same as non-invasive cancer.64 Endoscopic resection allows complete removal of all adenomas, irrespective of the grade of dysplasia. Invasive cancer is defined
as carcinoma invading the submucosa or deeper layers and generally requires surgery
with lymph node resection.64-66 With the introduction of screening programs for CRC,
early stage cancers are diagnosed more frequently.67 Invasive carcinomas confined to
the submucosa (T1 CRC) represent a difficult category regarding treatment decisions.
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Complete endoscopic resection is curative in the majority, but lymph node metastases
(LNM) are found in approximately 8-15% of T1 CRCs.68-72 Current guidelines recommend
surgical resection for T1 CRCs in case of positive resections margins, poor tumor differentiation, deep submucosal invasion, lymphangio-invasion and/or tumor budding.73,74
The predictive value of these high-risk features for LNM varies between studies75,76 and
the prognostic value for long-term outcomes needs further evaluation. In Chapter 7 we
used a population-based cohort to assess clinical and histopathologic factors associated
with LNM and long-term recurrence. We compared long-term recurrence rates after endoscopic resection only, endoscopic resection with additional surgery and surgery only.

PART III. Chemoprevention in sporadic colorectal adenomas
Notwithstanding the benefits of screening and surveillance for colorectal adenomas,
effective chemoprevention would be a sophisticated addition to current strategies.
Chemoprevention is the use of medication to prevent disease. Chemoprevention of CRC
can be achieved by inhibiting the development or progression of colorectal adenomas.
Patients with familial adenomatous polyposis are the most attractive candidates for
chemoprevention, as the risk of CRC is very high.77,78 However, sporadic – i.e. nonhereditary – colorectal adenomas patients are more numerous and have a substantial
risk of recurrent neoplasia as well.79-82 These patients may benefit from chemoprevention, as it can reduce the need for surveillance colonoscopy and polypectomy. Various
medications and micronutrients have been investigated for their preventive effects
in the sporadic CRC setting.83-86 Most evidence exists for the use of nonsteroidal antiinflammatory drugs (NSAIDs), which have been shown to reduce the recurrence rate
of colorectal adenomas.87-91 Unfortunately, the use of NSAIDs is associated with serious
adverse gastrointestinal and cardiovascular events,92-94 limiting their use as chemopreventive agents.95
5-Aminosalicylic acid (5-ASA) is structurally related to NSAIDs, but has limited systemic side effects and no gastrointestinal toxicity.96-98 Previous case-control and cohort
studies have indicated that regular use of 5-ASA in inflammatory bowel disease (IBD)
prevents colorectal neoplasia.99-103 Moreover, one study suggested that patients with
at least three sporadic colorectal adenomas may benefit from treatment with 5-ASA.104
A rationalized use of 5-ASA, or mesalazine, as chemopreventive agent in the sporadic
setting, requires identification of preventive mechanisms. Increased proliferation and
reduced apoptosis of epithelial cells are key events in the development of colorectal
neoplasia and have been reported to occur in the entire colorectal mucosa of sporadic
colorectal adenoma patients.105-107 Antiproliferative and proapoptotic effects of 5-ASA
have been observed in vitro and also after short treatment in an in vivo pilot study.108,109
In Chapter 8 we report on a randomized, placebo-controlled trial to assess the effects of
5-ASA on proliferation and apoptosis in patients at increased risk of sporadic colorectal
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adenoma recurrence, thereby aiming to provide incentives for further research on CRC
chemoprevention using 5-ASA.
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Abstract
Background and aim: Cecal intubation rate (CIR) and adenoma detection rate (ADR)
have been found to be inversely associated with the occurrence of post-colonoscopy
colorectal cancer. Depicting differences in CIR and ADR between hospitals could provide
incentives for quality improvement. We aimed to compare quality parameters of routine
colonoscopies between seven hospitals in the Netherlands to determine to what extent
possible differences are attributable to procedural and institutional factors.
Methods: We prospectively included consecutive patients undergoing colonoscopy
between November 2012 and January 2013 in two academic and five non-academic
medical hospitals. Patients with inflammatory bowel disease or hereditary colorectal
cancer syndromes were excluded. Main outcome measures were CIR and ADR.
Results: A total of 3,129 patients were included (45.5% male; mean age 59 years, SD 15).
The majority of patients (86.2%) had a Boston Bowel Preparation Scale (BBPS) score ≥6.
Overall CIR was 94.8%, ranging from 89.4% to 99.2% between hospitals. After adjustment
for casemix (age, gender, American Society of Anesthesiologists-score and indication
for colonoscopy), factors associated with CIR were hospital and a BBPS ≥6. Overall ADR
was 31.8% and varied between hospitals, ranging from 24.8% to 46.8%. Independent
predictors for ADR were hospital, a BBPS ≥6 and cecal intubation. By combining CIR and
ADR per hospital we developed a colonoscopy quality indicator (CQI) that can be used
by hospitals to stimulate quality improvement.
Conclusion: Differences in quality of colonoscopy between hospitals can be demonstrated using CIR and ADR. As both indicators are affected by institution and bowel
preparation a comparison between hospitals based on the newly developed CQI could
assist in further improving the quality of colonoscopy.

Quality of colonoscopy

Introduction
Screening strategies employing colonoscopy for detection and removal of precursors of
colorectal cancer (CRC) effectively reduce CRC-related mortality.1,2 Apart from participation grades, the efficacy of population-based CRC screening depends on the quality of
colonoscopy.
Colonoscopy quality is ultimately reflected by a reduction in the incidence of CRC
following colonoscopy. However, measurement of post-colonoscopy CRC (PC-CRC) is
cumbersome and does not allow direct feedback. Several procedural indicators have
been suggested for monitoring quality.3 Two recent studies have shown that the adenoma detection rate (ADR) of endoscopists was inversely associated with the risk of
PC-CRC and PC-CRC related death.4,5 In another study, patients dying from CRC had a
lower probability of having undergone a previous complete colonoscopy than matched
controls.6 In addition, a substantial proportion of colorectal tumors originates from the
right sided colon,7 which underlines the importance of performing a complete colonoscopy, as measured by cecal intubation rate (CIR).
ADR and CIR have been reported to vary between hospitals depending on casemix
and institutional or procedural factors.8-10 Casemix is determined by non-modifiable
patient characteristics, such as age, gender, comorbidity and indication for colonoscopy.
In order to provide a useful incentive for hospitals to improve quality of colonoscopy, a
comparison of CIR and ADR between institutions should be able to detect differences
that are independently affected by modifiable factors. In this study we compared the
quality of routine colonoscopy between seven hospitals in the Netherlands to determine to what extent detected differences in CIR and ADR were indeed attributable to
procedural and institutional factors.

Methods
Registration of colonoscopy data
All colonoscopies performed between November 1st, 2012 and January 10th, 2013 in
two academic medical centers and five large non-academic medical hospitals were
prospectively registered. Patient characteristics, i.e. age, gender and American Society
of Anesthesiologists (ASA) score were obtained from the electronic medical records. All
endoscopists filled out data on the indication for colonoscopy, the type and dose of
sedation used, quality of bowel preparation, cecal intubation, detection and removal of
polyps, results from pathology reports and complications.
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Definitions
Endoscopists were categorized as gastroenterologists, fellows-in-training for gastroenterology or nurse endoscopists. Indications for colonoscopy were grouped into five
categories: (1) anemia or abdominal symptoms; (2) overt or occult rectal blood loss; (3)
screening or a positive family history for CRC; (4) surveillance after CRC or colorectal
adenoma(s) and (5) other. The latter category consisted mostly of patients with liver
metastases or other abnormalities found during imaging. Patients with inflammatory
bowel disease, hereditary CRC or polyposis syndromes were excluded.
Bowel preparation was scored according to the Boston Bowel Preparations Scale
(BBPS). Adequate bowel preparation was defined as a BBPS ≥6.11 Sedation was provided
using midazolam, propofol and/or opioid analgesics.
Cecal landmarks were noted in the colonoscopy report and photographic documentation was routinely obtained. The unadjusted CIR was defined as the proportion
of colonoscopies in which the cecum was visualized, irrespective of reasons for not
intubating the cecum. The adjusted CIR was calculated by excluding colonoscopies in
which the endoscopist made the decision not to intubate the cecum because of severe
colitis, colonic obstruction or therapeutic targets not necessitating cecal intubation.12
Colonoscopies with poor bowel preparation were included in the adjusted cecal intubation rate, as preparation is considered to be part of the colonoscopy practice in
hospitals. Complications were subdivided into bleeding (only taken into account if not
stopped spontaneously or by an intervention during the colonoscopy), perforation and
post-polypectomy syndrome.
Factors comprised in the term casemix are patients’ age, gender, ASA score and indication for colonoscopy. Correction for casemix was performed by taking these factors
into account when analyzing the association of modifiable factors with the CIR and
ADR. Modifiable factors were institution, i.e. the hospital where the colonoscopy was
performed, and procedural factors, consisting of the type of endoscopist (gastroenterologists, fellows, nurse endoscopists), use of conscious sedation and BBPS score. All
endoscopists performing colonoscopies during the study period were informed on the
registration and consented to participate.
Primary outcomes were unadjusted CIR, adjusted CIR and ADR, defined as the proportion of procedures in which one or more adenomas were found. Secondary outcomes
were BBPS score, mean number of adenomas per procedure (MAP), mean number of
adenomas per positive procedure (MAP+), and complications.

Quality of colonoscopy

Development of a quality instrument
We constructed a colonoscopy quality indicator (CQI) by plotting the adjusted CIR and
the ADR per hospital. The sizes of the dots represent the number of colonoscopies performed in each hospital. The position of each dot can be compared to other hospitals
and to predetermined thresholds. For the CIR a minimum of 90% is generally accepted,3
but there is no unequivocal minimum for ADR during routine colonoscopies. Therefore,
a line was drawn at 32% to represent the approximate average ADR, creating a visual
target for better-than-average performing.

Statistical analysis
Data are presented as percentages for categorical variables and means (including standard deviation) or medians (including ranges) for continuous variables, according to
the nature of their distribution. Differences between groups were tested using the chisquared test for categorical variables and the t-test for normally distributed continuous
variables. We performed a logistic regression analysis to identify factors associated with
adjusted CIR and ADR. Factors with a p-value <0.10 in univariate analysis, were included
in a multivariate model. A two-sided p-value of <0.05 was considered statistically significant. Analyses were performed using SPSS 20.0 statistics software (IBM, Chicago, Ill.).

IRB review
This study was exempted from patients’ informed consent as determined by the Medical
Ethical Committee of the UMC Utrecht in accordance with the Medical Research Involving Human Subjects Act.

Results
A total of 3,129 patients underwent colonoscopy during the study period. Mean age
was 59 ± 15 years and 45.5% were male. (Table 1) In the majority of cases (63.0%) the
indication for colonoscopy was anemia or abdominal symptoms. Ninety-one percent
of patients had an ASA-score of 1 or 2. Conscious sedation was used in more than 90%
of cases. Split dose bowel preparation was common practice in all 7 hospitals. Gastroenterologists performed most colonoscopies (59.8%), followed by gastroenterology
fellows (23.9%). The number of colonoscopies per hospital ranged between 124 and 793
(median 421).
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Table 1. Baseline characteristics
Total number of patients
Mean age in (SD) years
Male gender

N=3,129 (%)
59 (15)
1,423 (45.5)

Indication
Anemia / abdominal symptoms1

1,972 (63.0)

Rectal (occult) blood loss

226 (7.2)

Family history of CRC

263 (8.4)

Surveillance after CRC / adenoma

626 (20.0)

Other2

42 (1.3)

ASA-score
1

1,784 (57.0)

2

1,061 (33.9)

3

160 (5.1)

4

6 (0.2)

Unknown

118 (3.8)

Conscious sedation
Yes

2,840 (90.8)

No

158 (5.0)

Unknown

131 (4.2)

Endoscopist
Gastroenterologist

1,870 (59.8)

Gastroenterology fellow

747 (23.9)

Nurse endoscopist

512 (16.4)

Organization
1

339 (10.8)

2

245 (7.8)

3

124 (4.0)

4

639 (20.4)

5

568 (18.2)

6

421 (13.5)

7

793 (25.3)

1

Includes changes in bowel habit.
Includes liver metastases, abnormalities found with other imaging modalities or diverticular disease
CRC: colorectal carcinoma, ASA-score: American Society of Anesthesiologists
2

Eighty-six percent (n=2,697) of all procedures were performed in adequately prepared
colons, with a median BBPS of 9 (interquartile range 6–9). (Table 2) The unadjusted CIR
was 94.8% (95%-CI 94.0-95.5%). Reasons for not intubating the cecum were inadequate
preparation (n=58, 35.8%), stenosis (n=35, 21.6%), technical difficulty (n=24, 14.8%),
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Table 2. Quality indicators, overall
Total number of patients

N=3,129 (%)

BBPS ≥6
Yes

2,697 (86.2)

No

310 (9.9)

Unknown

122 (3.9)

BBPS, median (interquartile range)

9 (6-9)

CIR
Yes

2,967 (94.8)

No

162 (5.2)

Adjusted CIR
Yes

2,967 (95.7)

No

134 (4.3)

PDR

1,413 (45.2)

ADR

996 (31.8)

MAP, mean (SD)

0.60 (1.22)

MAP+, mean (SD)

1.89 (1.48)

Complications
Bleeding

19 (0.6)
9 (0.3)

Post-polypectomy syndrome

2 (0.1)

Perforation

1 (<0.1)

Other/unknown

7 (0.2)

BBPS: Boston Bowel Preparation Scale, CIR: cecal intubation rate, PDR: polyp detection rate, ADR: adenoma detection rate,
MAP: mean number of adenomas per procedure, MAP+: mean number of adenomas per procedure with at least one
adenoma

obstructing tumor (n=15, 9.3%), therapeutic goal for which cecal intubation was not
required (n=11, 7%), pain (n=9, 6.8%), diverticulosis (n=8, 4.9%) or severe inflammation
(n=2, 1.2%). The adjusted CIR was 95.7% (95%-CI 94.9-96.3%).
One or more polyps were detected in 45.2% of all colonoscopies. The ADR was 31.8%
(95%-CI 30.2-33.5%) with a mean number of 0.6 (SD 1.2, median 0, range 0-11) adenomas
per procedure for all procedures combined (MAP) and 1.9 (SD 1.5, median 1, range 1-11)
for procedures in which at least one adenoma was found (MAP+). Complications were
observed in 0.6% (n=19) of procedures, of which 47.3% (n=9) were bleedings.
A significant variability for CIR and ADR was found between hospitals. (Table 3) Adequate bowel preparation varied between 79.0% and 97.6% (p<0.001). Unadjusted CIR
ranged from 89.4% to 99.2% (p<0.001). Adjusted CIR was above 90% in all participating
hospitals and was also significantly different between hospitals (p<0.001). ADR varied
from 24.8% to 46.8% (P<0.001). CIR and ADR were combined in a colonoscopy quality
indicator (CQI) to depict differences between hospitals, taking into account the number
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Colonoscopy quality indicator

50%
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Improve CIR
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Improve CIR and ADR
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30%

20%

85%

90%

95%

100%
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Figure 1.
Bubble plot of combined outcomes for CIR and ADR per hospital. The size of the dots represents the number of procedures performed in each hospital. The vertical line at x=90% depicts the internationally accepted standard for CIR. As the
standard for ADR in routine colonoscopies is arbitrary, the horizontal line at y=32% is mainly a visual representation of
performing better than the average.

of performed procedures per hospital. (Figure 1) ADR or CIR were not higher in academic
centers or centers with a higher volume. Complication rates were not statistically significantly different between hospitals (p=0.074).
A comparison between the different types of endoscopists did not show differences in
unadjusted or adjusted CIR (p=0.447 and p=0.501, respectively). (Table 3) Without correction for casemix, both nurse endoscopists (36.1%) and fellows (34.0%) had a higher
ADR than gastroenterologists (29.8%, p=0.008). No association was found between the
number of procedures per endoscopist and CIR or ADR. Complications occurred more
frequently after colonoscopies performed by fellows (p=0.042).

Quality of colonoscopy

Table 3. Outcomes per hospital and type of endoscopist
Number of
Patients

BBPS ≥6, %

CIR, %

Adj. CIR, %

ADR, %

Complications, %

1

339

79.0

96.2

97.6

27.4

1.2

2

245

87.0

93.1

95.0

33.5

1.6

3

124

88.7

99.2

99.2

46.8

0.0

4

639

97.3

97.5

97.8

31.3

0.8

5

568

95.8

98.1

98.1

24.8

0.2

6

421

97.6

95.2

96.6

35.4

0.0

7

793

80.2

89.4

90.5

34.4

0.6

P<0.001

P<0.001

P<0.001

P<0.001

P=0.074

Hospital

Type of endoscopist
Gastroenterologist

1870

90.1

95.3

95.5

29.8

0.5

Fellow

747

85.7

94.7

95.7

34.0

1.2

Nurse endoscopist

512

93.9

96.2

96.5

36.1

0.2

P<0.001

P=0.447

P=0.629

P=0.008

P=0.042

BBPS: Boston Bowel Preparation Scale, CIR: cecal intubation rate, Adj. CIR: adjusted cecal intubation rate, ADR: adenoma
detection rate

In univariate analysis, hospital, age, ASA-score, indication for colonoscopy and BBPS were
identified as factors associated with CIR. Hospital, ASA-score, indication and BBPS remained
significantly associated with CIR in multivariate analysis. (Table 4) In patients with an ASA
score >1, the cecum was less frequently intubated. If patients underwent colonoscopy for
surveillance, the procedure was more often completed than in case of abdominal complaints or anemia. CIR was significantly higher in patients with adequate bowel preparation.
Hospital, type of endoscopist, gender, age, ASA-score, indication for colonoscopy,
BBPS and unadjusted CIR were all associated with ADR in univariate analysis. In multivariate analysis, an association was shown for hospital, gender, age, indication, BBPS and
unadjusted CIR. (Table 5) Male gender and older age were associated with a higher ADR.
One or more adenomas were more frequently found if the indication for colonoscopy
was a positive family history, rectal blood loss or surveillance after previous adenoma(s)
or CRC, in comparison to anemia or abdominal symptoms. Both adequate bowel preparation and cecal intubation increased the likelihood of detecting adenomas. After adjustment for casemix, there were no statistically significant differences in ADR between
gastroenterologists, fellows and nurse endoscopists.
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Table 4. Factors associated with cecal intubation rate
Unadjusted OR (95% CI)

Adjusted OR (95% CI)

1

2.97 (1.63-5.41)

4.92 (2.13-11.38)

2

1.59 (0.92-2.73)

0.94 (0.50-1.77)
16.95 (2.10-136.62)

Hospital

3

14.57 (2.01-105.64)

4

4.61 (2.67-7.96)

1.86 (0.99-3.50)

5

6.00 (3.17-11.36)

3.37 (1.57-7.26)

6

2.38 (1.44-3.93)

1.77 (0.84-3.75)

7

Reference

Reference

Type of endoscopist
Gastroenterologist

Reference

Fellow

0.90 (0.62-1.30)

Nurse-endoscopist

1.22 (0.76-1.96)

Male gender

1.33 (0.96-1.84)

1.32 (0.89-1.96)

Age, per 10 years increase

0.79 (0.71-0.89)

0.92 (0.80-1.06)

ASA-score
1

Reference

Reference

2

0.45 (0.32-0.64)

0.46 (0.29-0.72)

3

0.24 (0.14-0.41)

0.48 (0.24-0.96)

4

0.03 (0.01-0.17)

0.07 (0.01-0.72)

Indication
Reference

Reference

Rectal (occult) blood loss

Anemia / abdominal symptoms

1.84 (0.89-3.82)

0.59 (0.22-1.55)

Family history of CRC

3.49 (1.42-8.62)

0.98 (0.37-2.59)

Surveillance

2.29 (1.38-3.78)

2.35 (1.32-4.20)

Sedation
Adequate BBPS

0.93 (0.40-2.14)
13.36 (9.34-19.12)

12.43 (8.09-19.12)

ASA-score: American Society of Anesthesiologist score, CRC: colorectal carcinoma, BBPS: Boston Bowel Preparation Scale
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Table 5. Factors associated with adenoma detection rate
Unadjusted OR (95% CI)

Adjusted OR (95% CI)

1

0.72 (0.54-0.95)

0.83 (0.58-1.19)

2

0.96 (0.71-1.30)

0.95 (0.67-1.35)

3

1.67 (1.14-2.45)

1.31 (0.83-2.07)

Hospital

4

0.87 (0.70-1.08)

0.73 (0.56-0.93)

5

0.63 (0.50-0.80)

0.55 (0.41-0.74)

6

1.04 (0.81-1.34)

0.77 (0.56-1.04)

7

Reference

Reference

Type of endoscopist
Gastroenterologist

Reference

Reference

Fellow

1.21 (1.01-1.46)

1.12 (0.89-1.42)

Nurse-endoscopist

1.33 (1.09-1.64)

1.27 (0.98-1.63)

Male gender

1.78 (1.53-2.07)

1.73 (1.47-2.05)

Age, per 10 years increase

1.51 (1.43-1.61)

1.48 (1.38-1.59)

ASA-score
1

Reference

Reference

2

1.75 (1.49-2.06)

1.13 (0.93-1.37)

3

2.01 (1.44-2.79)

1.37 (0.94-1.99)

4

1.36 (0.25-7.44)

1.86 (0.28-12.47)

Reference

Reference

Indication
Anemia / abdominal symptoms
Rectal (occult) blood loss

1.82 (1.37-2.41)

1.63 (1.16-2.29)

Family history of CRC

1.14 (0.86-1.51)

1.42 (1.02-1.97)

Surveillance

2.34 (1.98-2.88)

1.70 (1.38-2.09)

Sedation

1.26 (0.88-1.80)

Adequate BBPS

1.56 (1.19-2.05)

1.84 (1.33-2.55)

Cecal intubation

1.81 (1.23-2.66)

1.99 (1.24-3.20)

ASA-score: American Society of Anesthesiologist score, CRC: colorectal carcinoma, BBPS: Boston Bowel Preparation Scale

Discussion
In this prospective cohort of 3,129 routine colonoscopies in seven hospitals we demonstrated an overall CIR of 94.8% and an ADR of 31.8%, respectively. Our results indicate a
significant variability in both CIR and ADR between different hospitals. Both CIR and ADR
were affected by hospital and bowel preparation, independent of casemix variation. We
developed a colonoscopy quality indicator (CQI), which shows both CIR and ADR in a
matrix that can be used for quality assessment and may assist in improving colonoscopy
performance of hospitals and individual endoscopists.
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CIR and ADR in this study were higher than in previous studies, but the variability
between hospitals was comparable. Mean CIR and ADR as reported in several studies
including routine colonoscopies have been found to vary from 83 to 91% and from 18
to 26%, respectively.8,13-18 De Jonge et al. reported an unadjusted CIR varying from 81 to
96% and an ADR varying from 13 to 32% in twelve Dutch academic and non-academic
hospitals,15 whereas Harris et al. found a CIR of 69 to 98% and an ADR of 8 to 27% in 21
experienced centers across Europe and Canada.18 The variation ADR was even higher in
the study by Radaelli et al,17 ranging from 6 to 46% in 116 Italian endoscopy centers participating in a nationwide registration study for routine colonoscopies. Different studies
among screening populations have shown slightly higher CIRs and ADRs, but a comparable variability.10,19-21 The slightly better results in the current study may at least partly
be explained by a specific focus on colonoscopy practice in the centers participating in
this quality initiative. Another explanation might be that the endoscopists performed
better as a consequence of being aware of the registration, the so-called Hawthorne
effect.
Both for CIR and ADR, we would ideally have performed multivariable analyses
stratified per hospital, but unfortunately the limited number of colonoscopies in some
hospitals does not allow useful stratification. We did perform multivariable analyses per
hospital to check whether the effects of covariates were similar across hospitals. We
found that covariates that were significantly associated with CIR or ADR in one or more
hospitals affected CIR or ADR similarly across hospitals, i.e. either lowering or improving
CIR or ADR.
It would have been advantageous to compare primary outcome measures between
individual endoscopists, but unfortunately the low number of procedures per endoscopist hampers such analyses (only six endoscopists performed ≥100 colonoscopies). We
constructed a CQI for endoscopists performing ≥50 colonoscopies during the study to
provide an example of how the CQI could be used to compare endoscopists throughout
or within hospitals. (Supplementary Figure 1)
The CIR in this study was found to be associated with ASA score and indication for
colonoscopy as well as bowel preparation and hospital, which are both modifiable factors. Previous studies concluded that not only adequate bowel preparation is associated
with CIR, but also the use of sedation.9,12,22,23 One other study found no association between sedation and CIR and only a non-significant (p=0.07) association between bowel
preparation and CIR.15 In our study, the use of sedatives was not related to the CIR. The
general Dutch practice is to perform colonoscopy under conscious sedation, unless the
patient prefers not to do so. This may have resulted in confounding by indication.
As expected, our study showed that more non-modifiable factors were associated
with ADR than with CIR. Age, sex and indication for colonoscopy are known to affect
the ADR and adjustment for these factors is required when measuring quality.14,16,24,25
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Hospital, bowel preparation and cecal intubation were modifiable factors associated
with ADR in multivariate analysis. Most previous cohort studies have reported an association between adequate bowel preparation and higher ADR.9,10,15,20,26 It seems logical
to assume that a higher CIR increases ADR, but not all previous studies have confirmed
this.10,15,20 Sedation did not affect ADR and previous studies have shown only limited and
largely conflicting evidence on this subject.10,14,22,23
We developed the CQI, which is a tool that can provide incentives for hospitals to
improve quality of colonoscopy. It is important to note that the CQI does not reflect
absolute quality, as the results are not corrected for casemix. Therefore, it is not fair to
consider one hospital to be better than the other, solely based on a different position
in the CQI-matrix. Yet, the CQI may help hospitals or individual endoscopists to detect
differences compared to other hospitals or endoscopists and look into reasons for these
differences. If the variation appears to result from differences in procedural or institutional factors, as was shown for bowel preparation, hospitals or endoscopists can focus
on this factor to improve quality.
In this context, it is worth mentioning the seemingly outstanding performance of hospital 3 in a limited number of colonoscopies, represented by the small dot in the upper
right corner of the CQI-matrix. (Figure 1) Although multivariate analyses confirmed this
performance to be at least partly independent of casemix, it appears that the high rates
are importantly affected by differences in baseline characteristics of included patients.
(Supplementary Table 1) During the study period, significantly more colonoscopies were
performed in patients with a positive fecal occult blood test as compared to the other
hospitals.
Although it seems that there is no linear association between CIR and ADR in the CQI,
it is important to emphasize that this conclusion cannot be drawn from the CQI, due to
the intersection of the x- and y-axes at high percentages and the lack of correction for
casemix. If the complete CQI would have been shown, i.e. with x- and y-axes ranging
from 0 to 100%, one would have seen that all dots are in the upper right corner and that
an estimation of co-linearity is not possible as all hospitals performed relatively well.
The CIR was independently associated with the ADR in our multivariate analysis, but this
cannot be directly interpreted from the CQI. It is possible to overcome this by constructing CQIs for a specific indication and age group, for example in screening populations.
The strength of this study is that our prospective registration resulted in reliable
data on colonoscopies performed in a representative population of patients visiting
academic and non-academic hospitals. However, limitations of this study should be
addressed as well. First, several population characteristics possibly affecting ADR and/
or CIR were not or incompletely known in this study. Patient’s comorbidities, medication
use and smoking status were not registered. ASA score as an indirect measure for these
factors was registered in all patients. The indications for colonoscopy were consistently
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reported, but were not highly specific. Particularly, more than 60% of all patients were
categorized in a combined group of anemia, abdominal symptoms or change in bowel
habits, whereas one might expect this group to be heterogeneous with regard to risk of
finding colorectal neoplasms.
Second, some potentially important information on procedural factors was also not
available. Endoscopists were aware of the recommendation that withdrawal with mucosal inspection should take at least six minutes,3 but withdrawal time was not recorded
in this study. The number of colonoscopies performed in each hospital per year and the
experience of each endoscopist were not known, but no significant differences in CIR
or ADR were found between different types of endoscopists. This is remarkable, as gastroenterologists are generally more experienced than fellows. A possible explanation is
that fellows might have had more time to complete procedures and perform meticulous
inspection of the colonic mucosa.
In conclusion, we investigated the use of CIR and ADR as quality indicators for
colonoscopy. The CQI is a simple combination of both indicators for comparison between hospitals. It can provide information to discuss differences, aiming to improve
colonoscopy quality, as CIR and ADR can be positively affected by targeting modifiable
factors, of which the most important is bowel preparation. Future studies are required to
establish whether implementation of competitive feedback in such a comparative way
will indeed improve quality of colonoscopy and what measures are best to be taken to
improve bowel preparation.

Quality of colonoscopy

References
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.

11.
12.

13.
14.

15.
16.
17.
18.
19.

Zauber AG, Winawer SJ, O’Brien MJ, et al. Colonoscopic polypectomy and long-term prevention
of colorectal-cancer deaths. N Engl J Med 2012;366:687-696.
Amri R, Bordeianou LG, Sylla P, et al. Impact of Screening Colonoscopy on Outcomes in Colon
Cancer Surgery. JAMA Surg 2013;148:747-754.
Rex DK, Petrini JL, Baron TH, et al. Quality indicators for colonoscopy. Gastrointest Endosc
2006;63:S16-S28.
Kaminski MF, Regula J, Kraszewska E, et al. Quality indicators for colonoscopy and the risk of
interval cancer. N Engl J Med 2010;362:1795-1803.
Corley DA, Jensen CD, Marks AR, et al. Adenoma detection rate and risk of colorectal cancer and
death. N Engl J Med 2014;370:1298-306.
Baxter NN, Goldwasser MA, Paszat LF, et al. Association of colonoscopy and death from colorectal
cancer. Ann Intern Med 2009;150:1-8.
Rabeneck L, Souchek J, El-Serag HB. Survival of colorectal cancer patients hospitalized in the
Veterans Affairs Health Care System. Am J Gastroenterol 2003;98:1186-1192.
Ricci E, Hassan C, Petruzziello L, et al. Inter-centre variability of the adenoma detection rate: A
prospective, multicentre study. Dig Liver Dis 2013;45:1022–1027.
Froehlich F, Wietlisbach V, Gonvers JJ, et al. Impact of colonic cleansing on quality and diagnostic
yield of colonoscopy: the European Panel of Appropriateness of Gastrointestinal Endoscopy
European multicenter study. Gastrointest Endosc 2005;61:378-384.
Jover R, Zapater P, Polania E, et al. Modifiable endoscopic factors that influence the adenoma
detection rate in colorectal cancer screening colonoscopies. Gastrointest Endosc 2013;77:381389.
Calderwood AH, Jacobson BC. Comprehensive validation of the Boston Bowel Preparation Scale.
Gastrointest Endosc 2010;72:686-692.
Aslinia F, Uradomo L, Steele A, et al. Quality assessment of colonoscopic cecal intubation: an analysis of 6 years of continuous practice at a university hospital. Am J Gastroenterol 2006;101:721731.
Chen SC, Rex DK. Endoscopist can be more powerful than age and male gender in predicting
adenoma detection at colonoscopy. Am J Gastroenterol 2007;102:856-861.
Barret M, Boustiere C, Canard JM, et al. Factors associated with adenoma detection rate and
diagnosis of polyps and colorectal cancer during colonoscopy in France: results of a prospective,
nationwide survey. PLoS One 2013;8:e68947.
De Jonge V, Sint Nicolaas J, Cahen DL, et al. Quality evaluation of colonoscopy reporting and
performance in daily clinical practice. Gastrointest Endosc 2012;75:98-106.
Bhangu A, Bowley DM, Horner R, et al. Volume and accreditation, but not specialty, affect quality
standards in colonoscopy. Br J Surg 2012;99:1436-1444.
Radaelli F, Paggi S, Minoli G. Variation of quality of colonoscopy in Italy over five years: a nationwide observational study. Dig Liver Dis 2013;45:28-32.
Harris JK, Vader JP, Wietlisbach V, et al. Variations in colonoscopy practice in Europe: a multicentre
descriptive study (EPAGE). Scand J Gastroenterol 2007;42:126-134.
Imperiale TF, Glowinski EA, Juliar BE, et al. Variation in polyp detection rates at screening colonoscopy. Gastrointest Endosc 2009;69:1288-1295.

37

38

Chapter 2

20.

21.

22.
23.
24.

25.

26.

27.
28.
29.

Adler A, Wegscheider K, Lieberman D, et al. Factors determining the quality of screening colonoscopy: a prospective study on adenoma detection rates, from 12,134 examinations (Berlin
colonoscopy project 3, BECOP-3). Gut 2013;62:236-241.
Heitman SJ, Ronksley PE, Hilsden RJ, et al. Prevalence of adenomas and colorectal cancer in
average risk individuals: a systematic review and meta-analysis. Clin Gastroenterol Hepatol
2009;7:1272-1278.
Bannert C, Reinhart K, Dunkler D, et al. Sedation in screening colonoscopy: impact on quality
indicators and complications. Am J Gastroenterol 2012;107:1837-1848.
Radaelli F, Meucci G, Sgroi G, et al. Technical performance of colonoscopy: the key role of sedation/analgesia and other quality indicators. Am J Gastroenterol 2008;103:1122-1130.
Ferlitsch M, Reinhart K, Pramhas S, et al. Sex-specific prevalence of adenomas, advanced
adenomas, and colorectal cancer in individuals undergoing screening colonoscopy. JAMA
2011;306:1352-1358.
Corley DA, Jensen CD, Marks AR, et al. Variation of adenoma prevalence by age, sex, race, and
colon location in a large population: implications for screening and quality programs. Clin Gastroenterol Hepatol 2013;11:172-180.
Lee TJ, Blanks RG, Rees CJ, et al. Longer mean colonoscopy withdrawal time is associated with increased adenoma detection: evidence from the Bowel Cancer Screening Programme in England.
Endoscopy 2013;45:20-26.
Barclay RL, Vicari JJ, Doughty AS, et al. Colonoscopic withdrawal times and adenoma detection
during screening colonoscopy. N Engl J Med 2006;355:2533-41.
Moritz V, Bretthauer M, Ruud HK, et al. Withdrawal time as a quality indicator for colonoscopy - a
nationwide analysis. Endoscopy 2012;44:476-81.
Sawhney MS, Cury MS, Neeman N, et al. Effect of institution-wide policy of colonoscopy withdrawal time > or = 7 minutes on polyp detection. Gastroenterology 2008;135:1892-1898

Quality of colonoscopy

Colonoscopy quality indicator
40%

Improve CIR

Excellent

Improve CIR and ADR

Improve ADR

30%

ADR

20%

10%
80%

90%

100%

CIR

Supplementary Figure 1.
Bubble plot of combined outcomes for CIR and ADR per endoscopist (including only endoscopists performing ≥50 colonoscopies during the study). The size of the dots represents the number of procedures performed in each hospital. The vertical line at x=90% depicts the internationally accepted standard for CIR. As the standard for ADR in routine colonoscopies
is arbitrary, the horizontal line at y=30% is mainly a visual representation of performing better than average. The dark blue
dots represent gastroenterologists, the clear blue dots fellows and the lightest blue dots nurse endoscopists.
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Abstract
Background and aim: While optical diagnosis of small colorectal polyps can be
achieved in expert centers, accurate prediction of histopathologic outcomes has not
been achieved in all practice settings. It is therefore important that resected polyps are
retrieved for histology. The aims of this study were to evaluate the effect of education
and competitive feedback on the overall polyp retrieval rate and to determine which
polyp and procedure related factors are associated with retrieval.
Methods: We prospectively included consecutive colonoscopies performed in a single
center between April 1, 2013 and April 1, 2014. Patients with inflammatory bowel disease or familial polyposis syndromes were excluded for analysis. Six months after start
of the study, all endoscopists were educated on the importance of polyp retrieval and
a competition was started by publicly providing feedback on the retrieval rate of all
endoscopists and the monthly best three performers (or ‘golden retrievers’) in particular. We compared overall retrieval rates in the six months before and after start of the
competition.
Results: Overall polyp retrieval rate improved from 88% (525/594) to 93% (978/1047),
comparing consecutive colonoscopies performed in the 6 months before and during
the polyp retrieval competition (p=0.001). The histopathological outcomes of retrieved
polyps were not different before and during the competition. The retrieval rate of
right-sided polyps increased from 85% to 95% during competition (Odds Ratio (OR) 1.8,
1.3-2.6), whereas the left-sided retrieval rate remained 92%. In multivariable analysis,
polyp size >5 mm (OR 4.1, 1.8-9.6) and in-competition resection (OR 1.8, 1.3-2.6) were
significantly associated with polyp retrieval, respectively.
Conclusion: Providing education and competitive feedback to endoscopists will improve polyp retrieval rates, especially for clinically relevant, right-sided polyps.
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Introduction
Surveillance after removal of one or more colorectal polyps is predominantly determined by
the result of histopathological evaluation of the resected material.1,2 Adequate recommendations require assessment of the number of polyps harboring adenoma and their grade
of dysplasia. While optical diagnosis of small colorectal polyps can be achieved in expert
centers, accurate prediction of histopathologic outcomes has not been achieved in all practice settings.3-6 Therefore, it is still important that resected colorectal polyps are retrieved.
International guidelines recommend a minimum standard for polyp retrieval rate
of ≥90% and a target of ≥95% for experienced endoscopists.7-9 Although previously
reported to be achieved by experts,10 the minimum standard is not routinely met by all
endoscopists.9,11 Substantial variations in retrieval rates can be explained by differences
in dedication, removal- and retrieval techniques, and polyp characteristics. Small, sessile
polyps that are removed by cold snaring are not always easily retrieved and particularly
for these lesions adequate retrieval technique is important.10,12
As retrieval of polyps is still clinically relevant, the primary aim of this study was to
evaluate the effect of education and competitive feedback on the overall polyp retrieval
rate. The secondary aim was to determine which polyp characteristics and procedure
related factors are associated with retrieval.

Methods
We prospectively registered data on consecutive colonoscopies performed at the Dept.
of Gastroenterology and Hepatology of the University Medical Center Utrecht between
April 1, 2013 and April 1, 2014. Patients with inflammatory bowel disease or familial
polyposis syndromes were excluded. Directly after performing colonoscopy, the endoscopists registered all colonoscopic findings in specifically designed electronic colonoscopy forms, integrated in the patients’ medical records. The items of interest included the
Boston Bowel Preparations Scale score (a BBPS of ≥6 was considered to be adequate),
the number of polyps and their respective location (proximal location was defined as
a location between the cecum and the splenic flexure), size and resection technique.
Resection techniques were classified as cold snaring, hot snaring or endoscopic mucosal
resection (EMR), subdivided into en-bloc and piecemeal EMR. Polyps removed by biopsy
were not taken into consideration. The outcomes of the histopathological evaluation
as reported by an expert pathologist were added to the electronic colonoscopy forms.
Polyps were classified as non-neoplastic, conventional adenoma, sessile serrated adenoma or polyp (SSA/P), or carcinoma. Dysplasia was categorized into non-dysplastic,
low-grade dysplasia (LGD), high-grade dysplasia (HGD) and invasive carcinoma.
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The endoscopists were not aware of this study until 6 months after the start (end
of September 2013), when all gastroenterologists and trainees were educated on the
importance of polyp retrieval and techniques to improve retrieval.10,13 After the educational session, a polyp retrieval competition was started from October 1st by providing
feedback on the retrieval rate of all endoscopists. In addition, we publicly announced
the monthly best performers (or ‘golden retrievers’). We compared overall retrieval rates
in the six months before and during the competition. Procedural factors and characteristics of retrieved and non-retrieved polyps were compared using the chi-squared
test for categorical variables and t-test for normally distributed continuous variables.
We performed multivariable logistic regression analysis to identify factors associated
with successful polyp retrieval. We calculated odds ratios (ORs) with 95%-confidence
intervals (95%-CI). A p-value of <0.05 was considered statistically significant. Analyses
were performed using SPSS 22.0 statistics software (IBM, Chicago, Ill.).
This study was exempted from patients’ informed consent as determined by the
Institutional Review Board of the UMC Utrecht in accordance with the Medical Research
Involving Humans Subjects Act, as patients’ data were anonymously collected for the
purposes of study. All participating endoscopists agreed with the use of data on the
colonoscopies they performed before and during the competition.

Results
A total of 1294 colonoscopies were performed in 1249 patients between April 1, 2013
and April 1, 2014. Indications for colonoscopy were abdominal symptoms suggestive of
colorectal pathology in 55% and polyp surveillance in 16% of cases, while other indications comprised less than 10% each. (Table 1) Polyps were detected in 296 (54%) of 548
colonoscopies before the competition and in 442 (59%) of 746 colonoscopies during
the competition (p=0.06) For colonoscopies in which at least one polyp was found, the
median number of polyps was 2, both before (range 1-11) and during the competition
(range 1-15). In the six months before the competition 594 polyps were endoscopically
resected as compared to 1047 polyps during the competition.
Both before and during the competition, the majority of polyps were ≤5 mm (n=1200,
73%), and 51% (n=837) of the polyps were located in the proximal colon. (Table 1) Polyp
removal techniques were used in an equal rate before and during competition, cold
snaring being the most commonly applied resection method (n=1152, 70%). The mean
BBPS scores were 7.4 ± 1.5 before and 7.5 ±1.6 during the competition (p=0.33). The
proportion of polypectomies performed by gastroenterologists was higher during the
competition period than in the period before (51% vs. 35%, p <0.01).
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Table 1. Characteristics of study populations before and during competition
Pre-competition (%)

Competition (%)

548

746

Gastrointestinal symptoms

338 (62)

371 (50)

Colonoscopies
Indications

0.054

Surveillance

78 (14)

126 (17)

Screening

28 (5)

33 (4)

Polypectomy

33 (6)

53 (7)

Findings on (PET-)CT scan1

34 (6)

29 (4)

Unknown
Polyp detection rate
Resected polyps

37 (7)

134 (18)

296 (54)

442 (59)

594

1047

438 (74)

762 (73)

Polyp size
0-5 mm

0.060
0.650

6-9 mm

82 (14)

138 (13)

≥10 mm

74 (13)

147 (14)

Proximal colon

307 (52)

530 (51)

Distal colon / rectum

287 (48)

517 (49)

426 (72)

726 (69)

Polyp location

0.679

Resection technique
Cold snare

p-value

0.227

Hot snare

80 (14)

169 (16)

EMR, en bloc

66 (11)

100 (10)

EMR, piecemeal

22 (4)

52 (5)

BBPS, mean ± SD

7.4 ± 1.5

7.5 ± 1.6

Type of endoscopist

0.331
<0.001

Fellow

374 (63)

509 (49)

Gastroenterologist

220 (37)

538 (51)

1

Hot spot or suspected polyp in the colon

Overall polyp retrieval rate was 92%, and improved from 88% prior to the competition
to 93% during the competition (OR 1.9, 95% CI 1.3-2.6). (Table 2) Significant improvement was particularly seen in categories with the lowest polyp retrieval rates in the
pre-competition period, increasing from 85% to 91% for small polyps, from 85% to 95%
for right-sided polyps and from 85% to 92% for cold-snared polyps. The pre-competition
polyp retrieval rates of both fellows (88%) and gastroenterologists (89%) increased to
91% and 96%, respectively. The outcomes of histopathological examination of the retrieved polyps remained the same before and during the competition (p=0.84). (Figure
1) More than half of all retrieved polyps were conventional adenomas and one third were
non-adenomatous polyps. Sessile serrated adenomas were found in 8% of all cases; only
four (early) colorectal cancers were endoscopically resected during the study period.
Non-retrieval occurred significantly more frequently in polyps ≤5 mm compared to
polyps >5 mm (11% vs. 2%, p<0.001). (Table 3) The overall polyp retrieval rate during the
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Table 2. Retrieval rates before and during competition
Polyp Retrieval Rate
Overall

Pre-competition (%)

Competition (%)

Odds Ratio (95% CI)

525/594 (88)

978/1047 (93)

1.86 (1.31 – 2.64)

Polyp size
0-5 mm

374/438 (85)

696/762 (91)

1.81 (1.25 – 2.60)

>5 mm

151/156 (97)

282/285 (99)

3.11 (0.73 – 13.20)

Polyp location
Proximal colon

261/307 (85)

503/530 (95)

3.28 (2.00 – 5.40)

Distal colon / rectum

264/287 (92)

475/517 (92)

0.99 (0.58 – 1.67)

Resection technique
Cold snare

364/426 (85)

664/726 (92)

1.82 (1.25 – 2.65)

Hot snare

77/80 (96)

164/169 (97)

1.28 (0.30 – 5.49)

En-bloc EMR

62/66 (94)

98/100 (98)

3.16 (0.56 – 17.78)

Piecemeal EMR

22/22 (100)

52/52 (100)

1.00

Type of endoscopist
Fellow

330/374 (88)

463/509 (91)

1.34 (0.87 – 2.08)

Gastroenterologist

195/220 (89)

515/538 (96)

2.87 (1.59 – 5.18)

study was not different according to localization (OR 1.1, 95% CI 0.8-1.5). The retrieval of
polyps after hot snaring was generally more successful than after other cold snaring (OR
for hot snaring 3.6, 95% CI 1.8-7.5). Overall, gastroenterologists outperformed fellows
(94% vs. 90%, p=0.005); this difference was particularly evident during the competition
(96% vs. 91%, p<0.001). The polyp retrieval rate was higher in case of adequate bowel
preparation, although not significant (OR 1.6, 95% CI 0.8-3.0).
In multivariable analysis, in-competition resection was independently associated
with polyp retrieval (OR 1.8, 95% CI 1.3-2.6), as was larger size of polyps (OR 4.1, 95% CI
1.8-9.6). (Table 3) Gastroenterologists retrieved more polyps than fellows, but this was
not significant (OR 1.4, 0.9 – 2.0). Polyps were retrieved more frequently after hot snare
resections as compared to cold snare resections, but this was not significant (OR 2.0,
0.9 – 4.2). Location of the polyp was not associated with retrieval rate (OR for left-sided
polyps was 1.14 (0.80 – 1.64)).

Polyp retrieval

Retrieval rates before and during competition
100
90

79 (8%)
39 (7%)

Carcinoma

80

SSA/P
Conventional adenoma

70

Non-neoplastic
562 (58%)

PRR %

60
303 (59%)

50
40
30
20

335 (34%)

174 (33%)

10
0
Precompetition

Competition

Period
Figure 1.
Bar chart showing that the polyp retrieval rate increases during competition, while the histopathological outcomes of
retrieved polyps remain the same. Numbers of carcinomas are n=2 (0.4%) before competition and n=2 (0.2%) during competition.
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Table 3. Multivariable analysis for polyp retrieval
Polyp Retrieval Rate

Univariable OR
(95% CI)

Multivariable OR
(95% CI)

Study period
Pre-competition

525/594 (88.4)

Ref.

Ref.

Competition

978/1047 (93.4)

1.86 (1.31 – 2.64)

1.79 (1.25 – 2.56)

Polyp size
≤5 mm

1070/1200 (89.2)

Ref.

Ref.

>5 mm

433/441 (98.2)

6.58 (3.19 – 13.55)

4.10 (1.76 – 9.58)

Location
Right sided

764/837 (91.3)

Ref.

Ref.

Left sided

739/804 (91.9)

1.09 (0.77 – 1.54)

1.14 (0.80 – 1.64)

Resection type1
Cold snare

1028/1152 (89.2)

Ref.

Ref.

Hot snare

241/249 (96.8)

3.63 (1.75 – 7.53)

1.91 (0.88 – 4.14)

En-bloc EMR

160/166 (96.4)

3.22 (1.39 – 7.42)

1.30 (0.49 – 3.40)

Type of endoscopist
Fellow

793/883 (89.8)

Ref.

Ref.

Gastroenterologist

710/758 (93.7)

1.68 (1.17 – 2.42)

1.37 (0.95 – 2.00)

<6

87/99 (87.9)

Ref.

Not applicable2

≥6

1214/1320 (92.0)

1.58 (0.84 – 2.98)

Not applicable2

BBPS

1

OR for piecemeal resection could not be calculated due to 100% retrieval rate in a small group
BBPS ≥6 was not included multivariable analysis, as the score was missing for 222 patients (14%). To make sure we did not
overlook any bias, we did also perform multivariable analysis including BBPS (OR 1.77, 95% CI 0.92 – 3.43), which did not
affect significance or modify effect size of other factors.
2

Discussion
This study shows that polyp retrieval rate in a single center improved from 88% to 93%
after educating the endoscopists on polyp retrieval and providing ongoing competitive
feedback. The histopathological outcomes for the retrieved polyps were not different
before and during the competition. Improvement was particularly seen in small, rightsided polyps that were removed by cold snaring. Factors independently associated with
higher retrieval were polyp size above 5 mm and polyp resection during the competition.
The overall retrieval rate of 92% in our study was comparable to the 94% retrieval rate in
a recent observational study by Komeda et al, which aimed to identify factors associated
with failed retrieval in more than 4000 polyps removed during screening colonoscopies
in the UK.12 Two other large studies from the UK that included colonoscopies performed
in colorectal cancer screening programs found similar retrieval rates.9,11 Other studies
have reported somewhat higher polyp retrieval rates up to 99%.10,14-17 These studies
were either relatively small prospective studies primarily focusing on polyp resection
techniques or larger series performed by highly experienced colonoscopists. We were

Polyp retrieval

able to show that by increasing awareness of the importance of polyp retrieval similar
results can be achieved by experienced colonoscopists.
The polyp retrieval rate in our center increased to ≥90%, which is the internationally accepted minimum standard.7,8 Our quality initiative had a positive effect on the
performance of colonoscopy. The increase in retrieval rate could not be attributed to
an increase in the percentage of patients with one polyp (22.8% before the study vs.
23.5% during the study). Moreover, 22 of 69 polyps (31.9%) that were not retrieved
before competition were the first polyp encountered during colonoscopy versus 26 of
69 (37.7%) during competition. The improvement in retrieval rate was particularly seen
in the polyps detected after the first polyp.
It is important to critically appraise the potential benefit of the increase in retrieval
rates for individual patients. If we intend to evaluate whether or not the increased retrieval rate might have led to more appropriate surveillance recommendations, several
considerations are important. First, the improvement of retrieval rate in our study was
particularly observed for small polyps. The relevance of these small polyps with regard
to surveillance, especially in the presence of more advanced adenomas in the same
patient, remains questionable.
Second, successful application of a ‘resect and discard’ strategy in previous studies
suggests that histopathological evaluation of small polyps is no longer required to determine adequate surveillance intervals and such a strategy might even be cost-effective.18
The American Society for Gastrointestinal Endoscopy task force on the Preservation and
Incorporation of Valuable endoscopic Innovations has determined a threshold for the
‘resect and discard’ strategy, requiring endoscopic techniques to differentiate colorectal
polyps with a negative predictive value of ≥90%. A recent meta-analysis indicated that
these thresholds can be met by experts when assessments were made with high confidence.3 However, in three large cohort studies in which routine colonoscopies were
performed, the accuracy for differentiation of small colorectal polyps by endoscopic inspection was only 77-81%.4-6 As a high proportion of small polyps are indeed adenomas
(more than 50% in our study), the implication of a ‘resect and discard’ strategy in routine
colonoscopy practice could lead to an incorrect estimation of the number of adenomas
per patient, resulting in inadequate surveillance recommendations. Current guidelines
clearly divide patients with less than three versus three or more adenomas in different
risk groups.1,2 In our study population with a median of two adenomas, it is likely that an
increased retrieval rate indeed affects surveillance recommendations. This hypothesis is
however untested as we did not include a control group in our study.
In our opinion, the prospective design, the use of electronic colonoscopy forms and
the consecutive inclusion of routine colonoscopies in this study has resulted in reliable
and representative data on the everyday colonoscopy practice. As the intervention is
relatively simple and requires minimal effort, it could be easily applied in other colo-
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noscopy centers as well. In terms of possible limitations, the endoscopic appearance of
the polyps and the colonoscopy withdrawal time were not recorded. Although these
factors might influence retrieval rates, both were not associated with retrieval rates in a
multivariable analysis in a study performed by Komeda et al.12
The higher number of resected polyps in the competition period is in part a consequence of increasing capacity of our endoscopy center. Starting from May 2013, there
was a gradual increase in the number of procedures per month and the maximum
utilization of the unit was reached by the end of 2013. A possible explanation for the
increase in polyp detection rate in the competition period could, apart from increased
awareness due to the competition, be a difference in casemix. Although we did not find
differences in age and sex of patients, polyp surveillance or referral for polypectomy
were more often the indication for colonoscopy during the competition than before.
(Table 1) Both indications were associated with higher polyp detection rates than other
indications.
In conclusion, the combination of education and competitive feedback enables an
increase in the polyp retrieval rate in order to meet the international minimum standard
of 90% overall and the target of 95% for experienced endoscopists. As more than 60%
of retrieved polyps contained neoplasia and the retrieval of right-sided polyps was
improved in particular, it is likely that the improvement in retrieval rate resulted in more
reliable decisions on surveillance after polypectomy. It would be of interest to validate
the results of our approach in a randomized controlled setting in other colonoscopy
centers. Why not spend a little more time and attention to become the ‘golden retriever’?

Polyp retrieval
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Abstract
Background and aim: Probe based confocal laser endomicroscopy (pCLE) is used to
differentiate between neoplastic and non-neoplastic colorectal polyps during colonoscopy. We aimed to assess the accuracy of two endoscopists starting to use real-time
pCLE for differentiation of colorectal polyps and to determine the negative predictive
value (NPV) for neoplasia in polyps ≤5mm.
Methods: Patients undergoing colonoscopy in a tertiary hospital were included in this
prospective trial. After a training session, two colonoscopists assessed 50 polyps between August 2012 and April 2014. They sequentially used narrow band imaging (NBI)
and real-time pCLE to differentiate non-adenomatous, adenomatous and carcinomatous
polyps during colonoscopy. Histologic diagnosis by a gastro-intestinal pathologist was
the gold standard. Results were compared to post-hoc pCLE by a panel of gastroenterologists and pathologists.
Results: The accuracy of real-time pCLE was 76%, compared to 73% for NBI, and was
not significantly different between the first 50 cases (74%) and the last 50 cases (78%,
p=0.64). The accuracy in polyps >5 mm was 87% versus 59% in polyps ≤5 mm (p=0.04)
and increased from 45% (13/29) in poor quality images to 86% (44/51) in fair quality images and 95% (19/20) in good quality images (p<0.01). The post-hoc pCLE accuracy was
62%. The NPV for polyps ≤5 mm was 58% for real-time pCLE and 54% for post-hoc pCLE.
Conclusion: Although a fair accuracy of real-time pCLE for differentiation of colorectal
polyps can be achieved within 50 cases, low NPV and difficulty in obtaining high-quality
pCLE images hamper implementation in routine clinical practice.

pCLE in colorectal polyps

Introduction
Colonoscopic removal of adenomatous, premalignant polyps is effective in preventing colorectal carcinoma and consequent death.1,2 In routine clinical practice, it is
not possible to reliably distinguish adenomatous polyps from hyperplastic polyps,
without malignant potential, using conventional white light colonoscopy.3-6 The current
standard is therefore to remove all colorectal polyps for histological examination.7 As
approximately one third of all colonic polyps is hyperplastic,8-10 a considerable number
of polypectomies is performed superfluously, unnecessarily increasing costs and risk of
complications.11
Reliable real-time differentiation of colonic polyps during colonoscopy could guide
decisions to apply selective polypectomy or a resect-and-discard approach. These strategies, leaving small polyps in situ or discarding them after removal, require a high negative predictive value of 90% or higher, as misinterpretation might lead to inadequate
surveillance recommendations or erroneously leaving adenomatous polyps in situ.12
Previous studies have shown that probe based confocal laser endomicroscopy (pCLE)
could achieve a high post-hoc (i.e. after the endoscopic procedure) diagnostic accuracy
when performed by expert pCLE endoscopists.13-16 In order for pCLE to be broadly implemented, it is important that accurate real-time (i.e. during the endoscopic procedure)
differentiation of colorectal polyps can be learned rapidly by endoscopists routinely
performing screening and surveillance colonoscopies. A recent learning curve study
indicated that a fair accuracy for post-hoc interpretation of pCLE images was achieved
after a brief training of pCLE inexperienced endoscopists.17 However, in this study, images obtained by a pCLE experienced endoscopist were used, thereby surpassing the
notoriously difficult acquisition of interpretable images, probably due to difficulty in
stabilizing the probe.15,18
This study aimed to assess the accuracy of real-time pCLE used by two experienced
colonoscopists during their first 50 pCLE evaluations of colorectal polyps, to assess the
negative predictive value for detecting neoplasia in small polyps and to compare these
results to post-hoc pCLE evaluation.

Methods
Study design, setting and patients
We performed a single-center, prospective cohort study at the University Medical Center
Utrecht, an academic hospital in the Netherlands. Patients aged 45 years or older with
a high a priori risk for colorectal polyps undergoing colonoscopy between November
2012 and April 2014 were included. A high a priori risk was based on the indication for
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colonoscopy, including changed bowel habits, (occult) rectal blood loss, iron deficiency
anemia, surveillance after previous colorectal polyps and suspicion of colorectal polyps
raised by PET- or CT-scan. Patients with inflammatory bowel disease, familial polyposis
syndromes, fluorescein allergy or non-correctable coagulation disorders (including
use of oral anticoagulants that cannot be discontinued temporarily) were excluded. In
addition, patients were excluded if bowel preparation was insufficient (Boston Bowel
Preparation Scale (BBPS) score <6) or if no colorectal polyps were detected. As characterization of sessile serrated adenomas / polyps (SSA/Ps) with pCLE needs further
investigation, we chose to exclude SSA/Ps.
Based on two previous studies that indicated that maximum accuracy was already
achieved before the sixtieth interpretation of pCLE images,15,19 we decided to include
patients until both endoscopists had interpreted self-obtained images of at least 50
polyps.

Outcome measures
Primary outcome measure was the diagnostic accuracy of real-time pCLE for differentiation colorectal polyps and detection of neoplasia. For differentiation of polyps, a
simplified classification was used, categorizing polyps as non-neoplastic, adenomatous
or carcinomatous, including high grade dysplasia (HGD). Histopathologic evaluation
performed by an expert gastro-intestinal pathologist was considered the gold standard.
Secondary outcome measures were the negative predictive value (NPV) of real-time
pCLE for neoplasia in small colorectal polyps (≤5 mm) and the accuracy of post-hoc pCLE
evaluation for differentiation of colorectal polyps and detection of neoplasia.

Study procedures and definitions
All patients provided informed consent to participate in the study. Bowel preparation
was performed with split dose PEG solution. Colonoscopies were performed under
conscious sedation. Two staff endoscopists (PS and LM) performed all colonoscopies
using a standard colonoscope. During withdrawal all detected polyps were sequentially
assessed with white light, narrow band imaging (NBI) and pCLE. Kudo pit pattern [20]
and NICE classification [21] were used to classify polyps with NBI. After macroscopic
evaluation, fluorescein (5 ml, 10%) was administered intravenously and the pCLE probe
(Cellvizio ®, Mauna Kea Technologies) was inserted through the working channel of the
colonoscope. Intravenous butyl-scopolamine was used at the discretion of the endoscopist to reduce colonic motility. We decided not to use a cap attached to the end of the
colonoscope, as this is not standard practice in our center. Recording of pCLE images
was performed by the coordinating investigator (TB) as demanded by the endoscopist.
After use of pCLE, all polyps were removed for histopathologic evaluation.

pCLE in colorectal polyps

The endoscopists were instructed on the use of the pCLE system and the interpretation of pCLE images in the colon according to the Miami classification system.18 After
obtaining and real-time interpreting pCLE images of 50 polyps per endoscopist, these
images were interpreted post-hoc by a panel of gastroenterologists and gastro-intestinal pathologists. The post-hoc panel also attended a training session on pCLE image
interpretation. Four gastroenterologists and one pathologist interpreted all images of
50 polyps obtained by one endoscopist and an identical panel interpreted all images
of 50 polyps obtained by the other endoscopist. Two gastroenterologists were in both
panels, meaning they both interpreted pCLE images of 100 polyps in order to establish
whether the maximization of accuracy occurred before or after 50 evaluations.
A BBPS of ≥6 was considered sufficient; a BBPS ≥ 8 was considered a good bowel
preparation. Locations of the polyps were either the right-sided colon (including the
transverse colon and splenic flexure) or the left-sided colon. The macroscopic form of
the polyps was categorized into (sub)pedunculated, sessile or flat polyps. Image quality
was scored by the endoscopist, based on the estimation whether the pCLE images were
of sufficient quality to establish the right diagnosis. Image quality was categorized into
‘good’ (definite and clear crypt and vessel visualization during pCLE procedure), ‘fair’
(definite, but unclear, crypt and vessel visualization) and ‘poor’ (uncertain crypt and vessel visualization), as adapted from Kuiper et al.22

Statistical analysis
All statistical analyses were performed using Statistical Packages for Social Sciences version 22 [IBM Corp, Armonk, NY, USA].
Data are presented as mean with standard deviation or median with range and
compared with chi-squared test or student’s T-test, according to the nature of their
distribution. Chi-squared test was used for comparison of accuracy between subgroups.
To assess interobserver variability we calculated Fleiss’ Kappa for the post-hoc panel.23

Results
After exclusion of 12 patients without polyps, we included 52 patients. (Table 1) Bowel
preparation was good in 71% of cases and sufficient in 29% of cases. A mean number
of two polyps per patient (range 1-8) were assessed with pCLE. A total of 113 polyps
were evaluated with pCLE, of which 13 were excluded because of failure to obtain pCLE
imaging (n=2), failure to retrieve polyps for histopathologic evaluation (n=10) or histologic diagnosis of SSA/P (n=1). Of the 100 included polyps, 61 were smaller than 6 mm.
Forty-seven polyps were located in the proximal colon. The majority were sessile polyps.
Seventy-three percent of polyps contained neoplasia.
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Table 1. Baseline characteristics
Total patients

52 (%)

Age (years), mean ± SD

65.8 ± 9.1

Male gender

34 (65.4)

Indication for colonoscopy
Bowel symptoms

7 (13.5)

Rectal (occult) blood loss

13 (25.0)

Anemia

3 (5.8)

Surveillance

19 (36.5)

Abnormality found with other imaging

10 (19.2)

Endoscopist
1

26 (50.0)

2

26 (50.0)

Bowel preparation
Good/excellent

37 (71.2)

Sufficient

15 (28.8)

Median number of polyps assessed with pCLE (range)

2 (1-8)

Total number of polyps assessed with pCLE

113

Total number of polyps in final analysis

100

Size
≤5 mm

61

6-9 mm

16

≥10

23

Localization
Right sided

47

Left sided

53

Form
(Sub)pedunculated

24

Sessile

65

Flat

11

Histopathology
Non-neoplastic

27

Adenoma

68

Carcinoma / HGD

5

Accuracy of real-time pCLE for differentiation of polyps was 76% compared to 73% for
NBI. (Table 2) pCLE accuracy was 74% in the first 50 cases and 78% in the last 50 cases
(p=0.64). Accuracy of pCLE increased with size and was 71% in polyps <10 mm (42/61)
versus 91% in polyps ≥10 mm (21/23, p=0.05). Adenomas were correctly identified in 53
of 68 cases (78%) versus 19 of 27 non-neoplastic polyps (70%, p=0.72). Only five polyps
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containing HGD or carcinoma were included, of which four were identified with pCLE
(80%). The percentage correct diagnoses was 45% (13/29) for poor quality images, 86%
(44/51) for fair quality images and 95% (19/20) for good quality images (p<0.01).
For real-time pCLE, overall accuracy for detecting neoplasia was 77%, with a sensitivity
of 88%. Sensitivity in polyps <10 mm was 71% and sensitivity polyps ≤5 mm was 65%,
meaning pCLE identified 24 of 37 neoplastic polyps ≤5 mm. The NPV in polyps ≤5 mm
was 58%, as only 18 of 31 polyps considered non-neoplastic with pCLE were actually
non-neoplastic.
Table 2. Accuracy of pCLE
Accuracy (%)
Total
Endoscopist

1.000

PS

38/50 (76.0)

LM

38/50 (76.0)

Location

0.202

Right sided

33/47 (70.2)

Left sided

43/53 (81.1)

Size

0.086

0-5 mm

42/61 (68.9)

6-9 mm

13/16 (81.3)

≥10 mm

21/23 (91.3)

Form

0.232

(Sub)pedunculated

21/24 (87.5)

Sessile

46/65 (70.8)

Flat

9/11 (81.8)

Pathology

0.721

Normal / hyperplastic

19/27 (70.4)

Adenoma

53/68 (77.9)

Carcinoma / HGD

P-value

76/100 (76.0)

4/5 (80.0)

Image quality

<0.001

Poor

13/29 (44.8)

Fair

44/51 (86.3)

Good

19/20 (95.0)

The mean accuracy amongst the six gastroenterologists and two pathologists in the
post-hoc panel, blinded for endoscopic features, was 62%, ranging from 58% to 66%.
(Table 3) The accuracy was not different between pathologists (60%) and gastroenterologists (62%, p=0.68). The accuracy for detecting neoplasia was 70%, ranging from 62% to
76%. In polyps <10 mm, the mean accuracy was 67%. Two gastroenterologists evaluated
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pCLE images of all 100 cases. For both, the accuracy was similar during the first and last
50 cases (66% vs. 66% for gastroenterologist 1 and 62% vs. 60% for gastroenterologist
4, respectively). The accuracy in the post-hoc panel increased according to the quality
of the images from 48% in case of poor quality to 63% in case of fair quality and 78% in
case of good quality. Fleiss Kappa was 0.315 and 0.317 for images obtained by the first
and second endoscopist, respectively, indicating fair interobserver agreement within
the post-hoc panels. Mean sensitivity of post-hoc pCLE for detection of neoplasia was
69% in polyps <10 mm and 63% in polyps ≤5 mm. The NPV in polyps ≤5 mm was 54%.
Table 3. Accuracy in the offline panel
Images obtained by endoscopist 1

Accuracy (%)

Accuracy for neoplasia (%)

Gastroenterologists
1

66

74

2

58

72

3

58

62

Gastroenterologist 4, 2nd round

60

68

Pathologist 1

58

66

Overall panel 1

60

68

4

62

70

5

66

72

6

60

66

66

76

Images obtained by endoscopist 2
Gastroenterologists

Gastroenterologist 1, 2nd round
Pathologist 2

62

72

Overall panel 2

63

71

Total

62

70

Discussion
In their first 50 cases, two experienced colonoscopists using real-time pCLE achieved
an accuracy of 76% for differentiation of colorectal polyps and an accuracy of 77%
for detecting neoplasia. The negative predictive value of real time pCLE for detecting
neoplasia in colorectal polyps ≤5 mm was only 58%. The accuracy of post-hoc pCLE in
a blinded panel of gastroenterologists and pathologists was 62% for differentiation of
polyps and 70% for detection of neoplasia. Both for real-time and post-hoc pCLE, the
accuracy depended significantly on the quality of the images.
Only one previous study has described results of real-time pCLE, as performed by
an expert user. Shahid et al.24 found an accuracy of 79% and a sensitivity of 81% for
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detecting neoplasia in 154 polyps, of which 52% contained neoplasia. We found similar
accuracy for two non-expert pCLE users. Factors that might have increased the accuracy
of real-time pCLE in our study, were the high rate of neoplasia (73%) and the use of
NBI, possibly facilitating a preliminary diagnosis based macroscopic polyp appearance.
In addition, the endoscopists were allowed to review the pCLE images already during
colonoscopy, which probably contributed to a more accurate diagnosis.
We found post-hoc pCLE to be less accurate and sensitive than real-time pCLE. Shahid
et al. reported the accuracy and sensitivity of blinded, post-hoc pCLE to be comparable
to their real-time results. In their study, post-hoc pCLE was more accurate and sensitive
than real-time pCLE for polyps <10 mm.24 We did not find such an effect, although realtime and post-hoc accuracy and sensitivity were more similar in polyps <10 mm than
in larger polyps. Shahid et al speculated that the higher accuracy for post-hoc pCLE is
explained by the possibility to perform more detailed review of the images, without
having to stabilize the probe, which is especially difficult in small polyps.24 As review
of the images was already possible during colonoscopy in our study, we think that the
size-dependent difference in accuracy between real-time and post-hoc pCLE is mainly
a consequence of the blinding for endoscopic polyp features. The macroscopic appearance of the polyps undoubtedly contributed to the real-time diagnoses, especially for
larger polyps with a higher a priori likelihood of neoplasia.
The quality of the pCLE images in our study was low in more than a quarter of all cases.
Although objective definition of image quality is difficult, the quality was probably
lower than in Shahid’s and other previous studies, in which experts obtained the images.14-16,24-26 (Table 4) As a consequence, post-hoc sensitivity and accuracy were higher
in previous studies than in our study, except for the study by Kuiper et al,22 in which the
endoscopists were as unexperienced in obtaining pCLE images as in our study.
The accuracy of real-time pCLE in this study was only slightly higher than for NBI,
although pCLE was always performed after NBI. In addition, both experienced colonoscopists in this study were not able to meet the recommended sensitivity and NPV
thresholds for detecting neoplasia in colorectal polyps.12 This might be due to their
ongoing learning curve, but a previous study has shown a short learning curve for pCLE
interpretation.17 In addition, accuracy was not different between the first 50 and the
last 50 of 100 cases evaluated by two post-hoc panel members in our study. Therefore,
it is unlikely that insufficient pCLE interpretation caused the low sensitivity. As Shahid
et al. and Kuiper et al. previously suggested,22,24 obtaining high-quality images is crucial
for the accuracy of pCLE. The association we found between image quality and pCLE
accuracy, both real-time and post-hoc, supports this hypothesis.
Our study is the first to investigate the use of real-time pCLE for differentiation of
colorectal polyps in non-expert users, closely resembling the way the technique should
ideally be implemented in routine clinical practice. We evaluated pCLE as an additional
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technique to NBI for detection of neoplasia in colorectal polyps, allowing immediate
revision of pCLE images. The comparison with results of the post-hoc panel allowed
estimation of the contribution of endoscopic features to the accuracy of pCLE.
The small sample size is a limitation of our study and the results should therefore be
interpreted with caution. As mentioned above, the learning curve for the interpretation
of pCLE images was probably already completed within the sample size of this study,
but the learning curve for obtaining pCLE images might not. This is however not just a
limitation of our study, but it is also an outcome, reflecting a difficulty of the technique.
In this study we did not use a cap attached to the colonoscope, which may help to
stabilize the probe. Another limitation of our study is the relatively large sizes and high
rate of neoplasia of the polyps, which probably affected accuracy of real-time diagnoses.
To assess the use of pCLE in a resect-and-discard strategy, investigation of small polyps
is necessary. This was not the primary aim of our study, but we included more than 60%
small polyps. Sensitivity and NPV for detecting neoplasia in small polyps were quite
low and a larger sample size probably would not have contributed essentially to the
outcome.
In conclusion, the accuracy of real-time pCLE was comparable to NBI and not high
enough to reliably differentiate colorectal polyps. The NPV was well below the 90% that is
required to use pCLE in a ‘resect and discard’ strategy. Difficulty in obtaining high-quality
pCLE images hampers straightforward implementation in routine clinical practice.
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Abstract
Background and aim: Local recurrence has been observed after endoscopic mucosal
resection (EMR) of nonpedunculated colorectal lesions. The indications for follow-up
colonoscopy and the optimal time interval are currently unclear. The aims of this systematic review were to assess the frequency of local recurrence after EMR, to identify risk
factors for recurrence, and to provide follow-up recommendations.
Methods: A literature search was performed in PubMed, EMBASE, and the Cochrane
Library. EMR was defined as endoscopic snare resection after submucosal fluid injection
for removal of nonpedunculated adenomas and early carcinomas. Local recurrence was
subdivided into early recurrence (detected at the first follow-up colonoscopy) and late
recurrence (detected after ≥1 previous normal colonoscopy). A random effects metaanalysis was performed to calculate the pooled estimate of risk of recurrence.
Results: A total of 33 studies were included. The mean recurrence risk after EMR was
15% (95% confidence interval [CI] 12%–19%). Recurrence risk was higher after piecemeal resection (20%; 95%CI 16%–25%) than after en bloc resection (3%; 95%CI 2%–5%;
P < 0.0001). In 15 studies that differentiated between early and late recurrences, 152/173
recurrences (88%) occurred early. In four studies with follow-up at 3, 6, and ≥12 months,
19/25 (76%) recurrences were detected at 3 months, increasing to 24 (96%) at 6 months.
In multivariable analysis, only piecemeal resection was associated with recurrence (3 of
3 studies).
Conclusion: Local recurrence after EMR of nonpedunculated colorectal lesions occurs
in 3% of en bloc resections and 20% of piecemeal resections. Piecemeal resection was
the only independent risk factor for recurrence. As more than 90% of recurrences are
detected at 6 months after EMR, we propose that 6 months is the optimal initial followup interval.

Recurrence after EMR

Introduction
Removal of colorectal adenomas during colonoscopy reduces the incidence of colorectal carcinoma (CRC) and CRC-related mortality.1-4 Despite surveillance of patients after
resection of adenomas the risk of developing CRC remains higher than in the general
population.5,6 Moreover, it is known that CRC can be detected in the interval between
scheduled surveillance colonoscopies.7
One of the important causes for interval carcinomas is incomplete removal of the
original adenoma.8-10 Residual adenomatous tissue has been shown to be capable of
rapid regeneration,11,12 and incomplete resection may result in local recurrence.13 Several studies have indicated that incomplete removal contributes to a higher subsequent
incidence of CRC.5,9,14-16
Concerns regarding local recurrence exist mostly for lesions with nonpedunculated
morphology, which are often removed by endoscopic mucosal resection (EMR) with
submucosal fluid injection. The issue of residual tissue seems to be more pronounced
after piecemeal resection, which is at least in part due to the difficult histologic evaluation of resection margins when lesions are resected in pieces.
To reduce the risk of interval carcinomas secondary to local recurrence after EMR,
international guidelines recommend that follow-up colonoscopy is performed 2–12
months after endoscopic resection of flat and sessile lesions.5,17 The recommended time
interval for the first follow-up colonoscopy varies within and between guidelines, depending on size, morphology, and resection method used. Currently, there is no strong
evidence pointing to specific risk factors for local recurrence, nor is advice for appropriate intervals of follow-up available.
By performing a systematic review and meta-analysis we aimed to assess the magnitude of the problem of local recurrence after EMR of flat and sessile adenomas and
minimally invasive carcinomas. Secondary aims were to identify risk factors for local
recurrence and to determine the optimal timing for the first follow-up endoscopy after
EMR, in order to individualize recommendations for surveillance.

Methods
This systematic review was conducted and reported according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement.18

Eligibility criteria and definitions
Studies were eligible for inclusion if they were prognostic or therapeutic follow-up studies that reported on local recurrence after EMR of nonpedunculated colorectal lesions.
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Study designs included both prospective and retrospective cohort studies, case–control
studies, and therapeutic clinical trials. Feasibility studies for new removal techniques
were only included if the technique resembled conventional EMR. Conventional EMR was
defined as snare resection after submucosal fluid injection for nonpedunculated lesions.
Resected lesions included adenomas with low grade dysplasia (LGD) or high grade dysplasia (HGD) or minimally invasive mucosal or submucosal carcinomas, particularly Sm1
(invasion of submucosa <1 mm). As in situ carcinoma of the colorectum is not always
considered a distinct entity, no distinction was made between HGD and in situ carcinoma.
Local recurrence as an outcome implies that patients were followed up by undergoing
at least one colonoscopy after the index procedure. Local recurrence was defined by
the criteria of Higaki et al.19: lesions reappearing at the site that was previously treated
endoscopically, lesions with convergent folds, and lesions with no convergent folds but
with a clear polypectomy ulcer scar nearby were regarded as locally recurrent tumors.
Local recurrence was divided into early recurrence (found at first follow-up colonoscopy)
and late recurrence (found after at least one previous normal colonoscopy). Successful
treatment was defined as complete clearance of all adenomatous or carcinomatous tissue, allowing for an unlimited number of endoscopic treatments but not surgery.

Information sources and search strategy
The electronic databases of PubMed, EMBASE, and Cochrane were searched for articles
published in the English language between January 2000 and September 2012. The
search term comprised synonyms for “colonoscopic resection of colorectal lesions” as
domain and “local recurrence” as outcome. (Appendix 1)

Study selection
After removing duplicate studies, titles and abstracts were screened for study design
and domain. If full texts were available, articles were subsequently assessed in more
detail for descriptions of domain and outcome. (Figure 1)
Selected full text articles were critically appraised for relevance and validity. In order
for articles to be considered relevant, at least 80% of the reported procedures had to be
EMRs performed using submucosal fluid injection, or resections without submucosal
fluid injection had to be reported separately. Furthermore, studies were only deemed
relevant if separate recurrence rates were given or derivable for nonpedunculated vs.
pedunculated lesions, adenomas and minimally invasive carcinomas vs. deep submucosal carcinomas (≥Sm2), and en bloc vs. piecemeal resections. (Table 1) For the latter, it
was also sufficient for the ratio of en bloc and piecemeal resected lesions in follow-up to
be reported. If outcomes were not reported or were unclear, authors were contacted by
email. If no additional information was provided, studies were excluded from the review
and meta-analysis.

Recurrence after EMR

Studies were scored for validity based on potential biases, according to the criteria
adapted from Hayden et al.20 (Table 2) As this review comprised both prognostic and
therapeutic studies, the focus was on study participation, study attrition, and outcome
reporting.

Data extraction and statistical analyses
The risk of recurrence of nonpedunculated colorectal adenomas or minimally invasive
carcinomas was extracted from the selected articles.
A meta-analysis for the risk of recurrence was performed using a random effects
model. Cochran’s Q test was performed to test for heterogeneity between studies and
between recurrence rates after en bloc and piecemeal resections. A P value of <0.05
was considered significant. All statistical analyses were conducted using R version 2.15.2
(The R Foundation for Statistical Computing, Vienna, Austria).

Results
Study selection
After screening titles, abstracts, and full text articles, 45 eligible studies were identified19,21-64 (Figure 1) and assessed for relevance. (Table 1) Of these studies, a total of 12
were excluded, either because no separate assessment of recurrences was made for
nonpedunculated vs. pedunculated lesions,21-25 deep submucosal lesions vs. non- or
minimally invasive lesions24-27 or en bloc vs. piecemeal resections,21-31 or because submucosal fluid injection was not reported to be used for more than 80% of resections.27,31,32
One study reported no separate recurrence rates for en bloc and piecemeal resections
but instead provided the ratio of en bloc and piecemeal lesions at follow-up.33

Risk of bias in each study
A total of 33 relevant studies were critically appraised for potential bias in relation to the
outcome of interest. (Table 2) For six studies, the risk of bias was found to be very small.
The risk of bias was considered small in 11 studies and moderate in 16 studies. As there
were no relevant studies with a high risk of bias, none of these studies were excluded
based on validity.

Study characteristics
The 33 included studies comprised 28 cohort studies and case series (8 prospective19,40,41,43,45,46,48,50 and 20 retrospective34-38,42,44,47,49,51,52,54-56,58-60,62-64), 3 retrospective
case–control studies53,57,61 and 2 therapeutic trials.33,39 The retrospective cohort studies
included six studies for which it was not clear whether these were prospective or retro-
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Pubmed results
1637

Embase results
309

Cochrane results
59

Combined results
2005
Removing duplicates

Results (titles)
1833

Results (abstracts)
180

Results (full texts)
87

Results
45

Screening title: exclusion:
- animal studies
- not clinical study1
- not endoscopic removal of lesions
- not colon and/or rectum

Screening abstract: exclusion:
- not clinical study
- feasibility study2
- not EMR3
- not adenoma and/or T1 cancer4
- no follow up endoscopy
- no free full text5
Screening full text: exclusion:
- not EMR
- not exclusively colon and/or rectum6
- not adenoma and/or T1 cancer
- EMR for invasive cancer7
- not local recurrence as outcome
This search was performed
on sept 7th, 2012

Final results
45

Related articles &
References
0

Figure 1.
Flowchart of the selection of studies eligible for data extraction and analysis
1. Clinical studies comprised cohort studies, case-control studies or therapeutic studies. Case reports, reviews, metaanalyses or other publication types were excluded. As this could not always be deduced from the title, abstracts
were also used to select articles.
2. A feasibility study was defined as a study in which a novel therapeutic technique was used, not similar to conventional EMR.
3. As this could not always be deduced from the abstract, full texts were also used to select articles.
4. Studies had to include adenomas and optionally T1 carcinomas. As this could not always be deduced from the
abstract, full texts were also used to select articles.
5. Studies were excluded if full texts were not freely available through institutional access.
6. Studies were excluded if several gastrointestinal locations were taken into account, not specifically looking at
considerable samples of lesions in colon and/or rectum
7. Studies focussing on resectability of invasive carcinomas and/or predicting invasiveness or lymph node metastasis
were excluded.
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NR (20–60)

NR
NR

29
NR

28 (±13)
NR

28 (±8)
NR (20–95)

Lesion size, mean (±SD)
median (range), mm

Table 1. Critical appraisal of relevance of selected studies (continued)

LGD
NR

NR

NR

NR

49

27

NR

NR

76

NR

NR

HGD/Carcinoma in situ
119
(12)

69

78

Adenomas, n
74

33

81

36

32

0

28

22

4

11

NR

NR

142

47
NR

7 (3)

NR

1

NR

1

NR

NR

11

Sm1

150

Mucosal

NR 40631 NR

NR 128

NR

NR

32

9

NR

NR 166

43

NR

NR

>Sm1
NR

3
(2)30

0

NR

0

NR

4 (4)

NR

NR

0

0

Sm
1732

NR

7 (3)

6

1

1 (1)

5 (4)

1826 (8)

825 (8)

11

NR

Non-neoplastic, n
0

0

0

0

0

0

2

0

27

0

0

SA2
–33

+

+

–

+

+

+

+

N/A

+

±

En bloc/piecemeal
(% with submucosal injection‡)§
Both

Both

Both

Both

Both

Piecemeal28

Piecemeal

Both
NR

Both

Piecemeal

Both

SA3
+

+

+

–

+

N/A

N/A

–

–

N/A

+

APC¶
±

–

–

–

±

±

+

±

+

Biopsy
forceps

Biopsy
forceps

R0**

+

±

±

±

±

Recurrence††
–

+

+

–

±

±

+

+

±

+

N/A ±

–

–

–

–

–

Yes

Yes

Yes

No

Yes

Yes

Yes

No

No

Yes

Yes

Inclusion
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APC, argon plasma coagulation; LGD, low grade dysplasia (moderate dysplasia was also included in this group); LST, laterally spreading tumor (defined as flat lesions >10 mm); HGD,
high grade dysplasia; NPL, nonpedunculated lesion; N/A, not applicable; NR, not reported or unclear; prosp., prospective study; retro., retrospective study; Sm, carcinomas with invasion
of submucosa, irrespective of invasion depth; Sm1, minimally invasive carcinomas (<1 mm into submucosa); >Sm1, deeply invasive submucosal carcinomas (Sm2 or Sm3: >1 mm into
submucosa);
*In case of doubt, studies are not marked prospective or retrospective but are considered to be retrospective.
†
No, no selection based on lesions size/form; therefore, all sizes/forms included.
‡
The percentage of lesions for which submucosal fluid injection was used is only given if it was not 100%.
§
‘Both’ means that en bloc and piecemeal resections were performed within the study.
¶
– not used; ± used if necessary, but frequency of use not stated; + used if necessary.
**Relates only to en bloc resections: – no histological analysis; ± incomplete or unclear histological analysis; + adequate histological analysis.
††
± recurrence reported, but unclear or only one follow-up colonoscopy; + recurrence reported with at least some information on timing; ++ adequate, detailed reporting of recurrences.
SA1, separate analysis of nonpedunculated vs. pedunculated polyps;
SA2, separate analysis of noninvasive (adenomas), minimally invasive (mucosal, Sm1), and deeply invasive (>Sm1) neoplasia: – no distinction between deeply invasive vs. other lesions; ±
distinction between deeply invasive and other lesions, but not between minimally invasive or noninvasive lesions; + distinctions between all three categories.
SA3, separate analysis for lesions removed en bloc vs. lesions removed by piecemeal resection: – no separate analysis and no ratio of en bloc and piecemeal resected lesions in follow-up;
± no separate analysis, but ratio of en bloc and piecemeal resected lesions in follow-up is or can be defined; + separate analysis.
1
Only piecemeal resections: deep margins were evaluated, lateral margins were not.
2
The number of nonpedunculated polyps in follow-up was unknown and therefore the recurrence rate is not clear.
3
Surgery was performed for 12 invasive carcinomas and 7 other lesions, for which histology was not mentioned.
4
Analyses were performed separately for adenoma vs. mucosal/Sm1.
5
Follow-up of the other 3 invasive lesions was described separately and not taken into account for this study.
6
The majority of the patients in this study were randomized to either EMR with APC or EMR without APC.
7
For the lesions of 22 patients who underwent surgery because EMR was not attempted or was endoscopically incomplete, histology was not reported.
8
Optional use of cap-assisted technique.
9
Exclusive use of cap-assisted technique.
10
7 patients with adenomas were excluded, but it was not stated whether these adenomas contained LGD or HGD.
11
Endoscopic resection technique for 4 operated and 2 followed deep submucosal carcinomas was not reported.
12
Endoscopic resection technique for 3 submucosal carcinomas was not reported, but the ratio of en bloc vs. piecemeal resected adenomas at follow-up was estimable.

Table 1 Legend. Critical appraisal of relevance of selected studies
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14

Recurrences were separately evaluated according to form and histology, but not in combination. This study did not include lesions >Sm1.
Patient populations possibly overlap, but at a maximum of 20%.
15
As invasion depth was <Sm3, studies were included.
16
Recurrences were separately evaluated according to form and histology, but not in combination. This study included lesions >Sm1.
17
Majority of lesions were resected without the use of submucosal injection.
18
Endoscopic resection techniques for 2 deep submucosal carcinomas were not reported, but the ratio of en bloc vs. piecemeal resected adenomas in follow-up was estimable.
19
Also included subpedunculated lesions.
20
Endoscopic resection techniques for 6 operated lesions were not reported, but the ratio of en bloc vs. piecemeal resected lesions at follow-up was estimable.
21
Lesions were not suitable for standard snare or forceps.
22
Noninvasive lesions, not otherwise specified.
23
Endoscopic resection techniques for 9 operated lesions were not reported, but the ratio of en bloc vs. piecemeal resected lesions at follow-up was estimable.
24
Only the number of invasive lesions was stated.
25
Carcinomas, not otherwise specified.
26
Malignant lesions, not otherwise specified.
27
Only the sessile polyps of this study were evaluated.
28
Separate analysis was only available for the sessile lesions that were removed by piecemeal resection.
29
Also included subpedunculated lesions.
30
2 patients underwent surgery, histology of their lesions was not reported.
31
Neoplasia, not otherwise specified.
32
Carcinoma, not otherwise specified.
33
As 96% of the lesions were noncarcinomatous, the study was not excluded.

13

Table 1 Legend. Critical appraisal of relevance of selected studies (continued)
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Table 2. Critical appraisal of validity of relevant studies
Study
First author, year

Participation

Loss to followup, n/N (%)

Attrition

Outcome

Total
++

Ah Soune, 2010

++

2/26 (7.7)

+

++

Arebi, 2007

+

12/157 (7.6)

+

±

±

Barendse, 2012

++

15/73 (20.5)

-

±

±

Bergmann, 2003

+

0/65 (0.0)

±

±

±

Bories, 2006

++

10/43 (20.9)

–

±

±
++

Brooker, 2002

++

0/34 (0.0)

+

++

Conio, 2010

++

16/232 (6.9)

±

+

+

Conio, 2004

++

26/122 (21.3)

±

±

±

Dos Santos, 2011

+

44/166 (26.5)

–

++

±

Ferrara, 2010

++

0/172 (0.0)

+

+

+
++

Higaki, 2003

++

1/24 (4.2)

++

++

Huang, 2009

+

20/99 (20.2)

–

+

±

Hurlstone, 2004

+

0/58 (0.0)

+

++

++
++

Hurlstone, 2005

++

0/62 (0.0)

+

++

Iishi, 2000

++

18/73 (13.7)1

–

±

±

Jin, 2009

++

0/94 (0.0)

+

±

+

Kaltenbach, 2007

++

18/95 (18.9)

±

+

+

Katsinelos, 2006

++

0/52 (0.0)

+

±

+

Katsinelos, 2006

+

0/19 (0.0)

+

+

+

Khashab, 2009

++

77/209 (36.8)2

±

+

+

Kobayashi, 2012

±

155/373 (41.6)3

±

+

±

Lee, 2012

++

16/129 (12.4)

–

+

±

Luigiano, 2009

++

26/174 (14.9)4

+

++

++

Mannath, 2011

++

32/137 (23.4)5

–

+

±

Moss, 2010

++

0/71 (0.0)

+

±

+

Saito, 2010

+

151/379 (39.8)6

±

±

±

Sakamoto, 2012

++

71/293 (24.2)7

–

±

±

Seo, 2010

++

2/46 (4.7)

±

++

+

Stergiou, 2003

+

0/40 (0.0)

+

–

±

Tajika, 2011

+

26/130 (20.0)8

–

+

±

Tanaka, 2001

±

0/78 (0.0)

+

+

±

Terasaki, 2012

++

0/176 (0.0)

+

±

+

Woodward, 2012

+

0/423 (0.0)

++

±

+

Table 2 Legend. Critical appraisal of validity of relevant studies
N/A, not applicable.
Potential bias was scored as follows: ++ very small risk; + small risk; ± moderate risk; – high risk.
1
18 patients without follow-up were excluded from the study.
2
77 patients without follow-up were excluded from the study.
3
Of 373 consecutive lesions between 2000 and 2009, 155 were lost to follow-up. Of 218 remaining cases, 56 were selected.
4
24 patients were excluded from the study, because they were hospitalized in other institutions.
5
32 patients (34 lesions) without follow-up were excluded from the study.
6
151 lesions without follow-up were excluded from the study.
7
54 patients (71 lesions) without follow-up were excluded from the study.
8
26 lesions without follow-up were excluded from the study.
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Table 2 Legend. Critical appraisal of validity of relevant studies (continued)
Studies were scored for potential bias from three sources.
•
Study participation: adequate description of:
o recruitment, including setting and period
o inclusion and exclusion criteria
o baseline characteristics of patients and lesions.
•
Study attrition:
o numbers and percentages lost to follow-up
o adequate description of reasons for loss to follow-up
o	adequate description of population lost to follow-up and comparison with population in follow-up.
•
Outcome measurement and data reporting:
o clear definition of outcome measure
o adequate reporting of length of follow-up
o use of a fixed follow-up schedule for all patients
o adequate reporting of outcome.

spective. Relevant sample sizes for this review were not the baseline populations but
the numbers of patients and lesions at follow-up. These samples varied between 19 and
419 lesions. Seven studies were considered to be small (<50 lesions), thirteen moderate
(50–100 lesions), seven moderate to large (100–150 lesions), and six large (>150 lesions).
Two studies included rectal lesions only, whereas all other studies included all colorectal locations. Inclusion criteria were lesion size above 40 mm (1 study) or 30 mm (1 study),
20 mm (15 studies), 15 mm (3 studies), or 10 mm (8 studies). Five studies did not report
inclusion criteria regarding the size of the lesions. Seven studies included only sessile
lesions and eight studies included only flat lesions. A total of 11 studies included both
sessile and flat lesions and 7 studies did not report inclusion criteria regarding the type
of lesion. All studies included adenomatous lesions, with or without HGD. A total of 22
studies also included mucosal or submucosal invasive lesions, which formed a minority
of the lesions in all but one study.46
A total of 22 studies reported separate results for en bloc and piecemeal resections,
and 10 studies focussed on piecemeal resection. One study reported combined results,
but provided the ratio of en bloc and piecemeal resected lesions at follow-up. Additional
use of argon plasma coagulation (APC) to complete EMR was reported in 17 studies.
As histologic assessment of resection margins after piecemeal resection is practically
infeasible if not impossible, information on resection margins was generally not given
for piecemeal resected lesions. Of the 23 studies taking into account both en bloc and
piecemeal resections, 9 reported on the resection margins, of which only 5 reported this
specifically for lesions at follow-up. Almost all en bloc resections appeared to have been
radical. (Table 3)

Table 3. Results of individual studies
Schedule of follow-up,
months

Study
First author, year [Ref.]
3, 6, 12, yearly
6, 12, 18

65/65
14/14
N/A
N/A
N/A
151/1583
NR
NR
NR
5/5
21/22

Both

Both

Piecemeal 85%

Piecemeal

Piecemeal

Both

Both

Both

Both

Both

Both

3, 6, 12, 24

3, 6, 12, 24

NR5

3, 6, 12, 24

34, 6, 12, 244, 36

3, 6, 12, yearly

32, 12

1–3, 6, 1, 3, 5

3–6, 12, 18, 24, 30

NR1

3–12

N/A

En bloc or piecemeal*

Piecemeal

R0†
N/A

Length of follow-up
mean (±SD)
median (range), months

Piecemeal

1/31
0/5
2/22

5/62
10/58

0/5

4/23
11/77

6/77

12/169

1/109

N/A

21/96
5/122

N/A

8/216

2/14

5/33

N/A

0/33

2/65

14/34

N/A

18/58

N/A

60/145

Overall
N/A

After
en bloc

3/24

8/36

5/57

10/46

4/18

6/92

4/13

21/96

8/216

14/34

3/19

2/32

18/58

60/145

3/24

After piecemeal

12 (NR)
NR (3–37)
9 (NR)
NR (1–48)
NR
12 (1–46)
18 (NR)
NR (6–30)
17 (NR)
NR (6–57)
15 (NR)
NR
NR
12 (6–71)
NR
12 (3–50)
18 (NR)
18 (NR)
20 (±11)
NR (6–36)
24 (NR)
24 (NR)
NR6
NR
NR
14 (3–24)
24 (NR)
24 (NR)

NR

8

5

11

NR
NR
NR

NR

NR
NR

5
NR
6 (3–12)

NR

NR

14

NR

NR

16

60

3

NR

NR

NR

NR

NR

NR

NR

NR

4 (NR)
3 (3–6)

Time to recurrence
mean (±SD) median
(range), months

3–6, 1, 3

Early‡

N/A

2

0

NR

NR

NR

0

NR

NR

NR

NR

NR

2

NR

0

Late§

Piecemeal

56/58

61/62

77/77

21/23

169/169

122/122

≥91/93

210/210

27/29

NR

NR

NR

141/145

23/24

Success

Ah Soune
2010 [34]
Arebi
2007 [35]
Barendse
2012 [36]
Bergmann
2003 [37]
Bories
2006 [38]
Brooker
2002 [39]
Conio
2010 [40]
Conio
2004 [41]
Dos Santos
2010 [42]
Ferrara
2010 [43]
Higaki
2003 [19]
Huang
2009 [44]
Hurlstone
2005 [45]
Hurlstone
2004 [46]

Recurrences, n

Recurrence after EMR
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Table 3. Results of individual studies (continued)
Schedule of follow-up,
months

Study
First author, year [Ref.]
3–12, yearly
6–12, yearly

NR
NR
NR
N/A
NR
46/1407
NR
NR
NR
NR
N/A
N/A
N/A

Both

Both

Piecemeal 82%

Both

Both

Both

Both

Both

Both

Piecemeal

Piecemeal

Piecemeal

3–12, yearly

3–6, 12

3–6, 12

6–12

3

3–12

3, 6, 12, 24, 36, 48, 60

3–6, ≥12

3, 6, ≥12

3, 6, 12, yearly

6

3, 6, 12, 24

Both

En bloc or piecemeal*
NR

R0†

Both

Length of follow-up
mean (±SD)
median (range), months
NR/16
2/74
N/A
N/A
N/A

7/71
33/228
42/222
5/44
12/37

1/21

12/56

2/54

N/A

24/135

14/121

0/14

4/19

2/62

4/22

20/52

6/142

0/28

8/77

3/39

1/81

3/94

29/113

0/14

Overall
22/55

After
en bloc

NR
34 (12–84)
25 (±7)
NR (3–36)
NR
NR
23 (±16)
NR
38 (±24)
NR
NR
NR (12–NR)
NR
38 (3–111)
NR
26 (IQR 13–41)
30 (±16)
NR (6–60)
NR
12 (IQR 8–24)
3 (NR)
3 (NR)
26 (±17)
NR (6–68)
NR
32 (IQR 11–53)
NR
37 (3–72)
NR
NR (3–NR)
12/37

5/44

42/222

31/154

NR/55

12/67

4/80

26/64

11/35

24/135

4/5

16/30

8/49

2/13

22/41

After piecemeal

3, 6, ≥12

12

4

5 (NR)
NR (3–14)
NR

NR

NR
NR

7

NR

NR

2

6 (NR)
NR (2–18)

NR

NR

29

10
NR

18
NR
8 (2–49)

NR

20

8

NR

NR

NR

NR

NR

NR

NR

NR

Time to recurrence
mean (±SD) median
(range), months

NR

Early‡

Both

NR

1

NR

NR

NR

NR

4

0

2

6

NR

0

0

NR

NR

Late§

Iishi
2000 [47]
Jin
2009 [48]
Kaltenbach
2007 [49]
Katsinelos
2006 [50]
Katsinelos
2006 [51]
Khashab
2009 [52]
Kobayashi
2012 [53]
Lee
2012 [54]
Luigiano
2009 [55]
Mannath
2011 [56]
Moss
2010 [33]
Saito
2010 [57]
Sakamoto
2012 [58]
Seo
2010 [59]
Stergiou
2003[60]

Recurrences, n

37/37

41/44

219/222

225/228

NR

121/121

141/142

112/113

55/56

≥132/135

NR

51/52

77/77

NR

49/53

Success
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Table 3. Results of individual studies (continued)

Study
First author, year [Ref.]
3–6

2/40
1/68
9/185

6/78
14/173
49/41912

1/24

40/234

13/105

4/38

15/80

13 (NR)
NR (3–50)
5 (NR)
NR
13 (NR)
NR (3–40)
NR
NR (3–6)

NR

5

9
49

1

6
511

109

NR

173/173

78/78

99/102

Success

IQR, interquartile range; N/A, not applicable; NR, not reported or unclear.
*‘Both’ means that en bloc and piecemeal resections were performed within the study. The percentage of lesions for which submucosal fluid injection was used is only given if it was not 100%.
†
En bloc resection with free margins at first endoscopic resection.
‡
Early: early recurrence, at first follow-up colonoscopy
§
Late: late recurrence, after at least one previous normal follow-up colonoscopy
Recurrence for en bloc (EB) and piecemeal (PM) resected lesions.
1
The first follow-up colonoscopy was performed in 86% of patients within 6 months.
2
In some cases of more advanced disease, first follow-up at less than 3 months.
3
Of 158 en bloc resected lesions at baseline, 151 had been resected completely.
4
Follow-up at these moments was only performed for lesions containing high grade dysplasia or cancer, or lesions resected in piecemeal fashion.
5
First follow-up after mean of 8 ± 6 months.
6
Length of follow-up was only reported for the recurring lesions: 27 ± 18 months (range 13–69).
7
At baseline there were 140 en bloc and piecemeal resections, of which 46 showed free resection margins.
8
No distinction was made between en bloc and piecemeal. 50 margins were unidentified.
9
10 recurrences were found between 3 and 9 months, 6 were found after 12 months.
10
No distinction was made between en bloc and piecemeal resections. For at least 31 piecemeal resections margins were not free, as opposed to at least 9 en bloc resections.
11
5 recurrences were found between 1 and 5 months, 1 was found after 12 months.
12
The total number of lesions in follow-up was 423, but the sum of en bloc and piecemeal resections is 419. No reason was given for this discrepancy.

Table 3 Legend. Results of individual studies

NR

Both

6–12

176/178

En bloc or piecemeal*

Both

R0†
6–12, yearly

Schedule of follow-up,
months

18/8110

Length of follow-up
mean (±SD)
median (range), months

Both

Overall
16/104

After
en bloc

54 (±45)
NR (3–191)
61 (±20)
NR
22 (±14)
NR
NR
NR (3–6)

After piecemeal

3–12

Time to recurrence
mean (±SD) median
(range), months

41/1048

Early‡

Both

Late§

Tajika
2011 [61]
Tanaka
2001 [62]
Terasaki
2012 [63]
Woodward
2012 [64]

Recurrences, n

Recurrence after EMR
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Study

Recurrences Lesions

Proportion

95%−CI

En−Bloc Resection
Bergmann (2003)

0

33

0.00 [0.00; 0.11]

Bories (2007)

2

14

0.14 [0.02; 0.43]

Dos Santos (2011)

1

109

0.01 [0.00; 0.05]

Ferrara (2010)

6

77

0.08 [0.03; 0.16]

Higaki (2004)

0

5

0.00 [0.00; 0.52]

Huang (2009)

1

31

0.03 [0.00; 0.17]

Hurlstone (2005)

0

5

0.00 [0.00; 0.52]

Hurlstone (2004)

2

22

0.09 [0.01; 0.29]

Iishi (2000)

0

14

0.00 [0.00; 0.23]

Jin (2009)

1

81

0.01 [0.00; 0.07]

Kaltenbach (2007)

0

28

0.00 [0.00; 0.12]

Katsinelos (2006)

0

5

0.00 [0.00; 0.52]

Katsinelos (2006)

4

22

0.18 [0.05; 0.40]

Kobayashi (2011)

1

21

0.05 [0.00; 0.24]

Lee (2012)

3

39

0.08 [0.02; 0.21]

Luigiano (2009)

2

62

0.03 [0.00; 0.11]

Mannath (2011)

2

54

0.04 [0.00; 0.13]

Saito (2010)

2

74

0.03 [0.00; 0.09]

Tajika (2011)

1

50

0.02 [0.00; 0.11]

Tanaka (2001)

2

40

0.05 [0.01; 0.17]

Terasaki (2012)

1

68

0.01 [0.00; 0.08]

Woodward (2012)

9

185

0.05 [0.02; 0.09]
0.03 [0.02; 0.05]

Pooled RE Estimate
I−squared=38.2%, Q=34, df=21, p=0.0363

Piecemeal Resection
3

24

0.12 [0.03; 0.32]

Arebi (2007)

56

145

0.39 [0.31; 0.47]

Barendse (2012)

18

58

0.31 [0.20; 0.45]

Bergmann (2003)

2

32

0.06 [0.01; 0.21]

Bories (2007)

3

19

0.16 [0.03; 0.40]

14

34

0.41 [0.25; 0.59]

Conio (2010)

8

216

0.04 [0.02; 0.07]

Conio (2004)

21

96

0.22 [0.14; 0.31]

Dos Santos (2011)

4

13

0.31 [0.09; 0.61]

Ferrara (2010)

6

92

0.07 [0.02; 0.14]

Higaki (2004)

4

18

0.22 [0.06; 0.48]

Huang (2009)

Ah Soune (2010)

Brooker (2002)

10

46

0.22 [0.11; 0.36]

Hurlstone (2005)

5

57

0.09 [0.03; 0.19]

Hurlstone (2004)

8

36

0.22 [0.10; 0.39]

Iishi (2000)

22

41

0.54 [0.37; 0.69]

Jin (2009)

2

13

0.15 [0.02; 0.45]

Kaltenbach (2007)

8

49

0.16 [0.07; 0.30]

Katsinelos (2006)

4

14

0.29 [0.08; 0.58]

Katsinelos (2006)

16

30

0.53 [0.34; 0.72]

Khashab (2009)

24

135

0.18 [0.12; 0.25]

Kobayashi (2011)

11

35

0.31 [0.17; 0.49]

Lee (2012)

26

74

0.35 [0.24; 0.47]

Luigiano (2009)

4

80

0.05 [0.01; 0.12]

Mannath (2011)

12

67

0.18 [0.10; 0.29]

Saito (2010)
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Figure 2.
R-plot showing the individual and pooled estimates of the proportion of lesions with recurrence among 22 studies in
which en bloc resection was performed and 32 studies in which piecemeal resection was performed. The study performed
by Moss et al.33 was not included in this figure, as it was not clear how many of the recurrences were found after en-bloc
versus piecemeal resections.
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Figure 3.
Cumulative detection of recurrences.

Follow-up
In most studies the initial follow-up interval was 3–6 months. A total of 10 studies allowed the first follow-up colonoscopy to be performed at a later stage. In 23 studies
providing a mean and/or a median follow-up, the overall mean was 23 months.

Risk of recurrence and treatment success
Overall, the mean risk of recurrence after EMR in the 33 studies was 15% (95% confidence
interval [CI] 12%–19%). In these studies, 31% of lesions had been resected en bloc. The
pooled estimate of recurrence risk was significantly higher for piecemeal resections
(20%; 95%CI 16%–25%) than for en bloc resections (3%; 95%CI 2%–5%; Cochran’s Q test
P < 0.0001). (Figure 2)
Of the 351 recurrences that were reported to be re-treated at follow-up endoscopy,
75 (21%) recurred again. Modalities used for retreatment were APC and/or EMR. After
a mean of 1.2 endoscopic re-treatments, successful eradication was achieved in 91%
of recurrences. Overall, endoscopic treatment was successful for 99% of all lesions for
which EMR was initially considered adequate, meaning that for 1% of these lesions surgical resection was eventually necessary. The mean number of endoscopic treatments
needed to eradicate index lesions was also 1.2.

Early and late recurrence and optimal follow-up interval
In 15 studies that differentiated between early and late recurrences,34,36,42,45,46,48,49,52-55,59,61-63
152/173 recurrences (88%) were found during the first follow-up colonoscopy and 21
(12%) after at least one previous normal colonoscopy.
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Table 4. Risk factors for recurrence in univariable and multivariable analysis
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Size over 20 mm was reported to be directly related to piecemeal resection.
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6
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Figure 4.
Number of studies performing univariable analysis for different possible risk factors and the proportion of studies finding
an association with recurrence. For further specification of risk factors, see Table 4.
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Figure 5.
Number of studies performing multivariable analysis for different possible risk factors and the proportion of studies finding an association with recurrence. For further specification of risk factors, see Table 4.

In only four studies did all patients undergo follow-up at 3, 6, and ≥12 months. A total
of 19 of 25 recurrences (76%) were detected at 3 months, increasing to 24 (96%) at 6
months. In six studies, including the abovementioned four, follow-up was performed
before or at 6 months, at 12 months, and after 12 months. Cumulative recurrences were
43 (91%) at 6 months, 46 (98%) at 12 months, and 47 after 12 months. (Figure 3)
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Recurrence in relation to pathology grade
Risk of recurrence for LGD (two studies, 57 lesions),45,51 HGD (three studies, 53 lesions),38,45,51 mucosal carcinomas (three studies, 70 lesions),42,53,61 and Sm1 carcinomas
(five studies, 25 lesions)45,48,53,61,62 were 7.0%, 18.9%, 15.7%, and 12.0%, respectively
(Fisher’s exact test P = 0.28). Only two studies reported recurrence risks for both LGD (57
lesions) and HGD (20 lesions),45,51 which differed significantly (7.5% vs. 25.0%, Fisher’s
exact test: P = 0.046). In nine studies reporting recurrences for both adenomas and
carcinomas [37,42,45,48,53,58,61-63], the rates were 8.2% (53/648) and 17.9% (55/307),
respectively (Fisher’s exact test: P < 0.001). These risks were not adjusted for size and
resection technique.

Risk factor analysis
In studies performing univariable analysis, size, piecemeal resection, and non-R0 resections were reported to be associated with local recurrence in 10 of 12 studies, 6 of 9 studies, and 2 of 2 studies, respectively. (Table 4) (Figure 4) Of the 12 studies that univariably
assessed the association between size and recurrence, three used a continuous variable
and nine used varying categories with thresholds between 20 and 40 mm. Three studies
showed that an increasing number of resected fragments per lesion correlated with the
risk of recurrence in univariable analysis. Two studies reported that in case of free resections margins, the risk of recurrence was indeed very small.
Apart from size, lesion characteristics were not found to affect the recurrence risk.
Location was not associated with recurrence in any of the studies. Four studies showed
that recurrence was not found more often after resection of flat lesions compared with
sessile lesions. For laterally spreading tumors (LSTs), the granular form was associated
with recurrence in two of four studies in univariable analysis. Classification of lesions at
histology was not uniformly tested in different studies and was rarely associated with
recurrence.
APC had a protective effect in one study when applied routinely after endoscopically
complete EMR.39 Additional APC treatment for macroscopic residual tissue was not a risk
factor for recurrence in five studies.
In multivariable analysis, only piecemeal resection was found to be associated with
recurrence (in 3 of 3 studies). (Figure 5) Size remained a risk factor in only one of four
studies that reported a multivariate analysis. One of two studies reported that flat morphology was associated with recurrence.
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Figure 6.
Meta-analysis of recurrence, subdivided into en bloc and piecemeal resections of lesions >20 mm.

Discussion
The results of this systematic review and meta-analysis show that recurrence after
piecemeal EMR occurs in 20% of lesions compared with only 3% after en bloc EMR. Most
recurrences were found during the first follow-up colonoscopy, irrespective of timing. In
the few studies performing follow-up colonoscopy at regular intervals, three-quarters
of recurrences were found at 3 months, increasing to more than 90% at 6 months.
Piecemeal resection was the only risk factor that was associated with recurrence in
multivariable analysis.
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A difference in recurrence rates between en bloc and piecemeal resections was anticipated. The decision by the endoscopist to perform the resection in piecemeal fashion
is dependent on the difficulty of the resection. Reasons for performing piecemeal EMR
instead of en bloc EMR are size above 20–30 mm, location near colonic folds, or a lesion
covering a large part of the lumen circumference. The outcome of this meta-analysis
therefore must not be interpreted as a comparison between the two techniques, but
as an indication that en bloc and piecemeal resected lesions are indeed different with
regard to recurrence risk and therefore require different follow-up strategies.
As there is an intrinsic association between larger size and piecemeal resection, an
attempt was made to determine the extent to which lesion size might have influenced
the high recurrence rate after piecemeal resection. Ideally, raw data would have been
used to see whether both size above 20 mm and resection in multiple fragments are
independent risk factors for recurrence. However, this was not possible, so instead a
meta-analysis was performed on lesions larger than 20 mm, (Figure 6) and this showed
that the recurrence rate for piecemeal resections (22%) was still higher than for en bloc
resections (3%; Cochran’s Q test P < 0.001). It seems that piecemeal resection is a more
useful clinical predictor for recurrence than size >20 mm.
When analyzing three different categories of mean or median lesion size (10–20 mm,
20–30 mm, and >30 mm) with regard to recurrence after piecemeal resection, no significant differences were found (18%, 19%, and 19%, respectively; Cochran’s Q test P = 0.88).
Studies with inclusion of lesions >20 mm had no significantly higher risk of recurrence
compared with studies that also included smaller lesions (22% vs. 18%; Cochran’s Q test
P = 0.37).
Results in the en bloc group were heterogeneous. However, the only studies finding
recurrence risks above 10% were considered to be small.38,50 Bories et al.38 included only
lesions with HGD at follow-up, which may partly explain the high proportion of residual
lesions. It is not possible to clarify reasons for the high recurrence risk in the study by
Katsinelos et al,50 other than chance. The overall risk of recurrence after en bloc EMR was
very low, and when the Katsinelos study50 was excluded, the results within the en bloc
group were indeed homogeneous.
Results within the piecemeal group were also clearly heterogeneous. A multivariable
Poisson regression analysis was performed to identify which study- and populationrelated factors might explain this heterogeneity. This analysis showed a significant
trend towards a decrease in recurrence rates over time, as indicated by the year of the
studies. Prospective studies showed lower recurrence rates than retrospective studies.
These findings provide a partial explanation for the variation in recurrence rates after
piecemeal resection and may indicate an improvement of the endoscopic piecemeal
resection technique over time and a lower recurrence rate when performed with a
predetermined focus on complete removal.
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One other systematic review has reported on early and late recurrence after piecemeal EMR for colorectal lesions. Barendse et al.65 found an early recurrence rate of 11%,
which is comparable to our overall recurrence of 15%. In a recent study by Pohl et al,66
biopsies taken from the resection margins after macroscopically complete hot snare resection showed residual tissue in 10% of cases. Although the intervention and outcome
measure in that study were not completely the same as in the current meta-analysis, the
results indicate a comparable risk of residual tissue after endoscopic resection.
The high percentage of lesions successfully eradicated by performing an unlimited
number of additional endoscopic procedures proves that most recurrences do not require surgical treatment. However, this treatment success was calculated for lesions for
which attempted endoscopic treatment was considered sufficient for eradication in the
first place. Therefore, the outcome is highly dependent on the endoscopist making the
decision to perform only follow-up colonoscopy or additional surgical treatment after
the first endoscopic treatment.
Data on the earliest possible detection of recurrence are scarce and therefore strong
recommendations regarding timing of follow-up colonoscopy cannot be made. However, it is clear from the current results that recurrences are not always detected at the
first follow-up colonoscopy. Anecdotal evidence shows that it is not unusual for recurrences to be found after a normal follow-up colonoscopy at 3 months. Therefore, we
recommend not to solemnly rely on the outcome of a colonoscopy at 3 months, but to
perform follow-up colonoscopy at 6 and/or 12 months in all cases.
Risk factors were only assessed in a descriptive way because a complete set of raw
data was not available. A convincing majority of studies showed that size was associated
with recurrence in univariable analysis. However, the previously discussed association
between size and piecemeal resection has probably resulted in confounding. This is supported by the fact that only one of four studies found size to be associated with risk of
recurrence in multivariable analysis. On the other hand, the study by Woodward et al.64
showed that within categories of en bloc and piecemeal resected lesions, size was still
a risk factor. Conversely, piecemeal resection was a risk factor in all three size categories
in that study. In addition, Longcroft-Wheaton et al.67 recently reported that lesion size
above 60 mm was a risk factor for recurrence after piecemeal resections.
There is no indication that flat lesions recur more often than sessile lesions, but this
may be true for granular vs. nongranular LSTs. The two studies finding no association
between granular morphology and recurrence were small compared with the two
larger studies that did report an association. However, none of the studies performed
multivariable analyses.
Piecemeal resection was the only risk factor that was clearly associated with recurrence in multivariable analysis. The risk for recurrence after en bloc resected lesions is
indeed small, especially if the pathologist confirms complete resection. As use of APC
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- in case of an endoscopically incomplete resection - was no risk factor for recurrence in
the current study, additional APC treatment seems to reduce the risk of recurrence so
that it is comparable to that after a resection that was endoscopically complete without
APC. Two previous studies have shown that APC is an effective additional treatment in
case of macroscopic residual tissue after polypectomy.68,69 However, in a more recent
study by Moss et al,30 which included 328 EMRs with follow-up, APC was identified as
an independent risk factor for recurrence. We should therefore be careful not to rely too
much on APC for complete eradication of neoplastic tissue.
In conclusion, this systematic review and meta-analysis confirms that the risk of
local recurrence after piecemeal EMR is significantly higher than after en bloc EMR. A
recurrence rate of 20% justifies performing a follow-up colonoscopy after piecemeal
resections, especially because complete clearance can still be achieved in >90% of local recurrences after only one endoscopic re-treatment. The optimal timing of the first
follow-up colonoscopy remains to be determined in well-scheduled prospective studies,
but based on the current data an initial interval of 6 months seems to be more adequate
for recurrence detection than an interval of 3 months. Thus far, no risk factors other
than piecemeal resection have been identified that can be used to guide a personalized
follow-up schedule.
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Abstract
Background and aim: Most post-colonoscopy colorectal cancers (PC-CRCs) are thought
to develop from missed or incompletely resected adenomas. We aimed to assess the
incidence rate of PC-CRC overall and per colorectal segment, as a proxy for PC-CRC due
to incomplete adenoma resection, and to identify adenoma characteristics associated
with these PC-CRCs.
Methods: We performed a nationwide, population-based cohort study, including all
patients with a first colorectal adenoma between 2000 and 2010 in the Dutch Pathology
Registry (PALGA). Outcomes were the incidence rate of PC-CRC overall and of PC-CRC in
the same colorectal segment, occurring between 6 months and 5 years after adenoma
resection. A multivariable cox proportional hazard analysis was performed to identify
factors associated with PC-CRCs in the same segment.
Results: We included 107,744 patients (mean age 63.4 years; 53.6% male). PC-CRC was
detected in 1,031 patients (0.96%) with an incidence rate of 1.88 per 1000 person years.
PC-CRC in the same segment was found in 323 of 133,519 adenomas (0.24%) with an
incidence rate of 0.56 per 1000 years of follow-up. High-grade dysplasia (hazard ratio
(HR) 2.54, 95% confidence interval (CI) 1.99-3.25) and both villous (HR 2.63, 95%-CI 1.793.87) and tubulovillous histology (HR 1.80, 95%-CI 1.43-2.27) were risk factors for PC-CRC
in the same segment.
Conclusions: Approximately one third of PC-CRCs is found in the same colorectal segment after adenoma resection and could therefore be a consequence of incomplete
adenoma resection, occurring in one in four hundred adenomas. The risk of PC-CRC in
the same segment is increased in adenomas with high-grade dysplasia or (tubulo)villous
histology.

PC-CRC after incomplete adenoma resection

Introduction
Resection of adenomas during colonoscopy effectively reduces the incidence of subsequent colorectal cancer (CRC),1 but does not preclude its occurrence within the first
three to five years after the procedure.2,3 Rather than developing from rapidly growing
new lesions, most post-colonoscopy CRCs (PC-CRCs) are thought to be a consequence
of missed lesions, but also incompletely resected adenomas.4-6
There is a considerable risk for colorectal adenomas to be incompletely resected,
especially when larger lesions are removed in piecemeal fashion.7,8 The proportion of
PC-CRCs attributed to incompletely resected adenomas has been reported to range
from 9% to 50% in previous studies,5,6,9 suggesting that a substantial number of PCCRCs could have been prevented by improving quality of endoscopic resection. Data in
these studies were either derived from prevalent CRC cases, retrospectively identifying
PC-CRC, or from cohorts of adenoma patients, prospectively identifying small numbers
of PC-CRCs. In order to assess the absolute risk of developing PC-CRC after adenoma
resection and to identify high-risk adenomas, a large cohort of adenoma patients with a
substantial number of PC-CRCs is needed.
We performed a nationwide, population-based cohort study to determine the rate of
PC-CRC overall and in the same colorectal segment, to estimate the incidence of PC-CRC
due to incomplete adenoma resection and to identify adenoma characteristics associated with PC-CRC due to incomplete adenoma resection.

Methods
Data source and study population
We performed a population-based cohort study using data from the nationwide network and registry of histopathology and cytopathology diagnoses in the Netherlands
(PALGA). In this registry, summaries of pathology reports generated by all pathology
departments in the Netherlands are centrally archived.10 The PALGA registry has accomplished nationwide coverage since 1991. Each pathology report in PALGA is linked to
a diagnostic code, in line with the Systemized Nomenclature of Medicine (SNOMED).11
We conducted a search in PALGA and identified all patients with a first colorectal adenoma between January 1, 2000, and December 31, 2009. We did not include patients
without adenomas, as our aim was to determine the rate of PC-CRC due to incomplete
resection, not to compare the rate of PC-CRC between patients with and without adenomas at baseline. Inclusion of patients was based on the combination of diagnostic codes
for ‘benign tumor’ and ‘colon’ or ‘rectum’. For each patient, we retrieved all histopathology reports of specimens of colorectal origin, starting at the first report and ending on
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September 1, 2013. Every report comprised the date of resection, the summary text and
diagnostic codes. Age and gender of the patient were available for each PALGA report.

Data extraction and definitions
We excluded patients in whom no adenoma was found in the summary text or diagnostic codes. These included patients with a benign tumor that was not reported to be an
adenoma or to contain dysplasia, for example hyperplastic polyps. In addition, patients
with prevalent CRC, defined as patients in whom a CRC was found before, at the same
time, or within 6 months after the first adenoma, were excluded. It was assumed that
CRCs diagnosed within 6 months of the index procedure had already been detected or
suspected during the index colonoscopy.3,14
Pathological features consisted of tubular adenoma (TA), tubulovillous adenoma (TVA),
villous adenoma (VA), sessile serrated adenoma/polyp (SSA/P), low-grade dysplasia
(LGD), high-grade dysplasia (HGD, including carcinoma in situ) and CRC. Adenomas with
villous histology and/or high-grade dysplasia were considered advanced adenomas.
Locations were categorized into six segments of the colon: cecum; ascending colon
(including hepatic flexure); transverse colon (including splenic flexure); descending
colon; sigmoid colon and rectum. We extracted locations of adenomas and carcinomas
through either the reported specific colon segment or the type of surgery (for CRC). Only
if the colon segment or type of surgery were not mentioned, the reported distance from
the anal verge was used, according to the following definitions: rectum as 0-15 cm from
the anal verge; sigmoid colon as 16-35 cm; descending colon as 36-50 cm and transverse
colon as 51-70 cm. When the distance was >70 cm from the anal verge, the location
was considered to be the ascending colon, unless the cecum was mentioned. Using this
approach we assumed that the readily identifiable cecum would have been mentioned
as such in the pathology report.
The number of adenomas and the locations of the adenomas in each pathology report
were extracted from summary texts and diagnostic codes using automated searches,
counting the number of terms and synonyms for adenomas and locations separately. As
a consequence, cumulative numbers of adenomas did not always correspond to cumulative numbers of locations. For example, if a report mentioned ‘adenoma’ or ‘adenomas’
once and synonyms for location (i.e. ‘ascending’ and ‘transverse’) twice, a discrepancy
existed between the number of adenomas and the number of locations. The discrepancy was 5% for the total number of adenomas in the entire study population. In case of
metachronous CRC, all pathology reports of the patient were hand-checked to prevent
false positive outcomes.
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Outcome measures
Outcome measures were the incidence rate of PC-CRC, defined as a CRC occurring between 6 months and 5 years after colonoscopy with adenoma removal, and the risk of
PC-CRC after removal of an adenoma from the same colorectal segment, used as a proxy
for PC-CRC due to incomplete resection.

Statistical analysis
We used SAS version 9.3 [SAS Institute, Cary, NC, USA] for data management and performed data analysis using Statistical Packages for Social Sciences version 22 [IBM Corp.,
Armonk, NY, USA].
We performed per patient and per adenoma analyses. In the per patient analysis, patients were followed from the date of their first adenoma until CRC occurred anywhere
in the colon. If no CRC occurred, they were followed until 5 years after the last adenoma
was detected, or until the end of study (September 1, 2013), whichever came first.
In the per adenoma analysis, we included only adenomas with a known location, both
those occurring at baseline and those occurring during follow up. Each adenoma in
a unique colon segment was included separately. Adenomas occurring in a segment
where an adenoma was found previously were also included separately. Follow up of
the previous adenoma in that segment was stopped at the date of detection of a new
adenoma. Adenomas occurring simultaneously in one segment were not included
separately. The per adenoma analysis is therefore a per segment analysis, including all
segments in which at least one adenoma was detected.
Segments with at least one adenoma were followed until CRC was detected anywhere
in the colon or an adenoma was detected in the same segment, whichever came first.
A new adenoma in the same segment was not an outcome, but rather a new start of
follow up. If neither an adenoma in the same segment nor CRC were found, adenomas
were followed until 5 years after detection or until the end of study (September 1, 2013),
whichever came first. Adenomas with a follow-up of less than six months were excluded.
We performed a multivariable Cox proportional hazard regression analysis to identify
adenoma related risk factors for PC-CRC in the same colorectal segment. Multiple adenomas within one patient were included as separate cases. Therefore, we performed
the analysis with and without adjusting for patient related factors and included the timing of detecting the adenoma, i.e. at baseline or during follow up, as a separate variable.
Results were expressed as hazard ratios (HR) with 95% confidence interval (95% CI). We
considered a p-value <0.05 to be significant.
To overcome the bias of failed biopsy detection, meaning that CRC was suspected
already at baseline, but biopsy failed to confirm the histologic diagnosis, we performed
the same multivariable analysis, excluding all CRCs occurring within 1 year after the
previous adenoma.
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Ethical considerations
This study was performed with the approval of and in accordance with the privacy and
ethical guidelines of the privacy committee of PALGA. The Medical Ethical Committee
of the University Medical Center Utrecht, the Netherlands, exempted the study from
informed consent according to Dutch regulations.

Results
Per patient
In total, 121,378 patients with a benign colorectal tumor were identified in PALGA, of
whom 119,233 with one or more adenomas were included. After exclusion of patients
with CRC diagnosed before or at the same time as the first adenoma (n=7,222) and
patients with CRC within 6 months of the first adenoma (n=4,267), a total of 107,744
patients were included in the final analysis.

Table 1. Baseline characteristics
Total number of patients

107,744 (%)

Male gender

57,784 (53.6)

Mean age at first adenoma, years (SD)

63.4 (12.8)

Mean number of adenomas per patient (SD)

1.23 (0.57)

Number of adenomas reported at baseline
1
2
≥3

132,974
87742 (81.4)
16327 (15.2)
3675 (3.4)

Locations of adenoma(s) reported at baseline*
Cecum
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum
Colon not otherwise specified

139,871
9539 (8.9)
13,049 (12.1)
10,530 (9.8)
10,424 (9.7)
42,812 (39.7)
29,710 (27.6)
23,807 (22.1)

Non tubular histology of first adenoma(s)
Tubulovillous
Villous
Sessile serrated adenoma/polyp

30,295 (28.1)
3527 (3.3)
2619 (2.4)

High-grade dysplasia in first adenoma(s)

14,900 (13.8)

Year of first adenoma diagnosis
2000-2003
2004-2006
2007-2009

25,621 (23.8)
32,251 (29.9)
49,872 (46.3)

*Sum can be >100%, as more than one adenoma can be found at index colonoscopy
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Mean age of the included patients was 63.4 years (standard deviation (SD) 12.8) and
53.6% were male. (Table 1) Mean number of resected adenomas at the time of first
adenoma detection was 1.23 (SD 0.57), with a total number of 132.974 adenomas at
baseline. The sigmoid colon (39.7%) and rectum (27.6%) were the most frequently
reported locations. Villous features, i.e. tubulovillous or villous histology, were reported
at baseline in 31.4% of patients, while high-grade dysplasia was present in 13.8% of
patients. The incidence of SSA/Ps was 2.4%. We observed an increase in the incidence
of first adenomas in the Netherlands from 5,798 in the year 2000 to 19,039 adenomas
in 2009.
A cumulative number of 1.44 (SD 0.94) adenomas per patient were found at baseline
and during follow up, adding up to a total number of 155,239 adenomas. Locations were
known for 133,519 of these adenomas (86.0%), of which 89.2% were found at baseline
and 10.8% during follow up. The majority of the adenomas with known locations were in
the sigmoid colon or rectum (59.7%). (Table 2) Villous features were found in 32.0% and
high-grade dysplasia in 13.6% of adenomas.

Table 2. Characteristics of adenomas with known location, including first adenomas and adenomas
during follow up
Number of adenomas

133,519 (%)

Number of adenomas in the same segment
1
2
≥3

122,802 (92.0)
9668 (7.2)
1049 (0.8)

Adenoma location
Cecum
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum

11,601 (8.7)
16,614 (12.4)
13,308 (10.0)
12,294 (9.2)
46,747 (35.0)
32,955 (24.7)

Non tubular adenoma histology
Tubulovillous
Villous
Sessile serrated adenoma/polyp

38,194 (28.6)
4530 (3.4)
4665 (3.5)

High-grade dysplasia

18,138 (13.6)

Year of adenoma diagnosis
2000-2003
2004-2007
2007-2009
2010-2013

24,546 (18.4)
34,395 (25.8)
58,157 (43.6)
16,421 (12.3)

Timing of adenoma within one patient
First adenoma
Adenoma during follow up

119129 (89.8)
14390 (10.2)
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PC-CRC, per patient analysis
In per patient analysis, the risk of developing PC-CRC anywhere in the colon was 0.96%
(1031 of 107,744 patients). Mean follow-up time per patient was 5.1 years (SD 1.2) and
the incidence rate of PC-CRC was 1.88 per 1000 person years. (Table 3) PC-CRC was
found in the same colorectal segment after adenoma resection in 323 (0.30%) patients,
corresponding to an incidence rate of 0.59 per 1000 person years.
Table 3. Rates of post-colonoscopy CRC
Per patient analysis
Total number of patients
PC-CRC (%)
PC-CRC in the same colorectal segment (%)
Mean follow-up per patient, years (SD)

107,744
1031 (0.96%)
323 (0.30%)
5.08 (1.19)

Incidence rate of PC-CRC
Incidence rate of PC-CRC in the same segment

1.88 per 1000 person years
0.59 per 1000 person years

Per adenoma analysis
Total number of adenomas
PC-CRC in the same segment (%)
Mean follow-up per adenoma, years ( ± SD)
Incidence rate of PC-CRC in the same segment
Distribution of occurrence of PC-CRCs in the same segment,
according to time after adenoma resection
Between 6 months and one year
Second year
Third year
Fourth year
Fifth year

133,519
323 (0.24%)
4.35 (1.11)
0.56 per 1000 years of follow up

84 (26.0%)
65 (20.1%)
61 (18.9%)
58 (18.0%)
55 (17.0%)

PC-CRC in the same colorectal segment, per adenoma analysis
In per adenoma analysis, PC-CRC was detected in the same segment within five years in
323 (0.24%) of 133,519 adenomas. Mean follow-up per adenoma was 4.4 years (SD 1.1),
and the incidence rate of PC-CRC due in the same colorectal segment was 0.56 per 1000
years of follow-up. (Table 3) The number of PC-CRCs in the same segment decreased
from 84 in the first year after resection to 55 in the fifth year after resection. PC-CRC in
the same segment occurred in 123 (0.58%) of 21,257 resected advanced adenomas.
Comparison of locations of PC-CRCs overall with PC-CRCs in the same segment shows
that PC-CRCs overall were more often located in the proximal colon (47.5% versus 32.5%).
(Table 4) PC-CRCs in the same segment were more frequently found in the rectum and
sigmoid (62.5%) compared to PC-CRCs overall (48.3%). The distribution of PC-CRCs in
the same segment was highly comparable to the distribution of all adenomas found at
baseline.
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Table 4. Comparison of locations of index adenomas, PC-CRC overall and PC-CRC in the same colorectal segment
Location
Cecum
Ascending colon
Transverse colon
Descending colon
Sigmoid
Rectum

Index adenoma* (%)

PC-CRC overall** (%)

n=139,871

n=826

n=323

9,539 (8.9)
13,049 (12.1)
10,530 (9.8)
10,424 (9.7)
42,812 (39.7)
29,710 (27.6)

144 (17.4)
179 (21.7)
70 (8.5)
34 (4.1)
168 (20.3)
231 (28.0)

31 (9.6)
46 (14.2)
28 (8.7)
16 (5.0)
108 (33.4)
94 (29.1)

PC-CRC in the same segment (%)

*Only adenomas with known location
**Only PC-CRCs with known location

In multivariable analysis, high-grade dysplasia (HR 2.57, 95% CI 2.02-3.26) and a villous adenoma (HR 2.69, 95% CI 1.85-3.91) or tubulovillous adenoma (HR 1.74, 95% CI
1.93-2.19) were independently associated with PC-CRC in the same segment. (Table 5)
Compared to adenomas in the rectum, adenomas in the descending colon were less
likely to lead to PC-CRC in the same segment. We found no association with PC-CRC in
the same segment for sessile serrated histology, year of adenoma resection or number
of synchronous adenomas in the one colon segment. In addition, no difference was
found in the risk of CRC in the same segment after resection of adenomas detected at
baseline versus adenomas detected during follow up. The addition of patients’ age (HR
per year increase 1.03, 95%-CI 1.02-1.04) and gender (HR 0.99, 95%-CI 0.79-1.23) to the
multivariable analysis did neither affect significance nor effect size of adenoma-related
risk factors.
We also performed a multivariable analysis excluding the PC-CRC cases within one
year, to overcome the bias of failed biopsy detection. This resulted in a reduction in effect size of histologic parameters. The HRs for tubulovillous adenomas, villous adenomas
and adenomas with HGD were 1.40 (95%-CI 1.07-1.84), 1.77 (95%-CI 1.05-2.96) and 2.25
(95%-CI 1.69-3.01), respectively. The simultaneous occurrence of 3 or more adenomas
significantly increased the risk of PC-CRC in the same colorectal segment (HR 2.57,
95%-CI 1.06-6.27), while the reduced risk for adenomas in the descending colon was
no longer significant (HR 0.57, 95%-CI 0.31-1.05). No other differences in significance or
effect size were observed.
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Table 5. Hazard ratios (HR) and 95% confidence intervals (CI) for PC-CRC due to incomplete adenoma
resection
Adenomas leading
to PC-CRC due to
incomplete resection
(%)

Other
adenomas (%)

n=323

n=133,195

HR

95% CI

290 (89.8)
28 (8.7)
5 (1.5)

122,512 (92.0)
9640 (7.2)
1044 (0.8)

Reference
1.20
1.84

Reference
0.81-1.77
0.76-4.45

Adenoma location
Rectum
Sigmoid
Descending colon
Transverse colon
Ascending colon
Cecum

94 (29.1)
108 (33.4)
16 (5.0)
28 (8.7)
46 (14.2)
31 (9.6)

32,861 (24.7)
46,639 (35.0)
12,278 (9.2)
13,280 (10.0)
16,568 (12.4)
11,570 (8.7)

Reference
0.82
0.52
0.92
1.18
1.09

Reference
0.62-1.09
0.31-0.88
0.61-1.41
0.83-1.70
0.72-1.63

Histology
Tubulovillous adenoma
Villous adenoma
SSA/P

141 (43.7)
32 (9.9)
10 (3.1)

38,053 (28.6)
4498 (3.4)
4655 (3.5)

1.74
2.69
1.15

1.38-2.19
1.85-3.91
0.61-2.18

High-grade dysplasia

106 (32.8)

18,032 (13.5)

2.57

2.02-3.26

Year of adenoma diagnosis
2000-2003
2004-2006
2007-2009
2010-2013

59 (18.3)
105 (32.5)
147 (45.5)
12 (3.7)

24,487 (18.4.0)
34,290 (25.7)
58,010 (43.6)
16,409 (12.3)

1.21
1.57
1.40
Reference

0.45-3.24
0.60-4.14
0.53-3.65
Reference

10 (3.1)

13,671 (10.3)

0.90

0.32-2.54

Number of adenomas in the
same segment
1
2
3 or more

Adenoma during follow up (vs.
at baseline)

Adjusted

Discussion
In this nationwide, population-based cohort study, we found that the overall incidence
rate of PC-CRC within 5 years after adenoma resection was 1.88 per 1000 person years.
PC-CRC in the same colorectal segment, probably due to incomplete adenoma resection, occurred in 0.24% of adenomas with an incidence rate of 0.56 per 1000 years of
follow-up. Villous features and high-grade dysplasia were associated with an increased
risk of PC-CRC in the same colorectal segment.
In recent years, accumulating evidence has shown that most PC-CRCs are not due to
new, rapidly growing and biologically more aggressive tumors,12-14 but rather to missed,
and also incompletely resected lesions.6 Incidence rates of PC-CRC overall and PC-CRC
attributed to incomplete adenoma resection in three previous prospective studies
varied from 1.7 to 2.9 per 1000 person years and 0.7 to 1.5, respectively.4,5,9 The percent-

PC-CRC after incomplete adenoma resection

age of PC-CRCs due to incomplete resection was estimated to be 31 to 50%, which is
comparable to our study. The small number of PC-CRCs in the abovementioned studies,
in which the same proxy for PC-CRC due to incomplete adenoma resection was used
as in our study, precludes identification of potential risk factors. The overall incidence
rate of PC-CRC in the studies of Pabby and Huang was higher than in our study (1.88
cases per 1000 person years).4,5 Both studies included patients with a higher risk (i.e.
more previous and simultaneous adenomas with more advanced features) compared
to our study. Another explanation may be that the data in our study are derived from
daily clinical practice, in which follow-up has been less strict than in controlled studies.
Robertson et al. also included studies with higher risk patients under close surveillance,
but interventions in two of these three studies reduced the risk of PC-CRC.9
Le Clercq et al. performed a population-based study including all CRCs occurring in
the South-Limburg region of the Netherlands from 2001 through 2010.6 The authors
concluded that 2.9% of all CRCs were PC-CRCs, defined as CRCs diagnosed within 5
years after index colonoscopy. Nine percent of these PC-CRCs could be attributed to
incomplete adenoma resection. However, identification of PC-CRCs from prevalent CRC
cases precludes calculating the absolute risk of developing PC-CRC after (incomplete)
adenoma resection.
It is not surprising that adenomas with villous features and high-grade dysplasia were
associated with an increased risk of PC-CRC due to incomplete adenoma resection.
These advanced pathological features have already previously been associated with
an increased risk of adenoma recurrence and subsequent development of advanced
adenomas or CRC.15,16 Advanced adenomas are often large and resected in piecemeal
fashion, which has been associated with an increased risk of local recurrence.7 Information regarding adenoma size was unfortunately not available in our study, precluding
adjustment of the results for size. It is probable that such an adjustment would have led
to a reduction in effect size of pathological risk factors.
Proximal location is repeatedly reported to be a risk factor for PC-CRC,2,3,14 presumably
because lesions in the proximal colon are more prone to be missed during colonoscopy.
In our study, proximal location of the resected adenoma was not associated with PC-CRC
in the same colorectal segment. We do not have data on patients with negative colonoscopies or neoplastic lesions that may have been missed during colonoscopy. Neither
Pabby et al. nor Le Clercq et al. found an association between proximal adenoma location and PC-CRC due to incomplete adenoma resection.5,6 We found a protective effect
of location in the descending colon as compared to the rectum. This could be explained
by the presence of more large and non-pedunculated adenomas in the rectum.
Although SSA/Ps have been reported to be more frequently incompletely resected
than conventional adenomas,8 no association was found between SSA/Ps and PC-CRC
due to incomplete resection. Knowledge about SSA/Ps and their malignant potential
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has largely increased in the last decade. It may therefore well be that a substantial proportion of SSA/Ps may have been missed during the early years of this study, rather than
having been (incompletely) resected.
Our study is the first to estimate the absolute risk of PC-CRC due to incomplete
adenoma resection in a large and unselected cohort of adenoma patients. The major
strength of this study is its population-based approach, which reduces possible selection bias. Furthermore, we used a data source with national coverage and excellent
accuracy, which allows a pseudo-prospective follow up of patients over time making it
unlikely that incident CRC cases were missed.
Attention to quality of colonoscopy tends to focus on adenoma detection,17 but CRC
prevention programs will only be fully effective in case of adequate polypectomy. Our
study underlines the significance of PC-CRC due to incomplete adenoma resection,
thereby increasing awareness and supporting the ongoing evolution of resection techniques to decrease recurrence risk by improving quality of polypectomy.18
The most important limitation of our study is the uncertainty that PC-CRC occurring in
the same colon segment is indeed a direct consequence of incomplete adenoma resection and not the result of a missed lesion. As it is practically impossible to identify the
exact polypectomy site, unless marking techniques are routinely applied, we used PCCRC in the same colorectal segment as a proxy for PC-CRC due to incomplete adenoma
resection, as previous studies did.4-6 Localization based on depth of insertion could be
inaccurate, but this method was only used if the segment itself was not mentioned in
the pathology report, which was the case in less than 25% of adenomas.
In an attempt to estimate whether PC-CRC in the same segment was not mainly a
consequence of missed lesions, we compared the locations of all PC-CRCs to the locations of PC-CRCs in the same colon segment. We found that 39% of all PC-CRCs were
in the cecum and ascending colon vs. 24% of PC-CRCs in the same segment, probably
reflecting the association of proximal location with PC-CRC due to missed lesions. PCCRCs in the same segment were more often located in the sigmoid or rectum (63%) than
PC-CRCs anywhere (48%), probably reflecting the higher risk of incomplete resection
for advanced lesions found more often in the sigmoid or rectum. In addition, even after
exclusion of PC-CRC occurring within one year, advanced features were independently
associated with PC-CRC in the same segment, which is another argument for incomplete
resection rather than missed lesions causing PC-CRC in the same segment.
We had no information on endoscopic data that might have affected the risk of PCCRC. The endoscopic morphology of the removed adenomas, i.e. size and sessile versus
pedunculated morphology, resection technique, i.e. cold snaring, snare coagulation or
(piecemeal) endoscopic mucosal resection, and quality indicators of the colonoscopy,
such as cecal intubation and bowel preparation quality, were not available.

PC-CRC after incomplete adenoma resection

As approximately one third of all PC-CRCs occurs in the same segment after adenoma
resection, it is likely that incomplete adenoma resection contributes significantly to the
risk of PC-CRC. PC-CRCs in the same segment occur after one in four hundred adenomas
(0.24%) and one in one hundred seventy advanced adenomas (0.58%). The results of our
nationwide cohort study support current guidelines, recommending intensified followup after resection of adenomas with villous features and/or high-grade dysplasia.19,20
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Abstract
Background and aim: Controversy exists on the optimal management of T1 colorectal
cancer (T1 CRC). This study compared initial endoscopic resection with or without additional surgery, or initial surgery for T1 CRC with respect to the presence of lymph node
metastases (LNMs) and long-term recurrence.
Methods: A cohort study was performed, including all patients diagnosed with pT1 CRC
between 1995 and 2011 in the southeast of the Netherlands. High-risk histology (with
regard to LNM) was defined as presence of poor differentiation, lymphangio-invasion
and/or deep submucosal invasion. Primary outcome measure was the combined local
and distant recurrence rate. Logistic regression and Cox proportional hazards regression
analyses were performed to evaluate independent risk factors for LNM and CRC recurrence, respectively.
Results: A total of 1,315 patients with pT1 CRC were identified. Endoscopic resection
was performed in 590 patients (45%), of whom 220 (17%) underwent additional surgery,
and initial surgery was performed in 945 patients (55%). The risk of LNM was higher in
T1 CRC with histologic risk factors (15.5% vs. 7.1%, OR 2.21, 95%-CI 1.33-3.70). Thirty-day
mortality was not different between additional surgery (0.9%) and endoscopic resection only (1.4%, p=0.631). Recurrence rates were 6.2% (9.8/1000PY) after endoscopic
resection only, versus 6.4% (9.4/1000PY) after additional surgery (p=0.912) and 3.4%
(5.2/1000PY) after initial surgery (p=0.031). In multivariate analysis, this difference was
not significant. The only independent risk factor for long-term recurrence was a positive
resection margin (HR 6.88, 95%-CI 2.27 – 20.87).
Conclusion: Additional surgery after endoscopic resection of T1 CRC should only be
considered in case of high-risk histology or a positive resection margin.

T1 CRC

Introduction
With the increasing implementation of screening programs for colorectal cancer (CRC),
early stage cancers will be encountered more frequently.1 Invasive CRCs confined to the
colonic submucosa (T1 CRC)2 represent a challenging category with regard to treatment
decisions. Endoscopic resection is a curative treatment for the majority of T1 CRCs, provided that removal is complete. However, lymph node metastases (LNMs) are present
in approximately 8-13% of T1 CRCs3-7 and require additional surgery with lymph node
resection.
Currently, guidelines recommend surgical resection for high-risk T1 CRCs.8,9 In general,
the most important factors to indicate high-risk lesions are positive resection margins,
poor differentiation, deep submucosal invasion, lymphangio-invasion and tumor budding. However, the predictive value of these risk factors for the presence of LNM varies
between studies,10,11 and the prognostic value for long term outcomes needs further
evaluation.
The decision to perform surgical resection of T1 CRC depends not only on tumor characteristics, but also on the patient’s condition. As colorectal surgery is still associated
with considerable morbidity and mortality,12,13 the risk of surgery in the elderly patient
with multiple comorbidities might outweigh the risk of recurrence or metastasis after
endoscopic resection. Complete endoscopic resection has been suggested to be a less
invasive and equally effective alternative for surgery in frail patients.14,15
In this study we investigated treatment strategies and long-term outcomes in a large,
population-based cohort of T1 colorectal carcinomas. We assessed clinical and pathologic factors associated with LNM and long-term recurrence. We compared recurrence
rates between patients undergoing endoscopic resection only versus patients undergoing additional surgery or initial surgery, to determine what patients might benefit from
surgery.

Methods
Data source and study population
We performed a population-based retrospective chart review using data from the
Netherlands Cancer Registry (NCR), including all patients with a T1 carcinoma diagnosed
between 1995 and 2011 in the Eindhoven area.16 The NCR records data on all newly
diagnosed malignancies. The Eindhoven area covers a large part of the southern Netherlands with approximately 2.4 million inhabitants. Information on age, sex, co-morbidity
(according to a modified version of the Charlson Comorbidity Index), date of incidence,
tumor stage, tumor location, tumor histology and treatment is routinely extracted from
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the medical records by specially trained administrators of the cancer registry. In addition
to follow-up via the hospitals, dates of death are retrieved from the Municipal Personal
Records Database (BRP). This database contains all deaths and emigrations in the Netherlands since October 1994.

Patient selection, data extraction and definitions
Data from the NCR were linked to the centrally archived, original pathology reports in
PALGA, generated by all pathology departments in the Netherlands. Each pathology
report in PALGA is linked to a diagnostic code, in line with the Systemized Nomenclature
of Medicine (SNOMED).18 For each selected patient in the NCR database, we retrieved all
histopathology reports of specimens of colorectal origin, including metastases, starting
from the first report of the patient and ending on August 1, 2014.
Patients were excluded if a previous or simultaneous CRC with higher T-stage was or
had been diagnosed. T1 CRC was defined according to the AJCC Colon and Rectum Cancer staging, 7th edition,2 as CRC invading the submucosa, but not the muscularis propria.
If the pathology report contained no information on the invasion depth or the tumor
was confined to the mucosa or invaded the muscularis propria, patients were excluded.
Only adenocarcinomas were included. In case of distant metastasis at baseline, the patient was also excluded. As transanal endoscopic microsurgery (TEM) was performed in
only a minority of patients and the learning curve for this technique was still ongoing in
the Netherlands during the study period, patients undergoing TEM only were excluded.
We scrutinized all PALGA reports following the index tumor to identify subsequent local or distant recurrences. Local recurrence was defined as an invasive CRC (T1 or higher
staged) found at the site of CRC resection, in case of endoscopic removal, or at the site
of anastomosis, in case of surgical removal. Distant recurrence was defined as the occurrence of metastasis of colorectal origin associated with the index tumor as described by
the pathologist.
From the pathology summary texts, we obtained information on location, size, differentiation, depth of submucosal invasion, lymphangio-invasion, resection type and
resection margins for each T1 CRC. The colorectum was subdivided into the proximal
colon, including cecum, ascending colon and transverse colon, the distal colon, including descending colon and sigmoid, and the rectum, including the rectosigmoid. Differentiation grades were good, moderate, poor or no differentiation. Depth of invasion
was categorized as superficial (Sm1) versus deep (Sm2 or Sm3). Tumor budding was not
included due to the low reporting rate in the pathology reports (<5%).
Type of resection was categorized as endoscopic, including removal by polypectomy
or endoscopic (piecemeal) mucosal resection during sigmoidoscopy or colonoscopy, or
surgical, including initial surgery or additional surgery after initial endoscopic resection.
Resection margins were described as negative or positive, depending on the description
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in the pathology report. A negative resection margin did not require a free rim of ≥1
mm, as long as the margin of the specimen was considered to be free of tumor. If the
pathologist was not confident in determining the resection margin to be free of tumor,
it was reported as ‘doubtful’.
High-risk T1 CRC was defined as T1 CRC with one or more histologic risk factors and/
or positive resection margins after endoscopic resection, as defined in previous studies
and guidelines.8-11 High-risk histology was defined as one or more of the following factors: poor or no differentiation, deep submucosal invasion or lymphangio-invasion. As
a description of these features was found to be frequently missing, especially in older
pathology reports, we only differentiated between high-risk versus non high-risk histology, the latter comprising tumors for which high-risk features were not present or not
reported.

Outcome measures
Primary outcome measures were the rate of local and distant recurrences and recurrence free survival. Secondary outcome measures were the rate of surgical resections
and the proportion of LNMs. Patients were followed from date of diagnosis of the index
T1 carcinoma until death, recurrence or end of follow-up (August 1, 2014).

Statistical analysis
All statistical analyses were performed using Statistical Packages for Social Sciences version 22 [IBM Corp, Armonk, NY, USA].
We performed multivariable logistic regression analysis to identify patient- and tumor
related factors associated with performing surgery after initial endoscopic resection.
Multivariable logistic regression analysis was also performed to identify risk factors for
LNM at baseline, including all factors with a p-value <0.20 in univariable analysis. We
used multivariable Cox proportional hazard regression analysis to identify risk factors for
recurrence, including factors with a p-value <0.20 in univariable analysis. Kaplan-Meier
curves were used to compare recurrence free survival between treatment groups and
statistical significance between median survival times was calculated with the log rank
test.
A two sided p-value of <0.05 was considered statistically significant in all analyses.

Ethical considerations
The Medical Ethical Committee of the University Medical Center Utrecht, the Netherlands, exempted the study from informed consent according to Dutch regulations.
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Results
Inclusion and treatment strategies
In total, 1889 T1 carcinomas were identified in the NCR. Based on the pathology reports
in PALGA, we excluded 16 patients with neuro-endocrine T1 tumors, 102 patients with
CRC invading the muscularis propria, 97 patients with intramucosal CRC and 234 patients because invasiveness of the tumor was described insufficiently. Of the remaining
1440 patients, another 13 were excluded because of distant metastases at baseline and
41 because of previous or simultaneous CRC with higher T-stage. After exclusion of 71
patients undergoing TEM, 1315 patients remained. Of these patients, 370 (28.1%) underwent endoscopic resection only, 220 (15.9%) underwent endoscopic resection with
additional surgery and 725 (52.3%) underwent initial surgery.

Baseline characteristics and factors associated with additional surgery
Mean age of the included patients was 67.6 years (SD 10.8) and 54.3% of patients were
male. (Table 1) When focusing on patients undergoing initial endoscopic resection, we
found that in the additional surgery group mean age of patients was lower than in the
endoscopic resection only group (65.9 vs. 68.5 years, respectively, p=0.005). There were
more patients with 2 or more comorbidities in the endoscopic resection only group
(31.1% vs. 25.0%, respectively, p=0.161) and less T1 CRCs with high-risk histology (10.5%
versus 6.8%, p=0.112), but these differences were not significant. Positive or doubtful
resection margins after initial endoscopic resection were detected more frequently in
the additional surgery group (60.4% vs. 23.7%, p<0.001).
In multivariable analysis, older patients (OR 0.965 per year increase, 95% CI 0.9450.984) were less likely to undergo additional surgery. (Table 2) Positive (OR 24.887, 95%
CI 13.272-46.665), doubtfully positive (OR 4.892, 95% CI 3.004-7.965) or unreported
(OR 6.309, 95% CI 3.394-11.728) resection margins were associated with the decision
to perform additional surgery. Patients with high-risk histology were more likely to
undergo additional resection (OR 1.501), but this was not statistically significant (95%
CI 0.738-3.054).

LNM
LNMs were found in 82 of 945 (8.7%) patients undergoing surgery. (Supplementary Table
1) In the majority of the 796 patients with a known lymph node status, less than 12 lymph
nodes were evaluated. LNM were found in 9.9% of patients undergoing primary surgery
and in 4.5% of patients undergoing additional surgery after initial endoscopic resection
(p=0.122). The risk of LNM was 15.5% in T1 CRC with high-risk histology (28/181) versus
7.1% in T1 CRC without high-risk histology (54/764, p=0.001).

T1 CRC

Table 1. Baseline characteristics
Total (%)

Initial
surgery (%)

Initial endoscopic resection (%)
No additional
surgery

Total

p-value1

Additional
surgery

N=1315

N=725

N=370

N=220

Mean age (SD)

67.6 (10.8)

67.8 (10.7)

68.5 (11.1)

65.9 (10.1)

0.005

Male gender

714 (54.3)

388 (53.5)

197 (53.2)

129 (58.6)

0.203

Comorbidity
No
1
≥2
Unknown

365 (27.8)
350 (26.6)
388 (29.5)
212 (16.1)

193 (26.6)
190 (26.2)
218 (30.1)
124 (17.1)

100 (27.0)
96 (25.9)
115 (31.1)
59 (15.9)

72 (32.7)
64 (29.1)
55 (25.0)
29 (13.2)

Period
1995-2000
2001-2006
2007-2011

343 (26.1)
436 (33.2)
536 (40.8)

189 (26.1)
259 (35.7)
277 (38.2)

93 (25.1)
117 (31.6)
160 (43.2)

61 (27.7)
60 (27.3)
99 (45.0)

Location
Proximal
Distal
Rectum
Unknown

186 (14.1)
547 (41.6)
577 (43.9)
5 (0.4)

156 (21.5)
219 (30.2)
350 (48.3)
0 (0.0)

17 (4.7)
199 (54.5)
149 (40.8)
5 (1.4)

13 (5.9)
129 (58.6)
78 (35.5)
0 (0.0)

Mean size, cm
Unknown

2.4 (1.4)
936 (71.2)

2.5 (1.4)
388 (53.5)

1.3 (1.5)
350 (94.6)

1.8 (1.4)
198 (90.0)

Differentiation
Good
Moderate
Poor/not
Unknown

223 (17.0)
685 (52.1)
75 (5.7)
332 (25.2)

122 (16.8)
432 (59.6)
55 (7.6)
116 (16.0)

68 (18.4)
150 (40.5)
12 (3.2)
140 (37.8)

33 (15.0)
103 (46.8)
8 (3.6)
76 (34.5)

Depth of invasion
Sm1
Sm2/Sm3
SmNOS

69 (5.2)
120 (9.1)
1126 (85.6)

40 (5.5)
101 (13.9)
584 (80.6)

19 (5.1)
6 (1.6)
345 (93.2)

10 (4.5)
13 (5.9)
197 (89.5)

Lymphangio-invasion
No
Yes
Unknown

196 (14.9)
34 (2.3)
1085 (82.5)

87 (12.0)
19 (2.6)
619 (85.4)

82 (22.2)
10 (2.7)
278 (75.1)

27 (12.3)
5 (2.3)
188 (85.5)

High-risk histology2

206 (15.7)

158 (21.8)

25 (6.8)

23 (10.5)

-

253 (68.4)
19 (5.1)
69 (18.6)
29 (7.8)

54 (24.5)
74 (33.6)
59 (26.8)
33 (15.0)

0.161

0.516

0.183

0.370

0.021

3

Resection margins
Negative
Positive
Doubtful
Not reported
1

0.477

0.112
<0.001

For endoscopic resection only vs. additional surgery
Poor/no differentiation, deep submucosal invasion (Sm2/Sm3) and/or lymphangio-invasion
3
After initial endoscopic resection
2

0.271
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Table 2. Risk factors for additional surgery after initial endoscopic resection
OR

95% CI

p-value

Age, per year increase

0.965

0.945 – 0.984

<0.001

Gender, female

0.072

0.693

0.465 – 1.033

Comorbidity
No
1
2 or more
Unknown

Reference
1.062
0.700
0.686

Reference
0.627 – 1.801
0.401 – 1.222
0.365 – 1.291

Period
1995-2000
2001-2006
2007-2011

Reference
0.969
1.017

Reference
0.570 – 1.645
0.627 – 1.651

Location
Proximal colon
Distal colon
Rectum

Reference
0.932
0.479

Reference
0.389 – 2.233
0.196 – 1.173

1.501

0.738 – 3.054

High-risk histology1
Resection margins2
Negative
Positive
Doubtful
Not reported

0.317

0.980

0.020

0.262
<0.001

Reference
24.887
4.892
6.309

Reference
13.272 – 46.665
3.004 – 7.965
3.394 – 11.728

1

Poor/no differentiation, deep submucosal invasion (Sm2/Sm3) and/or lymphangio-invasion
After initial endoscopic resection

2

Factors associated with LNM in multivariable analysis were tumor location in the distal
colon (OR 2.299, 95% CI 1.025-5.160) or rectum (OR 2.442, 95% CI 1.148-5.192), highrisk histology (OR 2.213, 95% CI 1.326-3.695) and evaluation of 4 or more lymph nodes
compared to evaluation of 1-3 lymph nodes (OR 2.496). (Table 3)

Thirty-day mortality
Thirty-day mortality was 1.4% (5/370) after endoscopic resection only versus 0.9%
(2/220) after additional surgery (p=0.631). Thirty-day mortality was 3.2% (23/725) in
patients undergoing initial surgical resection, which was higher than after initial endoscopic resection (p=0.016).

Recurrence rate and recurrence free survival
During a mean follow up of 6.6 years, 30 local recurrences (2.3%) and 32 metastases
(2.4%) were detected. (Table 4) The recurrence rate was 7.19 per 1000 person years (PY)
of follow up. Overall and local recurrence rates were 9.83 and 6.41 per 1000 PY in the
endoscopic resection group, respectively, versus 9.42 and 4.04 per 1000 PY in the additional surgery group (p=0.912 and p=0.908, respectively). Respective overall and local
recurrence rates in the initial surgery group were 5.21 and 1.87 per 1000 PY and were
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significantly lower than in the endoscopic resection only group, but not significantly
lower than in the additional surgery group.
Table 3. Risk factors for lymph node metastasis
OR

95% CI

Period
1995-2000
2001-2006
2007-2011

Reference
1.494
1.778

Reference
0.685 – 3.260
0.777 – 4.068

Location
Proximal colon
Distal colon
Rectum

Reference
2.299
2.442

Reference
1.025 – 5.160
1.148 – 5.192

p-value
0.395

0.064

High-risk histology1

2.213

1.326 – 3.695

0.002

Secondary surgery (vs. primary)

0.562

0.271 – 1.163

0.120

Reference
2.496
2.640
2.409
1.529

Reference
1.175 – 5.304
1.171 – 5.951
0.984 – 5.898
0.616 – 3.797

No. of lymph nodes evaluated
1-3
4-7
8-11
≥12
Unknown

0.128

1

High risk: poor/no differentiation, deep submucosal invasion (Sm2/Sm3) and/or lymphangio-invasion

Recurrence risks in high-risk T1 CRC were 14.3% in the endoscopic resection group
versus 6.7% in the additional surgery group (p=0.162). The recurrence rates were 31.28
per 1000 PY in the endoscopic resection only and 9.96 per 1000 PY in the additional
surgery group (p=0.058). The local recurrence rates were 26.07 per 1000 PY and 1.66
per 1000 PY, respectively (p=0.004). For initial surgery, overall and local recurrence rates
were 5.42 and 1.82, both significantly lower than in the endoscopic resection group, but
again not lower than in the additional surgery group.
No difference in 5-year recurrence-free survival was found when comparing the endoscopic resection only group and the additional surgery group (94.1% vs 94.2%, p=0.996).
(Figure 1) Five-year recurrence free survival after initial surgery (96.3%) was significantly
higher than after initial endoscopic resection without additional surgery (p=0.034). In
patients with high risk T1 CRCs, the difference in 5-year recurrence free survival between
the additional surgery group (95.9%) and the endoscopic resection only group (85.1%),
was almost significant (p=0.075). (Figure 1)
The performance of additional surgery after initial endoscopic resection was not
protective for recurrence in multivariable analysis. (Table 5) The only factor that significantly predicted recurrence rate was a positive resection margin (HR 6.879, 95% CI
2.267 – 20.872).
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Table 4. Recurrence rates
Total

Initial
surgery

Initial endoscopic resection
No additional
surgery

p-value

Additional
surgery

All patients
All recurrences (%)
Local recurrences (%)
Mean FU, years (SD)
Sum of FU, years

N=1315

N=725

N=370

N=220

62 (4.7)

25 (3.4)

23 (6.2)

14 (6.4)

30 (2.3)

9 (1.2)

15 (4.1)

6 (2.7)

6.56 (4.62)

6.62 (4.68)

6.33 (4.50)

6.75 (4.63)

8628.00

4801.42

2340.66

1485.92

7.19

5.21

9.83

9.42

0.9121
0.0852
0.0313

4.04

0.3481
0.1632
0.0033

Overall recurrence rate / 1000 PY

Local recurrence
rate / 1000 PY

3.48

1.87

6.41

N=289

N=158

N=42

N=89

18 (6.2)

6 (3.8)

6 (14.3)

6 (6.7)

High-risk patients
All recurrences (%)
Local recurrences (%)
Mean FU, years (SD)
Sum of FU, years

8 (2.8)

2 (1.3)

5 (11.9)

1 (1.1)

6.54 (4.77)

6.95 (5.02)

4.57 (3.79)

6.77 (4.53)

1892.45

1098.10

191.79

602.55

9.51

5.46

31.28

9.96

0.0581
0.3122
0.0053

1.66

0.0041
0.9822
0.0013

Overall recurrence rate / 1000 PY

Local recurrence
rate / 1000 PY

4.23

1.82

26.07

Mid-P exact test for comparison of incidence rates
1
Endoscopic resection only vs. additional surgery
2
Primary vs. additional surgery
3
Endoscopic resection only vs. primary surgery

Additional multivariable analysis was performed including patients undergoing initial
surgery for T1 CRC, showing similar results, with positive or doubtfully positive resection
margins being the only predictive factors for recurrence (HRs 13.250 and 3.405, respectively). (Table 5) Performing initial surgery was not independently associated with lower
recurrence rates compared to initial endoscopic resection with or without additional
surgery. In patients undergoing surgery, LNM was a risk factor for recurrence (adjusted
HR 4.218, 95% CI 1.803 – 9.869).

T1 CRC

Panel A

Recurrence free survival, all patients

100

Recurrence free survival (%)

95

90

85

80

Endoscopic resection only
Initial surgical resection
75

Additional surgical resection
0

5

10

Follow up (years)

Panel B

Recurrence free survival, high-risk patients

100

Recurrence free survival (%)

95

90

85

80

Endoscopic resection only
Initial surgical resection
75

Additional surgical resection
0

5

10

Follow up (years)

Figure 1.
Kaplan Meier curves for recurrence free survival in T1 CRC. Panel A: all patients. Log rank test: overall p=0.062; endoscopic
resection only vs. additional surgery p=0.996; initial vs. additional surgery p=0.070; endoscopic resection only vs. initial
surgery p=0.034. Panel B: high risk patients. Log rank test: overall p=0.015; endoscopic resection only vs. additional surgery
p=0.075; initial vs. additional surgery p=0.323; endoscopic resection only vs. initial surgery p=0.007.
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Table 5. Cox regression analysis to identify risk factors for recurrence
Risk factors for recurrence in patients undergoing initial endoscopic resection for T1 CRC
Female gender

HR

95% CI

p-value
0.221

1.515

0.779 – 2.945

Period
1995-2000
2001-2006
2007-2011

Reference
0.509
0.822

Reference
0.214 – 1.210
0.381 – 1.773

Location
Proximal colon1
Distal colon
Rectum

0.752
Reference

0.381 – 1.483
Reference

Resection type
Endoscopic resection only
Additional surgery

Reference
1.544

Reference
0.709 – 3.366

Free resection margins
Yes
No
Doubtful
Not reported

Reference
6.879
2.430
1.509

Reference
2.267 – 20.872
0.926 – 6.378
0.444 – 3.366

0.309

0.879

0.274

0.001

1

Could not be calculated due to low number

Risk factors for recurrence in all patients with T1 CRC (including initial surgery)
HR

95% CI

p-value

Age, per year increase

0.984

0.961 – 1.007

0.171

Female gender

1.450

0.872 – 2.411

0.152

Period
1995-2000
2001-2006
2007-2011

Reference
0.540
0.832

Reference
0.281 – 1.038
0.456 – 1.518

Location
Proximal colon
Distal colon
Rectum

0.494
0.802
Reference

0.171 – 1.424
0.460 – 1.399
Reference

Resection type
Endoscopic resection only
Initial surgery
Additional surgery

Reference
1.144
1.903

Reference
0.529 – 2.477
0.836 – 4.334

Free resection margins
Yes
No
Doubtful
Not reported

Reference
13.250
3.405
0.938

Reference
4.825 – 36.383
1.330 – 8.715
0.389 – 2.261

0.177

0.578

0.220

<0.001

T1 CRC

Discussion
In this population-based cohort study, performance of additional surgery after initial
endoscopic resection of T1 CRC was more likely in younger patients and in case of
(doubtfully) positive resection margins. Histopathologic risk factors were not significantly associated with the decision to perform additional surgery, although these
factors predicted the risk of LNM, found in 15.5% in the high-risk histology group and
in 7.1% in the non high-risk histology group. Mortality after additional surgery was not
higher than after endoscopic resection only, but on the other hand, additional surgery
was not independently associated with reduction of long-term recurrences. The most
important risk factor for recurrence was a (doubtfully) positive resection margin after
resection of T1 CRC.
Cooper et al. performed a study including 2,077 patients aged >65 years with a colonic
T1 adenocarcinoma in a polyp (excluding rectal carcinoma).19 As in our study, polypectomy patients were older and had mostly right-sided T1 CRC. In addition, patients
undergoing polypectomy were more likely to have one or more comorbidities. Although
we also found the latter association in our study, it was not statistically significant, possibly due to the considerable number of patients with unknown comorbidity status.
The risk of LNM in our study was 8.7%, which is within the range found in previous
studies (6.3-40.0%).10,20,21 Risk factors for LNM in four meta-analyses,10,11,20,21 including
predominantly T1 carcinomas, were poor differentiation, deep submucosal invasion,
lymphangio-invasion and tumor budding. We confirmed these pathological factors to
be associated with the presence of LNM in our study, except tumor budding, which
could not be investigated, because it was only included in a small minority of pathology
reports. In addition, distal colonic and rectal T1 CRCs were found to be at a higher risk of
LNM in our study, which was reported previously,22,23 but not consistently in all studies.10
We found that evaluation of 12 or more lymph nodes was associated with LNM, but this
was also true for 4 or more lymph nodes as compared to evaluating 1-3 lymph nodes.
Current guidelines recommend resection of at least 12 lymph nodes to evaluate the
presence of LNM,24,25 but the discussion on the optimum number of lymph nodes to be
evaluated is still ongoing.26
In the majority of previous studies assessing long-term outcomes of patients with
T1 CRCs, three groups of T1-CRC patients were compared, i.e. low-risk tumors treated
endoscopically, high-risk tumors treated endoscopically and high-risk tumors treated
surgically (either initially or additionally). The reported risk of recurrence in low-risk
endoscopically resected lesions varied between 0% and 2.3%.27-33 For high-risk lesions
resected endoscopically, recurrence rates were 4.4% to 20.0%,27-29,32,33 while surgically
resected lesions recurred in 1.4%-5.6%.27-33 Recurrence risks in our study were largely
comparable to previous studies. As expected, recurrence rates in the non high-risk en-
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doscopic group in our study were slightly higher compared to the low-risk endoscopic
groups in other studies, as T1 CRCs with unknown histologic risk factors were also included in the non-high risk histology group. Although the recurrence rate was lower in
patients undergoing initial surgery, this effect was no longer present in multivariable
analysis. Most likely, this was due to the very low rate of positive resection margins in
the patients undergoing surgery (0.4%) compared to patients undergoing endoscopic
resection only (5.1%).
Although it is known that colorectal surgery is associated with considerable morbidity
and mortality,12,13 the 30-day mortality in our study was not higher in the additional
surgery group than in the endoscopic resection only group, but it was higher in the
initial resection group. This might at least partly be due to lower age and probably also
better condition of the patients undergoing additional surgery in our study.
Little is known about risk factors for recurrence after treatment of T1 CRC, as most
previous studies were too small to perform a meaningful multivariable analysis. Previously found risk factors for recurrence were location in the rectum27,28,32 and a high-risk
profile,27 of which incomplete resection was the most important risk factor.32 Positive
resection margins were confirmed as the most important risk factors for recurrence in
our study. When excluding resection margins as risk factor, a high risk histologic profile
was found to be not predictive for recurrence. There are several explanations for the lack
of this association. Firstly, it might be due to the high percentage of missing outcomes
for depth of submucosal invasion and lymphangio-invasion. Secondly, initial surgery
was more often performed in case of deep submucosal invasion, which might have
prevented recurrence in cases of high-risk histology. Lastly, metastases in our study were
only detected in case of pathologic confirmation and a lower detection rate of metastases might have decreased the prognostic value of histologic risk factors. On the other
hand, the results of our study might also be a true reflection of the limited combined
effect of these risk factors on long-term outcome.
The strengths of our study are the large number of patients with T1 carcinomas, the
strict definition of submucosal invasion and the longer duration of follow up than in
previous studies, allowing to assess long-term recurrence rates. To our knowledge, our
study is the first to determine risk factors for long-term recurrence in a large population,
representing routine Western clinical practice.
Several limitations should however be taken into account when appreciating the
results of our study. Due to the lack of endoscopic data, such as the macroscopic appearance of the lesion and details of the polypectomy procedure, we were not able to adjust
for these possible effectors32 in the multivariable analyses. Endoscopic submucosal
dissection was not yet practiced in the Netherlands during this study. In addition, older
pathology reports often lacked description of the currently used pathologic risk factors,
precluding a reliable identification of low risk T1 CRC. On the other hand, the prognostic

T1 CRC

value of these factors with regard to long-term outcomes is still not fully elucidated.
Finally, distant metastases were only diagnosed in our study if these were pathologically
confirmed, thereby most likely underestimating the distant recurrence rate.
Based on our study, we recommend performing additional surgery after initial endoscopic resection in case of high-risk T1 CRC, determined by high-risk histology and/or
positive resection margins. High-risk histology increases the risk of LNM, although highrisk histology was not associated with long-term recurrence. A positive - and probably
also doubtfully positive - resection margin was the single most important prognostic
factor for long-term recurrence free survival. Performance of additional surgery was not
associated with a higher 30-day mortality, but patients undergoing only endoscopic
resection were older and probably more fragile. We assume that well selected patients
benefit from additional surgery after initial endoscopic resection of T1 CRC.
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Supplementary Table 1. Comparison of patients with and without lymph node metastases at baseline
Negative
lymphnodes
Total

Positive
lymphnodes

Lymph node
status unknown

p-value1

N=714

N=82

N=149

Mean age, years (SD)

67.7 (10.5)

66.2 (11.3)

66.35 (10.7)

0.233

Male gender

399 (55.9)

42 (51.2)

76 (51.0)

0.421

Period
1995-2000
2001-2006
2007-2011

167 (23.4)
240 (33.6)
307 (43.0)

11 (13.4)
26 (31.7)
45 (54.9)

72 (48.3)
53 (35.6)
24 (16.1)

Location
Proximal
Distal
Rectum

151 (21.1)
235 (32.9)
328 (45.9)

9 (11.0)
27 (32.9)
46 (56.1)

9 (6.0)
86 (57.7)
54 (36.2)

Differentiation
Good
Moderate
Poor / No
Unknown

119 (16.7)
419 (58.7)
40 (5.6)
136 (19.0)

10 (12.2)
52 (63.4)
13 (15.9)
7 (8.5)

26 (17.4)
64 (43.0)
10 (6.7)
49 (32.9)

Invasion depth
Sm1
Sm2/3
Unknown

44 (6.2)
86 (12.0)
584 (81.8)

1 (1.2)
13 (15.9)
68 (82.9)

5 (3.4)
15 (10.1)
129 (86.6)

Lymphangio-invasion
No
Yes
Unknown

99 (13.9)
14 (2.0)
601 (84.2)

8 (9.8)
8 (9.8)
66 (80.5)

7 (4.7)
2 (1.3)
140 (94.0)

High-risk histology2

129 (18.1)

28 (34.1)

24 (16.1)

Surgery
Initial
Additional

577 (80.8)
137 (19.2)

72 (87.8)
10 (12.2)

76 (51.0)
73 (49.0)

No. of lymph nodes evaluated
1-3
4-7
8-11
≥12
Unknown

178 (24.9)
172 (24.1)
112 (15.7)
92 (12.9)
160 (22.4)

11 (13.4)
26 (31.7)
20 (24.4)
14 (17.1)
11 (13.4)

1

0.058

0.067

0.001

0.041

<0.001

0.122

-

For positive vs. negative lymph nodes
Poor/no differentiation, deep submucosal invasion (Sm2/Sm3) and/or lymphangio-invasion

2

0.001

0.035

PART III
Chemoprevention in sporadic colorectal
adenomas

Chapter 8
Eﬀects of mesalazine on proliferation
and apoptosis in patients with sporadic
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Abstract
Background and aim: Mesalazine has limited side effects and has been suggested
to decrease the risk of colorectal cancer. We investigated the effects of mesalazine on
proliferation and apoptosis in normal mucosa of patients at increased risk of sporadic
colorectal adenoma recurrence.
Methods: A double-blind, randomized trial of mesalazine versus placebo was conducted in 72 patients after polypectomy of ≥2 adenomas or ≥1 adenoma with high
grade dysplasia, a diameter ≥1 cm, proximal localization or villous histology. Patients
underwent a sigmoidoscopy at baseline and after six months of treatment, during
which three biopsies were taken from the sigmoid. Primary outcomes were differences
in proliferation index (PI) and apoptotic index (AI) before and after treatment, calculated
by counting Ki67- and M30-positive cells, respectively.
Results: A total of ten patients dropped out and four had insufficient tissue samples,
yielding 27 patients treated with mesalazine and 31 patients treated with placebo. The
mean delta PI and AI in the mesalazine group were 2.9% and -0.04% vs. -0.5% and 0.01%
in the placebo group (p=0.16 and p=0.46, respectively). A significant increase in apoptosis in the lower zones of the crypt was seen in the mesalazine group (p=0.04) and not
in the placebo group (p=0.86). Five adverse events occurred in the mesalazine group
(n=35) and three in the placebo group (n=37).
Conclusion: In patients at increased risk of colorectal adenoma recurrence, mesalazine
did not decrease proliferation or increase overall apoptosis compared to placebo, although increased apoptosis was observed along the crypt axis in mesalazine-treated
patients, which suggests an anti-neoplastic effect.

Effects of mesalazine in sporadic colorectal adenoma patients

Introduction
Sporadic colorectal adenomas are known premalignant lesions.1 Colonoscopic polypectomy reduces the risk of development of colorectal carcinoma (CRC) and CRC related
death.2 However, the rate of adenoma recurrence after polypectomy is high, depending
on the number of adenomas and the size, localization and histologic features of the
adenomas.3-6 Patients at high risk for recurrence may benefit from medication that suppresses the neoplastic potential of the colorectum. Effective chemoprevention could
reduce the need or frequency of surveillance colonoscopy, thereby decreasing associated risks.7,8
Several randomized, placebo-controlled studies in patients with a history of sporadic
colorectal adenomas have shown that nonsteroidal anti-inflammatory drugs (NSAIDs),
including selective COX-2 inhibitors, reduce the recurrence rate of colorectal adenomas.9-14 Unfortunately, the use of NSAIDs is associated with serious gastrointestinal adverse events15 and an increased risk of cardiovascular events.16,17 5-Aminosalicylic acid,
or mesalazine, is structurally related to NSAIDs, but has only limited systemic adverse
effects and no gastrointestinal toxicity.18-20 Several retrospective case-control and cohort
studies indicated that regular use of 5-ASA in inflammatory bowel disease (IBD) is effective in the chemoprevention of CRC.21-24 Moreover, one randomized controlled trial
suggested that patients with at least three sporadic colorectal adenomas had a lower
recurrence rate after treatment with 5-ASA.25 Therefore, mesalazine may prevent CRC in
the sporadic setting as well.
Identification of mechanisms at action in patients with a history of sporadic colorectal
adenomas may lead to rationalized use of mesalazine for the prevention of sporadic CRC.
Mechanisms can be identified by assessing modulation of biomarkers, such as proliferation and apoptosis, in at risk mucosa. Increased proliferation and reduced apoptosis of
epithelial cells are key events during development and progression of neoplasia in the
colorectum26 and have been reported to occur in the entire colorectal mucosa of patients
with sporadic adenomas, indicating that normal mucosa is at risk.27,28 Antiproliferative
and proapoptotic effects of mesalazine have been observed in vitro in colon carcinoma
cells.29 Furthermore, a short-term pilot study in sporadic adenoma patients indicated
that mesalazine induced apoptosis and reduced proliferation in vivo in histologically
normal rectal mucosa.30 These results encourage a trial with longer treatment duration
in a larger study population.
Therefore, we performed a placebo-controlled trial to investigate the effects of highdose mesalazine on proliferation and apoptosis in the sigmoid of patients at increased
risk for recurrence of colorectal adenomas.
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Methods
Patients
All patients undergoing colonoscopy for removal of one or more colorectal adenomas
at the University Medical Centre Utrecht (UMCU) between April 1, 2012 and September
1, 2014 and at the Diakonessenhuis Hospital, Utrecht, between January 1, 2013 and
September 1, 2014, were screened for in- and exclusion criteria.
We included patients aged 50 to 75 years who underwent a complete colonoscopy
with endoscopic resection of one or more adenomas, and had a higher than average
risk of recurrence. Based on previous studies,3-6 we defined patients with a higher than
average recurrence risk as patients with 2 or more adenomas or with 1 adenoma with at
least one of the following characteristics: diameter of 1 cm or more, location proximal to
the splenic flexure, high-grade dysplasia (HGD) or villous histology.
Exclusion criteria were inflammatory bowel disease, familial colorectal cancer syndromes, history of colorectal carcinoma, history of surgery to the large bowel (except
appendectomy), chronic renal insufficiency, chronic hepatic insufficiency, allergy to
salicylates, diabetes mellitus, asthma and use of methotrexate, thiopurines, cyclosporine, coumarin anticoagulants and rifampicin, which all may interact with mesalazine.
Patients who used acetylsalicylic acid or calcium carbasalate (high- and low-dose) or
other NSAIDs under prescription were also excluded, as these medications promote
apoptosis and inhibit cell proliferation.31

Study procedures and intervention
All eligible patients were sent study information. If patients were interested in participating, they were asked to sign informed consent. After signing informed consent,
patients underwent a baseline screening, including determination of renal function,
liver enzymes, hemoglobin and white blood cell count. If the values were within the
normal range, patients were included in the study. Enrollment was performed within six
months after the colonoscopy during which one or more adenomas had been removed.
Patients were randomized in double-blind order to receive placebo or mesalazine for six
months. Since it has been noted in IBD patients that the chemopreventive effect of 5-ASA
is dose-dependent,20 we decided to use high-dose oral mesalazine (Salofalk Granu-Stix,
3 grams per sachet, once daily, Dr. Falk Pharma GmbH, Freiburg, Germany). Treatment
duration was based on successful demonstration of effects on apoptosis and proliferation
in normal colorectal mucosa by several chemopreventive agents after 3 to 6 months.32-34
At baseline and after 6 months of treatment patients underwent sigmoidoscopy, during which biopsies of normal appearing sigmoid mucosa were taken. Bowel preparation
was performed using a 75-ml combination of sennosides and dexpanthenol on the
evening before, and a 133-ml sodium-phosphate enema on the day of the sigmoidos-

Effects of mesalazine in sporadic colorectal adenoma patients

copy. Sigmoidoscopy was performed without sedation, unless requested by the patient.
Midazolam (5 mg, intravenous) was used for sedation. Size and location of polyps and
mucosal lesions suggestive of neoplasia were recorded. Polyps were removed and examined histologically, according to standard clinical practice. Small hyperplastic polyps
in the rectum were left in situ. Three biopsies per sigmoidoscopy were collected for
histological examination and immunohistochemistry. The biopsies were taken at least
5 cm away from any polyp.
Participants attended follow-up visits at 1 and 3 months after baseline sigmoidoscopy. During these visits, compliance was assessed by counting unused sachets.
Adverse events, use of concomitant medication (particularly NSAIDs) and nutritional
supplements were assessed using questionnaires. We recorded the following nutritional
supplements with possible effects on proliferation, apoptosis and/or colorectal neoplasia: vitamins, multiple-vitamin supplements, calcium, magnesium, omega-3 fatty acids
and glucosamine.35-44 Furthermore, participants provided blood samples for monitoring
of plasma creatinine, liver enzymes, hemoglobin level and white blood cell count. At the
3-months follow-up visit participants returned unused sachets and were given a further
3-month supply of sachets.

Immunohistochemistry
The biopsies of the sigmoid were collected on filter paper, to maintain correct orientation of
the crypts, fixed in formalin and embedded in paraffin. Sections of 4 μm were cut from paraffin blocks, deparaffinized, and blocked for endogenous peroxidase activity by immersion in
0.3% hydrogen peroxide for 15 min. Antigen retrieval was performed by boiling in 10 mM
Citrate (pH 6.0) for 20 min. Non-specific binding sites were blocked by incubation with Protein Block Serum Free (DAKO, Glostrup, Denmark) for 10 min. Apoptosis was determined using the monocolonal antibody M30 (Roche Applied Science, Mannheim, Germany), directed
against caspase-cleaved cytokeratin-18. For detection of proliferating cells we used the Ki67
antibody (clone MIB-1; DAKO, Glostrup, Denmark), which recognizes a nuclear antigen that
is expressed by cells in the G1, G2, S and M-phases of the cell cycle. These primary antibodies were diluted 1:50 and 1:900 in normal antibody diluent (Immunologic, Duiven, the
Netherlands) respectively and applied for 1 hour at room temperature. Antibody binding
was visualized using the BrightVision+ Poly-HRP kit (Immunologic, Duiven, the Netherlands)
with 3,3-diamino-benzidine (Sigma-Aldrich, the Netherlands) as chromogen. Sections were
counterstained with hematoxylin. As negative controls, slides were stained in absence of the
primary antibody. As positive controls, sections of colorectal cancer were included.
Slides were evaluated by light microscopy in a blinded fashion. Full-length well orientated crypts (500-1000 cells) were scored. In case of uncertainty, slides were reevaluated with a second investigator using a multiheaded microscope until a final score was
reached by consensus.
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Primary outcome measures were apoptotic indices (AIs) and proliferation indices (PIs),
calculated by dividing the number of M30- and Ki67-positive cells, respectively, by the
total number of epithelial cells counted.

Statistical analyses
Treatment groups were assessed for comparability of baseline characteristics by the Chisquared test for categorical variables and by the Student’s T-test or the Mann-Whitney
U test for continuous variables, depending on the nature of their distribution. The Student’s T-test was used to compare mean PIs between treatment groups, as these showed
a normal distribution. The Mann-Whitney U test was used to compare median AIs between groups, as these showed a non-parametric distribution. The Wilcoxon signed rank
test for paired samples and the paired samples T-test were applied to compare apoptotic
indices and proliferation indices, respectively, before and after treatment within one
treatment group. A two-sided P-value less than 0.05 was considered significant.

Sample size calculation
In a short-term pilot study, Reinacher-Schick et al. found that mesalazine treatment
resulted in an almost 50% induction of the apoptotic index, which was at baseline 5.5,
while apoptosis in the non-treated group decreased only 17%.30 Safely assuming that
apoptosis in the treatment group would increase with 20% by treatment with mesalazine, we calculated that a sample size of 29 in each group would have an 80% power to
detect a difference in mean apoptotic index of 1.1 using a two group t-test with a 0.05
two-sided significance level. The common standard deviation of 1.5 used for sample
size calculation was estimated based on the data by Reinacher-Schick et al.30 Taking
into account a 20% drop-out rate, we included 72 patients in total. The difference in
mean proliferation index between the mesalazine treated and untreated group in the
short-term pilot study30 was even higher and therefore the calculated sample size can be
expected to enable detection of differences in proliferation indices.

Medical ethics
This study was approved by the Medical Ethical Committee of the University Medical
Center Utrecht and performed following Good Clinical Practice guidelines.

Results
Participants
Eighty-one patients signed informed consent, of whom 6 patients withdrew consent,
two patients were ineligible based on blood-sample screening and one patient was
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diagnosed with diabetes between informed consent and study start. Seventy-two
patients were randomized to mesalazine (n=35) or placebo (n=37). In 10 patients, the
study was stopped after randomization, of whom 7 were in the mesalazine group and
3 in the placebo group. (Figure 1) In eight of these patients adverse events occurred.
One patient decided to discontinue participation for personal reasons. One patient was
diagnosed with chronic peripheral arterial disease and started to use acetylsalicylic
acid, as prescribed by the treating physician. Tissue samples were insufficient and/or
incorrectly orientated in 1 patient in the mesalazine group and 3 patients in the placebo
group, precluding proper evaluation of proliferation and apoptotic indices. Therefore, 27
patients treated with mesalazine and 31 patients who received placebo where included
in the final analysis.

Figure 1.
Participant flow diagram.
*Two patients had abnormalities in blood values at screening. One patient was diagnosed with diabetes between the
screening and the planned start of the study.
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Mean age of the patients in the final analysis was 65 years and 59% were male. (Table
1) Mean BMI was 26, and 24% of patients were current smokers. Forty percent of patients
had a family history of CRC. No patients used either prescribed or over-the-counter
NSAIDs at the start of the study. Ten patients used NSAIDs at any time during the study,
of whom two used NSAIDs for more than one week, of whom only one used an NSAID
within two weeks before the end of the study. Nutritional supplements were used by 15
patients (48%) at baseline and by 15 patients at the end of study in the placebo group
compared to 13 patients (48%) at baseline and 15 patients (56%) at the end of study in
the mesalazine group (p=0.99 and p=0.59, respectively). No significant differences in
gender, age, BMI, family history, smoking status or NSAID use were found between the
placebo and mesalazine group.
Table 1. Patient characteristics and findings during study sigmoidoscopies
Placebo (%)
N=31

Mesalazine (%)
N=27

P-value

Male gender

18 (58.1)

16 (59.3)

0.927

Age, mean (SD)

65.1 (6.2)

64.1 (6.2)

0.492

BMI, mean (SD)

26 (3)

27 (4)

0.101

Family history of CRC (1st or 2nd degree)

14 (45.2)

9 (33.3)

0.528

Current smoker

9 (29.0)

5 (18.5)

0.351

Pack years, median (range)

7 (0-55)

15 (0-52)

0.353

NSAID use
At baseline
Any time during study
0-7 days
>7 days
≤2 weeks before last sigmoidoscopy

0 (0)
4 (12.9)
3
1
1 (3.2)

0 (0)
6 (22.2)
5
1
0 (0.0)

NA
0.878

Nutritional supplement use
At baseline
At 6 months

15 (48.4)
15 (48.4)

13 (48.1)
15 (55.6)

0.986
0.586

0.887

Findings during last colonoscopy before study entry
Number of adenomas, median (range)

2 (1-6)

2 (1-4)

0.934

Adenomas >1 cm

6 (19.4)

4 (14.8)

0.648

Adenomas with HGD

0 (0.0)

0 (0.0)

NA

Villous adenomas

4 (12.9)

4 (14.8)

0.833

Proximally located adenomas

27 (87.1)

21 (77.8)

0.349

Sigmoidoscopy at baseline
One or more polyps
One or more adenomas

11 (35.5)
2 (6.5)

13 (48.1)
1 (3.7)

0.329
0.637

Sigmoidoscopy at 6 months
One or more polyps
One or more adenomas

7 (22.6)
0 (0.0)

8 (29.6)
2 (7.4)

0.541
0.123

Findings during study sigmoidoscopies

BMI: body mass index, SD: standard deviation, CRC: colorectal cancer, NSAIDs: non-steroidal anti-inflammatory
drugs, HGD: high-grade dysplasia
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At the last colonoscopy before the study, median number of adenomas per patient
was 2. (Table 1) Ten patients (17%) had one or more adenomas larger than 1 cm, eight
patients (14%) had one or more adenomas with villous histology and 48 patients (83%)
had one or more proximally located adenomas. None of the included patients had an
adenoma with HGD. No significant differences were found in number or characteristics
of adenomas between the placebo and mesalazine group.

Findings during sigmoidoscopy
Thirty-nine polyps were detected in 24 patients at the baseline sigmoidoscopy (41%).
(Table 1) Mean size of these polyps was 2 mm (SD 1). Polyps that contained neoplasia
were detected in only three patients: one patient in the placebo group had two sessile
serrated adenomas/polyps (SSA/Ps) of 1-2 mm in the sigmoid, one patient in the placebo group had one tubular adenoma with low-grade dysplasia of 2 mm in the rectum
and one patient in the mesalazine group had two tubular adenomas with low-grade
dysplasia in the rectum, both measuring 2 mm.
Twenty-three polyps were detected in fifteen patients (26%) during sigmoidoscopy
after six months. (Table 1) One polyp was 12 mm in size, while all other polyps were 3
mm or less. If the 12-mm polyp was not considered, mean polyp size was 2 mm (SD 1).
Neoplasia was detected in two patients in the mesalazine group: one patient with two
tubular adenomas with low grade dysplasia of 12 mm and 1 mm in the rectosigmoid
and sigmoid, respectively, and one patient with one tubular adenoma with low grade
dysplasia of 3 mm in the rectum. No polyps had been detected in these patients at the
baseline sigmoidoscopy, during which bowel preparation had been poor in the patient
with the 12-mm adenoma.

Proliferation and apoptosis
Median compliance rate was 99% in the placebo group (range 84-100%) and 98% in the
mesalazine group (range 85-100%). (Table 2) Three patients in the placebo group, but
no patients in the mesalazine group, had a compliance rate below 80% in the last three
months before the second sigmoidoscopy.
Mean PI in the placebo group was 23.2% at baseline and 22.7% after six months
(p=0.76). (Table 2) Mean PI in the mesalazine group was 19.2% at baseline and 22.1%
after treatment (p=0.10). The mean delta PI in the placebo group was -0.5% versus 2.9%
in the mesalazine group (p=0.16). (Figure 2)
Median AI in the placebo group was 0.11% at baseline and 0.12% after six months
(p=0.89). (Table 2) Median AI in the mesalazine group was 0.20% at baseline and 0.16%
after treatment (p=0.37). The mean delta AI was 0.01% in the placebo group and -0.04%
in the mesalazine group (p=0.46). (Figure 3) In the placebo group, the median AI for cells
that were not located at the surface of the crypts was 0.00 at baseline and remained
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0.00 after 6 months (p=0.86). In the mesalazine group, medians were 0.10 at baseline
and 0.11 after treatment (p=0.035). Delta AI in non-surface cells was not significantly
different between placebo and mesalazine (p=0.11).
Table 2. PI, AI and non-surface AI at baseline and after six months of treatment
Placebo (%)
N=31

Mesalazine (%)
N=27

P-value

0.99 (0.84 – 1.00)

0.98 (0.85 – 1.00)

0.279

0 (0.0)

0 (0.0)

NA

Mean PI at baseline (SD)

23.3 (7.5)

19.2 (6.8)

0.038

Mean PI after treatment (SD)

22.7 (6.8)

22.1 (7.6)

0.745

-0.51 (9.22)

2.89 (8.88)

0.160

Compliance, median (range)
Compliance <80%

Mean delta PI (SD)

0.758

0.103

Median AI at baseline (range)

P-value (before vs. after)

0.11 (0.00 – 1.23)

0.20 (0.00 – 0.74)

0.128

Median AI after treatment (range)

0.12 (0.00 – 0.95)

0.16 (0.00 – 0.89)

0.962

0.01 (0.20)

-0.04 (0.25)

0.456

0.889

0.367

Median AI at baseline, not located at
luminal surface (range)

0.00 (0.00 – 1.23)

0.10 (0.00 – 0.74)

0.194

Median AI after treatment, not
located at luminal surface (range)

0.00 (0.00 – 0.94)

0.11 (0.00 – 0.69)

0.162

Median delta AI, not located at
luminal surface (range)

0.00 (-0.29 – 0.28)

-0.00 (-0.58 – 0.32)

0.114

0.861

0.035

Mean delta AI (SD)
P-value (before vs. after)

P-value (before vs. after)

PI: proliferation index, AI: apoptotic index, SD: standard deviation

We performed subgroup analyses to detect possible differential effects of mesalazine.
If only high-risk patients with at least three adenomas or at least one adenoma larger
than 1 cm were included in the analysis, still no differences were observed between the
placebo (n=10) and mesalazine group (n=9). The only difference was that the increase in
non-surface AI in the mesalazine group was no longer significant (p=0.40). Five patients
had one or more adenomas at baseline or after six months. Exclusion of these patients
did not lead to different results. In addition, we performed analyses excluding patients
with adenomas in the proximal colon only. As in the entire study population, mesalazine
did neither decrease proliferation nor increase apoptosis in this subgroup analysis.
One patient in the placebo group had used diclofenac during the last two weeks of the
study and one patient in the mesalazine group used a selective COX-inhibitor for three
weeks in the middle of the study period. Exclusion of these patients did not change the
outcomes of the study. Exclusion of current smokers did also not affect the outcomes.

Effects of mesalazine in sporadic colorectal adenoma patients

Delta PI, mesalazine vs. placebo
30

20

Delta PI (%)

10

0

-10

-20

-30

Mesalazine

Placebo

Figure 2.
Individual delta PIs after treatment with mesalazine vs. placebo

Delta AI, mesalazine vs. placebo
1.0

Delta AI (%)

0.5

0.0

-0.5

-1.0

Mesalazine

Placebo

Figure 3.
Individual delta AIs after treatment with mesalazine vs. placebo
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Table 3. Adverse events

Patients with adverse event*
Total adverse events

Placebo
N=37

Mesalazine
N=35

22 (59.5%)

23 (65.7%)

27

29

Flu-like symptoms

4

10

Abdominal pain or discomfort

3

5

Musculoskeletal
Trauma
Bursitis
Joint complaints
Hernia nuclei pulposi
Tendinitis

1
1
2
-

4
1

Fatigue

5

1

Rash / pruritus

3

2

Infections
Pneumonia
Urinary tract infection
Herpes zoster

1
1
1

1
-

Cardiovascular
Deep venous thrombosis
Myocardial infarction

1
1

-

Renal function disorder

1

1

Diarrhoea

1

1

Increased liver enzymes

-

1

Headache

-

1

Rectal blood loss

-

1

Syncope

1

-

*

P-value for placebo versus mesalazine 0.300

Adverse events
In total, 56 adverse events (AEs) occurred in 45 patients. In the placebo group, adverse
events were reported in 22 of 37 (60%) patients versus 23 of 35 (66%) patients in the
mesalazine group (p=0.30). Three of these AEs were serious adverse events (SAEs), all
considered unrelated to the study medication: one patient in the placebo group had a
myocardial infarction and two patients in the mesalazine group had a traumatic injury,
necessitating hospital stay.
The study medication was discontinued in three patients in the placebo group: one
with myocardial infarction, one with a renal function disorder and one with fatigue. In
the mesalazine-group, the study medication was discontinued in five patients because
of AEs: two with flu-like symptoms, one with a renal function disorder, one with druginduced liver injury and one with abdominal pain. The patient with a renal function
disorder and the patient with drug-induced liver injury both recovered completely after
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discontinuation of mesalazine. An association between mesalazine use and non-serious
adverse events was probable in four patients, possible in seven patients and unlikely in
the other patients.

Discussion
In this randomized, placebo-controlled trial in patients at increased risk of recurrent
sporadic colorectal adenomas, mesalazine did not decrease proliferation or increase
overall apoptosis in normal sigmoid mucosa after six months of treatment. An increase in
apoptosis along the crypt axis was seen in the mesalazine group and not in the placebo
group, but the difference between treatment groups was not significant. Adverse events
led to discontinuation of study medication in 5 of 33 (15%) patients in the mesalazine
group versus 3 of 37 (8%) patients in the placebo group. All adverse events were reversible and no serious adverse events were considered related to study medication.
Previous studies have shown preventive effects of mesalazine regarding development
of neoplasia or CRC in IBD patients.21-24,45 5-ASA has been shown to promote apoptosis
and inhibit proliferation in colorectal cancer cells and rodent models, probably through
its effects on NF-kappaB and the Wnt-pathway.46-55 Until now, only a few studies have
been performed on the in vivo effects of 5-ASA in sporadic colorectal adenoma patients.25,30,56
Reinacher-Schick et al.30 investigated the use of mesalazine (1 gram) for 1, 3, 7 or 14
days in 21 patients with sporadic colorectal polyps ≥5 mm. They observed a 4% increase
of mean AI (5% at baseline, assessed using TUNEL) after 1 and 3 days, but not after 7 or
14 days of treatment, compared to a control group not treated with medication or placebo. Mean PI was 20% at baseline and decreased in all treatment groups (mean delta PI
-10%), but remained largely unchanged in the control group. Mean PI in our study was
comparable, but AIs in our study were significantly lower. This can be explained by the
use of a different technique to detect apoptotic cells. AIs assessed by TUNEL are higher
due to the longer time scale over which DNA fragmentation can be detected in apoptotic cells compared to the expression of cleaved cytokeratin-18. A previous validation
study has shown that the mean AI in normal mucosa assessed by M30 immunoreactivity
was 0.18, which is highly comparable to our data.57 In our study, six months treatment
with mesalazine did not decrease proliferation or increase apoptosis, compared to
placebo. An explanation could be that mesalazine effects diminish over time. In the
study by Reinacher-Schick et al.30 the effect of mesalazine on apoptosis and proliferation
decreased after three days, although statistical evaluation could not be performed due
to low numbers. Moreover, patients were only treated for a maximum of 14 days.
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As in the study by Reinacher-Schick et al,30 we found an increase in apoptosis in the
non-superficial crypt regions in the mesalazine group. Apoptosis at the luminal surface
is the result of physiological turnover of senescent cells.58 Programmed cell death of cells
with accumulated genetic alterations in lower zones of the crypt might prevent cancer
development, that is hypothesized to originate from these cells.59-61 In accordance, a
previous study reported loss of apoptosis in the basal regions with increasing malignant
potential of polyps.62 Our results therefore might suggest anti-neoplastic properties of
mesalazine.
The lack of effect of mesalazine on PI and AI in our study could also be explained by
preventive effects being confined to a subgroup of patients. Schmiegel et al25 conducted
the German 5-ASA Polyp Prevention Study, in which 598 postpolypectomy patients
received 5-ASA (1 gram) for 3 years. No treatment effects were observed when analyzing
the entire study population, but fewer neoplastic polyps were found at re-colonoscopy
compared to baseline colonoscopy in 90 high-risk patients (i.e. having three or more
adenomas at baseline). However, as far as can be deduced from these data, no significant difference in reduction of lesions between 5-ASA and placebo treated patients was
observed. The results of our study were not different if only high-risk patients were
included. Furthermore, although it has been reported that patients with colorectal
adenomas have increased cell proliferation and decreased apoptosis in normal mucosa
throughout the colon,27,28 it cannot be excluded that the effect of mesalazine is only significant in segments of the colon where adenomas were resected. However, exclusion of
patients with proximal adenomas only did not reveal a significant effect of mesalazine.
Apart from a temporary or selective character of mesalazine effects, the lack of effect
on proliferation and apoptosis in our study could be due to effect modulators, such as
the presence of neoplasia in the rectum or sigmoid. However, all biopsies were taken at
least 5 cm from any polyp and the exclusion of 5 patients with neoplasia at baseline or
after six months did not change the results of the study. Other possible effect modulators were the use of NSAIDs or nutritional supplements with possible pro-apoptotic or
anti-proliferative effects.35-44 As described in the results, exclusion of two patients using
NSAIDs for more than one week or within two weeks before the final sigmoidoscopy
had no effect on the study outcomes. The proportion of patients using relevant nutritional supplements was not different between the placebo and mesalazine group,
both at baseline and at the end of the study. It is therefore unlikely that supplement
use influenced the outcomes. Finally, smoking status had been reported to modulate
chemopreventive effects,63-65 but exclusion of current smokers did not change the lack
of mesalazine-effects.
The relatively high incidence of adverse events in this study might indicate a limitation in the use of mesalazine as chemopreventive agent. Four adverse events were probably related to the use of mesalazine, including reversible renal and hepatic toxicity
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and two patients with flu-like symptoms, including abdominal discomfort. Renal and
hepatic toxicity have been reported as adverse effects of mesalazine, although in very
low rates, ranging from 0.1 to 1.2 per 1000 person years for interstitial nephritis and
3.2 per million prescriptions for drug-induced liver injury.16,17,66 The abdominal pain in
two patients might have been a symptom of previously reported mesalazine-associated
pancreatitis,17 but this is unclear as the study medication was stopped and no further diagnostic tests were performed. The relatively high number of AEs in our study might be
a coincidence or, more likely, a consequence of strict monitoring. Previous evidence on
AEs is mostly derived from population-based studies using safety committee or general
practitioner databases in which adverse events were reported spontaneously, thereby
probably underestimating the true incidence.
A possible limitation of our study is that proliferation and apoptosis may be unsuitable markers in normal colon mucosa to reveal chemopreventive action of mesalazine.
Chemopreventive effects may be mediated by other mechanisms, for example inhibition
of the Wnt-signaling pathway. Hyperactivation of the Wnt-pathway is a critical event
in the initiation of intestinal epithelial neoplastic transformation.67,68 In vitro data have
demonstrated that mesalazine interferes with Wnt-signaling by inhibiting nuclear translocation of beta-catenin.54,55 Mesalazine was also shown to inhibit the Wnt-pathway in
colorectal polyps in vivo.56 It would be interesting to evaluate whether these effects can
also been observed in normal mucosa. Another limitation of our study is that we did not
determine the distribution of proliferating cells along the crypt axis, although upward
expansion of the proliferative zone has also been reported in neoplastic development.26
Major strength of our study is the double-blind, placebo-controlled randomized
design with standardized procedures for sigmoidoscopies and bowel preparation and
standardized assessment of adherence and adverse events. In addition, adherence
to study medication was above 80% for all patients and the targeted sample size was
achieved.
In conclusion, this double-blind, placebo-controlled trial of mesalazine versus placebo
in sporadic colorectal adenoma patients does not provide an incentive for the long-term
use of mesalazine as a chemopreventive agent in these patients. This study does not allow definite conclusions on the chemopreventive potential of mesalazine. It is probably
better for future studies to use different outcome measures than proliferation and apoptosis, such as inhibition of the Wnt-pathway and recurrence of colorectal adenomas.
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The global burden of colorectal cancer (CRC) is expected to increase by 60% to more
than 2.2 million new cases and 1.1 million cancer deaths by 2030.1 Surgical treatment
of CRC is still associated with significant mortality2,3 and almost 40% of patients diagnosed with CRC die within 5 years.4-7 Mortality of CRC is highly dependent on disease
stage.4-6 As development of CRC is generally a slow process,8 the disease is suitable for
screening. Several countries have adopted screening and surveillance programs, using
colonoscopy in a one- or two-step approach.9-12 The aim of performing colonoscopy in
the context of these programs is to detect premalignant or malignant tumors. If possible, colorectal polyps are resected endoscopically, as polypectomy has been shown to
reduce the incidence of CRC.13-14 In addition, recent studies found that screening is associated with a lower disease stage at diagnosis, probably leading to improved survival
in patients diagnosed with CRC.15,16
If the participation grade is high, as it is in the recently started national preventive
program in the Netherlands (73%),17 the effectiveness of screening is mainly dependent
on the quality of the investigations. In the last decades, increasing attention arose on
the quality of colonoscopy and endoscopic resection of detected colorectal polyps.18-20
General aims of this thesis were to improve the detection, differentiation and treatment
of premalignant colorectal polyps to prevent the occurrence of colorectal carcinoma.
PART I. Detection and differentiation of colorectal polyps
Measuring quality of colonoscopy has been facilitated by the development of quality
indicators.18,19 Completeness of colonoscopy, as measured by the cecum intubation rate
(CIR), has been reported to be inversely associated with CRC-related death.21 A high
adenoma detection rate (ADR), as a parameter for the quality of the inspection of the
colon, decreases the risk of post-colonoscopy CRC (PC-CRC).22,23 In Chapter 2 we prospectively compared these quality parameters in 3,129 routine colonoscopies in seven
Dutch hospitals. We found the CIR and ADR to vary significantly between hospitals, even
after correction for casemix. Overall CIR was 95% and varied from 89% to 99%. Overall
ADR was 32%, ranging from 25% to 47%. Both CIR and ADR were slightly higher than in
previous studies, but the variation between hospitals was very similar.24-30 The higher
CIR and ADR compared to previous studies may in part be explained by the focus of the
participating centers on colonoscopy practice. In addition, the endoscopists were aware
of being monitored and, as a consequence, might have performed better than usual, the
so called Hawthorne effect.31
Inter-hospital differences in CIR and ADR require further evaluation. We therefore constructed the colonoscopy quality indicator (CQI), which is a simple tool that shows CIR
and ADR of different hospitals simultaneously. As the CQI is not corrected for casemix,
it is not fair to consider one hospital better than the other, solely based on the position
in the CQI chart. However, with the CQI we aimed to trigger hospitals to evaluate their
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performance and identify modifiable factors that can contribute to a high CIR and ADR.
In our study, and in previous studies,27-29,32-34 both cecum intubation and adenoma detection depended on casemix, which is a composition of patient characteristics, such as
age, gender, comorbidity and indication for colonoscopy. After correction for casemix,
the most important predictor of both CIR and ADR in our study was adequate bowel
preparation, defined as a Boston Bowel Preparation Scale (BBPS) score ≥6. The BBPS is
a validated instrument to rate the cleanliness of each colon segment.35 The association
of bowel preparation with cecum intubation and adenoma detection in our study and
previous studies27,32,36-39 implicates that CIR and ADR can be increased by improving
bowel preparation. This should stimulate hospitals to carefully instruct their patients
to use the preparation solutions as prescribed40 and to follow the guidelines for bowel
preparation.41,42
We found no significant differences in CIR and ADR between gastroenterologists,
fellows-in-training and nurse practitioners. This is a remarkable finding, as gastroenterologists are more experienced than fellows and previous studies have reported an
association between endoscopists’ experience and colonoscopy quality.25,28 A possible
explanation for this discrepancy is that fellows might have had more time to complete
the colonoscopy and therefore performed more meticulous inspection of the colonic
mucosa. Unfortunately, we had no information on experience, as measured by the number of colonoscopies performed by each endoscopist before start of this study. Nurse
practitioners will be performing more and more colonoscopies now that the national
screening program has started. Because physicians did not outperform nurse endoscopists in our study, there is no reason to discourage this trend.
In conclusion, feedback on inter-hospital differences in colonoscopy quality could
provide useful incentives for improvement, as CIR and ADR can probably be improved
by targeting modifiable factors, of which the most important is bowel preparation.
Health care transparency is increasingly appreciated and initiatives to stimulate interhospital feedback and discussion can be valuable. In this regard, it would be interesting
to evaluate whether health care can indeed be improved by transparency. Therefore, we
performed a second study following the current study, to assess whether plenary feedback and discussion of our findings would indeed improve quality of colonoscopy. The
results of this study are not available yet. Other future studies should focus particularly
on measures to improve bowel preparation.
In Chapter 3 we continued to investigate the use of feedback to improve quality of
colonoscopy. We provided education and organized a competition between endoscopists in order to improve the polyp retrieval rate. During the competition, the best
endoscopists, or ‘Golden Retrievers’, were announced publicly every month. The polyp
retrieval rate is the proportion of colorectal polyps that is retrieved for histologic evaluation after endoscopic resection. Histologic evaluation of colorectal polyps is important
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as the outcome largely determines whether and when surveillance colonoscopy is to
be performed. Therefore, international guidelines recommend a minimum standard of
≥90% for polyp retrieval rate.46,47 The overall polyp retrieval rate in our study improved
from 88% prior to the retrieval competition to 93% during the competition, thereby
meeting the international standards. The association between resection during the
competition and increased retrieval rate remained significant in multivariable analysis
after correction for polyp characteristics and procedural factors. The improvement in
retrieval rate was particularly observed in small, proximal polyps that were removed by
cold snaring.
The overall retrieval rate of 92% in our study was comparable to previous studies
among large screening populations.48-50 Other smaller studies performed by experts
with special focus on polyp resection techniques have reported higher polyp retrieval
rates up to 99%.51-55 We were able to show that by increasing awareness, similar results
could be achieved by experienced colonoscopists in our center, as the retrieval rate of
the participating gastroenterologists increased to 96% during the competition period.
It is difficult to determine whether patients benefit from the increase in retrieval
rates in terms of more adequate surveillance recommendations. Previous studies have
suggested that it can be safe and cost-effective to discard small colorectal polyps after
endoscopic inspection and resection.56,57 To use such a ‘resect and discard’ strategy,
the endoscopist should be able to predict the histology of colorectal polyps by visual
inspection. A high negative predictive value (NPV) of at least 90% is required to ensure
adequate surveillance recommendations.58 In the landmark study by Ignjatovic et al. this
threshold was reached by using white light in combination with narrow band imaging (NBI) and chromoendoscopy, if needed.56 In addition, a recent meta-analysis found
a pooled estimate of 91% for the NPV of NBI, a technique that is widely used during
routine colonoscopy.57 However, in both studies the threshold was only met by experts,
who had extensive experience with the technique. Three large cohort studies reported
an accuracy of only 77% to 81% for endoscopic differentiation of small colorectal polyps
in routine clinical practice.59-61 Therefore, retrieval of colorectal polyps remains important in daily practice. The increased retrieval in our study was observed for small polyps
in particular, of which the relevance regarding surveillance might be limited. However,
more than 50% of retrieved small polyps were adenomas. Patients with adenomas in the
proximal colon, located between the cecum and the splenic flexure, and patients with
three or more adenomas require intensified surveillance.62,63 We observed an increase
from 85% to 95% for retrieval of proximal polyps, which increases the likelihood of intensified surveillance. In addition, as our study population had a median number of two
adenomas, it is likely that the retrieval of extra adenomas affected surveillance recommendations. Nevertheless, this hypothesis remains untested, as we did not perform a
randomized controlled trial to assess the effect on surveillance intervals.
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The prospective electronic registration and the consecutive inclusion of routine
colonoscopies in this study resulted in reliable and representative data from every day
colonoscopy practice. As the intervention is relatively simple and requires minimal effort, it could be easily applied in other colonoscopy centers.
In conclusion, the combination of education and competitive feedback improved
polyp retrieval rates to meet the international minimum standard of 90%. As more
than 60% of retrieved polyps contained neoplasia and the retrieval of right-sided
polyps increased specifically, it is likely that this improvement has resulted in more
adequate surveillance after polypectomy. It would be of interest to validate the results
in a randomized controlled setting in other colonoscopy centers, to determine whether
surveillance can indeed be improved by our intervention. It is not unlikely that it will be
common practice for all centers to regularly provide feedback on quality parameters
to endoscopists performing colonoscopies, thereby creating a continuous incentive for
self-improvement. Further studies should also focus on imaging techniques to predict
polyp histology, pre-empting polyp retrieval and histologic examination in a selection
of polyps.
Notwithstanding the importance of polyp resection and retrieval, a considerable
number of polypectomies and histologic evaluations are superfluous, as an estimated
30% of all colorectal polyps is hyperplastic and has no malignant potential. These polyps can be either left in situ (selective polypectomy) or resected without pathologic
evaluation (resect and discard).58 To enable these strategies, imaging techniques that
differentiate between adenomatous and non-neoplastic colorectal polyps during
colonoscopy continue to be investigated. A highly accurate technique could reduce the
complications and costs of polypectomy and histopathologic examinations.64,65 Probe
based confocal laser endomicroscopy (pCLE) uses laser light to create a magnified, realtime video of colorectal polyps. As the probe is inserted through the working channel
of the endoscope, pCLE allows instant use during colonoscopy. Whereas experts have
been reported to achieve a high post-hoc accuracy using pCLE,66,67 little is known of the
real-time accuracy of pCLE, especially for non-experts. In Chapter 4 we investigated
real-time pCLE used by two experienced endoscopists during their first 50 evaluations
of colorectal polyps. The polyps were evaluated sequentially with white light, NBI and
pCLE. Accuracy of real-time pCLE for detection of neoplasia was 77%, compared to 73%
for NBI. The NPV in small colorectal polyps (≤5 mm) was only 58%. The accuracy for
post-hoc pCLE was 70% in a panel of gastroenterologists and pathologists, blinded for
endoscopic features.
Only one previous study investigated real-time pCLE in colorectal polyps. Shahid et
68
al found an accuracy of 79% for an expert user in 154 polyps with a mean size of 10
mm, which is highly comparable to the 77% in 100 polyps with a mean size of 8 mm in
our study. It seems surprising that the accuracy of two endoscopists starting to use the
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system was as high as the accuracy of the expert user, but evaluation of the polyps in
this setting was unavoidably biased by endoscopic features of the polyps. Larger polyp
size increases the a priori chance that the polyp contains neoplasia. The differences in
accuracy between polyps <10 mm and polyps ≥10 mm was higher in our study (71% vs.
91%, respectively) than in the previous study (78% vs. 85%, respectively). Furthermore,
the rate of neoplasia was 73% in our study and 52% in the study by Shahid et al. NBI was
used in both studies.
In our study, the accuracy of both real-time and post-hoc pCLE was strongly associated
with the quality of the obtained images. For real-time pCLE, the accuracy ranged from
45% in 29 poor quality images to 95% in 20 good quality images. For post-hoc pCLE, the
accuracy was 48% in poor quality images and 78% in good quality images. The overall
accuracy of post-hoc pCLE was 70%, which was lower than in all previous studies (7592%),66-71 except the study by Kuiper et al (69%).72 The endoscopists in the latter study
were inexperienced in obtaining pCLE images, as in our study. In all other previous studies, images were obtained by pCLE-experts. Although objective definition is difficult,
image quality in our study was probably lower than in previous studies. We speculate
that the low post-hoc accuracy in our study is more likely to be due to the quality of the
images than a consequence of difficulty in interpretation. This is underlined by a previous study that reported a short learning curve for pCLE interpretation when the images
were obtained by an expert.73 In addition, two panel members in our study evaluated
100 images, during which the accuracy did not increase when comparing the first 50
to the last 50 cases. Although the learning curve for pCLE interpretation was probably
completed within 50 cases per endoscopist, it seems that the sample size of our study
was too small to master consistently obtaining high quality pCLE images. This is not only
a limitation of our study, but also an important finding, indicating that image obtaining
is probably the limiting factor in pCLE implementation. A further limitation is that we
did not use a cap on the tip of the colonoscope to stabilize the probe. In this study, we
assessed the use of real-time pCLE in addition to routinely used techniques, aiming to
create the setting in which pCLE should ideally be implemented in daily clinical practice.
Unfortunately, the NPV in small polyps that was achieved in this setting within 50 cases
was too low to allow selective polypectomy or a resect and discard strategy, which both
require an NPV of ≥90%.58
In conclusion, non-expert use of pCLE was found to be not accurate enough to reliably
differentiate neoplastic from non-neoplastic colorectal polyps. The accuracy was strongly associated with image quality while the image quality was poor in approximately 30%
of cases. The ability to consistently obtain high quality images is probably not achieved
within 50 cases per endoscopist. This hampers straightforward implementation of pCLE
in strategies aiming to reduce the number of polypectomies or histologic evaluations in
routine clinical practice.
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PART II. Outcome after endoscopic resection of colorectal adenomas and early
cancer
Incomplete resection of premalignant colorectal polyps is considered a major cause
of post-colonoscopy CRC.74-77 It is therefore important that endoscopists are aware of
this risk and timely perform follow-up colonoscopy. Concerns on incomplete resection
regard non-pedunculated colorectal adenomas in particular, as removal is technically
more challenging than snaring pedunculated polyps. Non-pedunculated lesions often
require endoscopic musical resection (EMR), using fluid injection into the submucosa to lift the polyp before performing snare resection. To determine completeness
of resection, the margins of the resected specimen are evaluated histologically by a
gastrointestinal pathologist. EMR is preferably performed en bloc, but larger lesions may
require EMR in multiple fragments (piecemeal), impeding reliable histologic assessment
of resection margins. Therefore, guidelines advise intensified follow-up after piecemeal
EMR, but recommendations on timing vary widely.62,78 In Chapter 5 we performed a
meta-analysis of 33 retrospective and prospective cohort and case-control studies in
which EMR was performed for non-pedunculated colorectal adenomas and minimally
invasive carcinomas. We found local recurrence rates of 3% after en bloc EMR and 20%
after piecemeal EMR. Moreover, piecemeal resection was the only risk factor that was
consistently associated with recurrence in multivariable analysis.
A difference in recurrence rates after en bloc and piecemeal EMR was anticipated,
as the characteristics of the lesion determine whether en bloc resection is possible.
Piecemeal EMR is used for lesions larger than 20-30 mm, lesions located near colonic
folds and lesions covering a large part of the lumen circumference. Our meta-analysis is
therefore not a comparison between en bloc and piecemeal EMR, but a confirmation of
a difference in recurrence risk that requires different follow-up strategies.
Results of our study are comparable to other studies. In a previous systematic review
in rectal adenomas, the recurrence rate was 11% overall.79 Moreover, a recent landmark
study by Pohl et al. showed residual tissue after 10% of hot snare resections.20 Although
reported proportions of incomplete resections are significant, repeated endoscopic
treatment of recurrences with re-EMR or argon plasma coagulation was often successful in our study. In only 1% of cases that were initially resected endoscopically, surgical
resection of a local recurrence was eventually deemed necessary.
As the results of the meta-analysis of piecemeal EMR were heterogeneous, we performed a multivariable Poisson regression analysis to identify which study characteristics
might explain the heterogeneity. A significant trend was observed towards a decrease
in recurrence rates over time, as measured by the year of publication. This might be a
consequence of increasing experience with EMR and technical improvement over time.
In addition, prospective studies have shown lower recurrence risks than retrospective
studies, which might be due to a predetermined focus on complete resection.
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As lesions size is the most important determining factor for piecemeal resection, an
attempt was made to estimate the extent to which larger size also increased recurrence
risk. In lesions >20 mm, recurrence after piecemeal resection was still significantly higher
than after en bloc resection (22% and 3%, respectively). In addition, no significant differences in risk of recurrences were found between lesions of 10-20 mm (18%), 20-30 mm
(19%) and >30 mm (19%). Therefore, piecemeal resection appears to be a more useful
predictor of recurrence than lesion size. This is supported by the lack of association between size and recurrence in three out of four studies in which multivariable risk factor
analysis was performed.80-83 One previous study showed that size was a risk factor within
subgroups of en bloc and piecemeal EMR.83 In our meta-analysis, piecemeal resection
was the only risk factor that was unanimously reported to be associated with recurrence
in multivariable analysis.81-83
Recurrences were found most frequently during the first follow-up colonoscopy, but
12% of recurrences were missed during the first follow-up colonoscopy. In six studies
performing regular colonoscopy at 6 months and after 1 year or longer, 91% of the
cumulative recurrences were detected at 6 months.84-89 In four of these studies, followup was also performed at three months.86-89 The proportion of detected recurrences in
these studies increased from 75% at three months to 96% at six months. Based on this
anecdotal evidence, we recommend not to rely solemnly on a negative follow-up colonoscopy at 3 months, but to perform (additional) follow-up colonoscopy after 6 and/or
12 months.
In conclusion, follow-up colonoscopy is particularly beneficial in patients undergoing
piecemeal EMR of non-pedunculated colorectal polyps, as recurrence rates were 20%
after piecemeal EMR and 3% after en bloc EMR. The optimal timing of follow-up needs
to be evaluated in strictly scheduled prospective studies, but follow-up colonoscopy at
six months is probably more adequate for recurrence detection than at three months.
Future studies should focus on optimizing individual timing of follow-up, but in the
meantime, alternative resection techniques for large non-pedunculated polyps should
be investigated as well. Endoscopic submucosal dissection (ESD) is increasingly being
performed in Western gastroenterology practice.90 ESD allows en bloc resection of large
lesions, but is associated with higher complication rates, due to a long learning curve.90,91
Therefore, ESD is probably a viable alternative for piecemeal resection of large colorectal
polyps, but should only be performed after extensive training.91,92
To estimate to what extent incomplete adenoma resection contributes to the risk of
post-colonoscopy CRC, it is necessary to distinguish PC-CRC due to incomplete resection
from PC-CRCs of other origin. This is notoriously difficult, as it is practically impossible to
ascertain whether detected CRC indeed arose from residual adenomatous tissue, and not
from an adenoma that was missed during colonoscopy or from a newly developed lesion.
To ascertain whether CRC originates from residual tissue, all adenoma resection sites
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need to be permanently marked during colonoscopy. As this is not routinely performed
in daily clinical practice, previous studies have proposed an algorithm to differentiate
causes of PC-CRC, in which PC-CRC due to incomplete resection is defined as CRC that
occurs in the same location as where an adenoma was removed 3 to 5 years earlier.74,75
In Chapter 6 we used this definition to estimate the risk of PC-CRC due to incomplete
resection in a nationwide cohort of more than 100,000 adenoma patients. The incidence
rate of PC-CRC due to incomplete resection, accounting for 31% of all PC-CRCs, was 0.6
per 1000 person years (PY) of follow-up. Previous studies found comparable incidence
rates, with 9 to 50% of PC-CRCs attributed to incomplete adenoma removal.74-77 The
occurrence of PC-CRC at the same location or segment of the colon, does not preclude
the possibility that it still arose from a missed lesion. Circumstantial evidence for the
hypothesis that same-segment PC-CRC was due to incomplete resection is derived from
the locations of the CRCs in our study. The distribution of initially detected adenomas
was highly comparable to the distribution of same-segment PC-CRC. In addition, there
was a difference between the distribution of all PC-CRCs and the distribution of samesegment PC-CRCs. We found 39% of all PC-CRCs to occur in the proximal colon versus
24% of same-segment PC-CRCs. This difference might be a consequence of PC-CRC arising from missed lesions, which occur more often in the proximal colon. Conversely, 63%
of same-segment PC-CRCs were located in the sigmoid or rectum compared to 48% of
all PC-CRCs. This could be due to the relatively high proportion of advanced adenomas
in the rectosigmoid.
We found that PC-CRC due to incomplete resection occurred in 0.24% of all adenomas
and in 0.58% of advanced adenomas. Advanced adenomas were defined as adenomas
with high-grade dysplasia and/or villous histology, both independent predictors of
subsequent PC-CRC in the same segment. These advanced features have been associated with an increased risk of adenoma recurrence in previous studies.93,94 Advanced
adenomas are often large and resected in multiple fragments, increasing the risk of
incomplete resection, as reported in Chapter 5. Unfortunately, information on size and
resection technique was not available in the current study. Adjustment of multivariable
risk factor analysis for size and resection type probably would have reduced the effect
size of the advanced features.
Our study was the first to estimate the absolute risk of PC-CRC due to incomplete
adenoma resection in a large and unselected cohort of adenoma patients. Whereas
attention to quality of colonoscopy has largely focused on adenoma detection, CRC
prevention programs will only be fully effective if adenomas are resected adequately.
We showed that approximately one third of PC-CRCs is probably due to incomplete
adenoma resection and that these PC-CRCs are particularly found after resection of
advanced adenomas. Endoscopists should be aware of this risk and adhere to the rec-
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ommendation of intensified follow-up for adenomas with villous features and/or high
grade dysplasia.62
Implementation of screening programs will lead to increased detection of early stage
CRC.15,95 Treatment of invasive carcinoma confined to the submucosa (T1) is a challenge,
as complete endoscopic resection is sufficient in most cases, but surgery is required in a
minority of T1 CRCs. The risk of incomplete endoscopic resection and/or the presence of
lymph node metastases (LNM) should be weighed against the morbidity and mortality
of surgery, especially in older patients with significant comorbidity.2,96 In Chapter 7 we
investigated long-term outcomes in a population-based cohort of 1315 patients with T1
CRC, of whom 28% underwent endoscopic resection only, 17% underwent endoscopic
resection with additional surgery and 55% underwent surgery only. Endoscopic resection was defined as polypectomy of any kind, excluding ESD. Compared to patients who
underwent endoscopic resection only, the patients in the additional surgery group were
younger and more often had positive resection margins after endoscopic resection. Patients undergoing additional surgery had less comorbidity, but this was not significant,
probably due to the considerable number of patients with unknown comorbidity in our
study. The 30-day mortality was 1% in both the endoscopic resection group and the
additional surgery group. We speculate that until now treating physicians have based
the decision to perform additional surgery on the age and comorbidity of the patient,
as well as resection margin status. The selection of fitter patients for additional surgery
might explain that no difference in 30-day mortality was found.
Interestingly, the performance of additional surgery was not associated with the presence of histologic factors that have been related to lymph node metastasis (LNM). Previously reported histologic risk factors were poor differentiation, deep submucosal invasion, lymphangio-invasion and tumor budding.97-100 As these risk factors were frequently
not reported in the pathology database, we could only divide patients into a high-risk
histology group, with one or more histologic risk factors, and a non-high-risk histology
group, with unknown or absent histologic risk factors. The risk of LNM was 9% in our
study, which is comparable to previous studies.98-100 LNMs were found in 16% of patients
with high-risk histology versus 7% of patients in the non-high-risk histology group.
High-risk histology and tumor location in the distal colon or rectum were independently
associated with LNM after correction for other patient and tumor related factors. The
association between location of the tumor and LNM has been reported previously, but
not in all studies,100-102 and needs further evaluation. In addition, a higher number of
harvested and evaluated lymph nodes increased the risk of finding one or more positive
lymph nodes. Current guidelines recommend resection of at least 12 lymph nodes,103,104
but discussion on the optimum number of lymph nodes is still ongoing.105
Long-term recurrence rates were 9.8 per 1000 PY in the endoscopic resection only
group versus 9.4 per 1000 PY in the additional surgery group. Risk of recurrence was

169

170

Chapter 9

comparable to previous studies.106-112 The recurrence rate in the surgery only group
was 5.2 per 1000 PY, which was significantly lower than in the endoscopic resection
only group. However, in multivariable analysis, the only factor that predicted long-term
recurrence was a positive resection margin. Although treatment strategy is likely to
correlate to resection margin status, our study shows that completeness of resection
is more important than whether the resection was endoscopic or surgical. The lower
recurrence rate after initial surgery was probably due to a very low rate of positive resection margins (0.4%). Little evidence exists on risk factors for long-term recurrence.
Previous studies have suggested location in the rectum, high-risk histology and positive
resections margins to be predictive.106-108 Our study did not confirm high-risk histology
as a risk factor for long-term recurrence. This might be due to frequently missing data
on depth of submucosal invasion and lymphangio-invasion. In addition, initial surgery
was more often performed in case of deep submucosal invasion, which might have
prevented recurrence. Lastly, we only detected pathologically confirmed metastases,
thereby underestimating the true number of distant recurrences and possibly decreasing the predictive value of histologic risk factors. On the other hand, the results of our
study might also indicate a limited effect of high-risk histology on long-term outcomes.
Either way, we recommend to perform additional surgery after initial endoscopic resection of T1 CRC in case of high-risk histology and/or positive resection margins. Highrisk histology predicts lymph node metastasis and a positive resection margin is the
only independent predictor of long-term recurrence free survival. Well selected patients
with T1 CRC benefit from additional surgery after initial endoscopic resection. Future
prospective studies with stringent follow-up should be performed to further evaluate
risk factors for long-term adverse outcomes and refine indications for surgery in T1 CRC.
PART III. Chemoprevention in sporadic colorectal adenomas
The rate of adenoma recurrence after endoscopic polypectomy is high, depending
on the number of adenomas and their size, localization and histologic characteristics.94,113-115 Patients with sporadic colorectal adenomas at high-risk of recurrence may
benefit from using medication that inhibits the development of colorectal neoplasia.
5-ASA, more specifically mesalazine, is an interesting candidate for chemoprevention
of CRC. Mesalazine has been suggested to reduce the incidence of neoplasia in patients
with inflammatory bowel disease116-119 and long-term use in these patients resulted
in extensive experience on limited side-effects.120-122 In addition, one previous trial in
sporadic adenoma patients suggested that mesalazine decreases adenoma recurrence
in high-risk patients.123 Increased proliferation and decreased apoptosis are common
events in colorectal tumorigenesis.124 These events have been reported to occur in the
entire colorectal mucosa of patients with sporadic adenomas.125,126 Mesalazine has been
suggested to exert antiproliferative and proapoptotic effects in vitro,127 and in a short-
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term pilot study also in vivo.128 Demonstrating these effects in a larger in vivo study with
longer follow-up would provide an incentive for further studies on the long-term use of
mesalazine as chemopreventive agent in sporadic colorectal adenoma patients.
In Chapter 8 we investigated the antineoplastic properties of mesalazine by evaluating its effects on proliferation and apoptosis in normal colorectal mucosa of patients
at increased risk of colorectal adenoma recurrence. We performed a randomized controlled trial in which 72 patients were allocated to receive high-dose mesalazine (n=35)
or placebo (n=37) for six months. Ten patients dropped out due to adverse events or
other reasons and tissue samples were insufficient for analysis in four patients. In the
final analyses, we compared 27 patients treated with mesalazine to 31 patients treated
with placebo. Adherence to study medication was 99% in the placebo group and 98%
in the mesalazine group. Primary outcomes were the proliferation index (PI) and the
apoptotic index (AI), defined as the number of proliferating and apoptotic cells, respectively, divided by the total number of epithelial colorectal cells. The mean difference
in PI (delta PI) was 2.9% in the mesalazine group versus -0.5% in the placebo group
(p=0.16). The median delta AI was -0.04% in the mesalazine group versus 0.01% in the
placebo group (p=0.46). Mesalazine increased the median AI in epithelial cells in lower
crypt zones (p=0.04), whereas such an effect was not observed in the placebo group
(p=0.86). However, delta AI in non-surface cells was not significantly different between
mesalazine- and placebo-treated patients (p=0.11).
Only a few studies have investigated mesalazine effects in sporadic colorectal adenoma patients in vivo. Reinacher-Schick et al. evaluated the use of mesalazine for 1, 3, 7
and 14 days in 21 patients with colorectal polyps ≥5 mm (not necessarily adenomas).128
They included a control group not receiving medication or placebo. The mean baseline
AI of 5% increased with 4% in patients treated for 1 or 3 days, which was significantly
higher than in the control group. The effect decreased at 7 and 14 days. The mean delta
PI was -10% in all treatment groups, but compared to the control group this was again
only significant at 1 and 3 days. Mean PI was 20% at baseline, which is comparable to
our study. Mean AI was higher in the study by Reinacher-Schick et al. due to use of a
different assay to identify apoptotic cells.128 In a previous validation study using the
M30 assay, as we did, the mean AI was 0.18, comparable to our results. The lack of effect in our study could be a consequence of a diminishing effect of mesalazine over
time. Reinacher-Schick et al. found a decrease in delta PI and delta AI after three days
in mesalazine-treated patients. Moreover, the study population was very small and the
longest duration of treatment was only 14 days.128
The study by Reinacher-Schick reported an increase of apoptosis in the non-superficial
crypt regions in the mesalazine group.128 We confirmed this increase of apoptosis along
the crypt axis in the mucosa of mesalazine treated patients. Superficial apoptosis is considered to be physiological turnover of epithelial cells.130 Apoptosis in the lower zones
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of the crypt occurs in cells with accumulated genetic alterations and might prevent the
development of CRC, which is hypothesized to originate from these cells.131-133 A previous study reported loss of apoptosis in basal crypt regions in polyps with increasing
malignant potential.134 Therefore, the downward increase of apoptosis might reflect an
antineoplastic property of mesalazine.
It is possible that mesalazine effects on PI and overall AI are confined to a particular
subgroup of patients. This would be an explanation for the lack of effect in our study. In
a study by Schmiegel et al,123 598 post-polypectomy patients received 5-ASA for three
years. A reduction in the number of polyps was only reported for high-risk patients (with
three or more adenomas at baseline), not in the entire study population. However, a
significant difference between mesalazine- and placebo-treated high-risk patients was
not apparent from that study. In addition, selection of high-risk patients in our study
did not lead to different results. Furthermore, we did not find an effect of mesalazine
if only patients with at least one adenoma in the distal colon were included. Although
a differential effect of mesalazine on sigmoid mucosa according to the location of the
adenomas cannot be excluded, such an association was not observed in our study.
Apart from a temporary, spatial or selective character of mesalazine effects, the lack of
effect in our study could be due to effect modulators. However, exclusion of patients
using NSAIDs or current smokers did not change the results and the use of nutritional
supplements with possible preventive effects was not different between the mesalazine
and placebo groups.
Adverse events (AEs) occurred in 23 of 35 patients in the mesalazine group (66%) and
in 22 of 37 patients in the placebo group (60%). Three AEs were severe, but all unrelated
to study medication. In the mesalazine-group, study medication was discontinued in
five patients due to AEs: three with flu-like symptoms, including abdominal pain, one
with a renal function disorder and one with increased liver enzymes. Both the renal function disorder and the liver enzyme disorder recovered completely after discontinuation
of study medication. An association between mesalazine and AEs was probable in four
patients and possible in seven patients. The relatively high proportion of patients with
AEs might point to a limitation of mesalazine as chemopreventive agent. Previously,
renal and hepatic toxicity have been reported to be very rare, with incidence rates of 0.1
to 1.2 per 1000 person years and 3.2 per million prescriptions, respectively.120,121,135 This
discrepancy might be a consequence of the strict monitoring in our study compared to
the population studies relying on spontaneous reporting, probably underestimating the
true incidence of AEs.
Major strength of our study was the placebo controlled randomized design with standardized data collection and analysis. Adherence to study medication was above 80% in
all patients. A possible limitation of our study is that proliferation and apoptosis may be
unsuitable markers for chemopreventive effects of mesalazine. These effects could also
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be mediated by other mechanisms, for example inhibition of the Wnt-signaling pathway. Hyperactivation of the Wnt-pathway is a critical event in the initiation of intestinal
neoplastic transformation.136,137 Mesalazine has been shown to inhibit the Wnt-pathway
in vitro and in colorectal polyps in vivo.138-140 It would be interesting to evaluate whether
these effects can also be observed in normal colorectal mucosa.
In conclusion, our randomized controlled trial of mesalazine versus placebo does
not provide an incentive for the long-term use of mesalazine to prevent CRC in these
patients. However, the study does not allow definite conclusions on the chemopreventive potential of mesalazine, which might not be reflected in decreased proliferation or
increased overall apoptosis. We observed an increase of apoptosis in the lower crypt
zones in patients treated with mesalazine, which may indicate an antineoplastic property. Future studies should use different outcome measures, such as in vivo inhibition of
the Wnt-pathway in normal mucosa or recurrence of colorectal adenomas.
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Colorectaal carcinoom (CRC) staat op de derde plek van meest gediagnosticeerde
vormen van kanker wereldwijd en is één van de vier meest voorkomende oorzaken
van kankergerelateerde sterfte.1 Men verwacht dat de mondiale ziektelast van CRC fors
zal toenemen tot meer dan twee miljoen nieuwe gevallen en meer dan één miljoen
sterfgevallen in het jaar 2030. Bijna 40% van de patiënten bij wie de ziekte vastgesteld
wordt, overlijdt binnen vijf jaar aan de ziekte zelf of de behandeling ervan.2-7 Om het
vóórkomen van CRC en de daaraan gerelateerde sterfte terug te dringen, worden in
steeds meer landen screeningsprogramma’s toegepast.8-11 Populatiescreening maakt
gebruik van de langzame ontstaanswijze van CRC, waarbij een darmpoliep in de
loop van meerdere jaren uitgroeit tot carcinoom.12 Darmpoliepen kunnen grofweg
opgedeeld worden in enerzijds onschuldige, hyperplastische poliepen en anderzijds
premaligne, neoplastische poliepen. Premaligne poliepen worden adenomen genoemd
en kunnen ontaarden in CRC. Het doel van screening is om adenomen en carcinomen
in een vroeg stadium te ontdekken en behandelen. Daarbij wordt gebruik gemaakt van
coloscopie. Tijdens dit endoscopische onderzoek van de dikke darm kunnen adenomen
en vroegcarcinomen gedetecteerd en verwijderd worden. De endoscopische detectie
en resectie van colorectale adenomen is bewezen effectief ter voorkoming van CRC.13,14
Daarnaast leidt screening ertoe dat carcinomen in een eerder ziektestadium ontdekt
worden,15,16 wanneer de prognose nog relatief goed is.4-6
Als de participatiegraad hoog is, zoals in het recent gestarte Nederlandse screeningsprogramma (73%),17 hangt de effectiviteit van de screening vooral af van de kwaliteit
van de uitgevoerde onderzoeken. Daarom bestaat steeds meer aandacht voor de
kwaliteit van coloscopieën en het endoscopisch verwijderen van adenomen en vroegcarcinomen.18-20 Het doel van dit proefschrift is om de detectie, het karakteriseren en het
behandelen van premaligne en maligne darmpoliepen te verbeteren, ter preventie van
het ontstaan van CRC.
DEEL I. Detectie en differentiatie van colorectale poliepen
Hoge kwaliteit van coloscopie in het kader van screening zal uiteindelijk tot een afname
van de incidentie van CRC na coloscopie moeten leiden. Het bepalen van de reductie
in deze post-coloscopie CRC (PC-CRC) vereist langdurige follow-up en is daarom niet
geschikt om op korte termijn feedback aan endoscopisten te faciliteren. Daarom zijn
verschillende kwaliteitsindicatoren ontwikkeld, die gerelateerd zijn aan PC-CRC en die
op korte termijn te gebruiken zijn.18,19 De coecum intubatie ratio (CIR) is de proportie
coloscopieën waarbij het coecum bereikt wordt. Het bereiken van het coecum geeft
aan dat het onderzoek van het colon volledig is. Omdat CRC overal in het colon kan
voorkomen, is het belangrijk dat alle segmenten geïnspecteerd worden. Eerdere studies
toonden aan dat mensen die overleden aan CRC minder vaak een volledige coloscopie
hadden ondergaan dan controle-patiënten met gelijke leeftijd en geslacht.21,22 Natuur-
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lijk is van een volledige coloscopie pas echt sprake als het colon ook goed gereinigd is,
zodat de gehele mucosa goed in beeld gebracht kan worden. Adequate darmvoorbereiding vereist instructie van de patiënt, therapietrouw aan de voorgeschreven laxantia
en, indien nodig, aanvullende reiniging van de darmwand door de endoscopist tijdens
de coloscopie. Een nog belangrijkere kwaliteitsindicator is de adenoom detectie ratio
(ADR), die aanduidt in welk deel van de totaal uitgevoerde coloscopieën ten minste één
adenoom gevonden wordt. Een hoge ADR is geassocieerd met een lage incidentie van
PC-CRC en daaraan gerelateerde mortaliteit.23,24 Variatie in deze kwaliteitsparameters
tussen ziekenhuizen kan het gevolg zijn van patiëntkarakteristieken, ook wel ‘casemix’
genoemd, of beïnvloedbare factoren, zoals darmvoorbereiding en competentie van de
endoscopist.
In Hoofdstuk 2 onderzochten we hoe de CIR en ADR varieerden tussen 7 Nederlandse
ziekenhuizen die samen 3,129 routine coloscopieën verrichtten. Het bleek dat de CIR
varieerde van 89% tot 99% en de ADR van 25% tot 47%. Deze variatie is vergelijkbaar
met gegevens uit eerdere studies.25-31 De verschillen tussen de ziekenhuizen waren significant, ook na correctie voor casemix. Vervolgens construeerden we een visueel overzicht van de CIR en ADR van alle ziekenhuizen: de coloscopie kwaliteitsindicator (CQI).
Hoewel niet gecorrigeerd voor casemix, denken wij dat de positie van ieder ziekenhuis
op de CQI een drijfveer kan vormen om de kwaliteit van coloscopie te verbeteren. Deze
trigger dient dan wel gepaard te gaan met een analyse van factoren die verbeterd
kunnen worden. In onze studie en eerdere studies was adequate darmreiniging de belangrijkste voorspeller voor een hoge CIR en ADR.28,32-36 Dit vormt een aangrijpingspunt
voor ziekenhuizen, die hun CIR en ADR dus kunnen verhogen door het verbeteren van
darmvoorbereiding. Dit kan bewerkstelligd worden door betere instructie van patiënten
en het volgen van de richtlijnen voor darmreiniging.
Ons kwaliteitsinitiatief werd vervolgd in een tweede studie, om te kijken of de feedback aan ziekenhuizen ook daadwerkelijk had geleid tot verbetering van de kwaliteit
van coloscopieën. De resultaten van deze studie zijn momenteel nog niet definitief
bekend, maar uit de eerste gegevens valt op te maken dat de variatie tussen ziekenhuizen door de feedback is afgenomen. Andere toekomstige studies zouden zich kunnen
richten op externe validatie van onze methode en op manieren om darmvoorbereiding
te verbeteren.
Nadat poliepen tijdens coloscopie gedetecteerd en verwijderd zijn, dienen deze
onderzocht te worden door de patholoog om vast te stellen of het hyperplastische
poliepen of adenomen zijn. Hoewel experts erin geslaagd zijn om met endoscopische visualisatietechnieken poliepen nauwkeurig te categoriseren,37,38 blijkt het in de
dagelijkse praktijk moeilijk om hyperplastische en adenomateuze poliepen al tijdens
coloscopie van elkaar te onderscheiden.39-41 Daarom adviseren richtlijnen voorlopig
om alle gedetecteerde poliepen te verwijderen en in te sturen voor histopathologisch
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onderzoek.8 Louter reseceren van poliepen is onvoldoende, omdat de termijn waarop
patiënten een controle coloscopie moeten ondergaan, grotendeels bepaald wordt door
het aantal adenomen en de histologische eigenschappen van deze adenomen.42,43 Controle coloscopie na adenoomresectie wordt ook wel ‘surveillance’ genoemd en de timing
daarvan is dus afhankelijk van de uitkomsten van histologisch onderzoek. Ten minste
90% van de verwijderde poliepen dient daarom te worden opgevangen en opgestuurd
voor microscopisch onderzoek.44,45 Dit minimum wordt echter niet overal gehaald, mede
als gevolg van onvoldoende toewijding van de endoscopist of verschillen in opvangtechniek.46,47 In Hoofdstuk 3 gebruikten wij plenaire feedback om endoscopisten te
stimuleren meer poliepen op te vangen. Gedurende een half jaar werd ongemerkt het
percentage opgevangen poliepen van alle endoscopisten bijgehouden. Daarna werden
alle endoscopisten geïnstrueerd over opvangtechniek en werd een competitie van een
half jaar gestart, waarbij maandelijks en tenslotte na een half jaar de best presterende
endoscopisten bekend werden gemaakt. Met deze interventie steeg het percentage
opgevangen poliepen van 88% naar 93%, waarmee voldaan werd aan de internationale
standaard. Tijdens de competitie werden dus significant meer verwijderde poliepen
opgevangen, ook wanneer gecorrigeerd werd voor procedurele factoren en poliepkarakteristieken. Het opvangpercentage gedurende de gehele studie was vergelijkbaar
met eerdere studies over dit onderwerp.48-50
Het is moeilijk vast te stellen of patiënten ook baat hadden bij de toegenomen
opvang van poliepen. De verbetering werd met name gezien voor kleine poliepen in
het proximale colon (coecum tot en met colon transversum). Hoewel kleinere poliepen
minder vaak adenomen zijn dan grote poliepen, bleek in onze studie 50% van de kleine
poliepen (<5 mm) adenomateus. Volgens huidige richtlijnen is een korter surveillance
interval aangewezen bij patiënten met proximale adenomen en patiënten met drie of
meer adenomen.42,43 De opvang van proximale poliepen steeg van 85% naar 95% in
onze studie en het gemiddelde aantal adenomen per patiënt was twee. Het lijkt dus
waarschijnlijk dat de toename in opvang van poliepen geleid heeft tot meer adequate
aanbevelingen voor surveillance, hoewel dat niet met zekerheid vastgesteld kan worden
op basis van deze studie. Daartoe zou een toekomstige gerandomiseerde studie gedaan
moeten worden.
Niettegenstaande het belang van het verwijderen en onderzoeken van poliepen, is
een groot deel van de poliepectomieën en daarmee samenhangende histopathologische onderzoeken overbodig, aangezien ongeveer een derde van de gedetecteerde
poliepen hyperplastisch is. Hyperplastische poliepen hebben geen maligne potentie en
kunnen dus veilig in situ gelaten worden. 51-53 Eerdere studies suggereren dan ook dat
het kosteneffectief is om kleine poliepen na resectie niet door de patholoog te laten
onderzoeken.37,54 ‘Selectieve poliepectomie’, waarbij hyperplastische poliepen in situ gelaten worden en ‘resect and discard’ strategieën, waarbij kleine poliepen wel verwijderd
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maar niet histologisch onderzocht worden, vereisen een hoge negatief voorspellende
waarde (NVW ≥90%) van de inschatting van de endoscopist.55 Dat wil zeggen dat de
kans dat de endoscopist een poliep ten onrechte als onschuldig beoordeelt, kleiner dan
10% moet zijn. Het is namelijk onwenselijk dat een adenomateuze poliep niet meegerekend wordt als adenoom, waardoor het surveillance advies inadequaat kan zijn, of zelfs
in situ gelaten wordt, waardoor op termijn CRC zou kunnen ontstaan.
Er zijn verschillende technieken ontwikkeld die naast conventionele wit-lichtendoscopie gebruikt kunnen worden om de endoscopische classificatie van poliepen te
faciliteren. De meeste ervaring bestaat met narrow band imaging (NBI), een techniek die
alleen licht van bepaalde golflengtes doorlaat, waarmee experts in staat blijken om met
grote zekerheid te differentiëren tussen hyperplastische poliepen en adenomen.37,38,56
In grotere studies in de dagelijkse praktijk was de nauwkeurigheid van NBI echter 77%
tot 81% en daarmee te laag om selectieve poliepectomie of ‘resect and discard’ strategieën routinematig toe te passen.39-41 Wel wordt NBI in veel endoscopiecentra standaard
gebruikt om de aard van poliepen in te schatten. Confocale laser endomicroscopie
(CLE) maakt gebruik van laserlicht om bewegende beelden van poliepen te maken
met duizendvoudige vergroting.57 CLE kan geïntegreerd zijn in de endoscoop (eCLE) of
verwerkt zijn in een ‘probe’ (pCLE), een sonde die opgevoerd kan worden door het werkkanaal van de endoscoop. Wanneer een poliep gedetecteerd wordt, kan de techniek dus
direct gebruikt worden om beelden te maken, eventueel opnieuw te bekijken en een
histologische diagnose te stellen tijdens coloscopie. Hoewel een hoge nauwkeurigheid
van pCLE beschreven wordt, komt huidig bewijs vooral van experts die post-hoc (na de
coloscopie) pCLE-beelden van poliepen beoordeelden.58-61 Er is nog weinig onderzoek
gedaan naar de real-time nauwkeurigheid (tijdens de coloscopie) van pCLE, zeker bij
niet-experts. Daadwerkelijke implementatie van pCLE in de dagelijkse praktijk is alleen
mogelijk als endoscopisten snel kunnen leren om nauwkeurige real-time beoordelingen
van poliepen te verrichten.
In Hoofdstuk 4 onderzochten wij de nauwkeurigheid van real-time pCLE, uitgevoerd
door twee endoscopisten die weliswaar uitgebreide ervaring hadden met coloscopie,
maar nooit eerder pCLE gebruikten. Zij beoordeelden beiden 50 poliepen sequentieel
met NBI en pCLE en probeerden daarmee een onderscheid te maken tussen nietneoplastische poliepen en neoplastische poliepen. Het percentage juiste diagnoses was
73% voor NBI en 77% voor pCLE. De NVW voor kleine poliepen was slechts 58%. De pCLE
beelden werden ook post-hoc beoordeeld door een panel van zes gastro-enterologen
(waarvan vier in opleiding) en twee pathologen, die gezamenlijk 70% juiste diagnoses
stelden.
Slechts één eerdere studie onderzocht real-time pCLE bij colorectale poliepen,62
eveneens als toevoeging op NBI. In deze studie stelde een expert de juiste diagnose
in 79% van de gevallen, vergelijkbaar met de nauwkeurigheid in onze studie. Het is
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onvermijdelijk dat real-time pCLE beoordeling beïnvloed wordt door endoscopische
kenmerken van de poliepen. Dit uitte zich in onze studie bijvoorbeeld door een verschil
in nauwkeurigheid van 71% voor poliepen <10 mm en 91% voor poliepen ≥10 mm,
waarvoor de a priori kans op neoplasie groter is. Daarnaast was de post-hoc nauwkeurigheid in onze studie lager dan de real-time nauwkeurigheid, terwijl dat in de eerdere
studie andersom was.62 Het is dus goed mogelijk dat het percentage juiste diagnoses in
onze studie vergelijkbaar was met de expert, doordat de beoordeling vergemakkelijkt
werd door endoscopische poliepkenmerken.
Ongeacht de totstandkoming van de diagnose, was de nauwkeurigheid en met name
de NVW van pCLE in onze studie te laag om selectieve poliepectomie of ‘resect and
discard’ strategieën te faciliteren. Opvallend was de associatie tussen de kwaliteit van
de pCLE beelden en de juistheid van de diagnose. De nauwkeurigheid van real-time
pCLE varieerde van 45% voor 29 poliepen met slechte beelden tot 95% voor 20 poliepen
met goede beelden. Post-hoc pCLE toonde een variatie van 48% tot 78%. Waarschijnlijk
vormt dit ook de verklaring voor de lagere post-hoc nauwkeurigheid in onze studie dan
de 75% tot 92% nauwkeurigheid die gevonden werd in eerdere studies.58-64 Alleen in de
studie van Kuiper et al.65 was het percentage juiste diagnoses met 69% vergelijkbaar met
onze studie. Juist in die studie werden de beelden ook door endoscopisten gemaakt die
niet eerder met pCLE gewerkt hadden. Onze hypothese is dan ook dat met name het
vervaardigen van pCLE beelden moeilijk is, en niet zozeer de interpretatie ervan. Deze
hypothese wordt verder ondersteund door de korte leercurve voor interpretatie in een
eerdere studie.66 In onze studie deden twee panelleden 100 post-hoc beoordelingen in
tegengestelde volgorde. De nauwkeurigheid van de laatste 50 beoordelingen was voor
beiden niet beter dan die van de eerste 50 beoordelingen, wat suggereert dat de interpretatie niet meer verbeterde. Het lijkt er dus op dat 50 beoordelingen voldoende zijn
om pCLE beelden te leren interpreteren. Echter, de leercurve voor het vervaardigen van
goede pCLE beelden is waarschijnlijk langer, aangezien ongeveer 30% van de beelden in
onze studie van slechte kwaliteit was. Het gebruik van een plastic kapje op het uiteinde
van de coloscoop zou de stabiliteit van de positie van de probe kunnen verbeteren
en daarmee ook de beeldkwaliteit. Het gebruik van een dergelijk kapje is echter geen
routine in ons ziekenhuis en wij besloten dat niet te veranderen voor studiedoeleinden.
Onzes inziens vormt de moeilijkheidsgraad van het vervaardigen van pCLE-beelden met
hoge kwaliteit een hindernis voor de implementatie van pCLE voor differentiatie van
colorectale poliepen. In toekomstige studies zouden experts misschien nieuwe gebruikers moeten trainen in het hanteren van pCLE, daarbij wellicht gebruikmakend van een
plastic kapje op het uiteinde van de coloscoop.
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DEEL II. Uitkomsten na endoscopische resectie van colorectale adenomen en
vroegcarcinomen
Hoewel poliepectomie van adenomen een preventief effect heeft, is het ontstaan
van CRC na coloscopie niet uitgesloten. Het kan zijn dat PC-CRC ontstaat uit een snel
groeiende nieuwe poliep, maar het is waarschijnlijker dat tijdens de coloscopie poliepen worden gemist of incompleet verwijderd.67-70 Als adenoomweefsel achterblijft na
endoscopische resectie, kan dat een lokaal recidief vormen en zich daarna ontwikkelen
tot CRC.71-76
Voor het endoscopisch verwijderen van colorectale poliepen worden verschillende
technieken gebruikt, die vooral afhankelijk zijn van de afmeting en vorm van de poliep.
Poliepectomie kan worden verricht met een forceps of met een snaar, ook wel lis geheten. Het gebruik van een forceps is geassocieerd met een grotere kans op incomplete
resectie en moet alleen overwogen worden voor poliepen <5 mm. Afhankelijk van het
gebruik van elektrische verhitting van de snaar, wordt gesproken van hete of koude
poliepectomie. Gesteelde poliepen worden over het algemeen verwijderd door een
koude of hete lis om de steel te sluiten. Niet-gesteelde poliepen zijn moeilijker te verwijderen en moeten vaak eerst onderspoten worden. Daarbij wordt submucosaal vocht
geïnjecteerd, waardoor de poliep ‘gelift’ wordt. Daarna wordt de poliep met een snaar
verwijderd. Deze techniek heet endoscopische mucosale resectie (EMR). Bij voorkeur
verwijdert de endoscopist de poliep hierbij in één stuk (en bloc), maar soms noodzakelijkerwijs in meerdere fragmenten (piecemeal). Incomplete verwijdering is vooral een
probleem bij niet-gesteelde poliepen, in het bijzonder bij piecemeal EMR. Bij piecemeal
EMR kunnen de resectieranden door de patholoog niet goed in kaart gebracht worden.
Daarom adviseren richtlijnen vroegtijdig follow-up coloscopie te verrichten, maar de
aanbevelingen over de timing hiervan variëren tussen 2 en 12 maanden.42,77 In Hoofdstuk 5 verrichtten wij een meta-analyse van 33 studies waarin patiënten werden vervolgd
na EMR van niet-gesteelde adenomen en vroegcarcinomen. Vroegcarcinomen werden
in dit kader gedefinieerd als minimaal invasieve carcinomen die qua invasiediepte met
endoscopische resectie volledig verwijderd kunnen worden. Het gemiddelde risico op
een lokaal recidief was 3% na en bloc EMR en 20% na piecemeal EMR. Piecemeal resectie
was tevens de enige risicofactor die consistent gerapporteerd werd als risicofactor voor
recidief. Een verschil in recidiefrisico tussen en bloc en piecemeal EMR werd verwacht,
omdat moeilijk te verwijderen poliepen piecemeal EMR noodzakelijk kunnen maken.
Onze meta-analyse is geen vergelijking tussen twee technieken. Het doel is niet om
piecemeal EMR te ontraden, maar wel om endoscopisten bewust te maken van het hoge
recidief risico na piecemeal EMR, zodat zij tijdig follow-up verrichten.
Onze resultaten waren vergelijkbaar met voorgaande studies, waarin 10% incomplete
resecties en 11% recidieven gevonden werden.20,78 De studies binnen onze meta-analyse
voor piecemeal EMR toonde heterogene resultaten. Deze werden verklaard door een

Summary in Dutch (Nederlandse samenvatting)

afname van recidiefrisico over de tijd, gemeten per jaar van publicatie, en een lager
recidief-risico in prospectieve studies in vergelijking met retrospectieve studies. Mogelijk kunnen toename van ervaring en verbeterende techniek in de loop van de jaren en
vooraf bepaalde focus op complete resectie, de uitkomsten na piecemeal EMR dus verbeteren. Daarnaast kon uiteindelijk 99% van de niet-gesteelde poliepen met herhaalde
endoscopische resectie behandeld worden. Dit hoge succespercentage was natuurlijk
wel afhankelijk van adequate initiële beoordeling van de endoscopist of poliepen endoscopisch verwijderd kunnen worden.
De afmeting van een poliep bepaalt grotendeels of piecemeal resectie nodig is. Het
zou dus kunnen zijn dat het hoge recidiefrisico na piecemeal EMR vooral een gevolg is
van poliepgrootte. Wanneer echter alleen poliepen >20 mm meegenomen werden, bleef
een groot risicoverschil bestaan tussen en bloc (3%) en piecemeal EMR (22%). Andersom
werden geen significante verschillen in recidiefsrisico gevonden tussen poliepen van
10-20 mm (18%), 20-30 mm (19%) en >30 mm (19%). Daarnaast werd grootte, na correctie voor andere factoren, slechts in één van vier eerdere studies als risicofactor voor
recidief aangemerkt.79-82 Eén studie toonde aan dat grootte een risicofactor was binnen
de subgroepen van en bloc en piecemeal EMR.82 Piecemeal resectie werd wel unaniem
gerapporteerd als risicofactor voor recidief.80-82 Piecemeal EMR is waarschijnlijk dus een
betere voorspeller voor lokaal recidief dan poliepgrootte, hoewel we geen ruwe data tot
onze beschikking hadden om zelf een multivariabele analyse te verrichten.
Het is moeilijk een goede aanbeveling te doen over de timing van follow-up na piecemeal EMR. In zes studies die standaard follow-up verrichtten na 6 maanden en 1 jaar
of langer, werd 6 maanden na EMR 91% van de recidieven gevonden.83-88 In vier van
de zes studies werd ook follow-up gedaan na drie maanden. In deze studies nam de
proportie gedetecteerde recidieven toe van 75% na 3 maanden tot 96% na 6 maanden.
Op basis van dit anekdotisch bewijs, adviseren wij follow-up coloscopie niet louter 3
maanden na piecemeal EMR te doen, maar ook ten minste eenmaal na 6 en/of 12 maanden. Toekomstige studies zouden strikte follow-up moeten hanteren, maar vooral ook
alternatieve resectietechnieken moet exploreren voor grote, niet-gesteelde poliepen.
Endoscopische submucosale dissectie (ESD) is een veelbelovende techniek, die en bloc
resectie van grote laesies mogelijk maakt, maar veel ervaring vereist vanwege het hoge
complicatierisico in onervaren handen.90-92 Westerse endoscopisten zullen zich daarom
uitgebreid moeten trainen in ESD, zodat het een veilig alternatief voor piecemeal EMR
wordt.
Een inschatting van de bijdrage van incomplete adenoomresectie aan het risico op
PC-CRC vereist differentiatie tussen PC-CRC dat ontstaat uit resterend adenoomweefsel
en PC-CRC door een andere oorzaak. Dit kan eigenlijk alleen met zekerheid vastgesteld
worden door steevast een endoscopische tatoeage te zetten op de plek van een poliepectomie. Dit gebeurt in de dagelijkse praktijk niet altijd en daarom ontwikkelden
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eerdere studies een algoritme om de origine van PC-CRC te duiden.67,68 PC-CRC ten
gevolge van incomplete adenoomverwijdering wordt daarin gedefinieerd als CRC dat
ontstaat op dezelfde plek als waar maximaal drie tot vijf jaar daarvoor een adenoom
verwijderd werd. Voorgaande studies vonden met deze definitie dat 9% tot 50% van de
PC-CRC ontstond door incomplete adenoomverwijdering.67-70 Deze studies keken ofwel
terug vanuit incidente CRC om retrospectief PC-CRC te identificeren ofwel volgden zij
prospectief een relatief klein cohort van adenoompatiënten om uiteindelijk 10 tot 15
carcinomen te vinden. Met beide methoden is het niet goed mogelijk om met grote
betrouwbaarheid de incidentie van PC-CRC na adenoomverwijdering vast te stellen, laat
staan risicofactoren hiervoor te analyseren. In Hoofdstuk 6 onderzochten wij het risico
op PC-CRC ten gevolge van incomplete adenoomverwijdering in een landelijk cohort
van meer dan 100,000 adenoompatiënten. Wij vonden dat 1031 patiënten PC-CRC ontwikkelden, waarvan 323 (31%) in hetzelfde colonsegment als waar eerder een adenoom
verwijderd was. De incidentie van PC-CRC na incomplete adenoomverwijdering was
0.6 per 1000 persoonsjaren. Deze resultaten zijn vergelijkbaar met eerdere studies.67-70
Belangrijkste beperking van onze studie is dat het niet met zekerheid vast te stellen
is of CRC na verwijdering van een adenoom in hetzelfde segment ook daadwerkelijk
ontstond door incomplete resectie of bijvoorbeeld door een gemist adenoom. Echter,
de distributie van PC-CRC in hetzelfde segment was zeer vergelijkbaar met die van de
initiële adenomen. Bovendien was 39% van alle PC-CRCs proximaal gelokaliseerd, terwijl
slechts 24% van de PC-CRCs in hetzelfde segment een proximale locatie had. Dit verschil
kan waarschijnlijk verklaard worden door de bijdrage van gemiste adenomen, die vaker
proximaal gelokaliseerd zijn. PC-CRC in hetzelfde segment kwam juist vaker voor in het
rectum en sigmoïd dan PC-CRC in het algemeen (respectievelijk 63% versus 48%), wat
een gevolg kan zijn van vaker aangetroffen geavanceerde adenomen, die moeilijker te
verwijderen zijn.
Geavanceerde adenomen werden in onze studie gedefinieerd als adenomen met
hooggradige dysplasie en/of villeuze histologische kenmerken. Normaal gesproken
worden ook adenomen ≥10 mm daartoe gerekend, maar adenoomgrootte was helaas
niet bekend in onze studie. PC-CRC ten gevolge van incomplete resectie ontstond na
0.24% van alle adenomen en na 0.58% van de geavanceerde adenomen. Hooggradige
dysplasie en tubulovilleuze of villeuze histologie waren onafhankelijke voorspellers van
PC-CRC door incomplete adenoomresectie. Aangezien geavanceerde adenomen vaak
groot zijn en dus veelal met piecemeal resectie verwijderd worden, is het ook logisch
dat incomplete verwijdering hiervan vaker tot CRC leidt. Het ontbreken van gegevens
over afmeting en resectiemethode in onze studie kan ertoe geleid hebben dat de
voorspellende waarde van de andere geavanceerde kenmerken overschat is. Echter, een
verhoogd risico op PC-CRC na incomplete verwijdering van geavanceerde adenomen
blijft zeer waarschijnlijk. Naast aandacht voor detectie van adenomen, zal ook aandacht
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voor complete resectie bijdragen aan effectiviteit van preventieve strategieën. Intensieve follow-up na verwijdering van geavanceerde adenomen is daarbij belangrijk.
Met het invoeren van screeningsprogramma’s zal CRC vaker in een vroeg stadium ontdekt worden.15,92 De behandeling van vroegcarcinomen vormt een uitdaging. Invasieve
carcinomen beperkt tot de submucosa (T1) kunnen namelijk radicaal verwijderd worden
door middel van endoscopische resectie, maar 8% tot 15% van de T1 carcinomen blijkt
ten tijde van diagnose gemetastaseerd naar lymfklieren,93-97 waardoor chirurgische
resectie nodig is. Huidige richtlijnen adviseren daarom chirurgische resectie in geval
van positieve resectieranden, slechte tumordifferentiatie, diepe submucosale invasie,
lymfangio-invasie en/of tumor budding.98,99 De voorspellende waarde van deze factoren
voor de aanwezigheid van lymfkliermetastasen (LKM) varieert tussen studies100-101 en
de invloed hiervan op langetermijnuitkomsten is nog niet volledig duidelijk. Daarnaast
moet het risico van incomplete endoscopische resectie en LKM afgewogen worden
tegen de aanzienlijke morbiditeit en mortaliteit van chirurgie,7,102 vooral bij oudere
patiënten met significante comorbiditeit.
In Hoofdstuk 7 onderzochten wij de langetermijnuitkomsten in een cohort van
1315 patiënten met T1 CRC, van wie 28% alleen endoscopische resectie onderging,
17% endoscopische resectie met aanvullende chirurgie en 55% alleen chirurgische
resectie. Vergeleken met patiënten die alleen endoscopische resectie ondergingen,
waren patiënten die aanvullend chirurgisch behandeld werden jonger en hadden zij
vaker positieve resectieranden na de endoscopische resectie. Ook hadden zij minder
comorbiditeit, maar dit verschil was niet significant. Opvallend genoeg was de 30-dagen mortaliteit in beide groepen 1%. Onze hypothese is dat naast resectieranden, de
algehele conditie van de patiënt een belangrijke rol gespeeld heeft in de beslissing
om aanvullende chirurgie te verrichten, wat een mogelijke verklaring vormt voor de
vergelijkbare 30-dagen mortaliteit.
De aanwezigheid van de eerdergenoemde histologische risicofactoren was niet geassocieerd met de beslissing om aanvullende chirurgie te verrichten, terwijl deze factoren
wel de aanwezigheid van LKM voorspelden. Waarschijnlijk was in de studieperiode
de waarde van deze factoren nog onvolledig duidelijk, wat ook blijkt uit de onderrapportage van deze factoren in pathologieverslagen. Dientengevolge konden wij in onze
studie alleen een onderscheid maken tussen patiënten met hoog-risico histologie,
bij aanwezigheid van één of meer risicofactoren, en patiënten met niet-hoog risico
histologie, bij wie de risicofactoren afwezig of niet gerapporteerd waren. Vanwege het
frequent ontbreken van beschrijving van histologische risicofactoren kon aanwezigheid
daarvan bij veel patiënten niet met zekerheid uitgesloten kon worden. LKM werden gevonden bij 16% van de hoog-risico patiënten en 7% van de niet-hoog-risico patiënten.
Gemiddeld was het risico op LKM 9% in onze studie, vergelijkbaar met eerdere studies.
Verder was het aantal onderzochte lymfklieren in het chirurgische resectiepreparaat
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een onafhankelijke voorspeller voor LKM. Huidige internationale richtlijnen adviseren
tenminste twaalf lymfklieren te onderzoeken,103,104 maar het optimale aantal staat nog
niet met zekerheid vast.105
Als primaire langetermijnuitkomst gebruikten we de combinatie van lokale recidieven
en recidieven op afstand, ofwel metastasen. De gecombineerde incidentie van recidieven was 9.8 per 1000 persoonsjaren in de endoscopische resectie groep versus 9.4 in de
aanvullende chirurgie groep. De patiënten die alleen chirurgische resectie ondergingen
hadden significant minder recidieven, namelijk 5.2 per 1000 persoonsjaren. Echter, in
een multivariabele analyse verdween dit voordeel en waren incomplete resectieranden
de enige risicofactor voor recidief. Het lagere recidiefrisico na primaire chirurgie was
waarschijnlijk het gevolg van het lage percentage positieve resectiemarges (0.4%).
Ontegenzeggelijk zal de behandelmodaliteit samenhangen met het percentage vrije
resectieranden, maar dat neemt niet weg dat complete resectie belangrijker is dan de
resectiemethode zelf (endoscopisch of chirurgisch). Er is weinig onderzoek gedaan
naar risicofactoren voor recidieven op lange termijn. In deze eerdere studies waren
histologische risicofactoren, naast positieve resectieranden, wel voorspellend voor recidieven.106-108 Onze studie kon deze associatie niet bevestigen, waarschijnlijk ten gevolge
van onderrapportage van deze risicofactoren. Een andere verklaring zou kunnen zijn dat
primaire chirurgie vaker verricht werd in geval van diepe submucosale invasie, waardoor
recidieven voorkomen zijn. Ook hadden wij alleen gegevens over afstandsrecidieven
die pathologisch bevestigd werden, waardoor het aantal metastasen onderschat is.
Daarmee kan ook de voorspellende waarde van hoog-risico histologie onderschat
zijn. Aan de andere kant kan het zo zijn dat hoog-risico kenmerken daadwerkelijk van
beperkte invloed zijn op het recidiefrisico. Onze aanbeveling verandert echter niet door
het ontbreken van een associatie tussen histologische risicofactoren en recidieven,
omdat deze factoren wel geassocieerd zijn met LKM. Wij adviseren op basis van deze
studie om na initiële endoscopische resectie van een T1 CRC aanvullende chirurgie te
verrichten in geval van aanwezigheid van hoog-risico histologische kenmerken of positieve resectiemarges. Toekomstige studies moeten tijdige follow-up verrichten met de
juiste diagnostiek om risicofactoren voor recidieven verder te evalueren en de indicatie
voor aanvullende chirurgie bij T1 CRC te verfijnen.
DEEL III. Chemopreventie bij sporadische colorectale adenomen
Naast detectie en verwijdering van adenomen tijdens coloscopie worden ook andere
strategieën onderzocht om CRC te voorkomen. Chemopreventie betreft het voorkomen
van ziekte door gebruik van medicatie. Chemopreventie van CRC kan bereikt worden
door de ontwikkeling en/of progressie van adenomen te remmen. Geschikte kandidaten
voor chemopreventie zijn patiënten met een hoog risico op CRC, omdat de potentiele
risicoreductie dan groot is. Chemopreventie is dan ook veel onderzocht bij patiënten
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met familiaire adenomateuze polyposis coli.109,110 Echter, patiënten met niet-familiaire,
ofwel sporadische, colorectale adenomen komen vaker voor en hebben eveneens een
verhoogd risico op recidief neoplasie.111-114 Geschikte medicatie voor chemopreventie
dient weinig bijwerkingen te hebben, zodat de voordelen opwegen tegen de nadelen.
In de sporadische setting zijn verschillende medicamenten getest, waarbij vooral bewijs is gevonden voor de effectiviteit van niet-steroïdale anti-inflammatoire medicatie
(NSAIDs).115-119 Hoewel is aangetoond dat NSAIDs het recidiefrisico op colorectale adenomen verminderen, wordt gebruik in het kader van chemopreventie van CRC afgeraden,
vanwege het risico op ernstige gastro-intestinale en cardiovasculaire bijwerkingen.120-123
5-Aminosalicylzuur (5-ASA), ofwel mesalazine, is structureel verwant aan NSAIDs, maar
heeft minder bijwerkingen en geen gastro-intestinale toxiciteit.124-126 Bovendien werd
in eerdere case-control en cohortstudies bij patiënten met inflammatoire darmziekten
minder colorectale neoplasie gezien wanneer zij 5-ASA gebruikten.127-130 Daarnaast is er
één studie verricht die suggereerde dat ook patiënten met drie of meer sporadische adenomen (zonder inflammatoire darmziekte) baat hadden bij behandeling met 5-ASA.131
Inzicht in de aangrijpingsmechanismen van 5-ASA bij patiënten met sporadische colorectale adenomen kan bijdragen aan het rationeel gebruik voor chemopreventie van
CRC. Toegenomen proliferatie en afgenomen apoptose zijn belangrijke kenmerken van
de ontwikkeling van colorectale neoplasie, die gezien worden in de gehele colorectale
mucosa van patiënten met sporadische adenomen.132-134 Mesalazine lijkt antiproliferatieve en pro-apoptotische effecten te hebben in vitro135 en in een pilotstudie in vivo,
na kortdurende behandeling.136 Het aantonen van deze effecten in een grotere, langer
durende studie kan een drijfveer zijn voor verder onderzoek naar chemopreventie met
mesalazine. In Hoofdstuk 8 onderzochten wij de effecten van mesalazine op proliferatie
en apoptose in een gerandomiseerd, placebogecontroleerd onderzoek bij 72 patiënten
met een verhoogd risico op recidief colorectale adenomen. Binnen een half jaar na
verwijdering van één of meerdere colorectale adenomen ondergingen patiënten een
sigmoïdoscopie met afnemen van biopten uit het sigmoïd. Daarna werden zij een half
jaar behandeld met mesalazine (n=35) of placebo (n=37), waarna de biopten herhaald
werden. Omdat tien patiënten uitvielen vanwege bijwerkingen of andere redenen en
de biopten van vier patiënten ongeschikt bleken voor analyse, bleven 27 patiënten over
in de mesalazinegroep en 31 patiënten in de placebogroep. De primaire uitkomsten
waren de proliferatie-index (PI) en de apoptose-index (AI), berekend als het aantal
prolifererende cellen respectievelijk apoptotische cellen gedeeld door het totaal aantal
epitheliale cellen. Het gemiddelde verschil in PI (delta PI) was +2.9% in de mesalazine
groep versus -0.5% in de placebogroep. De mediane delta AI was -0.04% in de mesalazine groep versus +0.01% in de placebogroep. Mesalazine had dus geen antiproliferatief
of pro-apoptotisch effect. Wel werd een significante toename van apoptose in de lagere
cryptgebieden gezien in de mesalazine groep en niet in de placebogroep. De mediane
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delta AI in deze cryptgebieden was echter niet significant verschillend tussen de behandelgroepen.
De eerdergenoemde pilotstudie door Reinacher-Schick et al.136 onderzocht het gebruik van mesalazine gedurende 1, 3, 7 en 14 dagen bij 21 patiënten met colorectale
poliepen ≥5 mm (niet per se adenomen). Zij includeerden tevens een controlegroep,
die geen behandeling kreeg. De gemiddelde AI steeg van 5% naar 9% in patiënten die
1 of 3 dagen behandeld werden. Dit was significant hoger dan in de controlegroep,
maar het effect nam af na 7 en 14 dagen. De gemiddelde PI daalde van 20% naar 10%,
maar alleen voor de patiënten die 1 tot 3 dagen behandeld werden, kon een significant
verschil met de controlegroep aangetoond worden. De hogere baseline AI in de studie
van Reinacher-Schick et al. is te verklaren door een andere methode van bepaling. De
baseline PI was vergelijkbaar met onze studie. Het ontbreken van invloed op proliferatie
en apoptose in onze studie zou het gevolg kunnen zijn van de tijdelijke aard van effecten
van mesalazine, zoals het afnemende effect over tijd in de studie van Reinacher-Schick
et al. ook suggereert. Daarnaast was die studie überhaupt klein en kort.
Zoals ook in onze studie, toonde Reinacher-Schick et al.136 een toename van apoptose in de niet-oppervlakkige cryptgedeelten. Apoptose aan het cryptoppervlak wordt
gezien als fysiologische turnover.137 Apoptose in de lagere cryptzones zou CRC kunnen
voorkomen, omdat gedacht wordt dat CRC ontstaat uit genetische afwijkende cellen
in die zones.138-140 Een eerdere studie toonde aan dat verlies van apoptose in de basale
cryptgebieden gezien wordt bij adenomen met toenemend maligne potentieel.141 De
toename van apoptose in deze gebieden als gevolg van mesalazine zou dus een uiting
kunnen zijn van antineoplastische eigenschappen.
Mogelijk treden effecten van mesalazine op de PI en AI alleen in bepaalde subgroepen op. Een eerdere placebogecontroleerde studie naar mesalazinegebruik gedurende
drie jaar bij 598 post-poliepectomie patiënten toonde alleen een significant effect in
hoog-risico patiënten, die ten minste drie adenomen hadden.131 Een significant verschil
in reductie van recidief adenomen vergeleken met de placebogroep werd echter niet
duidelijk aangetoond. In onze studie konden wij ook bij een selectie van patiënten met
ten minste drie adenomen geen effect van mesalazine aantonen. Het zou ook nog kunnen zijn dat de gemeten effecten van mesalazine in het sigmoïd minder sterk zijn bij patiënten met uitsluitend proximale adenomen. Echter, de effecten van mesalazine waren
in onze studie niet anders wanneer alleen patiënten met ten minste één adenoom in het
distale colon werden geïncludeerd. Anderszins zou het ontbreken van een mesalazineeffect nog verklaard kunnen worden door effectmodificatie. Exclusie van patiënten die
NSAIDs gebruikten tijdens de studie of mensen die rookten tijdens de studie, had geen
invloed op de resultaten. Het gebruik van mogelijk preventieve voedingssupplementen
was niet verschillend tussen de mesalazine- en placebogroep.
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Bijwerkingen werden gemeld in 23 van 35 patiënten in de mesalazinegroep (66%)
versus 22 van 37 in de placebogroep (60%). Van deze bijwerkingen waren er drie ernstig,
maar allen niet gerelateerd aan studiemedicatie: één patent met een hartinfarct in de
placebogroep en twee patiënten met traumatisch letsel. In de mesalazinegroep werd de
medicatie gestopt bij vijf patiënten met bijwerkingen: drie patiënten met griepachtige
verschijnselen en/of buikpijn, één patiënt met een nierfunctiestoornis en één patiënt
met verhoogde leverenzymen. Zowel de nierfunctiestoornis als de leverproefstoornis
herstelden na stoppen van de studiemedicatie. Voor de meeste bijwerkingen was een
associatie met mesalazinegebruik onwaarschijnlijk. Bijwerkingen waren mogelijk gerelateerd aan mesalazine in zeven gevallen en waarschijnlijk gerelateerd in vier gevallen.
Het relatief hoge percentage patiënten met bijwerkingen kan een beperking vormen bij
het gebruik van mesalazine als chemopreventief middel. In eerdere studies was renale
en hepatische toxiciteit veel zeldzamer met respectievelijke incidenties van 0.1 tot 1.2
per 1000 persoonsjaren en 3.2 per miljoen voorschrijvingen.124,125,142 Dat twee patiënten
in onze studie deze bijwerkingen hadden, kan toeval zijn, maar ook een gevolg van
strikte monitoring. Eerdere studies maakten namelijk gebruik van spontane rapportage
door voorschrijvende artsen in grote registraties van bijwerkingen, waarmee de werkelijke incidentie kan worden onderschat.
De kracht van onze studie was het gerandomiseerde, placebogecontroleerde design.
Bovendien was de mediane therapietrouw 99% in de placebogroep en 98% in de mesalazinegroep. Een mogelijke beperking van de studie is dat proliferatie en apoptose
ongeschikte uitkomstmaten zouden kunnen zijn om de chemopreventieve effecten van
mesalazine te meten. Indien aanwezig, zouden deze effecten namelijk ook op andere
mechanismen kunnen berusten, zoals inhibitie van de Wnt-signaalroute. Hyperactivatie
van de Wnt-signaalroute is een belangrijke initiator van neoplastische transformatie
in het colon.143,144 Het is aangetoond dat mesalazine deze signaalroute in vitro en in
colorectale poliepen in vivo remt.145-147 Het zou interessant zijn om te evalueren of deze
effecten ook in normale colorectale mucosa aangetoond kunnen worden.
De resultaten van deze placebogecontroleerde trial van mesalazine in patiënten
met sporadische colorectale adenomen geven geen nieuwe aanleiding om langdurig
chemopreventief gebruik van mesalazine te stimuleren, hoewel we een toename van
apoptose zagen in de basale cryptgebieden ten gevolge van mesalazinegebruik, die
het gevolg kan zijn van een antineoplastisch effect. Toekomstige studies kunnen beter
andere uitkomstmaten gebruiken, zoals in vivo inhibitie van Wnt-signalering in normale
mucosa.
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Omdat de combinatie van klinisch werk en wetenschappelijk ploeteren in de vrije uren
mij precies zo bevallen is, als ik op voorhand dacht, ben ik blij dat ik mijn proefschrift nu
heb afgerond. Mijn zogenaamde lijdensweg onderscheidde zich ongetwijfeld niet van
andere promotietrajecten: uren invoerwerk werd door computers om onverklaarbare
redenen opgevreten, meer dan 80% van de toch al schaarse studiekandidaten gaf er
begrijpelijkerwijs de voorkeur aan om niet tweemaal een extra kijkonderzoek van hun
endeldarm te ondergaan en eindeloze bewerkingen van een monstrueuze database
leidden tot ten minste zeven al dan niet terechte afwijzingen bij gerenommeerde
tijdschriften. Meermaals overwoog ik halfhartig en zeer tijdelijk om te stoppen en in
de daarmee gewonnen tijd honderd keer achter elkaar een ritje in de turbo-polyp te
maken, omdat dat tenslotte wel aansloot bij het onderwerp, maar ongetwijfeld tot
minder frustraties had geleid. Toch ben ik blij dat ik heb doorgezet. Het is een publiek
geheim dat het dankwoord het meest gelezen gedeelte van een proefschrift is, dus ik
maak graag van de gelegenheid gebruik om de mensen te bedanken die een bijdrage
geleverd hebben aan de totstandkoming van dit boekje.
Allereerst dank ik alle patiënten die hebben meegedaan aan de endomicroscopie- studie, maar vooral ook de mesalazinestudie. Uw inzet voor de wetenschap is bewonderenswaardig en u bent belangrijker voor het onderzoek dan degene die de resultaten
interpreteert.
Prof. dr. P.D. Siersema, beste Peter, het promotietraject heeft ons de uitgebreid de gelegenheid gegeven elkaar te leren kennen. Ik heb bewondering voor uw arbeidsethos,
uw directe communicatie en de ambitie en het optimisme waarmee u leiding geeft aan
wetenschappelijk onderzoek. U leerde mij ‘how to pick my battles wisely’, hoewel mijn
eigenwijze karakter daarvoor nog steeds niet altijd ruimte biedt. We speelden misschien
een moeizame eerste helft, maar werden het in de rust eens over de speelwijze en
vonden elkaar in de tweede helft. Ik wil u bedanken voor het plezierige en efficiënte
overleg dat wij met name de laatste tijd hebben gehad. Ik wens u veel succes en plezier
in Nijmegen. Ik begreep overigens dat u daar onderzoek zult doen onder NEC-fans en ik
denk dat u groot gelijk heeft dat de aandoeningen van de supporters over het algemeen
interessanter zijn dan de prestaties van de club.
Dr. M.G.H. van Oijen, beste Martijn, onze knipperlichtrelatie van de afgelopen 6 jaar is
mij goed bevallen. Het begon al met de methodologische ondersteuning van de ‘Mike
en Tim show’ en na jouw terugkeer in Nederland zette het raadgeverschap zich voort
tijdens mijn promotietraject. Je fungeerde als badmeester wanneer ik verzoop in data.
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Je voorzag mij van chromen velgen en een body-kit als ik een middenklasse auto moest
verkopen. Naast je kwaliteiten als wetenschapper waardeer ik ook je toegankelijkheid
en je enthousiasme. Ik wens je veel geluk in je carrière en je bloeiende gezinsleven.
Dr. J.J.M. ter Linde, beste José, de begroeting ‘met José, hallo?’ en bijbehorende intonatie
zullen niet snel uit mijn geheugen gewist worden. Dat geldt misschien nog meer voor
de karnemelk en de ‘spiekbriefjes’. In deze tijd van digitalisering ken ik weinig mensen
met zo’n minutieus handschrift, dat een weerspiegeling is van je kwaliteiten als wetenschapper: zorgvuldigheid en structuur. Ik realiseer mij dat onze samenwerking zeker na
de start van mijn opleiding niet altijd even vloeiend verliep. Dat zou naast verschillen
in werkwijze en prioriteiten iets met mijn eigenwijze en principiële karakter te maken
kunnen hebben. In elk geval ben ik er trots op dat wij samen de mesalazinestudie tot
een goede einde brachten. Ik ben je dankbaar voor het overnemen van de klinische
taken en vooral ook voor het intensieve laboratoriumwerk. Ik wens je veel succes met je
nieuwe functie in het UMC en veel geluk met William en de kinderen.
Dr. M. Leenders, beste Max, wat ben ik blij dat jij geen dokter bent. Ten eerste is het nogal
raar als een dokter in korte broek op te grote sneakers rondloopt, ten tweede is het nog
vreemder dat die dokter uitkraamt dat kanker zijn lievelingsziekte is, en ten derde en
bovenal zou het een absolute verspilling van intelligentie zijn geweest. Bedankt dat jij
gefungeerd hebt als mijn onuitputtelijke statistische black box. Talloze keren gooide
ik daar ‘garbage’ in, en evenzoveel keren bleef je bereid te helpen. Ook voor jou moet
het een genot zijn dat ik mijn proefschrift af heb, omdat je niet meer angstvallig op
je telefoon hoeft te kijken of er weer een appje met een stupide statistische vraag is
binnengekomen. Ik vond het wel wat overdreven om te vluchten naar de NZa, maar ik
ben blij dat de rekenkamer daar op orde komt. Als tegenspeler in de pubquiz gun ik je
natuurlijk niks, maar daarnaast hoop ik op het beste in spel en liefde.
Dr. H.J.M. Pullens, beste Paul, liever vier kinderen dan 130.000 poliepen, zo durf ik
vooralsnog te beweren. Jouw schatjes zijn waarschijnlijk beter te temmen dan het
PALGA-monster dat wij als tegenstander kozen. Meer dan eens heb ik gedacht dat een
verkouden vriendje van de crèche het beste zou zijn wat ik aan onze gezamenlijke
inspanningen zou overhouden. Gelukkig hield je het net lang genoeg met me vol om
wetenschappelijk resultaat te behalen. Ik heb bewondering voor je vermogen om aan
te pakken, door te zetten en logisch na te denken. Ik begrijp dat je als specialist één of
ander kasteel hebt gekocht, maar je bent verder ‘zo lekker gewoon gebleven’. Het was
gezellig samen te werken en ik verheug me er enorm op het vak van je te leren tijdens
mijn opleiding in Amersfoort.
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Dr. B. Oldenburg, beste Bas, dank je voor het aanwakkeren van mijn enthousiasme voor
de maag-darm-leverziekten. Ik vind je een inspirerende dokter en begeleider, zowel
op klinisch als wetenschappelijk gebied. Ik hoop nog veel van je te leren tijdens mijn
opleiding.
Dr. L.M.G. Moons, beste Leon, bedankt voor het meedenken over de aanpak van de
meta-analyse van EMR, het gebruik van de gegevens van de door jou opgezette poliepregistratie en je bereidheid om mee te doen aan het onderzoek met de endomicroscoop.
De bergen werk die je verzette, lieten helaas te weinig tijd om je als vaste begeleider bij
mijn projecten te betrekken. Ik ben blij dat ik toch weer van je kennis en kunde mag
profiteren wanneer wij elkaar opnieuw in het UMC treffen tijdens mijn opleiding.
Dr. A.B.M. Geers, beste Tom, ik wil je graag bedanken voor de mogelijkheid die je mij
bood om mijn vooropleiding te combineren met onderzoek en hockey.
De leden van de beoordelingscommissie wil ik bedanken voor het lezen van het manuscript en de bereidheid hierover met mij van gedachten te wisselen op 9 maart 2017.
De MDL-artsen en arts-assistenten in het UMC wil ik danken voor hun medewerking
aan de mesalazinestudie en het vormen van het endomicroscopie-beoordelingspanel
samen met Prof. Dr. G.J.A. Offerhaus en Dr. M.M. Laclé.
Het Stichting Fonds Ebe Brander wil ik hartelijk danken voor de bijdrage aan dit proefschrift.
De afdeling endoscopie in het UMC wil ik bedanken voor de bereidheid mee te werken
aan de verschillende studies. In het bijzonder ben ik Cora, Marja en de andere secretaresses van de endoscopie dankbaar voor het maken (en verzetten, en nog eens verzetten)
van alle afspraken voor de mesalazinestudie en de prettige samenwerking.
Lucy Overbeek, Esther van den Broek en Annette Gijsbers van PALGA en Reini Bretveld
van IKNL wil ik bedanken voor hun medewerking aan de studies naar post-coloscopie
carcinomen en T1 carcinomen.
Alle coauteurs wil ik bedanken voor de samenwerking, het kritisch lezen van de manuscripten en de goede suggesties die zij gedaan hebben.
Linda, ik dank je voor je inspanningen om ruimte te maken in de overvolle agenda en
andere onmogelijke facilitaire problemen op te lossen. Ada, ik ben heel blij dat ik op
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jou kon en kan vertrouwen als er belangrijke zaken geregeld moeten worden omtrent
opleiding of promotie.
Collega-onderzoekers, bedankt dat jullie deel hebben uitgemaakt van wat me zal bijblijven als mijn tweede studententijd. De groep was een warm, bruisend bad, waarin
ik mij graag onderdompelde. Fiona, je enthousiasme, ambitie en interesse in anderen
maakten van jou een terecht gebruikt voorbeeld. Als de voortgang van mijn onderzoek
weer eens stokte, volgde steevast het advies dat ik moest kijken ‘hoe Fiona dat doet’.
Meike, ik heb genoten van je flair en je directheid en ik gok zomaar dat we nog wel eens
een wijntje drinken. Romy, ik zal onthouden de ongekende combinatie van anderhalve
kapsalon, een stel vredespeukjes en een stuk of vijf presentaties op de DDW. Nicolette,
als presentatie-koningin heb je me in het begin flink op weg geholpen. Daarnaast weet
ik nu wat ton-sur-ton betekent en had ik aanvankelijk de indruk dat het mogelijk was
online shoppen te combineren met promotie binnen een jaar of twee, maar dat bleek
alleen voor de groten weggelegd. Lotte, ik herinner me van jouw onderzoekstijd vooral
de Brabantse gezelligheid en enorme stapels papier. Jammer dat ik in het Meander
waarschijnlijk alleen nog je voetsporen tref, maar er zal vast nog wel eens een gezamenlijk borreltje volgen. Mirthe, je bent ongetwijfeld de panter van ‘t stel en ik hoopte
dat er geen einde kwam aan alle borrels en feestjes waar jij als geen ander de boel kon
aanjagen.
Jan-Steven, dank dat je me wees op de gevaren van het eten van een sinaasappel. Mooi
dat jouw rol als senior bij ons nu is omgezet in heus vaderschap. Erik, bedankt voor je
nietsontziende sarcasme en je hulp bij het kiezen van een racefiets, waarmee ik overigens niet de illusie heb je ooit bij te houden. Vincent, Vinnie, dokter Dik, ongelooflijk
veel respect heb ik voor het op-en-neer reizen en je harde en soms ondankbare werk als
eerste, of toch elfde, auteur. Ik heb genoten van de grappen in onze tijd aan één bureau,
jouw promotie en de gelijkenis van kleine Tijn.
Suzanne, je hebt plagerijen doorstaan, stoïcijns doorgewerkt en ook nog gedeeld in
gezelligheid. Ik houd er niet zo van om ingehaald te worden, maar je was met geen
mogelijkheid bij te houden en dat is je zeer gegund. Christine, ik vind het knap dat je
zo hebt doorgepakt en een jaar na de start van je opleiding al promoveert. Je bent niet
alleen een eerlijk gezelligheidsdier, maar nu ook een heus torteltje. Wouter, koning
van oneliners, bijnamen en ‘oerend’ harde Sinterklaasgedichten. Toch breekt nu de tijd
aan van meer serieuze zaken en ik wens je veel succes met promoveren en met al je
‘sheriffjes’. Na je uitgebreide ervaring met plakjes snijden, zou je overigens ook altijd nog
terecht kunnen op de vleeswarenafdeling van de Appie. Mirjam, als bezige bij ben je in
rap tempo aan het promoveren, geriatrisch of anderszins aan het dokteren en probeer
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je daarnaast zwemmen, fietsen en rennen te combineren. Een dag niet gegrinnikt, is een
dag niet geleefd. Faydra, Yara, Joren en Eelco, wat leuk om te zien dat jullie als nieuwe
onderzoekers weer zo’n gezellig en ambitieus cluppie zijn.
Mighty Mike, ons gekeet tijdens werkgroepen ging moeiteloos over in potjes squash,
Tanzaniaans voetbal en de Mike en Tim show. De intensiteit van onze vriendschap heeft
de laatste jaren gevarieerd, ten minste ten dele door interessante plotwendingen in
beider liefdesleven, maar het is altijd (te) gezellig als we elkaar weer zien. Je wisselt
stoïcisme af met aanstekelijke baldadigheid en ondanks je fanatisme heb je net als ik
gelukkig geen enkele moeite met verliezen. Ik ben blij dat jij mijn paranimf wilt zijn en
ik hoop vooral op nog veel meer gezamenlijk genuttigd bier en gewonnen squashpartijtjes.
Jorrit, het is een heerlijke opluchting om samen te mekkeren over niet-lopend onderzoek. Als snel heb ik gemerkt dat we ook op andere vlakken vaak op één lijn zitten en
dat je zelf een stuk gezelliger bent dan het fleecevest dat je nooit uittrekt. Ik ben blij dat
je als loyale paranimf weer een keer wat fatsoenlijks aan wilt doen en ik denk dat we na
ons onderzoek voldoende te zeiken overhouden om onze vriendschap voort te zetten.
Ook mag je altijd bij me aankloppen als de katten besluiten dat er voor jou geen plek
meer is in huis.
Robbie, Lau, Roel en Roeike, Splinteraars, grote neven en andere familie, bedankt voor
alle vertier tussen de bedrijven door. Na mijn promotie verwacht ik dat jullie meer van
me zien. Verder is het fijn dat ik tegenwoordig mag weten ‘waar de borrel is.’
Hockeymannen, ik geniet en heb genoten van het spelletje, jullie uiteenlopende kwaliteiten, ons teamgevoel en het incidenteel vatten van een pilsje. Jullie zijn onmisbaar in
de balans tussen werk en ontspanning.
Lieve familie Walter (incl AMWF), ik waardeer jullie nuchtere levensopvatting, jullie
liefde voor sport en jullie ongebreidelde gezelligheid. Bedankt dat ik daarvan deel mag
uitmaken.
Lieve pap en mam, bij jullie zijn, betekent thuiskomen, vertroeteld worden en genieten
van goede gesprekken of banale humor. De trots die zo duidelijk afstraalt op alle drie
‘de kindjes’ is een onmeetbare steun in alle keuzes en bezigheden. Ik voel me warm en
gelukkig met jullie. Lieve Bo, ik kan alleen maar jaloers zijn op jouw kwaliteiten als attent
en hip familiemens met ontelbare vrienden en vriendinnen. Het is fijn om bij je te zijn
en daarom zo jammer dat Roffa net een beetje ver weg is. Je bent een lief, slim bijtertje
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en wordt ongetwijfeld een dito uroloog. Lieve Bob, Gino-ma-Perdi, het is een genot jou
te zien veranderen zonder je ware aard te verloochenen. Hoewel je bij voorkeur nog
steeds je moeder als facilitaire dienst gebruikt (ik zeg niks over mezelf ) en je vader
nodig hebt om de maat van je schoenen te bepalen, pak je nu je verantwoordelijkheid
als dokter in spé. Zo komen je intelligentie, je buitengewone discussievermogen en je
langedarmcharme nog meer naar voren. Ik geniet van je humor en je directheid en ik
wacht in spanning af wat voor soort dokter je wordt.
Lieve Daisy, kleine grote liefde, je leek wel zo’n plaatje waar je lang naar moet staren om
te ontdekken dat er nog iets anders in te zien is. Aangezien ik tijdens mijn onderzoek
uitgebreid de tijd nam om voor me uit te staren, ontdekte ik zo mijn lievelingsterriër in
de onverstoorbare mappendraagster. Uiteraard was jouw promotie eerder klaar, won je
meer prijzen en hadden je artikelen meer impact. Daarom waardeer ik het dat je mij toch
altijd in de fijne hoek van de bank laat zitten om bij je uit te huilen. Ik geniet van onze
chemie in bruine kroegen en wijncafés, maar weet inmiddels dat jouw kwaliteiten zich
ook daarbuiten uitstrekken. Je helpt me balans te vinden en je maakt me zelfkritisch,
enthousiast, mintgroen en blij, ook als ik er voor de zoveelste keer he-le-maal klaar mee
ben. Ik ben gek op je!
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