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Chapter 1
General introduction and thesis
outline

7

General introduction
The lifetime risk for colorectal cancer (CRC) in the Dutch general population is
approximately 5%. In 2017, CRC was the third most common cancer in the Netherlands
accounting for 11.7% of all newly diagnosed cancers in women and 13.3% in men.1 If CRC is
detected and treated at an early stage, 5-year survival is high (Fig. 1).1 Furthermore, CRCs
arise from tubulo-villous adenomas, which are considered benign precursor lesions.2, 3 This
implies that CRC to a large extent can be prevented by removal of adenomas.
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Figure 1:
Five-year survival after colorectal cancer diagnosis in the Netherlands from 2010 to 2015. Survival is defined
as the proportion of patients alive at some point in time after the diagnosis of the CRC. The presented survival
is the relative survival which is the adjusted crude survival for the expected mortality according to annual life
tables of the general population matched for age, gender and calendar period. Patients were followed until
the date of death or until February 1st 2017, or, in case of emigration, until the date of emigration. Source:
the Netherlands Comprehensive Cancer Organisation (https://www.cijfersoverkanker.nl).

The relatively high incidence of CRC taken together with the possibility of removal of
benign precursor lesions and the favorable prognosis when detected and treated at an early
stage, have led to the implementation of CRC screening programs in various countries,
8

including the Netherlands (2014). After introduction of the population-based screening
program in the Netherlands, a more favorable stage distribution is found for screeningdetected CRCs compared to symptom detected CRCs. Forty-eight percent of screening4

detected CRCs were found to be stage I tumors, which often have an excellent prognosis
after treatment (Fig. 1). This favorable stage distribution is in line with the findings in other
Western countries.4-6 Since survival is favorable for CRC detected at an early stage, a
reduction in mortality related to CRC can probably be achieved by screening programs
which include removal of benign precursor lesions and early (stage I) cancer and surgical
resection for more advanced, while still relatively early (stage II and III).
In the Netherlands, patients are invited to participate in the CRC screening program
starting at the age of 55. Since the majority of CRCs are found after the age of 55 (Fig. 2),
one may expect that, in patients who participate in the screening program, most colorectal
cancers will be prevented by removal of benign precursor lesions or will be found and treated
at an early stage.
However, for patients with young-onset CRC, the Dutch CRC screening program usually
starts too late. This is a major problem, since approximately 10% of newly diagnosed CRCs
are diagnosed in patients younger than 50 years and incidence in young patients is expected
to double by 2030.7-11 Therefore, there is an increasing need to identify patients at risk for
young-onset CRC in order to offer them early screening.
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Figure 2:
Age distribution of patients diagnosed with colorectal cancer in the Netherlands in 2017. Source: the
Netherlands Comprehensive Cancer Organisation (https://www.cijfersoverkanker.nl).
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Thesis outline
This thesis consists of two parts, each discussing a different aspect of early detection and
treatment of CRC. In Part I (Chapters 2, 3 and 4) we focus on screening for hereditary
CRC and in Part II we focus on endoscopic resection of early CRC (Chapters 5, 6 and 7).

Part I
Approximately 20% of patients diagnosed with CRC before the age of 50 have hereditary
CRC.12 Establishing the diagnosis of hereditary CRC is not only important for young patients
with CRC, but also for identifying affected family members. Lynch syndrome is the most
common cause of hereditary CRC and accounts for approximately 2-5% of all CRCs.13 It is
an autosomal dominant syndrome caused by mutations in DNA mismatch repair genes.14-17
Deficient DNA mismatch repair is associated with high-frequency microsatellite instability
(MSI-H).18, 19
Since the publication of the Amsterdam criteria to identify families with Lynch syndrome in
the 1990ties, criteria for screening patients for hereditary CRC have been altered several
times. As the Amsterdam criteria did not account for extracolonic cancers or for small
kindreds, the Bethesda guidelines were published in 1997 to identify additional patients
with Lynch syndrome.20-22 These guidelines advise to test for microsatellite instability (MSI)
as a marker for Lynch syndrome in patients with CRC being at risk for this syndrome. In
2004, the Bethesda guidelines were revised (Table 1),23 recommending testing for MSI
in all CRC patients under 50 years instead of under 45 years. In Chapter 2 we evaluated
to what extent the (revised) Bethesda guidelines for MSI testing in young-onset CRC
patients had been followed in the region of the mid-Netherlands between 1999 and 2008.
In addition, patient- and tumorspecific characteristics predicting nonadherence to these
guidelines were identified.
In addition to recommending MSI testing in all patients diagnosed with CRC under 50
years of age, the revised Bethesda guidelines also recommend MSI testing in patients
with a suspicious family history (Table 1). To identify patients fulfilling these criteria for
screening, it is essential to obtain a detailed family history. However, recording of a family
history of CRC and other Lynch syndrome related cancers in patients diagnosed with
CRC is known to be insufficient and varies widely (from 17% to 93%) between previous
conducted studies.24-29 Insight in factors associated with failure to record the family history
may improve adherence to guidelines on hereditary CRC screening. In Chapter 3 we
evaluated the recording of a family history of CRC and other Lynch related cancers in
the records of patients diagnosed with CRC aged 60 years or younger in the region of the
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Mid-Netherlands between 1999 and 2007. In addition, patient- and tumor-specific factors
associated with insufficient recording of family history were identified.
It has been estimated that 20% of patients undergoing outpatient colonoscopy whose
personal and family history of cancer has been assessed, together with colonoscopic
findings, are at an increased risk of hereditary CRC and may benefit from further risk
assessment.30 Therefore, additional screening for hereditary CRC in these patients is
warranted. In Chapter 4 we investigated whether introducing a family history questionnaire
sent to patients before undergoing outpatient colonoscopy at a university hospital in 2013
would result in an increased uptake of genetic counseling for hereditary CRC. Second,
we evaluated the completed questionnaires and the role they played in obtaining a family
history and in referrals for genetic counseling.
Table 1: Revised Bethesda Guidelines (2004) for testing of colorectal tumors for microsatellite instability
1. Colorectal cancer diagnosed in a patient who is less than 50 years of age.
2. Presence of synchronous, metachronous colorectal, or other HNPCC associated tumors,1 regardless of age.
3. Colorectal cancer with the MSI-H2 histology3 diagnosed in a patient who is less than 60 years of age.4
4.	Colorectal cancer diagnosed in one or more first-degree relatives with an HNPCC-related tumor, with one of the cancers being
diagnosed under age 50 years.
5. Colorectal cancer diagnosed in two or more first- or second-degree relatives with HNPCC-related tumors, regardless of age.
Lynch syndrome related tumors include colorectal, endometrial, stomach, ovarian, pancreas, ureter and
renal pelvis, biliary tract, and brain (usually glioblastoma as seen in Turcot syndrome) tumors, sebaceous
gland adenomas and keratoacanthomas in Muir–Torre syndrome, and carcinoma of the small bowel;
2
MSI-H = microsatellite instability–high in tumors refers to changes in two or more of the five National
Cancer Institute-recommended microsatellite markers;
3
Presence of tumor infiltrating lymphocytes, Crohn’s-like lymphocytic reaction, mucinous/signet-ring
differentiation, or medullary growth pattern;
4
There was no consensus among the Workshop participants on whether to include the age criteria in guideline
3 above; participants voted to keep less than 60 years of age in the guidelines.
1

Part II
In addition to identifying patients at increased risk of hereditary CRC (Part I) and offering
screening to affected patients as well as affected family members to prevent CRC by
finding and removing benign precursor lesions, adequate endoscopic treatment of detected
early CRC is important.
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Notwithstanding performing screening colonoscopy and endoscopically removing benign
adenomatous polyps and early CRC, so-called post-colonoscopy colorectal cancers
(pcCRCs) still occur and can be considered the “nightmare” of colonoscopists.31 In
Chapter 5 we aimed to determine the cause of pcCRCs in patients who underwent an
endoscopic resection of precursor lesions of CRC with high-risk features. As the neoplastic
cells in high-risk precursor lesions show changes that are also seen in cancer and potentially
have the ability to invade into the lamina propria or muscularis mucosae, we hypothesized
that incomplete resection of these lesions could result in a recurrence as an invasive
carcinoma. Also, we aimed to identify risk factors associated with a pcCRC diagnosis during
follow-up of these patients.
T1 CRC is the earliest form of CRC and is defined as tumor growing through the muscularis
mucosae into the submucosa but not invading the muscularis propria.32 In case of a low risk
of lymph node metastasis of T1 CRC, endoscopic resection alone is considered curative.
However, in case of a high risk of lymph node metastasis, additional surgical resection,
including resection of draining lymph nodes, is required.33 It is virtually impossible to predict
the presence of risk factors for lymph node metastasis before endoscopic treatment of
T1 CRC. Currently, histological evaluation of the resected specimen estimates the risk of
lymph node metastasis and guides therapy after endoscopic resection of T1 CRC. Since
endoscopic therapy is propagated to obtain adequate histological staging, it is important to
know whether endoscopic resection of T1 CRC with a high risk of lymph node metastasis
prior to surgical resection has adverse effects. In Chapter 6 we examined whether secondary
surgery following endoscopic resection of T1 CRC with a high risk of lymph node metastasis
has a negative impact on patients’ outcomes compared with immediate surgery.
The risk of lymph node metastasis of T1 CRC is approximately 8 to 14%.34-41 Therefore,
most patients with T1 CRC can be cured with a complete endoscopic resection. However,
current histologic risk models are not very precise in predicting which patients with a T1
CRC removed during colonoscopy should have additional surgery to resect draining lymph
nodes.42 Due to their stalked morphology, complete and en-bloc endoscopic resection of
pedunculated T1 CRCs is generally more feasible than of sessile T1 CRCs. Furthermore,
it has been suggested that pedunculated T1 CRCs have a lower risk of metastasis than
their sessile counterparts.38, 43-45 Therefore, in Chapter 7, we evaluated whether there is an
association between T1 CRC morphology and adverse outcomes.
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Abstract
BACKGROUND: In 1997, the Bethesda guidelines recommended microsatellite instability
testing for colorectal cancer in patients younger than 45 years to screen for Lynch
syndrome. In 2004, these guidelines were revised to set the screening age at younger than
50 years.
OBJECTIVE: The aim of this study was to investigate to what extent these guidelines were
followed in young patients with colorectal cancer in the Mid-Netherlands and to identify
the predictors of nonadherence.
DESIGN: This is a retrospective cohort study.
SETTINGS: This study was conducted in 1 academic and 5 nonacademic hospitals.
PATIENTS: All patients diagnosed with colorectal cancer younger than 45 years in the
period 1999 to 2004 and younger than 50 years in the period 2005 to 2008 were
included. Patients known to be affected by or at risk for Lynch syndrome before diagnosis
were excluded.
MAIN OUTCOME MEASURES: Patient and tumor characteristics, including microsatellite
instability testing results, were collected from the database of the Comprehensive Cancer
Center, the National Pathological Archive, participating hospitals, and the regional
institute of clinical genetics. Logistic regression analysis was performed to detect a trend in
adherence over the years and to identify the predictors of nonadherence.
RESULTS: A total of 335 patients were identified. Microsatellite instability testing was
performed in 130/335 (39%) patients. Adherence did not improve in the period 1999 to
2008. We found that older age at diagnosis (OR 0.96, 95% CI 0.92–1.00), male sex (OR
0.60, 95% CI 0.38–0.95), and stage IV colorectal cancer (OR 0.45, 95% CI 0.24–0.84)
were independent predictors of nonadherence, whereas proximal tumor localization, poor
differentiation, and mucinous histology were not.
LIMITATIONS: This study was limited by its retrospective design.
CONCLUSIONS: Adherence to the Bethesda guidelines in young-onset colorectal cancer
is low, particularly in older and male patients and in patients with metastatic disease, which
suggests that efforts to improve adherence are needed.
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Introduction
The lifetime risk for colorectal cancer (CRC) in the general population of the Netherlands
is approximately 5%.1 Lynch syndrome is the most common cause of familial CRC and
accounts for approximately 2% to 5% of all CRCs.2 It is an autosomal dominant syndrome
caused by mutations in DNA mismatch repair genes, mostly MLH1 or MSH2.3-6 Defective
DNA mismatch repair is associated with high-frequency microsatellite instability (MSI-H),
which can be detected in 90% of CRCs of patients with Lynch syndrome. 7, 8 The lifetime
risk for CRC in mutation carriers is estimated between 24% and 75%.9
Table 1: Amsterdam criteria for identifying families with Lynch syndrome
Amsterdam Criteria I for identifying families with Lynch syndrome
There should be at least 3 relatives with CRC1; all the following criteria should be present:
• One should be a first-degree relative of the other 2.
• At least 2 successive generations should be affected.
• At least 1 CRC should be diagnosed before age 50.
• Familial adenomatous polyposis should be excluded.
• Tumors should be verified by pathological examination.
Amsterdam criteria II for identifying families with Lynch syndrome
There should be at least 3 relatives with an HNPCC2-associated cancer (CRC, cancer of the endometrium, small bowel, ureter, or renal
pelvis).
• One should be a first-degree relative of the other 2.
• At least 2 successive generations should be affected.
• At least 1 should be diagnosed before age 50.
• Familial adenomatous polyposis should be excluded in the CRC case(s) if any.
• Tumors should be verified by pathological examination
1

CRC = colorectal cancer; 2HNPCC = hereditary nonpolyposis colorectal cancer

Table 2: Bethesda Guidelines for testing of colorectal tumors for microsatellite instability
•
•
•
•
•
•
•

Individuals with cancer in families that meet the Amsterdam Criteria
Individuals with two HNPCC1-related cancers, including synchronous and metachronous colorectal cancers or associated
extracolonic cancers2
Individuals with colorectal cancer and a first-degree relative with colorectal cancer and/or HNPCC-related extracolonic cancer
and/or a colorectal adenoma; one of the cancers diagnosed at age <45 y, and the adenoma diagnosed at age <40 y
Individuals with colorectal cancer or endometrial cancer diagnosed at age <45 y
Individuals with right-sided colorectal cancer with an undifferentiated pattern (solid/cribriform) on histopathology diagnosed at
age <45 y3
Individuals with signet-ring-cell-type colorectal cancer diagnosed at age <45 y4
Individuals with adenomas diagnosed at age <40 y

HNPCC = hereditary nonpolyposis colorectal cancer; 2Endometrial, ovarian, gastric, hepatobiliary, or smallbowel cancer or transitional cell carcinoma of the renal pelvis or ureter; 3Solid/cribriform defined as poorly
differentiated or undifferentiated carcinoma composed of irregular, solid sheets of large eosinophilic cells and
containing small gland-like spaces; 4Composed of >50% signet ring cells.
1
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Because the first Amsterdam criteria, published in 1991 and revised in 1999 (Table 1), did
not account for extracolonic cancers or for small kindreds, the Bethesda Guidelines were
published in 1997 to identify additional patients with Lynch syndrome.10-12 These guidelines
advised testing for microsatellite instability (MSI) as a marker for Lynch syndrome in
patients with CRC being at risk for this syndrome (Table 2). In 2004, these guidelines
were revised (Table 3),13 recommending the testing of all CRC patients younger than 50
years for MSI instead of younger than 45 years (guidelines of 1997). In addition, MSIH-related histology was introduced as a new parameter, recommending MSI testing in
patients younger than 60 years with a MSI-H-related histology, ie, presence of tumorinfiltrating lymphocytes, a Crohn’s-like lymphocytic reaction, a mucinous or signet-ring
differentiation, or a medullary growth pattern.13
Table 3: Revised Bethesda Guidelines for testing of colorectal tumors for microsatellite instability
1. Colorectal cancer diagnosed in a patient who is less than 50 years of age.
2. Presence of synchronous, metachronous colorectal, or other HNPCC associated tumors,1 regardless of age.
3. Colorectal cancer with the MSI-H2 histology3 diagnosed in a patient who is less than 60 years of age.4
4.	Colorectal cancer diagnosed in one or more first-degree relatives with an HNPCC-related tumor, with one of the cancers being
diagnosed under age 50 years.
5. Colorectal cancer diagnosed in two or more first- or second-degree relatives with HNPCC-related tumors, regardless of age.
Hereditary nonpolyposis colorectal cancer (HNPCC)-related tumors include colorectal, endometrial,
stomach, ovarian, pancreas, ureter and renal pelvis, biliary tract, and brain (usually glioblastoma as seen in
Turcot syndrome) tumors, sebaceous gland adenomas and keratoacanthomas in Muir–Torre syndrome, and
carcinoma of the small bowel; 2MSI-H = microsatellite instability–high in tumors refers to changes in two
or more of the five National Cancer Institute-recommended panels of microsatellite markers; 3Presence of
tumor infiltrating lymphocytes, Crohn’s-like lymphocytic reaction, mucinous/signet-ring differentiation, or
medullary growth pattern; 4There was no consensus among the Workshop participants on whether to include
the age criteria in guideline 3 above; participants voted to keep less than 60 years of age in the guidelines.
1

In previous studies, it was reported that MSI testing (or referral for testing) had been
performed in 23% to 65% of patients diagnosed with CRC who were younger than 50
years in the period 2004 to 2009.14, 15 Several studies have recommended improving
adherence to the Bethesda guidelines in patients with CRC, because better adherence
could improve the identification of patients and family members with Lynch syndrome.16-19
This is important because the cumulative risk of metachronous CRC in patients with Lynch
syndrome is high (approximately 16% at 10 years, 41% at 20 years, and 62% at 30 years),
and, thus, frequent colonoscopic follow-up after segmental resection is warranted.20 In
addition, it has been shown that colonoscopy every 1 to 2 years starting at the age of 20
to 25 years in mutation carriers largely reduces the incidence and mortality of CRC.6,
21, 22
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Because mutation carriers are at an increased risk for extracolonic cancers, periodic

screening is recommended.6 For example, for preventing endometrial cancer, the most
common extracolonic Lynch syndrome-associated cancer (lifetime risk of 40%–60%),
prophylactic surgery is considered to be an effective strategy and should be discussed in all
women with Lynch syndrome.23
It has been shown that patients with young-onset CRC or multiple cancers associated with
Lynch syndrome are more likely to visit a cancer genetics clinic when referral is discussed
with patients and when treatment takes place at a teaching hospital.17 In addition, MSI
testing is performed more often in CRC patients meeting the Bethesda guidelines owing
to the age at diagnosis in comparison with patients meeting these guidelines because of
a second Lynch syndrome-associated tumor or MSI-H-related histology.14 Furthermore,
referral rates of CRC patients at increased risk for Lynch syndrome are lower in patients
with metastatic CRC than in patients with nonmetastatic CRC.24 It is unknown, however,
whether specific patient and tumor characteristics are associated with adherence to the
Bethesda guidelines in young-onset CRC.
The aim of this study was to evaluate to what extent the guidelines for MSI testing in youngonset CRC patients had been followed in the region of the Mid-Netherlands between 1999
and 2008. In addition, patient- and tumorspecific characteristics predicting nonadherence
to these guidelines were identified.

Methods
Patients diagnosed with CRC in the Mid-Netherlands from 1 academic and 5 nonacademic
hospitals between 1999 and 2008 were extracted from the database of the Comprehensive
Cancer Center the Netherlands (IKNL). This database provides data on age at diagnosis, sex,
tumor stage (according to the American Joint Committee on Cancer TNM staging system,
5th edition), treatment characteristics, and survival (derived from the municipal population
registries and updated until January 1, 2010). Tumor stage was calculated by using both the
pathology reports of the surgical specimen (for those patients who had surgery) and the
results of radiologic staging. These data from the IKNL were linked to data derived from the
National Pathology Archive that provides information on tumor localization, histology, and
differentiation grade. Tumors located in or proximal to the splenic flexure were considered
proximal, and tumors located distal of the splenic flexure distal tumors.
Patients younger than 45 years in the period 1999 to 2004 and patients younger than
50 years in the period 2005 to 2008 with CRC were selected from the IKNL database.
Patients with no malignancy or with tumors other than CRCs, ie, neuroendocrine tumors,
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carcinoids, lymphomas, or metastases from another tumor, were excluded. In addition,
patients known to be affected by or at risk for Lynch syndrome before diagnosis of the CRC
were excluded. We identified patients who underwent consultation at the regional Institute
of Clinical Genetics and subsequently excluded those known to have Lynch syndrome
before the diagnosis of the CRC and those known to be part of a family known to have
Lynch syndrome before diagnosis of the CRC, according to the records of the genetic
counselor.
From 1999 until the present, MSI testing in the region of the Mid-Netherlands was either
performed by the pathology department of an academic hospital in an adjacent region
(in the early years), by the pathology department of the participating regional academic
hospital, or by the pathology department of one of the participating regional nonacademic
hospitals. We collected the results of all MSI testings performed in these hospitals between
January 1, 1999, and January 1, 2010, and matched these results with our database. When
the pathology report stated that insufficient or poor-quality material for adequate testing
was available, we defined this as MSI testing being performed, but MSI status unknown.
Patients were assigned in hospitals according to where the diagnosis of CRC was first made.
However, when the diagnosis of CRC was made in one of the nonacademic hospitals, but
the patient was referred to the academic hospital for further workup or treatment, the
patient was assigned to the group “Referred to academic hospital.”
Microsatellite instability testing was performed with the use of either a 6-marker panel
(BAT25, BAT26, BAT40, D2S123, D5S346, and D17S250) or a 9-marker panel (BAT25,
BAT26, BAT40, D1S158, D2S123, D5S346, D9S63, D17S250, and D18S158). With the
use of the 6-marker panel, tumors were characterized as MSI-H when more than 1 unstable
marker was found, as low-frequency microsatellite instability (MSI-L) when 1 unstable
marker was found, and as microsatellite stable (MSS) when no unstable marker was found.
With the use of the 9-marker panel, tumors were characterized as MSI-H when 30% to 40%
or more were unstable, as MSI-L when less than 30% to 40% were unstable, and as MSS
when no unstable marker was found.13, 25 All CRCs referred for MSI testing were also tested
for expression of MLH1, MSH2, MSH6, and PMS2 protein by immunohistochemistry.
Statistical analysis was performed by using PASW Statistics 18 (IBM, Armonk, NY) and
SAS (SAS Institute Inc, Cary, NC) software. Binary variables were compared by using
the Pearson χ2 test (or Fisher exact test when appropriate), and age was compared by the
use of the Student t test. To detect a possible trend in adherence over the years and to
identify patient and tumor characteristics independently associated with nonadherence,
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we performed logistic regression analysis. A Kaplan-Meier curve estimated overall survival
time for tested and nontested patients.

2
CRC between 1999 and 2008
according to IKNL database
(N=7967)

< 45 years from 1999 to 2004
and
< 50 years from 2005 to 2008
(N=403)
Excluded:
- 49 no adenocarcinoma
- 10 same patient entered twice
- 3 insufficient data
- 6 known with (increased risk for) Lynch syndrome

CRCs eligible for MSI
testing regarding age at diagnosis
(N=335)

MSI testing performed
(N=130)

MSI-H
(N=17)

MSS or MSI-L
(N=107)

MSI testing not performed
(N=205)

MSI status unknown
(N=6)

Figure 1:
Flow chart showing the process of patient inclusion and subsequently whether patients were tested for
microsatellite instability (MSI) or not and the results of microsatellite instability testing.
CRC = colorectal cancer; IKNL = Comprehensive Cancer Center The Netherlands; MSI-H = high-frequency
microsatellite instability; MSS = microsatellite stable; MSI-L = low-frequency microsatellite instability.
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Results
From 1999 to 2008, 7967 patients were diagnosed with CRC according to the IKNL
database, with 156 being younger than 45 years in the period 1999 to 2004 and 247 being
younger than 50 years in the period 2005 to 2008. Of these 403 cases, 10 patients
were excluded because they were entered twice in the database, and 3 cases were excluded
because of incomplete data. Tumor samples (biopsy and/or surgical specimen) were
available for all 390 patients of whom 49 had a tumor other than CRC or no malignancy.
The remaining 341 patients were confirmed as having CRC. Of these, 6 patients were
excluded because, before the diagnosis of CRC was made, they were either known to have
Lynch syndrome (2 patients) or known to be part of a Lynch syndrome family (4 patients).
The residual 335 patients were included for analysis (Fig. 1).
Microsatellite instability testing was performed in 130 of 335 (39%) patients. Of these, 17
(13%) patients were tested as MSI-H, 107 (82%) were tested as MSS or MSI-L, and 6 (5%)
had an unknown MSI status (Fig.1). Adherence to the Bethesda guidelines did not change
over time between 1999 and 2008. No significant trend toward increasing adherence over
the years was observed (OR 1.05, 95% CI 0.97–1.15) (Fig. 2).

Microsatelite instability (MSI) testing over the years
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Figure 2:
Bar graph showing the percentage (Y-axis) and absolute number (in the bars) of patients tested for
microsatellite instability (MSI) and non-tested patients (No MSI) per year from 1999 to 2008 (X-axis).
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Microsatellite instability testing varied between 26% and 73% in patients in the different
participating hospitals and was 37% in patients referred to the academic hospital from one
of the general hospitals. Microsatellite instability testing was lowest when the diagnosis of
CRC was first made in the academic hospital (Table 4).
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Figure 3:
Kaplan Meier curve showing the difference in estimated overall survival between tested (MSI) and nontested (NO MSI) patients.
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The median age of all included patients was 43.2 years; of patients selected for MSI testing,
the median age was 42.5 years; and of patients not selected for MSI testing, the median age
was 43.6 years. Patients selected for MSI testing were younger and more often female, had
stage IV CRC less frequently, and underwent surgery more often (Table 5). No differences
were found in tumor localization, poor differentiation, or mucinous histology between
tested and nontested patients. At the end of follow-up, on January 1, 2010, relatively
more tested patients were alive. Mean overall survival time was 8.4 years (95% CI 7.5–9.2)
in tested patients and 6.9 years (95% CI 6.3–7.6) in nontested patients (log rank 5.56,
P = 0.02) (Fig. 3).
Table 4: Microsatellite instability testing (MSI) in the different participating hospitals
N

MSI (%)

NO MSI (%)

Hospital

P
0.01

Referred to academic hospital

71

26 (37)

45 (63)

Academic hospital

50

13 (26)

37 (74)

General hospital I

76

29 (38)

47 (62)

General hospital II

53

29 (55)

24 (45)

General hospital III

46

14 (33)

31 (67)

General hospital IV

24

7 (29)

17 (71)

General hospital V

15

11 (73)

4 (27)

MSI = patients tested for microsatellite instability; NO MSI = nontested patients.

Patients who tested MSI-H were younger than patients who tested MSS or MSI-L, had a
lower-stage CRC, were treated less frequently with chemotherapy, and more often had
proximal tumors or tumors with a mucinous histology (Table 6). All MSI-H patients were alive
at the end of follow-up in comparison with 79 of 107 (74%) of the MSI-L or MSS patients.
Older age at diagnosis, male sex, and stage IV CRC were all associated with nonadherence
in multivariate analysis (Table 7). The availability of a surgical specimen did not differ
significantly between tested and nontested patients with stage IV CRC (13/19 (68%) vs
42/54 (78%), Fisher exact test p = 0.54).
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Table 5: Baseline characteristics (ALL PATIENTS) and tested (MSI) versus non-tested patients (NO MSI).
Variables

MSI (%)
(N=130)
41.0 ± 6.3

NO MSI (%)
(N=205)
42.3 ± 5.9

P

Age (years, mean ± SD1)

ALL PATIENTS (%)
(N=335)
41.8 ± 6.1

Male gender

177 (53)

60 (46)

117 (57)

0.05

236 (70)

101 (78)

135 (66)

97 (29)

28 (22)

69 (34)

2 (1)

1 (1)

1 (0)

0

5 (2)

0 (0)

5 (2)

I

58 (17)

21 (16)

37 (18)

II

84 (25)

37 (28)

47 (23)

III

109 (33)

48 (37)

61 (30)

IV

73 (22)

19 (15)

54 (26)

Not recorded

6 (2)

5 (4)

1 (0)

Surgery

305 (91)

124 (95)

181 (88)

0.03

Chemotherapy

178 (53)

72 (55)

106 (52)

0.51

Radiotherapy

73 (22)

24 (18)

49 (24)

0.24

Status

0.022
Alive
Deceased
Lost to FU

3

AJCC staging4

Therapy

2

0.05

0.007

Tumor localization

0.985
Proximal

91 (27)

36 (28)

55 (27)

Distal

231 (69)

91 (70)

140 (68)

Unknown

13 (4)

3 (2)

10 (5)

-

Poor differentiation

64 (19)

21 (16)

43 (21)

0.27

Mucinous histology

70 (21)

27 (21)

43 (21)

0.96

SD = standard deviation; 2patients lost to follow up were excluded from χ2-analysis; 3FU = follow up;
AJCC = American Joint Committee on Cancer; 5patients with unknown tumor localization were excluded
from χ2-analysis.
1

4
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Table 6: Tested patients with high microsatellite instability (MSI-H) versus patients with stable or low
microsatellite instability (MSS/MSI-L).
Variables

MSS/MSI-L (%)
(N=107)
41.7 ± 5.6

P

Age (years, mean ± SD1)

MSI-H (%)
(N=17)
35.6 ± 7.8

Male gender

10 (59)

46 (43)

0.22

17 (100)

79 (74)

0 (0)

27 (25)

0 (0)

1 (1)

I

3 (18)

16 (15)

II

13 (76)

24 (22)

III

0 (0)

47 (44)

IV

0 (0)

16 (15)

Not recorded

1 (6)

4 (4)

Surgery

17 (100)

102 (95)

1.00

Chemotherapy

5 (29)

64 (60)

0.02

Radiotherapy

1 (6)

23 (21)

0.19

Status

0.022
Alive
Deceased
Lost to FU

3

-

AJCC staging4

Therapy

0.0002

0.00001

Tumor localization

0.000075
Proximal

12 (71)

21 (20)

Distal

5 (29)

83 (78)

Unknown

0 (0)

3 (3)

-

Poor differentiation

3 (18)

17 (16)

1.00

Mucinous histology

6 (35)

19 (18)

0.11

SD = standard deviation; 2the patient lost to follow up was excluded from χ2-analysis; 3FU = follow up;
AJCC = American Joint Committee on Cancer; 5patients with unknown tumor localization were excluded
from χ2-analysis.
1

4

Table 7: Predictors of adherence to microsatellite instability testing in multivariate analysis.
Odds ratio (95% confidence interval)

1

Variables

Unadjusted

Adjusted1

Older age

0.97 (0.93-1.00)

0.96 (0.92-1.00)

Male gender

0.65 (0.41-1.00)

0.60 (0.38-0.95)

Stage IV CRC2

0.48 (0.27-0.85)

0.45 (0.24-0.84)

Proximal colon

1.01 (0.61-1.65)

1.05 (0.62-1.78)

Poor differentiation

0.73 (0.41-1.29)

0.71 (0.39-1.29)

Mucinous histology

0.99 (0.58-1.70)

0.94 (0.52-1.71)

Adjusted for all other listed variables; 2CRC = colorectal cancer.
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Discussion
We found that the majority of young patients diagnosed with CRC in the Mid-Netherlands
were not tested for MSI as a marker for Lynch syndrome in the period 1999 to 2008.
Moreover, over a 10-year period, adherence to the Bethesda guidelines did not improve and
was lowest in the academic hospital. Older age at diagnosis, male sex, and stage IV CRC
were independent predictors of not testing. Furthermore, estimated overall survival time
of tested patients was significantly longer than of nontested patients, whereas at the end
of follow-up all MSI-H patients were alive compared with 3 of 4 MSI-L or MSS patients.
We recognize that these conclusions are drawn from results that were obtained
retrospectively. Although unlikely, patients could also already be known with Lynch
syndrome at another department of clinical genetics outside our region or could be known
with Lynch syndrome without having genetic consultation. On the other hand, by collecting
all MSI testing results and excluding patients known to be affected by or at risk for Lynch
syndrome at our regional Institute of Clinical Genetics, before diagnosis of the CRC, we
are able to present plausible adherence rates and predictors of nonadherence.
Adherence to the Bethesda guidelines in the young-onset CRC patients in our cohort
was better than reported in a subgroup of 80 young patients diagnosed between 2005
and 2006 in another study conducted in another region of the Netherlands (39% versus
23%).14 Better adherence rates were reported in a cohort of 122 young CRC patients in East
Anglia diagnosed between 2004 and 2009, with testing rates varying between 44% and
65% in participating hospitals.15 In contrast to previous studies, we also included patients
diagnosed with CRC before 2004 in our study, when the original Bethesda guidelines were
still applicable. This could have led to a relatively low adherence in our cohort, because
awareness, and thus adherence, in the early years may have been lower. However, no
significant increase in MSI testing was observed in the period 1999 to 2008.
Remarkably, MSI testing was lowest in the academic hospital (26%) compared with the 5
nonacademic hospitals (varying between 29% and 73%). We have no clear explanation for
this finding, but, also in the abovementioned study from East Anglia, referral to a genetics
clinic was lowest in the teaching hospital in comparison with the general hospitals.15
Nonadherence to the guidelines was independently associated with stage IV CRC in our
cohort. One may speculate that this can be explained by the fact that a surgical specimen
for MSI testing was not available in all patients with stage IV CRC compared with stages I to
III CRC.26 However, we found that the availability of a surgical specimen was not different
between tested and nontested stage IV patients. We speculate that physicians may have
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a different mindset in patients with metastatic (stage IV) CRC, causing them to forget
screening for Lynch syndrome. This is in line with the findings in an Australian cohort of
CRC patients at increased risk for Lynch syndrome, showing the lowest referral rates for
genetic counseling in stage IV CRC patients (3/50 stage IV patients versus 47/179 stage
0–III patients) and with our recent finding that a family history of CRC and other Lynch
syndrome-associated tumors was recorded less frequently than expected in the records of
young patients (younger than 60 years) presenting with metastatic CRC.24, 27
The finding that estimated overall survival time of tested patients was better than of
nontested patients may well be explained by the fact that tested patients had distant
metastases less frequently. It is known that CRCs with MSI-H have a significantly better
prognosis in comparison with those with intact mismatch repair.28 The survival difference
between MSI-H patients, on the one hand, and MSS or MSI-L patients, on the other hand,
in this study is in line with these findings.
Several studies have shown no benefit of 5-fluorouracil-based adjuvant chemotherapy in
patients with MSI-H CRC stage II or stage III, and it seems clear that at least patients
with MSI-H CRC stage II should not be treated with this therapy.29 One might speculate
that the fact that all MSI-H patients were alive at the end of follow-up compared with
74% of MSS/MSI-L patients, whereas only 29% of MSI-H patients were treated with
chemotherapy compared with 60% of MSS/MSI-L patients, underlines the low efficacy of
chemotherapy in MSI-H patients. However, tumor stage and age in MSI-H patients were
significantly lower than in MSS/MSI-L patients, and MSI-H patients are known to have a
better prognosis.28 We cannot exclude that MSI status played a role in deciding whether a
patient was treated with chemotherapy. However, no stage III (or higher) MSI-H patients
were included, and the Dutch nationwide guideline on colon cancer, which is also followed
in our region, recommends adjuvant 5-fluorouracil chemotherapy in high-risk stage II CRC
and in stage III CRC, without taking MSI status into account.30
It is unclear why male sex was a predictor of nonadherence. No significant differences
in age, tumor stage, tumor localization, poor differentiation, mucinous histology, and
availability of a surgical specimen were found between males and females. In another cohort
of 169 CRC patients meeting the Bethesda guidelines, no influence of sex on MSI testing
was found.14 However, in contrast to our cohort, these authors also included patients with
a second Lynch syndrome-associated tumor or MSI-H-related histology. The fact that
older age was associated with nonadherence may suggest that there was more awareness
among physicians of the risk of Lynch syndrome in the very young age group with CRC. On
the other hand, all patients in this cohort were relatively young. To our surprise, proximal
tumor localization, poor differentiation, and mucinous histology, known tumor features of
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MSI-H-related CRC,31-34 were not associated with better adherence, which suggests that
physicians’ awareness of the Bethesda guidelines was indeed low.
When the revised Bethesda guidelines are strictly applied on all patients newly diagnosed
with CRC, still approximately 20% of patients with Lynch syndrome are not recognized.35, 36
Moreover, MSI status has important prognostic and, in some cases, therapeutic implications.
This, together with some practical considerations, has resulted in the recommendation to
perform screening for Lynch syndrome in all patients newly diagnosed with CRC.28, 37 It has
been calculated that screening of all patients newly diagnosed with CRC in the US health
care system was likely to be cost-effective.38, 39 A strategy of universal screening of all CRC
patients will likely result in the identification of additional Lynch syndrome families that
otherwise would stay unrecognized, even when the guidelines are adhered to. It is important
that the strategy of MSI testing in all patients with newly diagnosed CRC is evaluated for
cost-effectiveness in each individual health care system; and, in particular, when costs are
found to be predominant, this should be compared with other predictive models aiming to
increase the detection rate of patients and families with Lynch syndrome.
For now, we propose that pathology laboratories should routinely test at least all CRCs
of patients younger than 50 years for MSI. In addition, the revised Bethesda guidelines
should be integrated systematically in multidisciplinary tumor boards when the diagnosis
and treatment plan of a CRC patient is discussed. Finally, a teaching program could be
considered to improve awareness on the risk of Lynch syndrome-associated CRC among
clinicians. The predictors of nonadherence that we identified in this study, ie, age, sex, and
tumor stage, could well be integrated in such a program.

Conclusion
We showed that adherence to the Bethesda guidelines was low in young-age CRC, and
no improvement was seen over a 10-year period. Moreover, we identified specific patient
and tumor characteristics that were associated with nonadherence that can be used in a
teaching program to improve awareness of the risk of Lynch-associated CRC.
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Abstract
BACKGROUND: Colorectal cancer (CRC) associated with Lynch syndrome usually
presents at a relatively young age. The Revised Bethesda Guidelines advise screening for
Lynch syndrome in patients diagnosed with CRC and a positive family history (FH) of CRC
and other Lynch-related cancers.
OBJECTIVE: To evaluate recording of the FH and identify factors associated with recording
in young patients with CRC.
PATIENTS AND METHODS: In one academic and two nonacademic hospitals, of
all patients diagnosed with CRC at the age of 60 years or younger between 1999 and
2007, electronic medical records were evaluated for a recorded FH of CRC and other
Lynch-related cancers. Patient and tumor characteristics were retrieved from the Dutch
Comprehensive Cancer Centre and the Dutch Pathological Archive.
RESULTS: A total of 676 patients were identified. FH was recorded in 395/676 (58%)
patients. From 1999 to 2007, recording improved with an odds ratio (OR) of 1.10 [95%
confidence interval (CI) 1.03–1.17] per year. Stage III CRC (OR 1.71, 95% CI 1.07–2.75)
and administration of chemotherapy (OR 1.84, 95% CI 1.17–2.89) were associated with
recording in multivariate analysis. Other factors, including age at diagnosis, sex, surgery,
radiotherapy, proximal tumor localization, poor differentiation, and mucinous histology,
were not associated with recording.
CONCLUSION: A FH of CRC and other Lynch-related cancers was not recorded in
~40% of young CRC patients and recording improved only slightly over the years. As a
first step in the identification of Lynch-related cancer families, physicians should be trained
to record a detailed FH in the work-up of all newly diagnosed CRC patients.
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Introduction
Colorectal cancer (CRC) is the third most prevalent cancer worldwide, and has an estimated
annual incidence of 1235108 cases per year and a mortality of 609051.1 Lynch syndromeassociated CRC accounts for up to 5% of all CRCs and is currently the most common
cause of familial CRC.2 It is an autosomal dominant syndrome characterized by youngonset CRC, location in the proximal colon, synchronous and metachronous tumors, and
an increased risk for extracolonic cancers.3 Lynch-related CRC is histologically associated
with tumor-infiltrating lymphocytes, a Crohn’s-like lymphocytic reaction, a mucinous
or signet-ring differentiation or a medullary growth pattern, poor differentiation, and an
absence of dirty necrosis.4-7
Table 1: Bethesda Guidelines for testing of colorectal tumors for microsatellite instability
1. Individuals with cancer in families that meet the Amsterdam Criteria
2.	Individuals with two HNPCC-related cancers, including synchronous and metachronous colorectal cancers or associated
extracolonic cancers1
3.	Individuals with colorectal cancer and a first-degree relative with colorectal cancer and/or HNPCC-related extracolonic cancer
and/or a colorectal adenoma; one of the cancers diagnosed at age <45 y, and the adenoma diagnosed at age <40 y
4. Individuals with colorectal cancer or endometrial cancer diagnosed at age <45 y
5.	Individuals with right-sided colorectal cancer with an undifferentiated pattern (solid/cribriform) on histopathology diagnosed at age <45 y2
6. Individuals with signet-ring-cell-type colorectal cancer diagnosed at age <45 y3
7. Individuals with adenomas diagnosed at age <40 y
Endometrial, ovarian, gastric, hepatobiliary, or small-bowel cancer or transitional cell carcinoma of the renal
pelvis or ureter; 2Solid/cribriform defined as poorly differentiated or undifferentiated carcinoma composed of
irregular, solid sheets of large eosinophilic cells and containing small gland-like spaces; 3Composed of >50%
signet ring cells.
1

Table 2: Revised Bethesda Guidelines for testing colorectal tumors for microsatellite instability
1. Colorectal cancer diagnosed in a patient who is less than 50 years of age.
2. Presence of synchronous, metachronous colorectal, or other HNPCC associated tumors,1 regardless of age.
3. Colorectal cancer with the MSI-H2 histology3 diagnosed in a patient who is less than 60 years of age.4
4.	Colorectal cancer diagnosed in one or more first-degree relatives with an HNPCC-related tumor, with one of the cancers being
diagnosed under age 50 years.
5. Colorectal cancer diagnosed in two or more first- or second-degree relatives with HNPCC-related tumors, regardless of age.
Hereditary nonpolyposis colorectal cancer (HNPCC)-related tumors include colorectal, endometrial,
stomach, ovarian, pancreas, ureter and renal pelvis, biliary tract, and brain (usually glioblastoma as seen in
Turcot syndrome) tumors, sebaceous gland adenomas and keratoacanthomas in Muir–Torre syndrome, and
carcinoma of the small bowel; 2MSI-H = microsatellite instability–high in tumors refers to changes in two
or more of the five National Cancer Institute-recommended panels of microsatellite markers; 3Presence of
tumor infiltrating lymphocytes, Crohn’s-like lymphocytic reaction, mucinous/signet-ring differentiation, or
medullary growth pattern; 4There was no consensus among the Workshop participants on whether to include
the age criteria in guideline 3 above; participants voted to keep less than 60 years of age in the guidelines.
1
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The Bethesda Guidelines, first published in 1997 and revised in 2004 (Tables 1 and 2),
advise screening for Lynch syndrome in patients diagnosed with CRC and a positive family
history (FH) of CRC and other Lynch-related cancers.8, 9 To identify patients fulfilling
these criteria for screening, it is essential to obtain a detailed FH. However, recording of
a FH of CRC and other Lynch-related cancers in patients diagnosed with CRC is known
to be insufficient and has been reported to vary widely (from 17 to 93%).10-15 Insights into
the factors associated with the failure to record FH may improve adherence to the Revised
Bethesda Guidelines. It has been reported that a FH of patients diagnosed with CRC
younger than 50 years of age is less likely to be recorded in women, in patients admitted
through the Emergency Department, and in patients with a relatively short hospital
stay.13 However, it is unclear whether specific tumor or treatment characteristics prompt
physicians to record FH in young patients with CRC.
The aim of this study was to evaluate the recording of FH of CRC and other Lynch-related
cancers in notes of patients diagnosed with CRC aged 60 years or younger. In addition, we
identified patient-specific and tumorspecific factors that were associated with recording
of FH.

Patients and methods
Patients diagnosed with CRC in the Mid-Netherlands from one academic and two
nonacademic hospitals between 1999 and 2007 were identified in the database of the
Comprehensive Cancer Center the Netherlands (IKNL). This database provides information
on age at diagnosis, sex, tumor stage [according to the American Joint Committee on
Cancer (AJCC) TNM staging system, 5th ed.], treatment characteristics, and survival
(updated until 1 January 2009).
All patients aged 60 years or younger at diagnosis were selected from the database. We
chose to evaluate only the recording of FH for patients aged 60 years or younger as
especially young patients are at an increased risk of Lynch-related CRC compared with
older patients. Moreover, individuals with Lynch syndrome with an MLH1 or an MSH2
mutation have an estimated 50–60% risk of developing CRC by the age of 60 years.16
We excluded patients without an electronic medical record (EMR) because paper-based
medical records from different physicians involved in the care of patients with a diagnosis
of CRC are often difficult to retrieve, whereas EMRs of the participating hospitals include
the reports of all physicians.
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For all patients included, data extracted from the IKNL database were combined with
data from the National Pathology Archive (PALGA). This database stores information on
tumor localization, histology and differentiation grade. Tumors located in or proximal to
the splenic flexure were considered to be proximal and tumors located distal of the splenic
flexure distal tumors.
All EMRs (of the hospital where the diagnosis was first made) were evaluated for a recorded
FH. This was done by first reviewing the specific entry field for recording FH, and, in
addition, by reviewing the reports of all physicians. We considered the FH to be recorded
when at least a FH of CRC or another Lynch-related cancer was mentioned. When the
FH indicated diseases other than cancer or that there was no cancer in the family, we
considered FH not to be recorded.
Patients were subdivided in hospitals according to where the diagnosis of CRC was first
made. Thus, when the diagnosis of CRC was made in one of the nonacademic hospitals,
but the patient was referred to the academic (or another) hospital for further work-up or
treatment, the patient was designated to the group of the nonacademic hospital.

Statistical analysis
Statistical analysis was carried out using the PASW Statistics 18 (IBM, Armonk, New York,
USA) and SAS (SAS Institute Inc., Cary, North Carolina, USA) software. We carried out a
logistic regression analysis to detect a possible trend in the recording of FH over the years
(modeled continuously) and to identify patient and tumor characteristics independently
associated with the recording of FH.

Results
According to the IKNL database, 1431 patients with CRC with an age of 60 years or younger
were diagnosed in the period 1999–2007 in the three participating hospitals. Of these,
676 had an EMR and these were included (Fig. 1). Especially in the earlier years, often,
no EMR was available. A diagnosis of adenocarcinoma in the colorectum was confirmed
histologically in all patients.
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CRC ≤ 60 years between
1999 and 2007
(N=1431)

Available electronic
medical record
(N=676)

FH recorded

FH not recorded

(N=395)

(N=281)

Figure 1:
Study flow diagram. CRC = colorectal cancer; FH = family history.
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Figure 2:
Recording of family history over the years. Absolute numbers are displayed in the bars.
FH = recorded family history; NO FH = no recorded family history.
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Table 3: Recording of family history in participating hospitals
N

FH (%)

NO FH (%)

413
140
123

237 (57)
94 (67)
64 (52)

176 (43)
46 (33)
59 (48)

P
0.04

Hospital
General hospital I
General hospital II
University hospital

3

FH = recorded family history; NO FH = no recorded family history.

A FH of CRC or Lynch-related cancer was recorded in 395 of 676 (58%) patients. Recording
of FH varied between 52 and 67% in the different participating hospitals. Recording rates
were the lowest when a diagnosis of CRC was made in the academic hospital (Table 3).
When comparing recording rates over the years, recording of FH of Lynch-related cancers
improved over the years with an odds ratio of 1.10 (95% confidence interval 1.03–1.17) per
year in all hospitals (Fig. 2).
Table 4: Baseline characteristics
Variables

ALL PATIENTS (%)
(N=676)

FH (%)
(N=395)

NO FH (%)
(N=281)

Age (years, mean ± SD)

51.9 ± 7.7

51.6 ± 7.7

52.2 ± 7.7

Male gender

373 (55)

209 (53)

164 (58)

Alive

460 (68)

280 (71)

180 (64)

Deceased

215 (32)

115 (29)

100 (36)

Lost to FU

1 (0)

0 (0)

1 (0)

0

9 (1)

6 (2)

3 (1)

I

98 (15)

55 (14)

43 (15)

II

175 (26)

84 (21)

91 (32)

III

212 (31)

148 (37)

64 (23)

IV

163 (24)

93 (24)

70 (25)

Not recorded

19 (3)

9 (2)

10 (4)

Surgery

618 (91)

361 (91)

257 (92)

Chemotherapy

306 (45)

207 (52)

99 (35)

Radiotherapy

131 (19)

80 (20)

51 (18)

Proximal tumor localization

198 (29)

112 (28)

86 (31)

Poor differentiation

116 (17)

71 (18)

45 (16)

Mucinous

89 (13)

54 (14)

35 (13)

Status

AJCC staging

FH = recorded family history; NO FH = no recorded family history; SD = standard deviation;
FU = follow up; AJCC = American Joint Committee on Cancer.
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The baseline characteristics of all included patients and patients with and without a recorded
FH are listed in Table 4. Patients with a recorded FH more frequently had a stage III and less
frequently a stage II CRC and more frequently underwent chemotherapy. No differences
were found for stage I and stage IV CRC. At the end of follow-up, the survival rates were
not significantly different between both groups (χ2, P=0.07).
Both stage III CRC and administration of chemotherapy were associated with recording
of FH of CRC and other Lynch-related cancers in multivariate analysis (Table 5). Other
factors, including younger age at diagnosis, male sex, therapy (in terms of surgery and
radiotherapy), proximal tumor localization, and histology findings, were not associated with
failure to record FH.

Table 5: Multivariate analysis of factors associated with recording of family history

Variables
Younger age
Male gender
AJCC staging2
0
I
II
III
Surgery
Chemotherapy
Radiotherapy
Proximal tumor localization
Poor differentiation
Mucinous histology

OR (95%CI)
Unadjusted
1.01 (0.99-1.03)
0.80 (0.59-1.09)

Adjusted1
1.02 (0.99-1.04)
0.80 (0.58-1.10)

1.51 (0.36-6.23)
0.96 (0.58-1.60)
0.70 (0.45-1.07)
1.74 (1.14-2.67)
0.99 (0.57-1.71)
2.02 (1.48-2.77)
1.15 (0.78-1.69)
0.90 (0.64-1.25)
1.15 (0.76-1.73)
1.11 (0.71-1.76)

2.11 (0.47-9.40)
0.67 (0.35-1.27)
0.95 (0.54-1.68)
1.71 (1.07-2.75)
0.94 (0.50-1.79)
1.84 (1.17-2.89)
1.09 (0.71-1.69)
0.96 (0.66-1.41)
1.00 (0.65-1.55)
1.01 (0.62-1.61)

Adjusted for all other listed variables; 2Stage IV CRC was used as a reference; OR = odds ratio;
CI = confidence interval; CRC = colorectal cancer; AJCC = American Joint Committee on Cancer.
1

Discussion
A FH of CRC and other Lynch syndrome-associated cancers was not recorded in a large
proportion of patients with CRC who presented at an age of 60 years or younger. Recording
rates improved only slightly over the years in all hospitals. Stage III CRC and administration
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of chemotherapy were found to be associated with more frequent recording of FH of CRC
and other Lynch-related cancers.
The recording of FH in our cohort of ‘young’ patients was comparable with that found in
a cohort of 113 CRC patients younger than 50 years admitted to a Sydney (Australia)
teaching hospital between 1995 and 2005 (FH recorded in 54% of patients) and a cohort
of 311 CRC patients with a mean age of 60 years seen in a Campinas (Brazil) University
hospital between 2002 and 2004 (FH recorded in 62% of patients).13, 17 Our recording
was, however, better compared with a cohort of 562 CRC patients from two Norwegian
hospitals between 2006 and 2008 (FH recorded in 31% of patients) and a cohort of 100
CRC patients admitted to a colorectal surgical unit in Cleveland, Ohio (USA) (FH recorded
in 45% of patients).11, 15 Compared with a cohort of 101 CRC patients attending outpatient
follow-up in London (UK), the centers in this study performed less well as the FH recoding
rate was 93%.14 The fact that most of these studies did not define what was considered to
be a recorded FH and also did not assess the variation over time in FH recording makes an
adequate comparison between our study and the other reported studies difficult. It is clear,
however, that in all reported studies, the recording of FH in patients diagnosed with CRC
was insufficient.
The finding that recording of FH improved over the years suggests that awareness among
physicians for familial CRC improved. Nonetheless, the improvement was only minimal
and remained unsatisfactory. Remarkably, recording rates were the lowest in the academic
hospital (52%) compared with the two nonacademic hospitals (57 and 67%). We have no
clear explanation for this finding, but the recording rate in the academic hospital was found
to be comparable with that of the above-mentioned teaching hospitals in Sydney and
Campinas.13, 17
Both stage III CRC and administration of chemotherapy were associated with more
frequent recording of FH of CRC and other Lynch-related cancers in multivariate analysis.
An explanation for this finding could be that these patients are also seen by an oncologist,
whereas patients with lower stage CRC, who are usually not treated with chemotherapy,
are not. However, higher recording rates were not observed in patients with stage IV CRC,
which is a group that is also frequently seen by an oncologist for chemotherapeutic or
palliative treatment. It may well be that in stage IV CRC, the extent of the disease is
withdrawing the attention of physicians to record a FH of CRC or other Lynch-related
cancers. This is in agreement with an Australian study showing that the lowest referral rates
for genetic counseling of CRC patients at an increased risk for Lynch syndrome are found
in patients with stage IV CRC (three of 50 stage IV patients vs. 47 of 179 stage 0–III
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patients) and with our recent finding that a failure to test for microsatellite instability in
young-onset CRC is associated with stage IV CRC.18, 19
Factors associated with Lynch syndrome, including younger age at diagnosis, proximal tumor
localization, poor differentiation, and mucinous histology, were not associated with an improved
recording rate of FH of Lynch-related cancers, which suggests that physicians’ awareness of
the characteristics of CRC pointing to a possible Lynch syndrome is indeed low.4-7
In addition to the problem of recording FH of CRC and other Lynch-related cancers, the
quality of recording and the recognition of pedigrees consistent with inherited CRC are
known to be inadequate.10, 20 Taken together, the low adherence to the Revised Bethesda
Guidelines has led to several papers recommending screening of all newly diagnosed CRC
patients for Lynch syndrome.21-25 However, even when universal screening of all CRCs for
Lynch syndrome is introduced, a detailed FH will remain a cornerstone in the work-up of
patients newly diagnosed with CRC to screen for Lynch syndrome. This was shown in a
recent study by Kastrinos et al.26, 27 in which a comprehensive personal and FH obtained
through the PREMM1,2,6 model were superior to microsatellite instability testing for the

identification of patients with Lynch-related CRC. Physicians and multidisciplinary tumor
boards treating CRC patients should systematically integrate the assessment of a detailed
FH into the work-up of patients newly diagnosed with CRC. The integration of a web-based
tool, such as the PREMM1,2,6 model (http://www.dfci.org/premm), to calculate a risk score
and the subsequent need for genetic evaluation, in the work-up, could be an adequate and
easy-to-use method.
The limitations of our study are the retrospective study design and the definition we chose
for a recorded FH. As we considered the FH to not be recorded when CRC or another
Lynch-related cancer was not specifically mentioned, underestimation of the actual rate of
evaluation of the FH by physicians could have occurred.

Conclusion
We showed that a FH of CRC and other Lynch syndrome-associated cancers was not
recorded in a large proportion of patients who presented with CRC aged 60 years or younger.
Also, we found stage III CRC and administration of chemotherapy to be associated with
more frequent recording of FH. Particularly in patients with earlier stage CRC, however,
recording of the FH is important, as Lynch syndrome-associated CRC usually presents at
a lower stage compared with other types of CRC.28 Our findings underscore the need for
systematic integration of a detailed FH in the work-up of all patients diagnosed with CRC
48

and education of physicians in recognizing CRC patients at an increased risk for Lynch
syndrome. Finally, the factors associated (and not associated) with recording of FH provide
physicians with an insight into their ‘recording behavior’ and could therefore be used in a
teaching program to increase awareness of Lynch syndrome-associated CRC.
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Abstract
OBJECTIVES: To investigate whether sending a family history questionnaire to patients
prior to undergoing colonoscopy results in an increased availability of family history and
better genetic counseling.
METHODS: A questionnaire was mailed to patients before they underwent outpatient
colonoscopy at a university hospital in 2013. These patients’ additional characteristics and
referral for genetic evaluation were retrieved from the electronic medical records. Patients
undergoing inpatient colonoscopy, with confirmed hereditary colorectal cancer (CRC) or
inflammatory bowel disease were excluded. All study patients from 2010 to 2013 were
matched with the database of the genetics department to determine who consulted a
geneticist.
RESULTS: A total of 6163 patients underwent colonoscopy from 2010 to 2013. Of 1421
who underwent colonoscopy in 2013, 53 (3.7%) consulted a geneticist, while 75 (1.6%) of
4742 patients undergoing colonoscopy between 2010 and 2012 did so (P < 0.01). A total
of 974 patients undergoing colonoscopy in 2013 were included to evaluate the completed
questionnaire. Of these, 282 (29.0%) completed the questionnaire. Family history was not
recorded in the electronic medical records of 393 (40.3%). In 129 (32.8%), family history
was obtained from the completed questionnaire. In 2013, 49 (60.5%) out of 81 patients
referred for genetic counseling were referred based on their family history. Eight (9.9%)
patients were referred based on the completed questionnaire.
CONCLUSION: Screening for hereditary CRC in a population undergoing outpatient
colonoscopy with a questionnaire sent by mail resulted in an increased availability of family
histories and genetic counseling.
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Introduction
In 2012 colorectal cancer (CRC) was the third most common cancer in men (746000
cases) and the second in women (614000 cases) worldwide. 1 As much as 10% of CRC
may be attributed to hereditary CRC.2 Furthermore, patients with a family predisposition
have a higher risk of interval carcinoma.3, 4 It is therefore important to identify patients at a
risk of hereditary CRC, since colonoscopic surveillance reduces CRC-related mortality in
these patients and their family members.5, 6 To identify patients at risk for hereditary CRC
a thorough assessment of their family history of cancer is needed.7
Recording a patient’s family history in those who have CRC and cancer in general is known
to be inadequate.8-14 A recent study by Wood et al. concluded that only 22% of patients
with CRC had a complete family history.15 A contributing factor to this low rate may be
the time needed to take a complete family history, which can take up to 30 min for a full
pedigree.16 As patients at an increased risk of hereditary CRC based on their family history
often remain unrecognized, genetic counseling is also underutilized.17
It has been estimated that 20% of patients undergoing outpatient colonoscopy whose
personal and family history of cancer has been assessed, together with colonoscopic
findings, are at an increased risk of hereditary CRC and may benefit from further risk
assessment.18 Therefore, additional screening for hereditary CRC in these patients is
warranted. We hypothesized that introducing a family history questionnaire that is sent to
patients before they undergo outpatient colonoscopy would result in an increased uptake
of genetic counseling for hereditary CRC. Second, we aimed to study the completed
questionnaires and the role played by the questionnaire in obtaining a family history and in
referrals for genetic counseling.

Materials and methods
The family history questionnaire
A paper-based questionnaire was sent by mail to all patients undergoing a scheduled
outpatient colonoscopy in 2013 at the Utrecht Department of Gastroenterology and
Hepatology of the Utrecht University Medical Center (Utrecht, The Netherlands). The
questionnaire consisted of questions on the patient’s family history of cancer, including
sex, cancer types, occurrence in first- and second-degree relatives and age at diagnosis
(Supplementary Fig. 1). The questionnaire was introduced passively and was not actively
explained in a face-to-face interview, such as during the patient’s visit to the Outpatient
Clinic or while written informed consent was obtained from the patient prior to the
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colonoscopy. The patients handed in their questionnaire at the endoscopy desk on the day
of the colonoscopy and the attending secretary added it to their electronic medical record.
The completed questionnaire and colonoscopic findings were reviewed by a panel consisting
of a gastroenterologist, a geneticist and a resident gastroenterologist. Referrals for genetic
counseling were advised according to the Dutch guidelines.19, 20 In cases where genetic
counseling was advised, this was also recorded in the patients’ electronic medical record.
The percentage of completed questionnaires, together with the additional family history
recorded in the electronic medical records of patients undergoing outpatient colonoscopy
in 2013 was evaluated after excluding patients undergoing inpatient colonoscopy, and
those with inflammatory bowel disease or hereditary CRC. Duplicate cases (i.e., multiple
colonoscopies in the same patient) were also excluded. The patients’ characteristics, their
indications for colonoscopy and referrals for genetic counseling of all patients undergoing
outpatient colonoscopy in 2013 were retrieved from the electronic medical records.
Indications for colonoscopy were classified as surveillance (i.e., surveillance after polyps,
polypectomy or CRC), changed bowel habits (including constipation and diarrhea),
rectal blood loss, anemia, abdominal pain or weight loss or abnormal physical examination
(including abnormal digital rectal examination), lesions on imaging (including incidental
colonic lesions found on abdominal ultrasound, computed tomography [CT] or magnetic
resonance imaging [MRI] of the abdomen), family history (i.e., patients at an increased
risk of CRC based on their family history) and to exclude CRC (including screening after
diverticulitis, Streptococcus bovis infection and adenocarcinoma of unknown original site).

Matching the endoscopy and the clinical genetic database
To investigate whether completing the questionnaire led to an increase in seeking genetic
counseling, we selected all patients who had undergone colonoscopy, including inpatient
as well as outpatient colonoscopies, in 2013 and also in the three preceding years (2010,
2011 and 2012), from our endoscopic documentation system (Endobase; Olympus,
Zoeterwoude, The Netherlands) after exclusion of duplicates. Duplicates were defined as
multiple colonoscopies in the same patient within the same year. In contrast to the patients’
indications for colonoscopy undergoing outpatient colonoscopy in 2013, which were used
to evaluate the questionnaires and were retrieved from the electronic medical records, the
colonoscopic indications used to evaluate the genetic counseling of patients undergoing
inpatient and outpatient colonoscopy during the period of 2010–2013 were extracted from
the endoscopic documentation system only and classified as screening or surveillance, as
symptoms or as unknown. The endoscopic database was matched with the database of the
Department of Medical Genetics. Only patients who had actually consulted a geneticist
were included in this database.
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Statistical analysis
Statistical analysis was performed by using SPSS 21 (IBM, Armonk, NY, USA). For
patients undergoing outpatient colonoscopy in 2013, binary variables were compared using
univariate logistic regression analysis, indications for colonoscopy were compared using
Pearson’s χ2 test and age was compared using Student’s t-test. For patients undergoing
inpatient colonoscopy as well as outpatient colonoscopy in 2010, 2011, 2012 and 2013, age
was compared using a one-way ANOVA, and sex and the indications for colonoscopy were
compared using Pearson’s χ2 test. P < 0.05 was considered statistically significant.

4

Results
The family history questionnaire
A total 282 (29.0%) of the 974 patients undergoing outpatient colonoscopy in 2013
completed the questionnaire (Fig. 1). Colonoscopy indications were compared between
patients’ completed or not completed questionnaires (Table 1), showing that 14 (51.9%) of
27 patients who underwent colonoscopy due to an increased risk of CRC based on their
family history completed the questionnaire. We found that a personal history of CRC
(odds ratio [OR] 1.80, 95% confidence interval [CI] 1.09–2.98), a previous colonoscopy
(OR 1.37, 95% CI 1.03–1.81) and no family history in the electronic medical record (OR
1.37, 95% CI 1.03–1.81) were associated with returning the questionnaire. There was no
association between a personal history of any type of cancer (OR 1.19, 95% CI 0.88–1.62),
sex (OR 1.10, 95% CI 0.84–1.46) and age (58.4 ± 13.5 years for patients returning the
questionnaire vs 59.7 ± 15.1 years for those did not, P = 0.20).
There was no family history in the electronic medical records of 393 (40.3%) of 974
patients undergoing outpatient colonoscopy in 2013. The family history was obtained by a
completed questionnaire in 129 (32.8%).
A total of 81 (8.3%) of 974 patients undergoing outpatient colonoscopy in 2013 were referred
for genetic counseling. Of these 81 patients, 49 (60.5%) were referred for genetic counseling
based on their family history, whereas 32 (39.5%) were referred based on colonoscopic
findings (Fig. 2). Eight (9.9%) were referred based on a completed questionnaire.
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The introduction of the questionnaire was associated with more genetic
consultations
A total of 6163 patients underwent inpatient or an outpatient colonoscopy during 2010–
2013. No differences in age (P = 0.17) or sex (P = 0.63) were found among the patients
undergoing colonoscopy in 2010, 2011, 2012 and 2013. The patients’ indications for
undergoing colonoscopy in 2010–2012 compared with those in 2013 were significantly
different (P < 0.01, Table 2). However, approximately one-third of the indications were
unknown. Of 1421 patients, 53 (3.7%) undergoing colonoscopy in 2013 consulted a
geneticist compared with 75 (1.6%) of 4742 patients undergoing colonoscopy in 2010–
2012 (P < 0.01). No trend towards increasing consultations over the years 2010–2012 was
observed.

Colonoscopy in 2013
N=1608

Exclusion
- IBD (N=284)
- Duplicates (N=187)
- Inpatient colonoscopy (N=126)
- Lynch syndrome or FAP (N=37)

Patients included
N=974

FHQ returned
N=282

FHQ not returned
N=692

Figure 1:
Flowchart of patient inclusion and subsequently whether patients completed the family history questionnaire
(FHQ) or not. FAP, familial adenomatous polyposis; IBD, inflammatory bowel disease.
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Referral for
genetic evaluation
N=81

Reason for referral

Family history

> 10 Adenomas

CRC < 50 years

N=49

N=24

N=8

4

Retrieval of
family history

FHQ only

EMR only

FHQ & EMR

N=8

N=26

N=15

Figure 2:
Flowchart showing the number of patients referred for genetic evaluation in 2013, the reason for referral
and the retrieval of the family history in case the referral was based on the family history. CRC, colorectal
cancer; EMR, electronic medical record; FHQ, family history questionnaire.
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Table 1: Colonoscopic indications of patients undergoing outpatient colonoscopy in 2013 who completed
family history questionnaires or not
Indications, n (%)
Surveillance
Changed bowel habits
Rectal blood loss
Anemia
Abdominal pain or weight loss or abnormal physical exam
Lesion on imaging
Family history
To exclude CRC1
Unknown
1

Completed
(N = 282)
88 (31.2)
68 (24.1)
30 (10.6)
42 (14.9)
22 (7.8)
7 (2.5)
14 (5.0)
6 (2.1)
5 (1.8)

Not completed
(N = 692)
172 (24.9)
162 (23.4)
126 (18.2)
101 (14.6)
47 (6.8)
47 (6.8)
13 (1.9)
21 (3.0)
3 (0.4)

CRC, colorectal cancer

Table 2: Colonoscopic indications of patients undergoing inpatient as well as outpatient colonoscopy in the
period 2010 to 2012 versus 2013
Indications, n (%)

2010 to 2012
(N = 4742)
1427 (30.1)

2013
(N = 1421)
350 (24.6)

Symptoms

1848 (39.0)

563 (39.6)

Unknown

1467 (30.9)

508 (35.7)

Screening or surveillance

Discussion
Screening for hereditary CRC with a paper-based questionnaire sent by mail to patients
undergoing outpatient colonoscopy in a university hospital in 2013 resulted in a significant
increase of genetic counseling given to patients considered to be at risk for hereditary
CRC compared with previous years (3.7% vs 1.6%). The introduction of the questionnaire
also resulted in an increased availability of a family history of 32.8%. In addition, 9.9% of
referrals for genetic counseling were directly attributable to the completed questionnaire.
To the best of our knowledge, this study is the first report on the yield of a paper-based
questionnaire mailed to patients before they underwent outpatient colonoscopy. It can be
time-consuming for the healthcare provider to obtain a family history,16 which is thought to
be one of main reasons why family histories do not appear in the electronic medical record.
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Sending an additional questionnaire by mail is now shown to increase the availability of a
family history and to result in an increase in further genetic assessments.
This study had some limitations. First, a low number of completed questionnaires (29.0%)
in daily clinical practice is a concern. Although a completion rate of 29.0% observed in our
cohort was identical of one on cancer mailed to all patients aged 35–65 years in a general
practice in the UK in the late 1990s,21 it was lower than that of 59% of a questionnaire
on cancer observed in four general practices in the UK in 1999 and 2000, when there
was media coverage in the press and a reminder was mailed to non-responders.22 Our
questionnaire did not point out the importance of a known family history for determining
CRC risk. It may be that a more pro-active attitude to educating and stimulating patients
to fill out the questionnaire would have increased the completion rate.
It can be argued that a paper-based questionnaire is not a sufficiently contemporary
approach and that we should have chosen a web-based application. However, completion
rates of computer-administered and paper-based questionnaires have been shown to be
equivalent.23-26 In a Canadian study of newly referred patients to a hereditary cancer clinic,
the completion rate of a mailed questionnaire was 45%.27 This higher completion rate was
related to the heightened awareness of patients of their increased risk of hereditary cancer
and the importance of returning the questionnaire. It has been known that a relatively low
benefit of genetic counseling perceived by patients is associated with their non-completion
of mailed questionnaires.27 In our cohort, 51.9% of the patients who underwent colonoscopy
based on an increased risk of hereditary CRC completed their questionnaire. It seems likely
that the patients’ perceived risk of CRC plays a role in returning the questionnaire. As it was
not studied whether patients who did not complete their questionnaire had already been
informed about their risk of hereditary CRC or whether they did not have an increased risk
at all, it remains unclear whether receiving the questionnaire raises patient awareness of
the risk of hereditary CRC, resulting in the selective completion of the questionnaire by
patients who are at an increased risk or that we still missed a significant group of patients at
an increased risk for hereditary CRC.
A second limitation concerns the comparison of genetic counseling of patients undergoing
colonoscopy in 2013 compared with that in 2010–2012. As colonoscopic indications
differed significantly in the number of unknown indications (Table 2), it was difficult to
correct for a potential bias. Although daily clinical practice at our university hospital did
not change during the study period and no variation in genetic consultations was observed
in 2010–2012, it may be the reason that for an unknown reason the number of patients at
increased risk of hereditary CRC was higher in 2013.
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Although the introduction of the questionnaire resulted in an increase in the number of
recorded family histories in addition to the family history reported by healthcare providers,
recorded family history was nevertheless available for only 54% of these patients.
Considering that approximately one in five patients undergoing colonoscopy is at a risk of
hereditary CRC based on their personal history of CRC and polyps as well as their family
history of cancer,18 gastroenterologists should take more responsibility for obtaining a
personal and family history for all patients undergoing colonoscopy and assessing, together
with colonoscopic findings, whether referral for genetic counseling is indicated. Although
tools such as the three-question CRC Risk Assessment Tool are available and have been
shown to result in the identification of 77% of patients at high risk,18 they are not recorded
or not used. The increased numbers of referrals to the clinical genetics department observed
in our study supports the latter possibility. As identification of patients who will benefit
most from colonoscopy increases the cost-effectiveness of colonoscopy, increasing the
number of recorded family histories seems necessary. Introducing the number of patients
with a recorded family history as a quality indicator may help raising this number.
In conclusion, screening patients undergoing outpatient colonoscopy in 2013 for an increased
risk of hereditary CRC using a mailed questionnaire resulted in a significant increase (32.8%) in
the availability of family histories (40–54%) and genetic counseling for hereditary CRC (1.6–
3.7%). However, fewer than one-third of patients completed the questionnaire. Therefore,
it remains unclear whether the current observed completion rate of the questionnaire was
sufficient to identify all patients at an increased risk for hereditary CRC.
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Preparation for your colonoscopy at the department of Gastroenterology & Hepatology
Please fill out this form completely and hand it in at our Endoscopy Unit on the day of your examination.
Thank you for your cooperation.
We send this form to all patients, irrespectively of their complaints or diseases.
Below we ask questions about your family history of cancer.
Type of cancer

Age at diagnosis

Children
How many children do you have?
Were they diagnosed with cancer?
If yes, who and what type of cancer?

4

 Yes  No
 Child 1
 Child 2
 Child 3

Parents
Were they diagnosed with cancer?
If yes, who and what type of cancer?

 Yes  No
 Father
 Mother

Brothers
How many brothers do you have?
Were they diagnosed with cancer?
If yes, who and what type of cancer?

 Yes  No
 Brother 1
 Brother 2
 Brother 3

Sisters
How many sisters do you have?
Were they diagnosed with cancer?
If yes, who and what type of cancer?

 Yes  No
 Sister 1
 Sister 2
 Sister 3

Paternal family
How many uncles do you have at the paternal side?
How many aunts do you have at the paternal side?
Were they diagnosed with cancer?
If yes, who and what type of cancer?

 Yes  No
 Uncle 1
 Uncle 2
 Aunt 1
 Aunt 2
Were grandfather – or mother at the paternal side diagnosed with cancer?
 Yes  No
If yes, who and what type of cancer?
 Grandfather
 Grandmother
Maternal family
How many uncles do you have at the maternal side?
How many aunts do you have at the maternal side?
Were they diagnosed with cancer?
 Yes  No
If yes, who and what type of cancer?
 Uncle 1
 Uncle 2
 Aunt 1
 Aunt 2
Were grandfather – or mother at the maternal side diagnosed with cancer?
 Yes  No
If yes, who and what type of cancer?
 Grandfather
 Grandmother

Supplementary Figure 1:
The paper-based family history questionnaire we sent to patients before they underwent an outpatient
colonoscopy in 2013.
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Abstract
BACKGROUND: We aimed to determine the cause of and risk factors for postcolonoscopy colorectal cancer (pcCRC) in patients who underwent endoscopic resection
of a polyp with intramucosal carcinoma (IMC).
METHODS: Patients diagnosed with IMC in the period 1995-2005 were selected from
the Netherlands Cancer Registry (NCR). Patients with a surgical resection of IMC or
hereditary CRC were excluded. pcCRC was defined as CRC diagnosed between 6 and 60
months after endoscopic resection of IMC. Additional data were collected in 31 hospitals
from all pcCRC cases and a sample of controls. Univariable logistic regression analysis was
performed to identify risk factors for pcCRC.
RESULTS: Among 1979 patients who underwent endoscopic resection of IMC, 48 (2.4%)
were diagnosed with a pcCRC according to the NCR. Manual review of the available
medical records confirmed pcCRC diagnosis in 27 patients, discarded pcCRC diagnosis in 9
patients and identified 2 additional pcCRC cases among a sample of 367 controls. Of these
29 pcCRC patients, 13 (45%) were attributed to an incomplete endoscopic resection, 9
(31%) to inadequate colonoscopy, 4 (14%) to a missed lesion and 3 (10%) were new CRCs.
In a univariable analysis of 29 cases versus 365 controls, recurrence (OR 3.17 95%CI 1.287.86) and rectal localization (OR 2.30 95%CI 1.07-4.94) of IMC, and a personal history
of CRC (OR 3.91 95%CI 1.01-15.10) were associated with pcCRC.
CONCLUSION: Ninety percent of pcCRCs after endoscopic resection of polyps with
IMC can be prevented by adequate endoscopic management and follow-up. Incomplete
resection is the most important cause of these pcCRCs.
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Introduction
Intramucosal carcinoma is defined as cancer cells confined within the lamina propria with
no extension through the muscularis mucosae into the submucosa.1 Although the lamina
propria contains a small lymphatic plexus close to the base of the crypts and an extensive
capillary network, the risk of metastasis is considered to be extremely low.2-4 Polyps with
intramucosal carcinoma are therefore considered to be excellent candidates for endoscopic
resection.
In contrast to defining dysplasia in colorectal polyps by its biologic progression, the definition
of intramucosal carcinoma, carcinoma in situ and severe dysplasia used in clinical practice
varies widely between the East and the West and can be confusing.5 In Western guidelines,
the terms severe dysplasia, carcinoma in situ and intramucosal carcinoma in resected
polyps are all substituted by the term high-grade dysplasia in order to avoid unnecessary
surgery.1, 6-9 In Japanese guidelines however, the term high-grade dysplasia is not used, severe
dysplasia is classified as severe atypia and carcinoma in situ is included with intramucosal
carcinoma (Table 1).10
High-grade dysplasia is usually diagnosed in relatively large polyps (>10 mm).11 Endoscopic
polypectomy is a safe method for removal of large polyps,12-15 but recent papers have raised
some concerns about the efficacy of endoscopic resection, with residual neoplastic tissue
rates ranging between 16% and 25% if the polyps are removed in a piecemeal fashion.16, 17
Since the epithelial cells in polyps with intramucosal carcinoma show changes that are also
seen in cancer and have gained the ability to invade into the lamina propria or muscularis
mucosae, incomplete resection of these polyps may result in recurrence as an invasive
carcinoma.

Table 1: Comparison of terminologies used for dysplasia in colorectal polyps1

1

Biologic progression

TNM

Western guidelines

Japanese guidelines

Severe dysplasia

T0

High-grade dysplasia

Severe atypia

Carcinoma in situ

Tis

High-grade dysplasia

Intramucosal carcinoma

Intramucosal carcinoma

Tis

High-grade dysplasia

Intramucosal carcinoma

This table was adapted and modified from West et. al.5
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In a recent Dutch study of 107744 patients with a first adenoma at baseline colonoscopy,
the pcCRC incidence rate was 1.9 per 1000 person years of observation after a mean
follow-up of 5.1 years. High-grade dysplasia was identified as a risk factor for pcCRC in the
same segment, suggesting that incomplete endoscopic resection of high-grade dysplasia
may be a risk factor for pcCRC.18
We hypothesized that incomplete endoscopic resection of a polyp with intramucosal
carcinoma (i.e. as defined by its biologic progression according to European
recommendations1 and as used in Japanese guidelines [Table 1]) is a risk factor for pcCRC.
The primary aim of this study was to determine the cause of pcCRCs in patients that
underwent endoscopic resection of an intramucosal carcinoma in the colon or rectum
and to identify risk factors associated with a pcCRC diagnosis during follow-up. As many
studies on the incidence and causes of pcCRC are based on retrospective analyses of large
healthcare databases without additional chart review being performed,19-21 the strength of
the current study lies in the fact that a chart review of pcCRC cases and a large sample of
controls was performed.

Patients and methods
Study design and patient population
This is a case-control study. All patients diagnosed with a polyp with intramucosal carcinoma
in the period 1995 to 2005 in the Netherlands were selected from the Netherlands Cancer
Registry (NCR). The NCR provides data on age at diagnosis, gender, tumor stage, tumor
localization, resection type (i.e. endoscopic or surgical resection), survival (derived from the
municipal population registries) and a diagnosis of CRC during follow-up (from January 1st,
1995 to December 31st, 2011).
All new malignancies in the Netherlands are registered in the NCR using pathology reports
of the National Pathology Registry (PALGA) as main source22 and in accordance with the
American Joint Committee on Cancer TNM staging system (4th ed. until 1998, 5th ed.
for the period 1999-2002, 6th ed. for the period 2003-2009 and 7th ed. for the period
2010-2011). As a consequence, only Tis lesions are registered in the NCR and polyps with
severe dysplasia (T0), which is also considered as high-grade dysplasia in Western guidelines
(Table 1), are not. Therefore, polyps with severe dysplasia (T0) could not be included in this
study and the term intramucosal carcinoma had to be used.

Intramucosal carcinoma was defined as cancer cells confined within the lamina propria
with no extension through the muscularis mucosae into the submucosa, in accordance
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with European recommendations,1 and the term intramucosal carcinoma in this manuscript
should be interpreted according to its definition in Japanese guidelines (Table 1).
Patients that underwent a surgical resection of a polyp with intramucosal carcinoma or
in whom no data on resection type was available were excluded. Transanal endoscopic
microsurgery (TEM) was considered as a surgical resection. Also, patients with a morphology
code (based on the ICD-0 morphology codes23) that included the term “adenomatous
polyposis coli” were considered as having familial adenomatous polyposis and were excluded.
Finally, patients that were also diagnosed with a CRC at baseline colonoscopy or within
6 months after baseline colonoscopy were excluded and considered as having “detected
CRC”. This was based on the assumption that CRCs diagnosed within 6 months after
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baseline colonoscopy, would already be suspected or detected at baseline colonoscopy.

Cases and controls
Primary endpoint of this study was pcCRC, defined as histologically proven adenocarcinoma
diagnosed between 6 months and 5 years after baseline endoscopy. The endoscopy in
which the polyp with intramucosal carcinoma was removed, was considered as the baseline
colonoscopy. All patients with the outcome pcCRC were cases. Patients that underwent
an endoscopic resection of a polyp with intramucosal carcinoma and were not diagnosed
with pcCRC during follow-up functioned as controls. For efficiency, data was collected
by manual chart review by three observers (AB, FS or KK) from all cases and a sample of
controls. The selection of controls was based on: (1) Willingness of hospitals to participate
in this study; (2) All controls were selected from hospitals in which at least one patient with
a pcCRC was diagnosed. Data were collected from the electronic medical records and the
corresponding endoscopy and pathology reports. The pathology slides of included patients
were not reviewed by a pathologist.

Etiology of post-colonoscopy colorectal cancers based on the Netherlands
Cancer Registry
To assign the pcCRCs we identified in the NCR to a most probable cause based on the data
in this registry only, we built on an algorithm used by le Clercq et al.

24

Post-colonoscopy

CRCs were divided into three categories: (1) Incomplete resection, defined as CRC in the
same segment as the previously endoscopically resected polyp with intramucosal carcinoma
within 5 years; (2) Missed lesion, defined as CRC (A) detected in another segment as the
previously endoscopically resected polyp with intramucosal carcinoma within 3 years OR
(B) advanced CRC in another segment as the previously endoscopically resected polyp
with intramucosal carcinoma after 3 to 5 years; (3) New CRC, defined as non-advanced
CRC in another segment as the previously endoscopically resected polyp with intramucosal
carcinoma after 3 to 5 years.
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Etiology of post-colonoscopy colorectal cancers based on the chart review
After chart review of pcCRC cases, we were able to use more accurate definitions for pcCRC
etiology as compared to the most commonly used algorithms to attribute pcCRCs to their
most probable cause.24-26 Post-colonoscopy CRC etiology after chart review was divided
into four categories: (1) Incomplete endoscopic resection, defined as CRC reported by the
endoscopist to be present at the same site and / or at the site of the scar of the previously
resected polyp with intramucosal carcinoma; (2) Inadequate colonoscopy, defined as: (A)
CRC due to a different polyp (i.e. not the polyp with intramucosal carcinoma) that was
reported to be present at the CRC site at baseline or other previous colonoscopy and was
not removed OR (B) CRC in a segment that was reported not to have been reached at
baseline or other previous colonoscopy; (3) Missed lesion, defined as: (A) CRC diagnosed
within 3 years after baseline colonoscopy AND (B) in a segment reported to have been
reached previously AND (C) in a segment without any polyps (including the polyp with
intramucosal carcinoma) reported to have been present or removed at baseline or other
previous colonoscopy; (4) New CRC, defined as non-advanced CRC 3 to 5 years after
baseline colonoscopy that could not be confirmed to be due to an incomplete resection,
inadequate colonoscopy or missed lesion.

Study parameters
Data on pcCRCs (date of diagnosis, localization and tumor stage) and established risk
factors for pcCRC (based on previous literature) were collected. These included patient
characteristics (i.e. gender, age, personal- and family history of CRC and Lynch syndrome
and number of lifetime adenomas), colonoscopy characteristics (i.e. number, localization
and histology of synchronous polyps, caecal intubation and bowel preparation), polyp
with intramucosal carcinoma characteristics (i.e. size, morphology, type of resection and
completeness of resection according to the endoscopist and resection margin status) and
follow-up characteristics (i.e. number and timing of follow-up colonoscopies and whether
residual tissue was detected at follow-up colonoscopy). A family history of CRC or Lynch
syndrome was defined as a diagnosis of CRC or Lynch syndrome in first- or seconddegree relatives. A personal history of CRC was defined as the diagnosis of CRC prior
to the detection of the polyp with intramucosal carcinoma. Number of lifetime adenomas
was defined as the total number of adenomas as extracted from the endoscopy and
pathology reports. Bowel preparation was classified as optimal or suboptimal according to
the colonoscopy report. It was impossible to extract a cleaning classification such as the
Boston Bowel Preparation Scale as these were not used in this time. Endoscopic incomplete
resection was defined as a macroscopic incomplete resection as determined by the
endoscopist (i.e. visible remnant neoplastic tissue). A histologic incomplete resection was
defined as positive or unable to determine resection margins as assessed by the pathologist.
Endoscopic or histologic recurrence at follow-up colonoscopy was defined as residual tissue
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determined by the endoscopist or the pathologist in biopsy specimens. Thus, endoscopic
detection of recurrence without histological confirmation was sufficient to be included as a
recurrence. Also, any neoplastic tissue, including adenomatous tissue, was considered as a
recurrence. Finally, polyps with intramucosal carcinoma known to have been incompletely
resected at baseline colonoscopy and with endoscopic or histologic recurrence at follow-up
colonoscopy, were considered as a recurrence as well.

Ethics approval
This study was approved by the Medical Ethics Review Committee of the University Medical
Center Utrecht in the Netherlands (reference number 15/514) on September 8th, 2015 and
was carried out in accordance with the Helsinki Declaration. All the collected data were
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coded and anonymity of patients was guaranteed.

Statistical analysis
Standard descriptive statistics were used to describe baseline characteristics. Primary aim was
to identify risk factors associated with pcCRC. For patients diagnosed with pcCRC during
follow-up and controls, patient-, polyp- and procedural characteristics were compared using
Student’s t-test, Pearson’s chi-squared test or Fisher’s exact test when appropriate. Also,
univariable logistic regression analysis was performed in order to calculate odds ratios (OR)
with 95% confidence intervals (95%CI). Kaplan Meier analysis was performed to compare
5-year pcCRC free survival in three different time periods. Statistical analyses were performed
using IBM SPSS Statistics Version 24 (IBM, Armonk, New York, USA) software. A two-sided
p-value <0.05 was considered statistically significant.

Results
Patient population
A total of 3508 patients with a polyp with intramucosal carcinoma in the colon or rectum in
the period 1995 to 2005 were identified. Of these, 2028 (58%) underwent an endoscopic
resection, 1305 (37%) a surgical resection and 175 (5%) an unknown resection of a polyp
with intramucosal carcinoma. We found no trend towards a reduction of surgical resections
over time (Fig. 1).
We included a total of 1979 patients with endoscopic treatment of a polyp with intramucosal
carcinoma. A study flowchart of the included patients is presented in Figure 2. Of the
1979 endoscopically resected polyps with an intramucosal carcinoma, 104 (5.3%) were
located in the proximal colon, 1151 (58.2%) in the distal colon, 657 (33.2%) in the rectum
and 67 (3.4%) had an unknown localization. Mean age of included patients was 68.3 years
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(standard deviation 11.7 years) and 1077 (54.4%) were males. Median follow-up was 9.2
years (interquartile range 7.8 years). In total 1485/1979 (75.0%) patients had a total
follow-up of at least 5 years after the baseline colonoscopy. Total follow-up was 12 months
or less in 137/1979 (6.9%) patients.
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Figure 1:
Bar graph showing the percentage (y axis) and absolute number (in the bars) of patients who underwent
surgical, endoscopic or an unknown resection for a polyp with intramucosal carcinoma per year from 1995 to
2005 (x axis). IMC = intramucosal carcinoma.

Post-colonoscopy colorectal cancer based on the NCR
Among 1979 patients, 48 (2.4%) were diagnosed with a pcCRC. Nineteen of the 48
pcCRCs were located in the proximal colon, 12 pcCRCs were located in the distal colon
and 17 pcCRCs in the rectum. In order to exclude a time bias for the diagnosis of a pcCRC,
5-year pcCRC free survival in three different time periods was compared; i.e. 1995 to 1998
(16/789 (2.0%) diagnosed with a pcCRC), 1999 to 2002 (20/744 (2.7%) diagnosed with a
pcCRC) and 2003 to 2005 (12/446 (2.7%) diagnosed with a pcCRC). No effect of time
on the occurrence of pcCRC was found (Log Rank P=0.66).
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Polyp with IMC from 1995 to 2005 according
to the Netherlands Cancer Registry
N=3508

Endoscopically resected IMC
N=2028 (58%)

Surgically resected IMC
N=1305 (37%)

Unknown resection of IMC
N=175 (5%)

Exclusion:
- CRC within 6 months after IMC (N=48)
- pT1 (N=1)

5

Included endoscopically
resected IMC
N=1979

pcCRC
N=48 (2.4%)

Figure 2:
Flow chart showing the process of inclusion of patients from the Netherlands Cancer Registry who underwent
endoscopic resection of polyps with intramucosal carcinoma.
IMC = intramucosal carcinoma; CRC = colorectal cancer; pT1 = pathological T1 AJCC (American Joint
Committee on Cancer) tumor stage; pcCRC = post-colonoscopy colorectal cancer.

The etiology of the pcCRCs, according to the algorithm we used for determining etiology
of pcCRCs based on the data in the NCR only, is shown in Figure 3. Seventeen of 19 (90%)
proximal pcCRCs were assigned to missed lesions. Of the 12 pcCRC cases in the distal colon,
5 (42%) were ascribed to incomplete resections. Incomplete resections were especially the
cause of pcCRCs after endoscopic resection of rectal polyps with intramucosal carcinoma,
where 14 of 17 (82%) were attributable to incomplete resections (Fig. 3).
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Post-colonoscopy colorectal cancer based on the chart review
The 48 pcCRC cases were diagnosed in 33 hospitals. Of these, 31 hospitals agreed to
additional chart review, and we therefore missed 2 pcCRC cases. Medical records of 36 of
the remaining 46 (78%) pcCRC cases were available (i.e. cases in which no medical records
were available all concerned patients diagnosed before 2001). Nine out of 46 (20%) pcCRC
cases could not be confirmed (i.e. did not fulfill the definition of pcCRC or did not meet
the inclusion criteria). These patients underwent surgery for the polyp with intramucosal
carcinoma (n=4), did not develop CRC during follow-up (n=3), had synchronous CRC at
baseline (n=1) or were Lynch syndrome patients (n=1). Among a sample of 367 non-pcCRC
cases from 24 hospitals as identified in the NCR database, two additional pcCRC cases
were identified, resulting in a final 29 confirmed pcCRC cases eligible for analysis.

pcCRCs in 33 hospitals
according to NCR
N=48

Proximal colon
N=19 (40%)

Distal colon
N=12 (25%)

Rectum
N=17 (35%)

- Incomplete resection: N=0 (0%)

- Incomplete resection: N=5 (42%)

- Incomplete resection: N=14 (82%)

- Missed: N=17 (89%)

- Missed: N=4 (33%)

- Missed: N=2 (12%)

- New: N=2 (11%)

- New: N=3 (25%)

- New: N=1 (6%)

Figure 3:
Flowchart showing the localization of post-colonoscopy colorectal cancers (pcCRCs) and subsequently their
etiology according to the used algorithm for etiology of pcCRCs based on the NCR.

According to the definitions we used for determining etiology of pcCRCs based on the chart
review, of these 29 pcCRC patients, 13 (45%) developed a pcCRC due to an incomplete
endoscopic resection (Supplementary Table 1), 9 (31%) due to an inadequate colonoscopy
(Supplementary Table 2), 4 (14%) due to a missed lesion (Supplementary Table 3) and 3
(10%) were new CRCs. Ten of 13 (77%) cases with an incomplete resection were detected
within 24 months after endoscopic resection, and 8 of 13 (62%) cases after 12 months
(Fig. 4). Six of 13 (46%) had undergone one or more follow-up colonoscopies in which
recurrence had been detected at the polypectomy site (Fig. 4). In 5 of 6 cases, a mean of
3.2 attempts (range 1-6) were performed to treat the recurrence. In 1 of 6 pcCRC cases
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recurrence was not observed at the scar during endoscopy, but intramucosal carcinoma
was observed in the scar biopsies. No further action was however taken, and a CRC was
observed 2.8 months later.
In 9 of 29 (34%) cases, the medical care given was considered to be inadequate
(Supplementary Table 2). For example, in some cases it was impossible to detect a clear
motivation from the medical records, why a complete visualization of the colon with either
CT-colonography or a second attempt of colonoscopy was not attempted. In two cases, the
polyp itself was followed-up without polypectomy or surgical removal.

Risk factors for post-colonoscopy colorectal cancer
Apart from a chart review of all pcCRC cases, a random sample of 367 cases was selected
from the remaining 1931 non-pcCRC cases in the NCR. Chart review of this sample of 367
non-pcCRC cases, confirmed 365 patients as having undergone an endoscopic resection of
a polyp with intramucosal carcinoma without being diagnosed with a pcCRC during followup and identified 2 additional pcCRC cases.
2
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Figure 4:
Follow-up characteristics of the patients who developed a post-colonoscopy colorectal cancer (pcCRC) due
to an incomplete endoscopic resection of the polyp with intramucosal carcinoma.
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First, baseline characteristics of selected and unselected non-pcCRC cases were compared
in order to explore whether the selected non-pcCRC cases represented the total group
of non-pcCRC cases. The drawn sample showed a similar distribution of age, gender and
localization of the polyp with intramucosal carcinoma as the overall group of non-pcCRC
cases (Supplementary Table 4). Subsequently, we performed a univariable analysis of the 29
pcCRC cases versus the 365 non-pcCRC cases. Recurrence (OR 3.17 95%CI 1.28-7.86),
rectal localization (OR 2.30 95%CI 1.07-4.94) and endoscopic incomplete resection
(OR 3.54 95%CI 1.30-9.68) of intramucosal carcinoma were associated with pcCRC.
Also, a personal history of CRC (OR 3.91 95%CI 1.01-15.10) was associated with pcCRC
(Tables 2 and 3).
Table 2: Post-colonoscopy colorectal cancer (pcCRC) patients versus patients without post-colonoscopy
colorectal cancer (No pcCRC) after endoscopic resection of polyps with intramucosal carcinoma: Patient
characteristics.
pcCRC

No pcCRC

N=29

N=365

N (%)

N (%)

Age (mean ± SD )

70.4 (9.5)

69.0 (11.7)

0.53

Male gender

16 (55.2)

194 (53.2)

0.83

Yes

6 (20.7)

44 (12.2)

0.09

No

3 (10.3)

72 (19.7)

Unknown

20 (69.0)

249 (68.2)

Yes

3 (10.3)

10 (2.7)

No

26 (89.7)

339 (92.9)

Unknown

0 (0.0)

16 (4.4)

Yes

3 (10.3)

30 (8.2)

No

24 (82.8)

313 (85.7)

1

Family history of Lynch syndrome associated cancer or hereditary
polyposis (1st or 2nd degree)

Personal history of colorectal cancer

Ten or more lifetime adenomas

Unknown
Synchronous adenoma(s) at baseline colonoscopy

Bowel preparation at baseline colonoscopy

2 (6.9)

22 (6.0)

Yes

11 (37.9)

93 (25.5)

No

17 (58.6)

258 (70.7)

Unknown

1 (3.4)

14 (3.8)

Optimal

19 (65.5)

247 (67.7)

Suboptimal
Cecal intubation at baseline colonoscopy

0 (0.0)

21 (5.8)

Unknown

10 (34.5)

97 (26.6)

Yes

17 (58.6)

182 (49.9)

No

2 (6.9)

23 (6.3)

10 (34.5)

160 (43.8)

Unknown
1

SD = standard deviation
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P

0.03

0.68

0.14

0.21

0.93

Table 3: Post-colonoscopy colorectal cancer (pcCRC) patients versus patients without post-colonoscopy
colorectal cancer (No pcCRC) after endoscopic resection of polyps with intramucosal carcinoma:
Characteristics of the polyps with intramucosal carcinoma.

Localization

Size

Endoscopic resection type

Endoscopic incomplete resection

Histologic incomplete resection

Endoscopic or histologic recurrence

pcCRC

No pcCRC

N=29

N=365

N (%)

N (%)

Colon

15 (51.7)

249 (68.2)

Rectum

P

0.03

14 (48.3)

101 (27.7)

Unknown

0 (0.0)

15 (4.1)

Millimetres (mm)
(mean ± SD1)
<= 20mm

19 (15)

17 (10)

0.48

12 (41.4)

215 (58.9)

0.19

> 20mm

10 (34.5)

100 (27.4)

Unknown

7 (24.1)

50 (13.7)

En-bloc

18 (62.1)

291 (79.7)

Piecemeal

7 (24.1)

57 (15.6)

Unknown

4 (13.8)

17 (4.7)

Yes

6 (20.7)

29 (7.9)

No

17 (58.6)

291 (79.7)

Unknown

6 (20.7)

45 (12.3)

Yes

4 (13.8)

27 (7.4)

No

13 (44.8)

202 (55.3)

Unknown

12 (41.3)

136 (37.3)

Yes

18 (62.1)

45 (12.3)

No

11 (37.9)

320 (87.7)

5

0.14

0.01

0.16

<0.01

Discussion
In this large, multicenter and population based cohort, the most important cause for a
pcCRC after polypectomy of a polyp with intramucosal carcinoma was an incomplete
resection (45%). Inadequate care such as inadequate visualization of the colon, follow-up
of large polyps without polypectomy or absence of action for recurrence were found to be
other important causes for pcCRC in this cohort (9/29 (34%)). This study illustrates that
a pcCRC after polypectomy of a polyp with intramucosal carcinoma is uncommon (2.4%),
but can be prevented by adequate endoscopic management of polyps and their follow-up.
The strength of the current study lies in the extensive chart review of pcCRC cases and
a large sample of controls. This allowed us to accurately determine the cause of pcCRCs
after endoscopic resection of polyps with intramucosal carcinoma, rather than making an
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assumption of the cause based only on follow-up time and the localization of the polyp
with intramucosal carcinoma and the pcCRC. Also, the strength of the additional chart
review is underlined by the fact that a considerable discrepancy was observed between the
reported pcCRC cases in the NCR and the actual pcCRC cases when manually reviewing
the corresponding medical records. This discrepancy hampered a reliable calculation of the
incidence rate for pcCRC and is in line with the results of a recent study by Gotfried et al.
in which 21 of 45 (47%) potential interval CRCs in a large cancer registry were found to be
due to administrative errors after manual review of all charts and were falsely classified as
interval CRCs.27 In our opinion, this raises concern on the reliability of studies on pcCRC
incidence, especially because many are based on retrospective analyses of large (linked)
healthcare databases without additional chart review.19-21 Together with the often rather
complicated definitions used for classification of pcCRCs and their low incidence, this may
easily lead to unreliable estimates of pcCRC incidence and etiology.
Endoscopic resection of polyps in the colon is known to be safe and more cost-effective
than surgery.28, 29 Given the extreme low risk of metastasis,2-4 polyps with intramucosal
carcinoma are therefore excellent candidates for minimally invasive endoscopic treatment.
Nonetheless, the efficacy of endoscopic treatment is currently a topic of ongoing debate.
The risk of residual adenoma in the scar during follow-up has shown to be dependent on size,
intraprocedural bleeding, the ability to remove all visible neoplastic tissue, experience of
the endoscopist , but most of all with the resection technique (en-bloc versus piecemeal).17,
30

A recurrent lesion is often associated with non-lifting and therefore more difficult to

remove with standard resection techniques.31 Also, a recurrent adenoma can present as
late as 2-3 years after the primary resection and is associated with the development of a
pcCRC.18 In previous studies, it was estimated that approximately one-fifth to one-third
of pcCRCs arising after endoscopic resection of any adenoma are caused by an incomplete
endoscopic resection.18, 32 However, a limitation of these studies was that the estimated
incidence was based on the classification according to the Pabby criteria.26 A CRC found in
the same colorectal segment as a previously resected adenoma within 3 years was classified
as most probable due to incomplete resection. This entails uncertainty as to whether these
pcCRCs are indeed a consequence of incomplete endoscopic resections or are the result
of missed lesions in the same segment.18, 32 Moreover, these studies did not differentiate
between adenomas with low-grade and high-grade dysplasia. A strength of this study is that
additional chart review of pcCRC cases was performed using strict definitions to classify
pcCRCs, enabling to differentiate between true incomplete endoscopic resections and
missed lesions within the same segment, and to evaluate risk factors for pcCRC.
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The shift towards minimally invasive treatment of superficial submucosal CRC (i.e. T1
CRC) necessitates accurate optical diagnosis as en-bloc endoscopic resection is required
in order to be curative.33-35 Previous studies have shown that the subgroup of polyps with
suspicion of superficial invasive carcinoma as assessed with advanced imaging often contain
a relatively large number of intramucosal carcinomas. As the discrimination between
intramucosal and superficial submucosal invasive carcinomas is based on identification
of cancer cells below or above the muscularis mucosae, it is difficult to differentiate
between both entities by looking at endoscopic features at the surface of a polyp. Critics of
endoscopic submucosal dissection (ESD), argue that endoscopic mucosal resection (EMR)
may be as effective for intramucosal carcinomas as ESD.36 This study however highlights
that en-bloc resection with a low risk of local recurrence is likely to be very beneficial for
polyps with an intramucosal carcinoma, not only for an optimal histological assessment to
differentiate between intramucosal and submucosal invasive carcinoma, but also to prevent
pcCRCs.
In our study, two cases were diagnosed with pcCRC due to an incomplete resection
after more than 3 years (Fig. 3, ID 24 and ID 27) with surveillance colonoscopies after
approximately two years being negative for recurrence. This late occurrence of recurrence
is in line with previous studies. A recent meta-analysis that assessed the frequency of
local recurrence after EMR showed that 76% of recurrences were detected at 3 months,
increasing to 96% at 6 months.30 Other studies observed a rising cumulative rate of residual
tissue as late as 30 to 36 months after resection.37, 38 In an earlier case report, invasive CRC
was observed 11 years after incomplete resection of a polyp with intramucosal carcinoma.39
Although this is rarely reported, it highlights the observation that residual tissue can be
observed at longer time intervals. It is likely that follow-up colonoscopy that is performed
too early after a potentially incomplete resection of a polyp with intramucosal carcinoma
(within 2-4 months), may contribute to missing residual neoplastic tissue and thereby a
higher pcCRC rate. Additional studies are needed to elucidate the importance of these
contributing factors on pcCRC incidence.
This study has some limitations. Our study is based on endoscopically resected polyps with
intramucosal carcinoma from 1995 to 2005. Since then, a large amount of literature has
been published on the importance of high-quality colonoscopy and, additionally, imaging
technology has advanced, which questions the relevance of our data to current daily practice.
On the other hand, most studies on pcCRCs also consist of patient groups studied relatively
long ago, varying from 1992 to 2010 in a recent review by Adler et al in which procedural
factors remained a key factor.40 Moreover, local recurrence after endoscopic resection of
large polyps has been shown to remain an important issue in more recent studies.16, 17
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Considering that the high number of patients that we identified in the NCR was spread out
over many different hospitals and that not all hospitals were willing to participate, we were
unable to perform a manual chart review of all reported pcCRC cases and non-pcCRC
cases. This may have led to a selection bias affecting the distribution of pcCRC etiology. We
believe however, that these were random missing cases, mostly related to the older years
of endoscopic resection, and that any influence on the distribution of pcCRC etiology is
unlikely. Also, we performed an extensive additional review of all available pcCRC cases and
a large sample of randomly selected non-pcCRC cases, leading to, in our opinion, the best
achievable insight in the occurrence of pcCRCs after endoscopic resection of polyps with
intramucosal carcinoma.
Data were extracted from a cancer registry in which patients were recorded as Tis when
intramucosal carcinoma was mentioned in the pathology report. Therefore, regrettably,

patients with polyps with so-called severe dysplasia could not be included. As the term
intramucosal carcinoma has been replaced by high-grade dysplasia, our findings most
probably only apply for this specific subgroup of patients with high-grade dysplasia, as it
cannot be excluded that the risk of pcCRC increases from severe dysplasia, to carcinoma
in situ to intramucosal carcinoma with invasion of the muscularis mucosae. The observed
risk may therefore not be applicable to the whole group of polyps with high-grade dysplasia
(Table 1).5
Since the term intramucosal carcinoma is no longer used in the West, it may be that certain
pathologists tended to use this term more often than others. We were unable to determine
whether there were any biases in the use of this term between different pathologists and
in the use of this term over time. Also, pathology slides from included patients were not
reviewed for the purpose of this study. As a consequence, we were unable to confirm as to
whether the polyps of included patients actually contained an intramucosal carcinoma or
were “under or over staged”.
Another limitation is that data on polyp morphology (i.e. pedunculated versus
nonpedunculated) were not collected. As a complete endoscopic en-bloc resection is
achieved more easily for pedunculated compared to nonpedunculated polyps, it cannot
be excluded whether a relatively high number of pedunculated polyps in the non-pcCRC
group has attributed to the lower number of endoscopic incomplete resections (and as a
consequence pcCRCs) we observed in this group. However, although we found that also an
endoscopic en-bloc resection was achieved more often in the non-pcCRC group (79.7%
versus 62.1%), this difference was not statistically significant, which suggests that the
influence of polyp morphology on the outcome is limited.
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A final limitation of this study is that, due to the design of the study, it cannot be determined
whether incomplete resection of a polyp with intramucosal carcinoma is indeed causative
for a higher risk of pcCRC, rather than residual tissue after endoscopic resection (i.e. of a
polyp with low-grade dysplasia) in the background of a higher risk of malignant progression
(multiple adenomas, personal history of CRC, villous histology etc.). Several studies have
however shown that high-grade dysplasia is an independent risk factor for recurrence after
endoscopic resection and this study builds on these observations.18, 41, 42
In conclusion, we found that 90% of pcCRCs after endoscopic resection of polyps with
intramucosal carcinoma can be prevented by adequate endoscopic management and followup. The risk of pcCRC after endoscopic resection of a polyp with intramucosal carcinoma

5

was mainly related to incomplete resections.
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Supplementary Table 1: Post-colonoscopy colorectal cancers (pcCRC) after endoscopic resection of polyps
with intramucosal carcinoma due to incomplete endoscopic resections.
Patient

Polyp with intramucosal carcinoma

Resection
Type

ID

Age
(years)
2
53
3
64
5
69
6
71
7* 81
10* 64
12 75
15 92
18 70
19 62
24 71
27 68
29 74

Gender
Female
Male
Female
Female
Male
Male
Male
Female
Female
Female
Female
Male
Male

Year of
diagnosis
1996
1999
2000
2003
2004
2000
1997
2005
2005
2003
1996
2002
2004

Localisation
Sigmoid
Rectum
Rectum
Rectum
Rectum
Sigmoid
Rectosigmoid
Rectum
Sigmoid
Rectum
Rectum
Sigmoid
Rectum

Size
(mm)
Unknown
9
Unknown
21
3
12
35
60
Unknown
50
20
20
3

En-bloc
Piecemeal
En-bloc
Piecemeal
En-bloc
En-bloc
Piecemeal
Piecemeal
Piecemeal
En-bloc
En-bloc
En-bloc
En-bloc

pcCRC
Complete?
Endoscopist Pathologist Time to
(months)
Yes
Uncertain
7.6
Yes
Uncertain
7.8
No
No
7.9
No
Uncertain
9.7
Yes
Uncertain
10.6
Yes
Yes
11.6
Yes
Yes
15.2
No
No
18.7
No
Uncertain
20.7
Uncertain
Uncertain
21.8
Yes
Yes
38.7
Yes
No
52.1
Yes
Yes
54.7

TNM
III
III
III
III
I
III
III
II
II
Unknown
Rectum
I or II
I

*Additional pcCRC identified at chart review

Supplementary Table 2: Post-colonoscopy colorectal cancers (pcCRC) after endoscopic resection of polyps
containing intramucosal carcinoma due to inadequate colonoscopy.
Patient

1

Polyp with intramucosal
carcinoma
Age
Gender Year of
Localisation
(years)
diagnosis
87
Male
2004
Sigmoid

pcCRC

ID

Cause†

8

82

Male

2004

9

76

Female

2000

11

62

Female

14

85

16

Localisation

TNM

No polypectomy

Time to
(months)
6.8

Caecum

I

Sigmoid

No caecal intubation

10.7

Caecum

IV

Rectum

No caecal intubation

11.4

Caecum

I

1995

Sigmoid

No caecal intubation

13.1

Ascending

I

Female

2001

Sigmoid

No caecal intubation

16.8

Ascending

III

60

Male

2003

Sigmoid

No polypectomy

18.9

Caecum

III

21

64

Male

1999

Rectum

No caecal intubation

26.4

Ascending

IV

25

74

Female

1998

Rectosigmoid

No caecal intubation

41.6

Caecum

IV

26

77

Male

2003

Rectum

No caecal intubation

51.3

Ascending

II

No polypectomy = pcCRC due to another adenoma at the pcCRC site that was not removed at baseline or
other previous colonoscopy; No caecal intubation = pcCRC in a segment that was not examined at baseline
or other previous colonoscopy.
†
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Supplementary Table 3: Post-colonoscopy colorectal cancers (pcCRC) after endoscopic resection of polyps
containing intramucosal carcinoma due to missed lesions.
Patient

Polyp with intramucosal carcinoma

ID

Age (years) Gender

Year of diagnosis

Localisation

Time to (months)

Localisation

TNM

13

59

Male

2000

Rectosigmoid

16.2

Caecum

IV

17

69

Male

1997

Rectum

19.0

Caecum

IV

20

68

Male

2002

Rectosigmoid

25.0

Sigmoid

II

22

67

Female

1998

Rectum

30.8

Caecum

I

Supplementary Table 4: Comparison of the random sample selected for chart review and the overall group
of non-pcCRC (post-colonoscopy colorectal cancer) cases in the NCR
Random sample

N (%)

N (%)

P

Age (mean ± SD1)

68.5 (11.7)

68.5 (11.7)

0.93

Male gender

193 (52.9)

1056 (54.7)

0.52

Proximal colon

21 (5.8)

103 (5.3)

0.68

Distal colon

222 (60.8)

1121 (58.1)

Rectum

109 (29.9)

639 (33.1)

Unknown

13 (3.6)

68 (3.5)

Localization of polyp with intramucosal carcinoma

1

N=365

Overall group of nonpcCRC cases
N=1931

SD = standard deviation

87

5
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Abstract
OBJECTIVE: It is difficult to predict the presence of histological risk factors for lymph
node metastasis (LNM) before endoscopic treatment of T1 colorectal cancer (CRC).
Therefore, endoscopic therapy is propagated to obtain adequate histological staging. We
examined whether secondary surgery following endoscopic resection of high-risk T1 CRC
does not have a negative effect on patients’ outcomes compared with primary surgery.
DESIGN: Patients with T1 CRC with one or more histological risk factors for LNM (high
risk) and treated with primary or secondary surgery between 2000 and 2014 in 13 hospitals
were identified in the Netherlands Cancer Registry. Additional data were collected from
hospital records, endoscopy, radiology and pathology reports. A propensity score analysis
was performed using inverse probability weighting (IPW) to correct for confounding by
indication.
RESULTS: 602 patients were eligible for analysis (263 primary; 339 secondary surgery).
Overall, 34 recurrences were observed (5.6%). After adjusting with IPW, no differences
were observed between primary and secondary surgery for the presence of LNM (OR 0.97;
95% CI 0.49 to 1.93; P=0.940) and recurrence during follow-up (HR 0.97; 95% CI 0.41
to 2.34; P=0.954). Further adjusting for lymphovascular invasion, depth of invasion and
number of retrieved lymph nodes did not alter this outcome.
CONCLUSIONS: Our data do not support an increased risk of LNM or recurrence after
secondary surgery compared with primary surgery. Therefore, an attempt for an en-bloc
resection of a possible T1 CRC without evident signs of deep invasion seems justified in
order to prevent surgery of low-risk T1 CRC in a significant proportion of patients.
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Introduction
The gold standard for treatment of T1 colorectal carcinoma (CRC) used to be an oncological
surgical resection including resection of draining lymph nodes. Colorectal surgery is however
associated with an overall mortality of 1–5% and morbidity of about 30%, especially in
the elderly population.1-4 A recent study from Japan showed that endoscopic resection is
adequate for T1 CRC with a low risk for lymph node metastasis (LNM), which concerns
approximately 19–29% of all T1 CRCs.5, 6 Additional surgical resection is required for highrisk T1 CRC.5
Currently, histological evaluation of the resected specimen estimates the risk of LNM and
guides therapy after endoscopic resection of T1 CRC. Negative resection margins, well or
moderate differentiation, absence of vascular or lymphatic invasion, depth of submucosal
invasion of <1000 μm and low-grade tumour budding are histological parameters associated
with a low risk of LNM and local recurrence.7 Ideally, endoscopic resection should be used
selectively for patients with a low risk of LNM.8-12 However, during colonoscopy it is difficult
to reliably discriminate low-risk from high-risk T1 CRC. Since this differentiation can only
be made after histological evaluation of the endoscopic resected specimen, it is important
to know whether endoscopic resection of high-risk T1 CRC prior to surgical resection has
adverse effects. Endoscopic resection through a tumour with sequential positive resection
margins and residual tumour could cause tumour spill and raise the risk of LNM and
recurrence. The current literature has shown conflicting evidence on this risk. Some studies
suggest that incomplete endoscopic resection of T1 CRC might accelerate growth of the
remaining tumour and promote metastasis.8, 13, 14 Even with complete endoscopic resection,
tumour cell dissemination may occur when a piecemeal resection technique is used or when
perforation occurs.15, 16 In contrast, a recent study concluded that endoscopic resection
before secondary surgery had no negative effect on short-term outcomes, morbidity,
mortality and oncologic surrogate quality markers.1
Long-term outcome after surgical resection of T1 CRC with and without prior endoscopic
resection has not been evaluated in Western countries. The aim of this study was to
determine whether secondary surgical resection after endoscopic resection of high-risk T1
CRC has an adverse effect on patient outcome compared with primary surgical resection;
regarding LNM and recurrence rate.
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Methods
Patients
The study design is a multicentre retrospective observational cohort study. All patients from
13 hospitals diagnosed with T1 CRC between 2000 and 2014 and treated with primary or
secondary surgical resection were identified in the database of the Netherlands Cancer
Registry. Patients were included in the study when they had a high risk for LNM based on the
presence of one or more of the following histological criteria: poorly differentiated histology,
positive resection margins, deep submucosal invasion depth (defined as submucosal invasion
depth >1 mm, Sm2/Sm3 for sessile T1 CRC and Haggitt 3–4 for pedunculated T1 CRC) or
presence of vascular or lymphatic invasion. These histological prognostic parameters were
evaluated in the original pathology reports. Patients were subdivided into two groups: primary
surgical resection and secondary surgical resection (endoscopic resection with additional
surgical resection). Patients were excluded in case of (1) hereditary predisposition for CRC
(Lynch syndrome, FAP or MAP associated polyposis); (2) IBD; (3) synchronous CRC (T1–
T4); (4) death within 1 year due to another cause than T1 CRC; (5) non-adenocarcinoma (eg,
carcinoid); (6) missing hospital records; (7) neoadjuvant radiotherapy and (8) metastasis of
other origin than CRC (ie, pulmonary cancer).

Methods and definitions
Data on patient characteristics, recurrences, polyp characteristics, treatment and followup were collected from hospital records, endoscopy, surgery, radiology and pathology
reports. Primary outcomes were LNM and recurrence rates.
LNM was defined as positive lymph nodes in the surgical resected specimen. Recurrence
was defined as the detection of local recurrence or distant metastasis during follow-up.
Local recurrence was defined as histologically confirmed recurrence at the anastomosis
or surrounding the colon after surgery. Distant recurrence was defined as any metastasis
localised outside the bowel (ie, liver, lung, brain, peritoneum or bone) confirmed with
imaging and/or histology. A second primary CRC diagnosed during follow-up in another
segment of the colon or rectum was defined as a metachronous lesion, not as a recurrence.
Comorbidity of patients was extracted from medical records and noted as the Physical
Status Classification Score according to the American Society of Anesthesiology (ASA)
as mentioned in the anaesthesiology report and the Charlson Comorbidity Index Score.17, 18
Lateral spreading tumours were defined as lesions with a low vertical axis that extend
laterally along the luminal wall. In contrast, pedunculated lesions were defined as polyps
attached to the luminal wall with a stalk.19 This definition was used since the endoscopy
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reports almost never mentioned the Paris classification of colorectal neoplastic lesions.20
The proximal, right-sided colon was defined as the caecum, ascending and transverse colon
including the splenic flexure. The distal, left-sided colon was defined as the descending and
sigmoid colon, and the rectum. Transanal endoscopic microsurgery (TEM) was classified as
an endoscopic resection since no lymph node dissection is performed and therefore it is
compatible with local treatment.
Treatment-related morbidity was defined as occurrence of a complication during or after
treatment. Complications of endoscopic resection include post-polypectomy bleeding,
post-polypectomy syndrome and perforation with emergency surgery. Complications of
surgical resection include postoperative bleeding, reoperation, prolonged ileus, wound
infection, cardiovascular or pulmonary complications, leakage or stenosis of the anastomosis,
abscess and multiple-organ failure. CRC treatment-related mortality was defined as death
due to CRC treatment within 30 days after treatment. Follow-up started at the date of
diagnosis and ended at the date of detection of a recurrence, death or last follow-up.

Data analysis
We used inverse probability weighting (IPW) to account for baseline differences in
prognostic characteristics inherently present in an observational intervention study when
comparing T1 CRC patient outcome between the secondary versus primary surgery groups.
We specifically used IPW to correct for confounding as it provides marginal treatment
effect estimates—also estimated in randomised clinical trials—and as LNM and recurrences
are rare events in T1 CRC, limiting the number of parameters that can be included in
multivariable models despite our large cohort.
Obtaining IPW-adjusted treatment estimates is a two-step process. We first derived
a propensity score by fitting a logistic regression model with treatment status as the
dependent variable and potential confounders as predictors (using dummies for categorical
and restricted cubic splines for continuous predictors; no interaction terms). As a second
step, the inverse of the (propensity score-derived) predicted probability for actual received
treatment was used to weigh patients in a regression model relating treatment status as a
sole determinant of the outcome of interest (thus minimising the number of parameters to
be estimated in the model). In this second step, we used logistic regression for the primary
outcome LNM and Cox proportional hazard regression for the primary outcome recurrence.
As several clinicopathological variables had missing data (Table 1), and as simply excluding
patients with missing data is inefficient and increases the risk of selection bias, we used
multiple imputation before data analysis (using multivariate imputation by chained
equations21 with 32 variables including patient outcomes—10 imputation data sets, 25
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iterations, healthy convergence). Rubin’s rules were used to pool results across imputation
data sets.22
For our primary analyses, we adjusted for age, sex, polyp location, size, morphology and
differentiation grade, extended with the number of retrieved lymph nodes (10+ vs <10),
and LNM when evaluating recurrence risk, as we considered these the most important
prognostic variables and thus potential confounders. Invasion depth and lymphovascular
invasion are also important prognostic variables but were missing too frequently in our data
to be included in our primary analysis. Nevertheless, we additionally adjusted for these
variables in a secondary supporting analysis. Other patient characteristics such as body
mass index or comorbidity have likely influenced the decision for primary or secondary
surgery, but are probably not causally related to LNM or recurrence, and we therefore did
not consider these to be potential confounders.
Several checks were performed to evaluate the appropriateness and success of our analysis
approach. First, we evaluated the improvement in baseline comparability between the
two surgical approaches before and after IPW adjustment for confounders. Next, we
assessed the c-index of the propensity models from step 1, after weighting patients by their
propensity score-derived IPW (a c-index of 0.5 means that the resulting IPW model cannot
discriminate which patient received which treatment, indicating successfully obtained
balance; a c-index of 1.0 on the other hand indicates extreme remaining imbalance).23 As
extreme weights for some individuals can lead to bias and loss of precision in treatment
effect estimates,24 we inspected the distribution of weights and conducted sensitivity
analyses truncating weights at the 97.5th percentile. With regard to the Cox proportional
hazard regression models, we did not find any violation of the proportionality of the hazard
assumption following inspection of the scaled Schoenfeld residuals. Finally, we did not
evaluate the linearity assumption for continuous variables as these were fitted in the models
by restricted cubic spline functions. We used 2000-fold bootstrapping to obtain p values
and 95% CIs for IPW-derived estimates, repeating all analysis steps in each bootstrap
sample. IBM SPSS Statistics V.20 and R V.3.2.1 for Mac were used for statistical analyses.
All statistical tests were two-tailed, and statistical significance was defined as p<0.05.

Results
Baseline characteristics
In total, 602 patients with a high-risk T1 CRC were treated with either primary or secondary
surgery and included for analysis (Fig. 1). Also, 263 patients were treated with primary
surgical resection and 339 patients with secondary surgical resection after endoscopic
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resection. Of the 339 patients treated with secondary surgical resection, 162 had an
endoscopic snare resection, 60 piecemeal snaring, 39 en-bloc endoscopic mucosal
resection (EMR), 65 piecemeal EMR, 8 TEM, 1 endoscopic submucosal dissection (ESD),
and 4 resection types were unknown. Residual tumour was found in 52 patients with
endoscopic resection (52/339; 15.3%). An incomplete resection was already suspected in
39 (75.0%) endoscopy reports, while in the remaining 13 cases the endoscopic resection
was thought to be radical, although pathology reported positive resection margins. In total,
seven perforations occurred due to endoscopic resection (2.1%). Two patients with a
perforation developed recurrence. Secondary surgical resection was performed at a median
of 49 days after endoscopic resection (p25–p75 39–69). An overview of the baseline
characteristics is provided in Table 1. Before adjustment by IPW, patients treated with
primary surgery were older and had more comorbidity than patients treated with secondary
surgery (p<0.001). Polyps treated with primary surgery were larger in size (p<0.001), more
often located in the right-sided colon (p<0.001) and had a sessile morphology almost twice
as often (p<0.001). Following adjustment by IPW based on age, sex, polyp location, size,
morphology, differentiation grade and number of retrieved and positive lymph nodes (ie,
the propensity score used in the primary recurrence analysis), baseline characteristics
between treatment groups were largely comparable, except for invasion depth. The
frequency of lymphovascular invasion was similar for both treatment groups, before and
after IPW adjustment.
Patients with a T1 CRC in
the Netherlands Cancer Registry
(N=2253)
Exclusion (N=591):
- Synchronous advanced CRC (N=207)
- Missing reports (N=204)
- Non CRC related death <1 year (N=64)
- Hereditary predisposition (N=58)
- IBD (N=28)
- Neoadjuvant radiotherapy (N=10)
- Carcinoid (N=8)
- Metastasis of other origin (N=8)
- Synchronous T1 CRC (N=4)

Included patients
with a T1 CRC (N=1662)

T1 CRC and surgical
resection (N=1042)

Surgical resection and
high-risk T1 CRC (N=602)

Patients with endoscopic
resection only (N=620)

Low-risk T1 CRC or
risk undefinable due
to one or more missing
histologic parameters
(N=440)

Figure 1:
Flow chart of patient selection from 2000 to 2014 in 13 Dutch hospitals.
CRC = colorectal carcinoma.
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Based on the propensity scores, the primary surgery group had a lower probability of being
selected for secondary surgery than the secondary surgery group. None of the propensity
scores yielded extreme weights, with a maximum of 18.1 (97.5th percentile 5.5) for the
propensity score used in the primary recurrence analysis, which was 18.3 (97.5th percentile
5.4) for the one used in the primary LNM analysis (which included the same confounders
as for recurrence except the LN variables). The post-IPW c-indexes (0.59 and 0.58,
respectively) indicated appropriately obtained balance, agreeing with the adjusted baseline
characteristics in Table 1.

Treatment-related morbidity and mortality
In the primary surgery group, 67 (25%) treatment-related complications were observed
(13 cardiovascular events, 13 leakages at the anastomosis, 11 wound infections, 8 bleedings,
6 prolonged ileus episodes, 6 pulmonary events, 4 strictures at the anastomosis, 3 multiorgan
failures, 3 abscesses). In the secondary surgery group, 92 complications occurred (27%),
of which 22 were associated with the primary endoscopic resection (14 post-polypectomy
bleedings, 7 perforations, 1 post-polypectomy syndrome) and 70 associated with the
following surgical resection (13 leakages at the anastomosis, 11 bleedings, 9 prolonged ileus
episodes, 8 cardiovascular events, 8 wound infection, 7 strictures at the anastomosis, 5
reoperations, 5 pulmonary events, 3 abscesses).
A total of 16 treatment-related complications leading to death within 30 days after
treatment were seen. One complication was a perforation during endoscopic resection
followed by cardiovascular complications during emergency surgery. The other 15
complications were surgery related, that is, 9 leakages at the anastomosis, 5 cardiovascular
complications and 1 abscess.

Patient outcome
Short-term outcome
The median number of retrieved lymph nodes was 6 (p25–p75 3–11) in the secondary
surgery group and 7 (p25–p75 3–11) in the primary surgery group (P=0.192). Of all
patients included, 55 (9.1%) had LNM. The secondary surgery group had LNM in 8.3%
(28/339) of patients, which was 10.3% (27/263) in patients treated with primary surgery,
yielding an unadjusted OR of 0.79 (95% CI 0.45 to 1.38; P=0.398). IPW analysis showed
that after adjustment for primary confounders the secondary surgery group was at similar
risk of LNM as the primary surgery group (OR 0.97; 95% CI 0.49 to 1.93; P=0.940).
Further confounder adjustment for invasion depth and lymphovascular invasion did not
change these results (Table 2).
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Table 1: Baseline characteristics of the patients1
Characteristic

Unadjusted Data

*Age (yr)3

Primary Secondary
surgery surgery
(N=263) (N=339)
P
<0.001
71.0
66.0

*Male sex (%)

48

57

0.05

Inverse probability weighting
adjusted data2
Primary
Secondary
surgery
surgery
(N=263) (N=339)
P

% imputed

68.6

68.4

0.65

0.2

50

52

0.60

---

*Polyp location (%)

---

Right colon

28

11

<0.001

20

18

0.30

Left colon

52

71

<0.001

58

61

0.37

Rectum

20

19

0.86

22

21

0.86

*Polyp size (cm)3

3.2

2.1

<0.001

2.6

2.6

0.27

8.0

*Sessile morphology (%)

80

48

<0.001

67

64

0.20

3.3

*Differentiation grade (%)

19.8

Low

18

12

0.06

16

16

0.71

Intermediate

74

79

0.17

77

76

0.66

High

8

9

0.80

8

8

0.54

79

63

0.003

82

60

<0.001

31.7

38

38

0.64

55.3

Invasion depth, Haggitt 3/4 or Sm3 (%)
Lymphovascular invasion (%)

37

38

0.48

*Retrieved lymph nodes 10+ (%)

36

34

0.64

34

34

0.76

0.7

*Positive lymph nodes (%)

10

8

0.48

9

9

0.86

---

BMI3

26.7

27.5

0.12

26.9

27.4

0.48

26.1

ASA 1

27

31

0.34

29

29

0.91

ASA 2

48

52

0.32

49

50

0.78

ASA 3+

25

17

0.02

22

20

0.81

Charlson Comorbidity Index3

2.7

2.1

<0.001

2.5

2.2

0.10

0.2

Previous abdominal surgery (%)

39

39

0.96

35

39

0.44

---

ASA score (%)

6

0.2

Presented estimates are based on analyses following multiple imputation of missing data.
The propensity score used for inverse probability weighting in this table was based on age, sex, polyp
location, polyp size, polyp morphology, differentiation grade, number of retrieved lymph nodes, and number
of positive lymph nodes (indicated by *). P values comparing adjusted baseline characteristics are based on
2000 bootstrap resamples.
3
Values are means.
ASA = American Society of Anesthesiology; BMI = body mass index
1

2
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Table 2: Unadjusted and adjusted results by inverse probability weighting for T1 CRC outcome of secondary
versus primary surgery
Analysis

Effect estimate (95%CI) P
for secondary versus
primary surgery
Odds ratio for lymph node metastasis
Unadjusted

Maximum (97.5th
percentile) IPW¥

Post-IPW Per cent
c-index# complete case*

0.79 (0.45-1.38)

0.398

---

---

100

0.97 (0.49-1.93)

0.940

18.3 (5.4)

0.58

74

0.98 (0.45-2.16)

0.965

26.4 (6.8)

0.59

54

0.95 (0.42-2.15)

0.905

26.5 (6.8)

0.58

26

Unadjusted

0.66 (0.34-1.30)

0.228

---

---

100

Primary adjustment2

0.97 (0.41-2.34)

0.954

18.1 (5.5)

0.59

74

	Previous + adjustment for
invasion depth
	Previous + adjustment for
lymphovascular invasion

0.76 (0.28-2.07)

0.595

26.4 (6.7)

0.59

53

0.74 (0.27-2.07)

0.572

27.1 (6.7)

0.58

26

Primary adjustment

1

	Previous + adjustment for
invasion depth
	Previous + adjustment for
lymphovascular invasion
Hazard ratio for recurrence

Adjusted for age and sex, polyp location, size, morphology, and differentiation grade
Adjusted for age and sex, polyp location, size, morphology, and differentiation grade, number of retrieved
lymph nodes, and presence of lymph node metastases
¥
The maximum weight of a single patient used in the IPW adjusted analysis to obtain balance in potential
confounders is provided. This is a quality instrument to assess whether a single or a few cases influence the
risk estimate excessively. As a rule of thumb this should be lower than 10% of the analysed dataset (i.e. less
than 60)
#
The post-IPW c-index is an estimate of the balance of confounders after adjusting by inverse probability
weighting. A score of 0.5 reflects a complete balance whereas a c-index of 1.0 reflects a complete unbalance.
An IPW c-index of < 0.6 reflects of proper balance of confounders after adjusting.
*Per cent complete case is the percentage of complete cases which could be analysed if adjusted for this
parameter. The lower the number of cases the less robust is the estimate.
1

2

Long-term outcome
Overall median follow-up was 4.3 years (p25–p75 1.9–6.9). Total follow-up in the primary
surgery group (n=263) was 1294.0 years, with a mean follow-up per patient of 4.92 years
(SD 3.3). Total follow-up in the secondary surgery group (n=339) was 1548.9 years, with a
mean follow-up per patient of 4.57 years (SD 3.3). During follow-up, 34 recurrences were
observed, 19 in the primary surgery group and 15 in the secondary surgery group. Distant
metastases in the primary surgery group were located in the lung (n=6), peritoneum (n=3),
mediastinal lymph nodes (n=3) and liver (n=8), with some patients having more than
one distant metastasis. Distant metastases in the secondary surgery group were located
in the lung (n=5), liver (n=5), peritoneum (n=4) and brain (n=1). Additional resection of
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recurrence was performed in 15 patients (44%). The overall recurrence rate of T1 CRC
treated with primary surgery was 14.7 per 1000 person-years and was not significantly
different from the overall recurrence rate of T1 CRC treated with secondary surgery, that
is, 9.7 per 1000 person-years (unadjusted; P=0.297). Univariate Cox proportional hazard
regression analysis showed no factors associated with a higher risk of recurrence. IPW
analysis using the propensity score showed no difference in risk of recurrence between
primary and secondary surgery (HR 0.97; 95% CI 0.41 to 2.34; P=0.954). Further
confounder adjustment for invasion depth and lymphovascular invasion did not change
these results (Table 2). Also adjusting for the number of lymph nodes retrieved, and for the
number of patients with ≥10 lymph nodes, did not change long-term outcome.

Discussion
In this study, endoscopic resection before surgical resection of a pT1 CRC with risk factors
for LNM (high-risk T1 CRC) had no adverse effect on patients’ outcome, regarding LNM
and recurrence rates.
Approximately 19–29% of all T1 CRCs can be identified as having a low risk for LNM with
current criteria,5, 6 and this subgroup of patients can be treated with endoscopic treatment
only.12 It is however difficult to recognise this specific subgroup of low-risk T1 CRCs before
endoscopic resection as, besides depth of invasion, risk factors for LNM such as lymphatic
or vascular invasion, tumour budding and tumour differentiation cannot be assessed
during endoscopy. It is therefore propagated to perform an en-bloc resection as a staging
procedure in cases of submucosal invasion with absence of identifiers of deep invasion
(eg, Sano IIIB, Hiroshima C3, NICE 3 or Kudo Vn or Vi-high pit pattern with magnifying
chromoendoscopy25-29) and to proceed to adjuvant surgery when histological risk features
for LNM are present.30 Such a strategy would prevent unnecessary surgery for both lowrisk T1 CRC and patients with high-grade dysplasia (intramucosal carcinomas), which
often cannot be discriminated from superficial invasion with current optical classification
systems. It is however important to know whether this strategy is safe and does not have a
negative effect on the outcome of patients with a high-risk T1 CRC.
To our knowledge, the present study is the largest multicenter observational cohort study
addressing this question, and the first correcting for confounding by indication as efficient
as considered possible. The results suggest that the strategy of an endoscopic removal
attempt before surgical resection does not increase the risk of LNM or recurrence during
follow-up. Recently, Rickert and colleagues reported that endoscopic resection before
surgical resection has no adverse effect on short-term surgical and oncological outcomes.1
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However, their study had some limitations. First, the control group of patients treated with
primary surgery consisted of pT2 CRC in the majority of cases. As pT2 CRCs have a known
inferior oncological outcome due to deeper invasion and higher risk of LNM, this may have
underestimated the adverse effect of endoscopic resection of a high-risk T1 CRC. Second,
only short-term outcomes were reported, without data on distant metastases during
follow-up. Finally, their study only included five cases with positive lymph nodes and did
not correct for baseline differences between the primary and secondary surgery group. In a
study by Nozawa and colleagues, comparing 145 patients with surgical resection following
endoscopic treatment to 133 patients with primary surgery for a pT1 CRC, the risk of LNM
between secondary and primary surgery was not different.31 However, this study also did
not adjust for confounding by indication, and the number of cases with a recurrence was
only 4.
The present study has some limitations. First, this is a retrospective observational cohort
in which many factors may have contributed to the decision to perform primary surgery
over endoscopic treatment. Besides measured factors such as size, location and polyp
morphology, unmeasured factors such as the aspect of the polyp (excavation, depression,
mucosal friability), difficulty to remove the polyp and local expertise may also have played
a role. Most of these factors are related to depth of invasion. Even after adjusting for depth
of invasion, no higher risk of LNM in the secondary surgery group was observed (Table 2).
The drawback of adjusting for depth of invasion however was that only 54% complete cases
could be analysed, which necessitates imputation and makes analyses less robust. Adjusting
for lymphovascular invasion, the strongest predictor of LNM, did not show an increased risk
of LNM in the secondary surgery group (Table 2). Furthermore, when corrected for positive
lymph nodes and the number of lymph nodes retrieved, we could not detect a higher risk
of recurrence in the secondary surgery group. Although we have adjusted for confounding
by indication as much as possible, it cannot be completely ruled out that differences in risk
of both LNM and recurrence in both groups remained based on unmeasured factors. In
addition, it can also not be ruled out that a group of patients with a poorer prognosis based
on tumour biology was selected for primary surgery. As only seven cases of perforation were
observed after endoscopic resection, it was impossible to calculate the risk of perforation
on LNM and recurrence. We were also unable to evaluate the risk of LNM and recurrence
for incomplete resections, with only 3/52 (18.6/1000 person-years) patients with an
incomplete resection showing recurrence versus 10/283 (7.8/1000 person-years) with a
complete resection. Although this study supports the strategy of an endoscopic resection
before surgery, it should be noted that not all T1 CRCs are good endoscopic candidates. It
is necessary to predict the presence of deep invasion with narrow band imaging (NBI) or
chromoendoscopy in order to select cases suited for endoscopic resection, and to prevent
an endoscopic treatment of deep invasive T1 CRC where endoscopic cure can often not be
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achieved and the risk of perforation is increased. Furthermore, endoscopic resection should
be performed safe and en-bloc with proper margins and sample handling in order to increase
success. In our opinion, endoscopic resection of T1 CRC should therefore be performed by
experienced endoscopists who are sufficiently skilled in both EMR and ESD to minimise
the risk of complications, to assure high rates of en-bloc resections for adequate staging
and to lower the risk of residual tissue.32, 33
A second limitation is that the number of lymph nodes retrieved in our observational
cohort is below the advised number of 10 lymph nodes in 64–66%. In advanced CRC,
sampling more lymph nodes has shown to be associated with a decreased risk of recurrence,
suggesting understaging of the N-status when insufficient lymph nodes are retrieved.34
Therefore, a minimum of 10 or 12 lymph nodes are advocated in different international
guidelines.35-39 The low number of retrieved lymph nodes could therefore potentially have
influenced both end points of our study. Earlier studies observed that advanced T-stadium
is associated with increased lymph node yield and reported yields in stage I CRC in line with
our findings.40-42 A study that focused on T1 and T2 CRC reported that in case of T1 CRC
examination of four lymph nodes may be adequate. However, the authors conclude that
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the lowest lymph node yield with the highest statistical significant association with survival
is the minimum cut-off value. In a reply by Metze, this was shown to be a biased approach
in a simulationstudy.35 It is therefore still unclear what the optimal cut-off value for lymph
node yield in T1 CRCs should be in clinical practice. In our opinion, the influence of the
observed lower number of lymph nodes retrieved on the outcome of our study is limited.
First, we observed that lymph node yield was equally distributed over both groups. Second,
we adjusted for both the presence of LNM and the number of lymph nodes retrieved.
The latter was performed with retrieved lymph nodes as flexible continuous variable,
dichotomised as ≥10 lymph nodes and ≥4 lymph nodes. All these additional analyses could
not show an increased risk of LNM or recurrence after secondary surgery (data not shown).
Another limitation is that different endoscopic resection techniques were used. Due to this
variation in techniques, it was impossible to assess the risk of LNM and recurrence for each
endoscopic resection technique individually. Therefore, we cannot rule out that the risk of
LNM or recurrence varies between the different resection techniques and that our case
mix of techniques influences the risk observed in our secondary surgery group. Patients
were however selected on a histological diagnosis of a T1 CRC in consecutive order in time.
Selection of patients was therefore independent of the endoscopic resection technique and
our cohort reflects current practice in the Netherlands.
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Although our cohort is one of the largest cohorts at present with a long mean follow-up of
4.7 years, a high number of patients with positive lymph nodes (n=55), and the first study on
this topic correcting for confounders as efficiently as possible, the number of recurrences
after surgery (n=34) is still limited. The bootstrapped 95% CI surrounding the estimate
are therefore wide (0.41 to 2.34). If a parallel-group randomized controlled trial (RCT)
with 80% power would be conducted to conclude that secondary surgery is non-inferior
to primary surgery, we would need to recruit >1000 patients in each group.44 It could be
argued that such a study needs to be able to exclude an HR of even smaller than 1.5, further
increasing the study size substantially. We believe that such an RCT will probably never be
conducted, and the best available evidence regarding the safety of endoscopic resection
followed by surgery for T1 CRC will therefore be provided by observational data.
In conclusion, our data do not show an increased risk of LNM and recurrence after secondary
surgery compared with primary surgery. Therefore, an attempt for an en-bloc resection of a
possible T1 CRC without evident signs of deep invasion seems justified in order to prevent
surgery of low-risk T1 CRC in a significant proportion of patients. In case of high-risk
histological features of the resected endoscopic specimen, an additional surgical resection
should always be performed.
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Chapter 7
Pedunculated morphology of T1
colorectal tumors associates with
reduced risk of adverse outcome
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Abstract
BACKGROUND & AIMS: Risk stratification for adverse events, such as metastasis to
lymph nodes, is based only on histologic features of tumors. We aimed to compare adverse
outcomes of pedunculated vs nonpedunculated T1 colorectal cancers (CRC).
METHODS: We performed a retrospective study of 1656 patients diagnosed with T1
CRC from 2000 through 2014 at 14 hospitals in The Netherlands. The median followup time of patients was 42.5 months (interquartile range, 18.5–77.5 mo). We evaluated
the association between tumor morphology and the primary composite end point,
adverse outcome, adjusted for clinical variables, histologic variables, resection margins,
and treatment approach. Adverse outcome was defined as metastasis to lymph nodes,
distant metastases, local recurrence, or residual tissue. Secondary end points were tumor
metastasis, recurrence, and incomplete resection.
RESULTS: Adverse outcome occurred in 67 of 723 patients (9.3%) with pedunculated
T1 CRCs vs 155 of 933 patients (16.6%) with nonpedunculated T1 CRCs. Pedunculated
morphology was independently associated with decreased risk of adverse outcome (adjusted
odds ratio [OR], 0.59; 95%CI, 0.42–0.83; P = 0.003). Metastasis, incomplete resection,
and recurrence were observed in 5.8%, 4.6%, and 3.9% of pedunculated T1 CRCs vs 10.6%,
8.0%, and 6.6% of nonpedunculated T1 CRCs, respectively. Pedunculated morphology was
independently associated with a reduced risk of metastasis (adjusted OR, 0.62; 95% CI,
0.41–0.94; P = 0.03), incomplete resection (adjusted OR, 0.57; 95% CI, 0.36–0.91;
P = 0.02), and recurrence (adjusted hazard ratio, 0.52; 95% CI, 0.32–0.85; P = 0.009).
Metastasis, incomplete resection, and recurrence did not differ significantly between lowrisk pedunculated vs nonpedunculated T1 CRCs (0.8% vs 2.9%, P = 0.38; 1.5% vs 0%,
P = 0.99; 1.5% vs 0%; P = 0.99). However, incomplete resection and recurrence were
significantly lower for high-risk pedunculated vs nonpedunculated T1 CRCs (6.5% vs 12.5%;
P = 0.007; 4.4% vs 8.6%; P = 0.03).
CONCLUSIONS: In a retrospective study of patients with T1 CRC, we found pedunculated
morphology to be associated independently with a decreased risk of adverse outcome in a
T1 CRC population at high risk of adverse outcome. Incorporating morphologic features of
tumors in risk assessment could help predict outcomes of patients with T1 CRC and help
identify the best candidates for surgery.
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Introduction
The frequency of early colorectal cancer (CRC) has been increasing since the introduction
of national screening programs. In 2015, 48% of detected CRCs in the Dutch screening
program were stage I CRCs, in line with other Western countries.1-3 T1 colorectal cancer (T1
CRC) without metastasis is the earliest form of stage I CRC and is defined as tumor growing
through the muscularis mucosae into the submucosa without invading the muscularis
propria.4 Lymph node metastasis (LNM) risk of T1 CRC is 8% to 14%.5-12 Therefore, most
patients with T1 CRC can be cured with an endoscopic resection. However, current risk
models have insufficient ability to predict which patients with an endoscopically resected T1
CRC should have additional surgery.13
Complete endoscopic resection of pedunculated T1 CRCs is more feasible compared with
nonpedunculated T1 CRCs. In addition, pedunculated T1 CRCs may have a lower metastasis
risk compared with nonpedunculated T1 CRCs.9, 14-16 In the present study, we evaluated the
association between morphology (pedunculated vs nonpedunculated) and adverse outcome.

7

Methods
Study Design
We performed a multicenter retrospective cohort study. Patients with T1 CRC, defined as tumor
growing through the muscularis mucosae into, but not beyond, the submucosa,17 diagnosed
between January 1, 2000, and December 31, 2014, in 14 Dutch hospitals (2 academic and
12 nonacademic), were selected from The Netherlands Cancer Registry. Electronic medical
records were reviewed. Patients with synchronous CRC, non–CRC-related death within 1
year, hereditary predisposition for CRC, inflammatory bowel disease, carcinoid, missing
pathology or endoscopy reports, and who underwent neoadjuvant radiotherapy were excluded.
In addition, patients without reported morphology in the endoscopy report were excluded.

Determinant
The determinant of interest was morphology, stratified as pedunculated vs nonpedunculated.
Because closing the snare followed by dehydration and formalin fixation procedures can
alter morphology, morphology was based on the endoscopist’s judgement. T1 CRC was
considered pedunculated in case of presence of a stalk or Paris Classification 0–Ip was
reported. Nonpedunculated T1 CRC included flat or sessile tumors.18-20
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End Points
The primary composite end point was adverse outcome, defined as any of the following:
LNM, distant metastasis, local recurrence, or residual tissue. We used a composite end
point rather than only LNM because the surgical referral rate is known to be higher for
patients with nonpedunculated T1 CRCs. Restricting our analysis to patients treated with
surgery (ie, patients with known N status) therefore would introduce selection bias. The
end point could be reached by both endoscopically and surgically treated patients, allowing
an equal comparison of pedunculated and nonpedunculated T1 CRCs. LNM was defined as
tumor-positive lymph nodes (LNs) in the surgical specimen. Distant metastasis was defined
as metastasis to extracolonic organs confirmed with imaging or histology. Local recurrence
was defined as carcinoma in biopsy tissue from the anastomosis after surgery or from the
polypectomy scar after endoscopic resection. Residual tissue was defined as carcinoma
in the surgical specimen after endoscopic resection, irrespective of whether endoscopic
resection was macroscopically complete or not.
Secondary end points included metastasis, recurrence, and incomplete resection separately.
We defined metastasis as LNM for patients who underwent surgery or distant metastasis
regardless of treatment. Recurrence was defined as local recurrence or distant metastasis
regardless of treatment. Incomplete resection was defined as residual tissue in the colectomy
specimen after secondary surgery or local recurrence regardless of treatment.

Confounders
Clinical confounders included age, sex, tumor localization (right colon vs left colon vs rectum),
and tumor size.9, 13, 21-24 The right colon was defined as the colon proximal to and including the
splenic flexure and the left colon as the colon distal to the splenic flexure excluding the rectum.
Histologic confounders included lymphovascular invasion (absent vs present), differentiation
grade (good or moderate vs poor), and resection margins (negative [R0] vs not assessable [Rx]
vs positive [R1]). R0 resection was defined as a cancer-free resection margin irrespective of
distance in millimeters. In patients treated with primary endoscopy and secondary surgery,
endoscopic resection margins were used and in patients treated with primary surgery, surgical
resection margins were used. Although invasion depth is an acknowledged risk factor for
stratification of T1 CRCs into low- or high-risk groups, invasion depth was not included as a
confounder because the classification for submucosal invasion depth is inherently different
between pedunculated and nonpedunculated T1 CRCs.23, 25, 26 Treatment approach and LN
yield were considered confounders because surgery decreases recurrence risk in high-risk T1
CRC and a high LN yield has been associated with a decreased risk for recurrence.21, 22 Patients
were categorized into 3 subgroups: endoscopic resection, surgical resection with fewer than
10 LNs retrieved, and surgical resection with 10 or more LNs retrieved. Transanal endoscopic
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microsurgery was considered an endoscopic treatment because no lymphadenectomy was
performed.

Statistical Analysis
Baseline characteristics were compared between pedunculated and nonpedunculated T1 CRCs
using standard descriptive statistics. In addition, the risk for adverse outcome, metastasis,
recurrence, and incomplete resection between low-risk pedunculated and nonpedunculated
T1 CRC, and high-risk pedunculated and nonpedunculated T1 CRC, was compared using
descriptive statistics. T1 CRCs were classified as high risk if 1 or more of the following criteria
were present: (1) poor differentiation, (2) deep submucosal invasion (>1000µm or sm2–3 for
nonpedunculated; Haggitt 4 for pedunculated), (3) lymphovascular invasion, or (4) Rx/R1
resection margins, in line with current guidelines.23, 25, 26 If all of these criteria were absent, T1
CRCs were classified as low risk. If 1 of the criteria was unknown and no other high-risk factors
were present, risk status was classified as unknown.
We evaluated whether morphology was associated with adverse outcome using univariable and
multivariable logistic regression analyses and adjusted for confounders in a 4-step approach.
First, we adjusted for clinical factors. Second, we additionally adjusted for histologic factors
(lymphovascular invasion and differentiation grade). In a third step, we additionally adjusted
for resection margins. We chose this approach because histologic factors were missing in a
considerable number of patients. Fourth, we additionally adjusted for treatment approach.
The association between morphology and the secondary end points metastasis and incomplete
resection was evaluated in the same manner. The association between morphology and
recurrence was evaluated with univariable and multivariable Cox regression analyses, expressed
in hazard ratios (HRs) with 95% CI. We adjusted for the same confounders as the primary
end point and additionally adjusted for LNM because this is a well-established risk factor for
recurrence.

4, 27

The follow-up period started at the date of diagnosis and ended at the date

of detection of recurrence, death, or last follow-up evaluation. We found no violation of the
proportionality of the hazard assumption by examining the scaled Schoenfeld residuals.

Several confounding variables had missing values. Multivariate imputation by chained
equations (10 imputation data sets, 25 iterations, healthy convergence) was performed
before data analysis (package mice in R).28 Rubin’s rules were used to pool results across
imputation data sets.29
Statistical analysis was performed using IBM SPSS Statistics version 24 (SPSS, Inc,
Chicago, IL) and R version 3.2.2 (RStudio, Inc, Boston, MA).
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Results
Study Population
We identified 2346 patients diagnosed with T1 CRC between 2000 and 2014 in
participating hospitals. Of these, 1656 patients with a median follow-up time of 42.5
months (interquartile range [IQR], 18.5–77.5 mo) were eligible for analysis (Fig. 1). The
cohort consisted of 723 pedunculated T1 CRCs (43.7%) followed up for a median of 45.6
months (IQR, 20.6–80.3 mo), and 933 (56.3%) nonpedunculated T1 CRCs followed up
for a median of 40.9 months (IQR, 17.2–73.6 mo).
Baseline characteristics of patients with pedunculated vs nonpedunculated T1 CRCs are
presented in Table 1. Compared with patients with nonpedunculated T1 CRCs, patients
with pedunculated T1 CRCs were younger (69 vs 71 y; P < 0.001) and more often treated
with primary endoscopy (52.8% vs 27.4%; P < 0.001). Moreover, pedunculated T1 CRCs
more often were located in the left colon (80.5% vs 44.4%; P < 0.001) and were smaller
(20 vs 23 mm; P < 0.001). LN yield more often was low (<10 retrieved LNs) in patients
with pedunculated T1 CRCs (71.9% vs 54.7%; P < 0.001). The presence of lymphovascular
invasion and poor differentiation did not differ significantly, however, R0 resection was
achieved less often in patients with pedunculated T1 CRCs (69.8% vs 75.3%; P = 0.04).
If patients underwent an endoscopic resection of T1 CRC, R0 resection was achieved in
63.7% of pedunculated vs 46.9% of nonpedunculated T1 CRCs.

Adverse Outcome
Adverse outcomes were observed in 13.4% (222 of 1656; 95% CI, 11.8–15.2) of patients.
This concerned 93 patients with LNM, 39 with distant metastasis, 33 with local recurrences,
18 with local and distant metastasis, and 58 with residual tumor in the surgical specimen
when additional surgery was performed, with 17 patients having 2 or 3 adverse oncologic
events. The median time to recurrence was 23.1 months (IQR, 10.1–43.2mo) and did not
differ significantly between patients with pedunculated and nonpedunculated T1 CRCs
(median, 19.2 mo; IQR, 10.7–43.7 mo; median, 24.8 mo; IQR, 9.8–43.2 mo; respectively;
P = 0.77).
Adverse outcomes were observed in 9.3% (67 of 723; 95% CI, 7.4–11.6) of patients with
pedunculated vs 16.6% (155 of 933; 95% CI, 14.4–19.1) of patients with nonpedunculated
T1 CRCs. Adverse outcomes did not differ significantly between low-risk pedunculated vs
low-risk nonpedunculated T1 CRCs (2.3% vs 2.9%; P = 0.99), however, adverse outcomes
were significantly lower for high-risk pedunculated vs nonpedunculated T1 CRCs (14.0% vs
21.2%; P = 0.01) (Table 2).
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In univariable analysis, pedunculated morphology was associated with a decreased risk for
adverse outcome (unadjusted odds ratio [OR], 0.51; 95% CI, 0.38–0.70; P < 0.001).
After adjusting for clinical variables, histologic variables, resection margins, and treatment
approach, the pedunculated morphology remained independently associated with a
decreased risk for adverse outcome (adjusted OR, 0.59; 95% CI, 0.42–0.83; P = 0.003).

Excluded (N=622):
- Synchronous CRC (N=228)
- Missing reports (N=198)
- Non-CRC related death within 1 year (N=66)
- Hereditary predisposition CRC (N=64)
- Inflammatory bowel disease (N=32)
- Radiotherapy (N=26)
- Carcinoid (N=8)

Patients with T1 CRC
2000-2014
14 Hospitals
(N=2346)

T1 CRC
(N=1724)

7

Excluded:
- Unknown morphology (N=68)
Final inclusion
(N=1656)

Figure 1:
Study flow chart.
CRC = colorectal cancer.
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Table 1: Baseline characteristics of pedunculated versus nonpedunculated T1 CRCs
Pedunculated

Nonpedunculated

N=723

N=933

Age in years (mean (SD ))

69 (63 – 76)

71 (64 – 78)

Unknown

0

2

Male sex, N (%)

410 (56.7)

516 (55.3)

0.57

Right colon

23 (3.2)

244 (26.2)

<0.001

Left colon

581 (80.5)

415 (44.5)

Rectum

118 (16.3)

273 (29.3)

Unknown

1

1

Primary endoscopy

382 (52.8)

256 (27.4)

Secondary surgery

220 (30.4)

190 (20.4)

121 (16.7)

487 (52.2)

<10 lymph nodes

240 (71.9)

367(54.7)

≥10 lymph nodes

94 (28.1)

304 (45.3)

Unknown

7

6

Tumor size in mm, median (IQR)

20 (15 – 30)

23 (15 – 39)

Unknown

59

67

Present

58 (17.5)

63 (14.9)

Absent

274 (82.5)

361 (85.1)

Unknown

391

509

Good/moderate

477 (94.5)

715 (95.5)

Poor

28 (5.5)

34 (4.5)

Unknown

218

184

Superficial (SM1 or <1000 µm)

-

132 (31.4)

Deep (SM2/3 or ≥1000 µm)

-

289 (68.6)

Unknown

-

512

1

P
<0.001

Tumor localization, N (%)

Treatment approach, N (%)

Primary surgery

<0.001

2

Number of retrieved lymph nodes , N (%)
<0.001

<0.001

Lymphovascular invasion, N (%)
0.33

Differentiation grade, N (%)
0.42

Invasion depth nonpedunculated T1 CRCs, N (%)

Invasion depth pedunculated T1 CRCs, N (%)

-

Superficial (Haggitt 1-3)

411 (86.3)

-

Deep (Haggitt 4)

65 (13.7)

-

Unknown

247
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Table 1: Continued
Resection margins, N (%)3

0.04

R0

492 (69.8)

682 (75.3)

Rx

85 (12.1)

95 (10.5)

R1

128 (18.2)

129 (14.2)

Unknown

18

27

1

SD = standard deviation.
Presented for patients who underwent surgery.
3
In patients treated with primary endoscopy: endoscopic resection margins; in patients treated with
secondary surgery: endoscopic resection margins; in patients treated with primary surgery: surgical
resection margins.
IQR = interquartile range; CRC = colorectal cancer.
2

Table 2: Risk for adverse outcome, metastasis, incomplete resection and recurrence in pedunculated versus
nonpedunculated T1 CRCs stratified for risk status
Pedunculated
No. of patients
Low-risk

Nonpedunculated
Events, %

130

No. of patients
35

Adverse outcome

3 (2.3)

1 (2.9)

0.99

Metastasis

1 (0.8)

1 (2.9)

0.38

Incomplete resection

2 (1.5)

0 (0)

0.99

0 (0)

0.99

Recurrence
High-risk

2 (1.5)
293

513

Adverse outcome

41 (14.0)

109 (21.2)

0.01

Metastasis

24 (8.2)

61 (11.9)

0.10

Incomplete resection

19 (6.5)

64 (12.5)

0.007

44 (8.6)

0.03

Recurrence
Unknown risk group

7

P
Events, %

13 (4.4)
300

385

Adverse outcome

23 (7.7)

45 (11.7)

0.08

Metastasis

17 (5.7)

37 (9.6)

0.06

Incomplete resection

12 (4.0)

11 (2.9)

0.41

Recurrence

13 (4.3)

18 (4.7)

0.83

T1 CRCs were classified as high-risk T1 CRC if one or more of the following criteria were present: (1) poor
differentiation, (2) deep submucosal invasion (>1000 µm or sm2-3 for nonpedunculated T1 CRC; Haggitt
4 for pedunculated T1 CRC), (3) lymphovascular invasion, (4) Rx/R1 resection margins. When all these
factors were absent, it was considered a low-risk T1 CRC. The unknown risk group concerns T1 CRCs in
which one of these histologic features was unknown and no high-risk factors were present.
CRC = colorectal cancer.
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Table 3: Risk for adverse outcome, metastasis, incomplete resection and recurrence in 723 pedunculated T1
CRCs versus 933 nonpedunculated T1 CRCs

Adverse outcome 1

P
n (%)
67 (9.3)

222 events in 1656 T1
CRCs, 13.4%

Metastasis 2

42 (5.8)

141 events in 1656 T1
CRCs, 8.5%

Incomplete
resection 3

33 (4.6)

108 events in 1656 T1
CRCs, 6.5%

Recurrence4
90 events in 1656 T1
CRCs, 5.4%
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28 (3.9)

NP
n (%)
155 (16.6) Unadjusted
5
Adjusted for clinical factors
Adjusted for clinical and histologic high-risk
6
factors
Adjusted for clinical and histologic high-risk
7
factors and margins
Adjusted for clinical and histologic high-risk
8
factors, margins and treatment
99 (10.6) Unadjusted
5
Adjusted for clinical factors
Adjusted for clinical and histologic high-risk
6
factors
Adjusted for clinical and histologic high-risk
7
factors and margins
Adjusted for clinical and histologic high-risk
8
factors, margins and treatment
75 (8.0)
Unadjusted
5
Adjusted for clinical factors
Adjusted for clinical and histologic high-risk
6
factors
Adjusted for clinical and histologic high-risk
7
factors and margins
Adjusted for clinical and histologic high-risk
8
factors, margins and treatment

62 (6.6)

Unadjusted
5
Adjusted for clinical factors
Adjusted for clinical and histologic high-risk
6
factors
Adjusted for clinical and histologic high-risk
7
factors and margins
Adjusted for clinical and histologic high-risk
factors, margins and LNM 9
Adjusted for clinical and histologic high-risk
factors, margins, LNM and treatment 10

Odds ratio
(95% CI)
0.51 (0.38 – 0.70)
0.53 (0.38 – 0.73)
0.49 (0.35 – 0.69)

P value

0.49 (0.35 – 0.69)

<0.001

0.59 (0.42 – 0.83)

0.003

0.52 (0.36 – 0.76)
0.52 (0.35 – 0.78)
0.48 (0.32 – 0.72)

<0.001
0.002
<0.001

0.48 (0.32 – 0.72)

<0.001

0.62 (0.41 – 0.94)

0.03

0.55 (0.36 – 0.83)
0.56 (0.36 – 0.87)
0.55 (0.35 – 0.86)

0.005
0.01
0.009

0.54 (0.34 – 0.85)

0.008

0.57 (0.36 – 0.91)

0.02

Hazard ratio
(95% CI)
0.54 (0.35 – 0.85)
0.60 (0.37 – 0.96)
0.57 (0.36 – 0.92)

P value

0.58 (0.36 – 0.92)

0.02

0.61 (0.38 – 0.99)

0.05

0.52 (0.32 – 0.85)

0.009

<0.001
<0.001
<0.001

0.007
0.03
0.02

Table 3: Continued

Abbreviations: P = pedunculated T1 CRC; NP = nonpedunculated T1 CRC; CRC = colorectal cancer.
1
Defined as lymph node metastasis, distant metastasis, local recurrence, residual tissue in the colectomy specimen when
secondary surgery is performed, or a combination of these outcomes.
2
efined as lymph node metastasis or distant metastasis
3
Defined as local recurrence after endoscopic or surgical treatment, or residual tissue in the colectomy specimen when
secondary surgery is performed
4
Defined as distant metastasis, local recurrence or both (after endoscopic or surgical treatment)
5
Adjusted for clinical factors: age (continuous), gender (male vs female), location (left colon vs right colon vs rectum), tumor
size (continuous)
6
Adjusted for clinical factors and histological factors: lymphovascular invasion (absent vs present) and differentiation grade
(good/moderate vs poor)
7
Adjusted for clinical factors, histological factors and resection margins (R0 vs Rx vs R1)
8
Adjusted for clinical, histological factors, resection margins and treatment group (endoscopy vs surgery with <10 retrieved
LNs vs surgery with ≥10 retrieved LNs)
9
Adjusted for clinical, histological factors, resection margins and the presence of lymph node metastasis (LNM)
10
Adjusted for clinical, histological factors, resection margins, the presence of LNM and treatment group (endoscopy vs
surgery with <10 retrieved LNs vs surgery with ≥10 retrieved LNs)

7

Metastasis, Incomplete Resection, and Recurrence
Metastasis was observed in 8.5% (141 of 1656; 95% CI, 7.2–10.0) of patients: 93 with
LNM and 57 with distant metastasis. Incomplete resections were observed in 6.5% (108
of 1656; 95% CI, 5.4–7.9) of patients: 50 with local recurrence, 57 with residual tissue
when a secondary surgery was performed, and 1 with both local recurrence and residual
tissue. Recurrences were observed in 5.4% (90 of 1656; 95% CI, 4.4–6.7) of patients: 39
with distant metastasis, 33 with local recurrences, and 18 with local and distant metastasis.
Details on metastasis, incomplete resection, and recurrence stratified per treatment
approach are shown in Supplementary Table 1.
Metastasis, incomplete resection, and recurrence were observed in 5.8% (42 of 723;
95% CI, 4.3–7.8), 4.6% (33 of 723; 95% CI, 3.2–6.4), and 3.9% (28 of 723; 95% CI,
2.6–5.6) of patients with pedunculated vs 10.6% (99 of 933; 95% CI, 8.7–12.8), 8.0%
(75 of 933; 95% CI, 6.4–10.0), and 6.6% (62 of 933; 95% CI, 5.2–8.5) of patients with
nonpedunculated T1 CRCs, respectively. Metastasis, incomplete resection, and recurrence
did not differ significantly between low-risk pedunculated vs nonpedunculated T1 CRCs
(0.8% vs 2.9%, P = 0.38; 1.5% vs 0%, P = 0.99; and 1.5% vs 0%, P = 0.99; respectively).
However, incomplete resection and recurrence rates were significantly lower for high-risk
pedunculated vs nonpedunculated T1 CRCs (6.5% vs 12.5%, P = 0.007; 4.4% vs 8.6%,
P = 0.03; respectively) (Table 2).
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In univariable analysis, pedunculated morphology was associated with a decreased risk
for metastasis (unadjusted OR, 0.52; 95% CI, 0.36–0.76; P < 0.001), decreased risk
for incomplete resection (unadjusted OR, 0.55; 95% CI, 0.36–0.83; P = 0.005),
and decreased risk for recurrence (unadjusted HR, 0.54; 95% CI, 0.35–0.85;
P = 0.007). After adjusting for clinical variables, histologic variables, resection margins,
and treatment approach, the pedunculated morphology remained independently associated
with a decreased risk for metastasis (adjusted OR, 0.62; 95% CI, 0.41–0.94; P = 0.03)
and incomplete resection (adjusted OR, 0.57; 95% CI, 0.36–0.91; P = 0.02) (Table 3).
Moreover, after adjusting for the same variables plus LNM, the pedunculated morphology
remained independently associated with a decreased risk for recurrence (adjusted HR,
0.52; 95% CI, 0.32–0.85; P = 0.009) (Table 3).

Discussion
This study presents a large-scale comparison of adverse outcomes between T1 CRCs
with different morphology. We observed an almost 2-fold lower adverse outcome rate in
patients with pedunculated compared with nonpedunculated T1 CRCs (9.3% vs 16.6%), and
pedunculated T1 CRCs had a favorable outcome even after adjusting for clinicopathologic
confounders. We observed no significant differences in adverse outcomes between lowrisk pedunculated and nonpedunculated T1 CRCs. Our study thereby does not support
that traditionally defined low-risk sessile T1 CRCs must undergo surgery because of an
intrinsically aggressive behavior.
The favorable outcome in patients with pedunculated T1 CRCs implies that the reported risk
of adverse outcomes in T1 CRC cohorts is influenced by the ratio of included pedunculated
and nonpedunculated T1 CRCs. We should take this into account when extrapolating the risk
for adverse outcomes as reported in the current literature to individual patients in clinical
practice. Moreover, this necessitates adequate reporting of morphology type together with
stratified adverse outcome rates in future T1 CRC studies. In addition, the combined positive
predictive value of current histologic markers is as low as 10% to 15%, which means that 85%
to 90% of patients undergo major surgery without any clinical benefit.13 Our results suggest
that morphology may refine risk stratification, helping to expand the proportion of T1 CRC
patients treated with endoscopic resection.
Although patient numbers were low in the low-risk nonpedunculated T1 CRC group, our study
suggests that risk for adverse outcomes is similar in pedunculated and nonpedunculated lowrisk T1 CRCs. A low percentage of low-risk nonpedunculated T1 CRCs is in line with previous
studies.9, 30 Several factors have contributed to this. First, if only 1 of the high-risk factors was
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absent, patients could not be classified as low risk. Adverse outcome rates in the unknown
group are between the rates found in the low- and high-risk groups, suggesting that the actual
number of patients with low-risk T1 CRC was higher. Second, achieving a R0 resection is
more difficult in nonpedunculated compared with pedunculated T1 CRCs.31 Finally, current
risk stratification is limited. Our study group recently developed a new model to better
predict the need for adjuvant surgery in patients with pedunculated T1 CRCs.32 With this
model, a higher number of pedunculated T1 CRCs could be classified as low risk compared with
conventional models (68% vs 35%). This may be a first step toward a T1 CRC risk assessment
taking morphology into account.
Few previous studies have compared adverse outcomes between pedunculated and
nonpedunculated T1 CRCs. A systematic review published in 2005 regarding histologic risk
factors and unfavorable outcomes of patients with T1 CRCs found a significant difference
in recurrence and metastasis in pedunculated vs nonpedunculated T1 CRCs of 0.4% (1 of
238) vs 6.2% (4 of 64) and 0.8% (5 of 595) vs 3.6% (13 of 357), respectively. No difference
in LNM rate was observed (9.7% [12 of 124] vs 10.5% [17 of 162]).9 This study, however,
reviewed several small nonconsecutive cohorts. In addition, no adjustment for confounders was
performed and treatment approach was not taken into account. A more recent populationbased study including 411 patients with T1 CRC diagnosed between 1982 and 2011, reported
a 5-year cumulative recurrence rate of 5.2% for pedunculated and 6.3% for nonpedunculated
T1 CRCs (P = 0.66).33 However, this comparison was based on only 15 recurrences vs 90
recurrences in our study. In addition, inclusion bias may have occurred because only endoscopic
benign-appearing T1 CRCs were included. A study of the Scottish Surgical Research Group
on 485 patients with T1 CRCs, which were identified through the screening program between
2000 and 2012, found no significant difference in adverse outcomes between pedunculated
and nonpedunculated T1 CRCs after adjustment for confounders.34 However, this study only
included patients who underwent endoscopic resection (followed by segmental resection
or not), which may have led to exclusion of nonpedunculated high-risk T1 CRCs unfit for
endoscopic resection in particular, leading to an underestimation of adverse outcomes in the
nonpedunculated T1 CRC group.
This study had some limitations. Adequate histologic diagnosis of pedunculated T1 CRC
is challenging.35, 36 A recent histologic review of a subgroup of 128 pedunculated T1 CRCs
from our cohort by pathologists with special expertise in gastrointestinal pathology showed
that approximately 10% of cases were overstaged (ie, T1 CRC diagnosis was revised as
pseudo-invasion or high-grade dysplasia).37 This may underestimate the adverse outcomes
of pedunculated T1 CRCs in our cohort. However, our previous study did not evaluate the
percentage of missed T1 CRCs diagnosed histologically as premalignant lesions. In addition,
pseudoinvasion and biopsy-related displaced epithelium simulating malignancy also have been
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described in nonpedunculated T1 CRCs, which might balance the potential underestimation in
pedunculated T1 CRCs.38 Finally, differentiating T1 CRC from its precursor lesions is an upto-date challenge and our cohort reflects daily clinical practice.36 Because of the retrospective
design, another limitation of this study was that some variables had a large number of missing
data. As a result, we had to classify a relatively large number of T1 CRCs as having an unknown
risk status (41%). To minimize bias introduced by missing data in the regression analysis,
we performed multiple imputations. Furthermore, we performed the regression analysis in
a stepwise approach, in which we first adjusted for clinical variables with a low missing rate
followed by adjustment for histologic variables with a higher missing rate.
In conclusion, pedunculated morphology was associated independently with a decreased risk
for adverse outcomes and the absolute risk for adverse outcomes in patients with pedunculated
T1 CRCs was nearly half that of patients with nonpedunculated T1 CRCs. In patients with lowrisk T1 CRCs, rates of metastasis, incomplete resection, and recurrence rates did not differ
significantly between pedunculated vs nonpedunculated morphology. However, incomplete
resection and recurrence rates were significantly lower for high-risk pedunculated vs
nonpedunculated T1 CRCs. Our results suggest that morphology has a promising potential to
refine risk stratification in patients with T1 CRCs and encourage incorporation of morphology
in risk stratification. Furthermore, our study underlines that the ratio of included pedunculated
and nonpedunculated T1 CRCs should be taken into account when extrapolating the risk for
adverse outcomes as reported in the current literature to individual patients in clinical practice
and necessitates adequate reporting of morphology in future T1 CRC studies.

Ethics
This study was approved by the Medical Ethics Review Committee of the University
Medical Center Utrecht (reference number 15-487/C) and was performed in accordance
with the Helsinki Declaration. The study conforms to the “STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE)” guideline.39
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Supplementary Table 1: Adverse outcomes in pedunculated and nonpedunculated T1 CRCs stratified
between primary endoscopy, secondary surgery and primary surgery
Overall
N=1656
Total
Events
n
n (%)

Primary endoscopy

Secondary surgery

Primary surgery

Recurrence:
Local
Distant
Local + distant
Total
Recurrence:
Local
Distant
Local + distant
LNM
Residual disease
Total
Recurrence:
Local
Distant
Local + distant
LNM
Total
Overall

638

410

608

1656

21
10
11

Pedunculated
N=723
Total
Events
n
n (%)

382

7
5
6

Nonpedunculated
N=933
Total
Events
n
n (%)

256

14
5
5

42 (6.6%)

18 (4.7%)

24 (9.4%)

5
8
3
34
58

2
3
0
19
18

3
5
3
15
40

220

190

97 (23.7%)

39 (17.7%)

58 (30.5%)

7
21
4
59

0
5
0
6

7
16
4
53

83 (13.7%)
222 (13.4%)
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723

10 (8.3%)
67 (9.3%)

487

933

7

73 (15.0%)
155 (16.6%)

CRC = colorectal cancer.
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Thesis summary
It is well established that a minority of approximately 10% of colorectal cancers (CRCs)
arise as well defined inherited syndromes and largely segregate in families as autosomal
dominant diseases. Lynch syndrome is one of these and is based on a germline defect in
one of the mismatch repair genes (MLH1, MSH2, MSH6 or PMS2). Affected patients
with inherited CRC are mostly diagnosed at a relatively young age. Moreover, their cancers
have specific phenotypic features, such as microsatellite instability (MSI), which is easily
recognizable and should raise suspicion for Lynch syndrome. In addition, the family history
of these patients can often raise the suspicion of a familial cancer syndrome.
We were interested in the current practice with regard to identification of potential
patients with Lynch syndrome, as well as possible measures to improve this practice.
Therefore, in Part I of this thesis, we first looked at adherence to screening guidelines for
Lynch syndrome (Chapter 2) and at the recording of a family history of cancers related to
Lynch syndrome in patients with young-onset CRC (Chapter 3). Second, we investigated
whether sending a questionnaire to patients with regard to a family history of CRC prior
to undergoing colonoscopy results in an increased knowledge of a family history and better
genetic counseling for Lynch syndrome (Chapter 4).
In Chapter 2 we report a retrospective cohort study in which we evaluated the adherence
to MSI testing, as a method to screen for Lynch syndrome, in young patients diagnosed
with CRC in the region of mid-Netherlands in the period 1999 to 2008. We only included
patients who were at a young age which, i.e. regardless of other factors, would lead to
MSI testing according to the (revised) Bethesda guidelines.1, 2 We found that microsatellite
instability testing was performed in only 39% of these young CRC patients. Moreover, over
a 10-year period, adherence to the guidelines did not improve and was even lowest in the
academic hospital. Older age at diagnosis, male sex, and stage IV CRC were independent
predictors of not testing. We concluded that adherence to the Bethesda guidelines was
low in patients with young-onset CRC and that no improvement was seen over a 10-year
period.
Besides a young age at diagnosis of CRC, the (revised) Bethesda guidelines also advise
MSI testing in patients with CRC and a positive family history of cancers related to Lynch
syndrome.1, 2 Therefore, in order to determine whether a family history of cancers related
to Lynch syndrome was recorded in the medical records of young patients with CRC in our
region, we performed another retrospective cohort study.
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In Chapter 3 we studied whether a family history of Lynch syndrome related cancers was
recorded in the medical records of patients diagnosed with CRC at the age of 60 years
or younger in the period 1999 to 2007 in the region of mid-Netherlands. We found that
recording of the family history improved over the years (odds ratio of 1.10 (confidence
interval 1.03 – 1.17) per year). However, a family history of cancers related to Lynch
syndrome was still only recorded in 58% of patients. Furthermore, in multivariable analysis,
stage III CRC and chemotherapy administration were found to be associated with recording
of the family history. We concluded that a family history of cancers related to Lynch
syndrome was not recorded in approximately 40% of patients with young-onset CRC and
that recording only slightly improved over the years.
The results of the studies we present in Chapters 2 and 3 suggest that physician’s awareness
of the guidelines for Lynch syndrome screening in patients with young-onset CRC is low.
Although MSI testing of all patients with CRC younger than 70 years of age has been
implemented in the Netherlands in the years after the periods of our studies, awareness of
the specific phenotypic features of Lynch syndrome associated CRCs as well as awareness
of family histories associated with an increased risk for young-onset CRC, remain important
for identifying Lynch syndrome families and families with familial CRC. By taking a family
history of patients with CRC, family members who may benefit from colonoscopic screening
for young-onset CRC can be identified. Therefore, a family history of cancer should still
be specifically addressed in all patients with CRC during multidisciplinary team meetings.
After focusing on the practice with regard to screening patients with young-onset CRC for
Lynch syndrome in our region of the Netherlands, we additionally focused on a measure to
possibly improve screening of patients for Lynch syndrome.
In Chapter 4 we performed a study for which we sent a paper-based family history
questionnaire by postal mail to patients before they underwent an outpatient colonoscopy
at a university hospital in the year 2013. The questionnaire was introduced passively, i.e.
was sent along with the colonoscopy information, and was not actively explained in a faceto-face interview. Patients were asked to hand in their questionnaire at the endoscopy
desk on the day of the colonoscopy. A total of 282 of 974 (29%) patients undergoing
colonoscopy in 2013 and who received the questionnaire, completed it. The family history
was not recorded in the electronic medical records of approximately 40% of these patients.
The introduction of the questionnaire resulted in an increased availability of a family history
of approximately 30% of patients and consequently resulted in an increase of genetic
counseling given to patients considered to be at risk for hereditary CRC compared to
previous years (3.7% vs 1.6%). Finally, 10% of referrals for genetic counseling were directly
attributable to the completed questionnaire. We concluded that the questionnaire resulted
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in an increase in the availability of family histories and genetic counseling for hereditary
CRC. However, only one-third of patients completed the questionnaire, which seriously
questions the effectiveness of this screening tool.
Adequate surveillance of patients at increased risk for young-onset CRC and also a
nationwide screening program for CRC (common practice in the Netherlands since 2014)
have led to early detection of CRC and its precursor lesions, and better outcomes. However,
a prerequisite for better outcomes are adequate treatment of these lesions and minimization
of adverse side effects. This is a challenge in itself and less simple than previously thought.
Therefore, in Part II of this thesis, we looked at challenges and problems associated with
treatment of early CRC and its precursor lesions. First, in Chapter 5, we determined the
causes of post-colonoscopy CRC (pcCRC) after endoscopic resection of precursor lesions
of CRC with high-risk features (i.e. polyps with intramucosal carcinoma). In the last part
of this thesis we focused on endoscopic treatment of T1 CRC, the earliest form of CRC.
In Chapter 6 we evaluated whether endoscopic resection of T1 CRCs with a relatively high
risk of lymph node metastases prior to surgical resection has an adverse effect on long-term
outcomes and, finally, in Chapter 7, we evaluated whether pedunculated morphology of T1
CRC is associated with a reduced risk of an adverse outcome.
In Chapter 5 we present a case-control study in which we determined the causes of
pcCRCs in patients who underwent an endoscopic resection of a polyp with intramucosal
carcinoma. We hypothesized that incomplete endoscopic resection of these polyps would
result in recurrence as an invasive carcinoma. In total, 1979 patients who underwent an
endoscopic resection of a polyp with intramucosal carcinoma in the period 1995 to 2005
were included from the Netherlands Cancer Registry. We found that occurrence of pcCRCs
was uncommon (2.4%). After manual review of the available medical records of pcCRC
cases (according to the Netherlands Cancer Registry) and a sample of controls, a pcCRC
diagnosis could be confirmed in 29 patients. Of these, 45% could be attributed to an
incomplete endoscopic resection, 31% to an inadequate colonoscopy, 14% to a missed lesion
and 10% were new CRCs. We concluded that incomplete resection is the most important
cause of pcCRCs after endoscopic resection of polyps with intramucosal carcinoma and that
90% of these pcCRCs may have been prevented by adequate endoscopic management and
follow-up. This study underlines the importance of performing a high-quality colonoscopy
and an adequate endoscopic resection of CRC precursor lesions with high-risk features.
Lymph node metastasis risk of T1 CRC varies between 8% and 14%, which means that
approximately 90% of patients with T1 CRC can be cured with only an endoscopic resection.
However, we are not well able to determine which patients with an endoscopically resected
T1 CRC are at an increased risk for lymph node metastases and which patients are not.
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As more and more early CRCs are found due to the recent implementation of screening
programs throughout the world, the question which patients with T1 CRC can be treated
with an endoscopic resection alone, without the need to perform an additional oncological
surgical resection, has become increasingly relevant.
In Chapter 6 we evaluated whether surgery following endoscopic resection of T1 CRC with
a high risk of lymph node metastasis does have a negative effect on patients’ outcomes
compared with immediate surgery. Patients with these high-risk T1 CRCs who were treated
with primary (immediate) or secondary (following endoscopic resection) surgery between
2000 and 2014 in 13 hospitals in the Netherlands were included. We found 602 patients to
be eligible for analysis and observed no differences between primary and secondary surgery
for the presence of lymph node metastases and recurrence during follow-up. The strengths
of this study were the relatively high number of included patients and, in the statistical
analysis, the correction for confounding by indication. The results of this study suggest
that performing an endoscopic resection of a T1 CRC without signs of deeper invasion is
justified in order to prevent unnecessary surgery in patients with T1 CRC and with a low risk
of lymph node metastasis.
In the last chapter of this thesis (Chapter 7), we compared adverse outcomes of
pedunculated versus nonpedunculated T1 CRCs by performing a retrospective study of
1656 patients diagnosed with T1 CRC from 2000 through 2014 at 14 hospitals in the
Netherlands. We evaluated the association between tumor morphology (i.e. pedunculated
or nonpedunculated morphology) and the primary composite endpoint adverse outcome,
which was defined as any of the following: lymph node metastasis, distant metastasis,
local recurrence or residual tissue. This endpoint was adjusted for clinical- and histological
variables, resection margins and treatment approach. Adverse outcomes occurred in 9.3%
of patients with pedunculated T1 CRCs versus 16.6% of patients with nonpedunculated T1
CRCs and pedunculated morphology was independently associated with a reduced risk of
adverse outcome. We concluded that incorporating pedunculated versus nonpedunculated
morphology of T1 CRCs in risk assessment may help to identify more patients who can be
cured with only an endoscopic resection.

Future perspectives
In Part I of this thesis, we show that identification of patients at risk for young-onset CRC is
a challenge and it appears that physician’s awareness of tumor- and family history features
associated with an increased risk of young-onset CRC is low. The recent implementation of
MSI testing of tumors of all CRC patients younger than 70 years of age in the Netherlands
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is a major step forward in identification of patients with Lynch syndrome associated CRC
and their family members. However, the age limit of 70 years of age for MSI testing is
debatable. Besides MSI testing of tumors of CRC patients, obtaining and interpreting a
family history also remains important for identifying patients at risk for young-onset CRC.
In the following paragraphs, perspectives on MSI testing of tumors of CRC patients in the
Netherlands and ways for obtaining and interpreting a family history of CRC patients will
be discussed.
In contrast to the Dutch guideline on hereditary CRC, the guidelines of the American
Gastroenterological Association (AGA) and “the National Institute for Health and Care
Excellence” (NICE) in the UK, advise MSI testing of tumors of all CRC patients instead
of only testing tumors of CRC patients younger than 70 years of age.3-5 As the yield of
MSI testing is lower in older patients and most patients diagnosed with CRC are older,
i.e. aged 70 to 74 years of age in the Netherlands (please see General introduction of this
thesis, Figure 2), the cut-off at 70 years of age in the Dutch guideline was chosen to avoid
screening of a relatively large number of additional CRC patients with a relatively low yield.
However, several arguments favor universal MSI testing of tumors of all CRC patients.
First, Lynch syndrome can also present at an older age and identifying Lynch syndrome
families has a major impact on affected younger family members.4 Also, although based on
cost-effectiveness models only, universal MSI testing of tumors of all patients diagnosed
with CRC has been proven cost-effective in several studies.4, 5 Taken together with the low
costs of MSI testing, especially in relation to the far much greater costs of CRC treatment
itself, the costs of MSI testing should not be taken as an issue. Furthermore, MSI testing
is not only useful for Lynch syndrome screening in patients with CRC. Microsatellite
instability high status (MSI-H) is associated with a better prognosis and with a lack of
benefit from 5-fluorouracil based chemotherapy. In addition, more recently, MSI has
been identified as a predictor of sensitivity to immunotherapy-based treatments.6 These
additional indications for MSI testing imply that a significant proportion of patients with
CRC aged above 70 years, need anyhow to be tested for MSI. Finally, the main advantage
of universal MSI testing lies in its simplicity, i.e. the fact that all patients can be tested for
MSI “without thinking” and that this strategy can be implemented with straightforward
measures. Although one may suggest that less simple guidelines should also be followed, we
have shown in Chapter 2 of this thesis that adherence to simple guidelines on screening for
hereditary CRC was low.
In this thesis, we show that family history recording of patients with young-onset CRC was
low in our region of the mid-Netherlands. In fact, recording of a family history of patients
with CRC and cancer in general is known to be inadequate.7-13 Besides not forgetting to ask
about the family history and subsequently recording and interpreting the family history,
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obtaining an adequate family history can be challenging. From the physician’s perspective,
a complicating factor may be the time needed to take a complete family history, which can
take up to 30 minutes for a full pedigree.14 Also, physicians may not prioritize obtaining
a family history from patients who have just been diagnosed with CRC and obtaining the
family history afterwards is often forgotten. From the patient’s perspective, there may
be a lack of familiarity with a patient’s family history and difficulty with accessing family
history information. Furthermore, patients may be too busy or have forgotten to return the
family history questionnaires, while it may also be true that patients can feel overwhelmed
or confused.15, 16 Overall, it can be doubted that teaching physicians on when and how to
take a family history on cancer will solve this problem. A better solution could be to let
computer software do the work for us. If all electronic health records in the Netherlands
could be linked, family members and their diseases could also be linked and computer
software should be able to notify when patients have an increased risk of developing youngonset CRC, so that early colonoscopic screening could be offered. In this way, it can be
foreseen that automated identification of at-risk patients is possible and automated family
analysis for identification of at risk individuals can be performed. Ultimately, this would
lead to making family history taking obsolete. However, this approach raises several serious
medical-ethical problems, such as protection of patient data from unwanted use by third
parties, along with data ownership, data liability and informed consent, which in the current
political arena will not be easy to organize.
In Part II of this thesis, we show that performing a high-quality colonoscopy together with
an adequate endoscopic resection of CRC precursor lesions with high-risk features can
probably reduce the occurrence of post-colonoscopy colorectal cancers (pcCRCs). Also,
we show that endoscopic resection prior to surgery for T1 CRC is not disadvantageous and
that taking T1 CRC morphology into account may help to identify more T1 CRC patients
who can be cured with only an endoscopic resection (i.e. without additional surgery). In the
next paragraphs, perspectives on the importance of colonoscopy quality will be discussed.
Then, perspectives on the recognition of polyps with high-risk features and early CRC,
which is fundamentally important in directing further assessment and treatment of these
polyps, will be discussed. Finally, future perspectives on treatment of high-risk precursor
lesions and early CRC will be highlighted.
Before discussing recognition and treatment of high-risk CRC precursor lesions and early
CRC specifically, it is important to realize that a high-quality colonoscopy is essential
before any further assessment and treatment of these lesions is performed. In case other
colorectal lesions remain unidentified or are removed incompletely, the effectiveness on
pcCRC prevention is only limited, as most pcCRCs are the result of colonoscopy-related
factors such as these reasons.17-21 Therefore, defining quality criteria for endoscopists as
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well as for endoscopy centers and subsequently implementing these criteria by means
of an accreditation and auditing system, as was done for endoscopists performing
colonoscopies in the Dutch CRC screening program, is a major step forward in assuring
and improving colonoscopy quality.22 Comparing one’s quality parameter results, such as
bowel preparation, cecal intubation rate and cancer- and adenoma detection rates, with
the results of colleagues on an annual basis, is one of the most valuable assets of the quality
assurance program in the Netherlands. In this way, one can identify potential weaknesses
and strive for improvement in an open and transparent setting.
In addition to assuring and improving endoscopist’s performance, another strategy to
improve colonoscopy quality is emerging. A recent study has shown that a computer-assisted
image analysis system using convolutional neural networks (i.e. deep learning models for
image analysis), detects and localizes polyps with high accuracy in real time.23 Although this
system needs to be further validated in prospective trials, future implementation in clinical
practice may well lead to a better inspection of the colorectum and the identification of
additional polyps.23
Performing a high-quality colonoscopy also means careful assessment of polyps for features
consistent with T1 CRC before starting an endoscopic resection, since polyps suspected to
harbor T1 CRC should be removed with an en-bloc (endoscopic) resection modality. This
is essential, because a piecemeal endoscopic mucosal resection (EMR) makes evaluation
of histological factors associated with likelihood of lymph node metastasis and local
recurrence virtually impossible. As a consequence, a piecemeal EMR of a T1 CRC may
lead to an additional surgical resection for a patient who could otherwise have been cured
with only an endoscopic en-bloc resection.21, 24, 25 Although the use of advanced imaging
techniques, such as narrow band imaging and magnifying chromoendoscopy, may lead to
a higher sensitivity for optical diagnosis of T1 CRC compared with gross morphological
features,26 accurate optical differentiation between adenomas and lesions with T1 CRC can
still be difficult. The sensitivity for the preresection accuracy of optical diagnosis of T1
CRCs in large nonpedunculated colorectal polyps was approximately 80% in a recent study
from the Dutch T1 CRC Working Group.27 Besides aiding in achieving a better inspection
of the colorectum and increasing adenoma detection rates, deep learning may also aid in
differentiating non-T1 adenomatous polyps from T1 CRCs in the future. This application of
deep learning has not been reported yet. However, although based on features detected
with an advanced imaging system (volumetric laser endomicroscopy) that provides an
almost microscopic resolution, a computer-based algorithm has already been shown to help
detecting early Barrett’s neoplasia in the esophagus.28

138

After careful assessment and subsequent identification of a potential T1 CRC, one may
proceed to performing an endoscopic en-bloc resection of this lesion. In this thesis, we have
shown that performing an endoscopic resection before surgical resection of a T1 CRC with
risk factors for lymph node metastasis, has no adverse effect on patients’ outcome, regarding
lymph node metastasis and recurrence rates. Therefore, endoscopic en-bloc resection may
be regarded as an ultimate staging procedure for lesions with features consistent of T1 CRC.
Also, the minimally invasive options for performing an en-bloc resection of a T1 CRC have
been expanding rapidly in the last years and include en-bloc EMR, transanal endoscopic
microsurgery (TEM) and endoscopic submucosal dissection (ESD), but also relatively newer
techniques such as endoscopic full thickness resection (EFTR) and a combined endoscopic
laparoscopic surgical removal.29, 30 This progress is encouraging and gives the opportunity to
remove more lesions suspected for T1 CRC in an en-bloc fashion. However, applying these
techniques requires specific expertise and training. Also, we should be cautious and reserve
these techniques (except for certain specific indications) only for lesions without signs of
deep invasion.
Even after adequate local excision of a T1 CRC, an additional surgical resection may be
indicated to remove potential lymph node metastases. Unfortunately, current prediction
models only have limited ability to identify patients that benefit from an additional surgical
resection. Multiple histological high-risk markers to estimate the risk of lymph node
metastases, such as poor differentiation, submucosal invasion, lymphovascular invasion,
resection margins, tumor budding, poorly differentiated clusters and muscularis mucosa
type, are used.31-35 Also, as shown in this thesis, T1 CRC morphology (i.e. pedunculated
versus nonpedunculated morphology) may be another high-risk marker that could be added
to this list and that may help us to estimate lymph node metastasis risk more accurately.
However, as the number of high-risk factors that can be identified is increasing, this may
also lead to further complicating, instead of simplifying, the estimation of lymph node
metastasis risk. Recent research is suggesting that, for determining the need for additional
surgery after endoscopic resection of T1 CRC, also in this field, machine learning may help
to further reduce unnecessary additional surgery without missing lymph node metastases.36
In conclusion, the recognition of pedigrees consistent with an increased risk for youngonset CRC, as well as the recognition of colorectal polyps in contrast to normal colorectal
mucosa and of colorectal lesions consistent with an increased risk for harboring early CRC
in contrast to harboring only adenomatous tissue, is based on assessment of patterns;
patterns of pedigrees on the one hand and patterns in images consistent with normal and
abnormal colorectal mucosa on the other hand. These patterns may be analysed and learned
by computers. Besides training clinicians and endoscopists in recognizing these patterns and
in treating early CRC adequately, it can be expected that computer-assisted recognition
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will be of help and will play a major role in these fields of research in the future. It should
be considered to team up experts in linking electronic medical records for family history
analysis with experts in the field of deep learning models for analysis of colorectal images.
Hereby, we may be able to improve our “early recognition rate”, leading to better screening
for young-onset CRC and better treatment of early CRC.
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Ongeveer 10% van de colorectaal carcinomen ontstaat als gevolg van een erfelijk syndroom
dat autosomaal-dominant overerft. Een van deze syndromen is het Lynch syndroom dat
ontstaat als gevolg van een kiembaanmutatie in een van de “mismatch repair genen”
(MLH1, MSH2, MSH6 of PMS2). Patiënten met een erfelijk colorectaal carcinoom
worden hier meestal op relatief jonge leeftijd mee gediagnostiseerd. Bovendien hebben
deze colorectaal carcinomen een specifiek fenotype met onder andere microsatelliet
instabiliteit. Microsatelliet instabiliteit is relatief gemakkelijk te bepalen en aanwezigheid
hiervan dient te leiden tot het vermoeden op Lynch syndroom. Ook de familieanamnese
van deze patiënten kan een erfelijk syndroom doen vermoeden.
Wij waren geïnteresseerd in de huidige praktijk met betrekking tot de opsporing van
patiënten met Lynch syndroom en in maatregelen om deze praktijk te verbeteren. Daarom
hebben we in Deel I van dit proefschrift eerst gekeken naar de naleving van richtlijnen voor
screening op Lynch syndroom (Hoofdstuk 2) en naar de registratie van een familieanamnese
van Lynch syndroom geassocieerde tumoren bij patiënten met colorectaal carcinoom op
jonge leeftijd (Hoofdstuk 3). Vervolgens hebben we onderzocht of het opsturen van een
familieanamnese vragenlijst naar patiënten, voorafgaand aan een coloscopie, resulteerde in
de beschikbaarheid van meer familieanamneses en of dit tot gevolg had dat meer patiënten
werden onderzocht op Lynch syndroom door de klinisch geneticus (Hoofdstuk 4).
In Hoofdstuk 2 beschrijven we een retrospectieve cohortstudie waarin we de naleving van
de richtlijnen voor screening op Lynch syndroom onderzochten. Dit werd gedaan door te
testen op microsatelliet instabiliteit bij jonge patiënten die waren gediagnostiseerd met een
colorectaal carcinoom in de periode 1999-2008 in de Utrechtse regio. De geïncludeerde
patiënten waren gediagnostiseerd met een colorectaal carcinoom op een zodanig jonge
leeftijd dat, ongeacht andere factoren, zij volgens de (herziene) Bethesda richtlijnen
automatisch getest hadden moeten worden op microsatelliet instabiliteit.1, 2 Wij vonden dat
slechts 39% van deze jonge patiënten inderdaad was getest op microsatelliet instabiliteit.
Bovendien verbeterde de naleving van de richtlijnen niet in de loop van 10 jaar en was deze
het laagst in het academisch ziekenhuis. Een oudere leeftijd bij het stellen van de diagnose,
het mannelijke geslacht en stadium IV colorectaal carcinoom waren onafhankelijke
voorspellers van het niet testen op microsatelliet instabiliteit. We concludeerden dat de
naleving van de Bethesda richtlijnen in de periode 1999-2008 slecht was bij patiënten met
een colorectaal carcinoom op jonge leeftijd en dat in de loop van 10 jaar geen verbetering
werd waargenomen.
Naast patiënten met een jonge leeftijd ten tijde van de diagnose van een colorectaal
carcinoom, wordt in de (herziene) Bethesda richtlijnen ook geadviseerd patiënten met een
colorectaal carcinoom en een familieanamnese met Lynch syndroom geassocieerde tumoren
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te testen op microsatelliet instabiliteit.1, 2 Daarom werd in de dossiers van jonge patiënten
met colorectaal carcinoom in de Utrechtse regio onderzocht of een familieanamnese van
Lynch syndroom geassocieerde tumoren was genoteerd.
In Hoofdstuk 3 onderzochten we of een familieanamnese van Lynch syndroom geassocieerde
tumoren was genoteerd in de medische dossiers van patiënten die op een leeftijd van 60 jaar
of jonger waren gediagnostiseerd met een colorectaal carcinoom in de periode 1999-2007
in de Utrechtse regio. We vonden dat de registratie van de familieanamnese in de loop
der jaren verbeterde (odds ratio van 1.10 (betrouwbaarheidsinterval 1.03 - 1.17) per jaar).
Desalniettemin was een familieanamnese van Lynch syndroom geassocieerde tumoren
in het medische dossier van slechts 58% van de patiënten genoteerd. Ook bleek, na
multivariabele analyse, dat stadium III colorectaal carcinoom en chemotherapie toediening
geassocieerd waren met het noteren van de familieanamnese. We concludeerden dat een
familieanamnese van Lynch syndroom geassocieerde tumoren niet was genoteerd in de
medische dossiers van ongeveer 40% van de patiënten met colorectaal carcinoom op jonge
leeftijd en dat de registratie in de loop van de jaren slechts licht verbeterde.
De resultaten van de studies in Hoofdstuk 2 en 3 suggereren dat de kennis van artsen van de
richtlijnen voor screening op Lynch syndroom, bij patiënten met colorectaal carcinoom op
jonge leeftijd, laag is. Ondanks dat het testen op microsatelliet instabiliteit van alle patiënten
die onder de leeftijd van 70 jaar worden gediagnostiseerd met een colorectaal carcinoom is
geïmplementeerd in Nederland in de jaren na onze studies, blijft kennis van het specifieke
fenotype van Lynch syndroom geassocieerde colorectaal carcinomen, evenals kennis van
een familieanamnese die geassocieerd is met een verhoogd risico op het ontwikkelen van
een colorectaal carcinoom op jonge leeftijd, belangrijk voor het opsporen van families
met Lynch syndroom en met familiair colorectaal carcinoom. Door een familieanamnese
af te nemen bij patiënten met een colorectaal carcinoom, kunnen familieleden worden
opgespoord die baat hebben bij colonoscopische screening op jonge leeftijd. Daarom moet
een familieanamnese van kanker bij alle patiënten met een colorectaal carcinoom worden
besproken tijdens het multidisciplinair overleg.
Na ons te hebben gericht op de praktijk met betrekking tot het screenen van jonge
patiënten met een colorectaal carcinoom op Lynch syndroom in onze regio, hebben we ons
vervolgens gericht op een maatregel om de screening van patiënten op Lynch syndroom te
kunnen verbeteren.
In Hoofdstuk 4 beschrijven we een studie waarbij we een papieren vragenlijst over de
familieanamnese per post naar patiënten stuurden voordat ze in 2013 een poliklinische
coloscopie ondergingen in het UMC Utrecht. De vragenlijst werd passief geïntroduceerd,
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wat wil zeggen dat de vragenlijst met de praktische informatie over de coloscopie werd mee
gestuurd en verder niet actief werd toegelicht in een persoonlijk gesprek. Patiënten werd
gevraagd om hun ingevulde vragenlijst in te leveren bij de balie van de endoscopie afdeling
op de dag van de coloscopie. In totaal leverden 282 van de 974 (29%) patiënten die in
2013 een coloscopie ondergingen een ingevulde vragenlijst in. De familieanamnese was niet
genoteerd in het elektronische medische dossier van ongeveer 40% van deze patiënten.
De introductie van de vragenlijst resulteerde in een toegenomen beschikbaarheid van
een familieanamnese van ongeveer 30% van de patiënten en in een toename van 1.6% tot
3.7% in het aantal patiënten met een verhoogd risico op erfelijk colorectaal carcinoom
dat een klinisch geneticus bezocht in vergelijking met voorgaande jaren. Tenslotte was
10% van de verwijzingen naar de klinisch geneticus rechtstreeks toe te schrijven aan de
ingevulde vragenlijst. We concludeerden dat de introductie van de vragenlijst resulteerde
in een toename van de beschikbaarheid van een familieanamnese en een toename van
genetisch onderzoek voor erfelijk colorectaal carcinoom. Echter, slechts één derde van
de patiënten vulde de vragenlijst in, zodat een verbetering van de effectiviteit van deze
screeningsmethode verder aandacht behoeft.
Adequate surveillance van patiënten met een verhoogd risico op het ontwikkelen van
een colorectaal carcinoom op jonge leeftijd en ook het landelijk screeningsprogramma
op colorectaal carcinoom (sinds 2014 in Nederland) hebben geleid tot vroege detectie
van colorectaal carcinomen en voorloper laesies hiervan en ook tot betere uitkomsten bij
patiënten. Een voorwaarde voor betere uitkomsten is echter wel een adequate behandeling
van deze laesies en het beperken van ongewenste neveneffecten. Dat is op zich al een
uitdaging en minder eenvoudig dan vaak wordt gedacht. Daarom hebben we in Deel II van dit
proefschrift gekeken naar uitdagingen en problemen bij de behandeling van vroeg stadium
colorectaal carcinomen en voorloper laesies hiervan. Eerst hebben we in Hoofdstuk 5 de
oorzaken bepaald van post-colonoscopie colorectaal carcinomen die gevonden werden na
een endoscopische resectie van voorloper laesies met een verhoogd risico op ontaarding in
een colorectaal carcinoom (in dit geval poliepen met intramucosaal carcinoom). Vervolgens
hebben we ons gericht op de endoscopische behandeling van het T1 colorectaal carcinoom,
wat de vroegste vorm van colorectaal carcinoom is. In Hoofdstuk 6 hebben we onderzocht
of een endoscopische resectie voorafgaand aan een chirurgische resectie van T1 colorectaal
carcinoom met een relatief hoog risico op lymfkliermetastasen, een nadelig effect heeft
op de lange termijn uitkomsten en tenslotte, in Hoofdstuk 7, onderzochten we of een
gesteelde morfologie van T1 colorectaal carcinomen geassocieerd is met een verlaagd risico
op een ongunstige uitkomst.
In Hoofdstuk 5 beschrijven we een case-control studie waarbij we de oorzaken onderzochten
van post-coloscopie colorectaal carcinomen bij patiënten die een endoscopische resectie
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van een poliep met intramucosaal carcinoom hadden ondergaan. Onze hypothese was dat
een onvolledige endoscopische resectie van deze poliepen zou leiden tot een recidief in de
vorm van een invasief carcinoom. In totaal werden 1979 patiënten, die in de periode 1995
tot en met 2005 een endoscopische resectie van een poliep met intramucosaal carcinoom
hadden ondergaan, geïncludeerd uit de Nederlandse Kankerregistratie. We vonden dat
post-coloscopie colorectaal carcinomen weinig voorkwamen (2.4%). Na beoordeling van
de beschikbare medische dossiers van de patiënten met een post-coloscopie colorectaal
carcinoom (volgens de Nederlandse Kankerregistratie) en van een steekproef uit de controles,
kon een post-coloscopie colorectaal carcinoom diagnose worden bevestigd bij 29 patiënten.
Hiervan kon 45% worden toegeschreven aan een onvolledige endoscopische resectie, 31%
aan een inadequate colonoscopie, 14% aan een gemiste laesie en 10% kon worden beschouwd
als een nieuw colorectaal carcinoom. We concludeerden dat een onvolledige resectie de
belangrijkste oorzaak was van post-coloscopie colorectaal carcinomen die ontstaan waren
na endoscopische resectie van poliepen met een intramucosaal carcinoom en dat 90% van
deze post-coloscopie colorectaal carcinomen mogelijk voorkomen had kunnen worden door
een volledige coloscopie en follow-up. Deze studie toont het belang aan van het uitvoeren
van een volledige coloscopie en een adequate endoscopische resectie van voorloper laesies
met een verhoogd risico op ontwikkelen van een colorectaal carcinoom.
Het risico op lymfekliermetastasen van T1 colorectaal carcinomen ligt tussen de 8% en
14%, wat betekent dat ongeveer 90% van de patiënten met een T1 colorectaal carcinoom
genezen kan worden met alleen een endoscopische resectie. We kunnen echter niet goed
bepalen welke patiënten met een endoscopisch verwijderd T1 colorectaal carcinoom een
verhoogd risico op lymfekliermetastasen hebben en welke patiënten niet. Nu er steeds
meer vroege colorectaal carcinomen gevonden worden door de recente wereldwijde
implementatie van screeningsprogramma’s, is de vraag relevant geworden welke patiënten
met een T1 colorectaal carcinoom met alleen een endoscopische resectie kunnen worden
behandeld, zonder een aanvullende oncologische chirurgische resectie.
In Hoofdstuk 6 werd onderzocht of chirurgie na een endoscopische resectie van een T1
colorectaal carcinoom met een hoog risico op lymfekliermetastasen, een negatief effect
heeft op de uitkomsten in vergelijking met onmiddellijke chirurgie. Patiënten met een
hoog risico T1 colorectaal carcinoom die werden behandeld met primaire (onmiddellijke) of
secundaire (na endoscopische resectie) chirurgie tussen 2000 en 2014 in 13 ziekenhuizen
in Nederland werden geïncludeerd. Zeshonderdentwee patiënten kwamen in aanmerking
voor nadere analyse maar we observeerden geen verschillen tussen primaire- en secundaire
chirurgie wat betreft aanwezigheid van lymfekliermetastasen en het optreden van een
recidief tijdens follow-up. De sterke punten van deze studie waren het relatief hoge aantal
geïncludeerde patiënten en, in de statistische analyse, de correctie voor “confounding
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by indication”. De resultaten van deze studie suggereren dat het uitvoeren van een
endoscopische resectie van een T1 colorectaal carcinoom zonder tekenen van diepere invasie
gerechtvaardigd is om onnodige chirurgie bij patiënten met een T1 colorectaal carcinoom en
een laag risico op lymfekliermetastasen te voorkomen.
In het laatste hoofdstuk van dit proefschrift (Hoofdstuk 7) vergeleken we het optreden van
ongunstige uitkomsten bij patiënten met T1 colorectaal carcinomen met een gesteelde- en
een niet gesteelde morfologie door middel van een retrospectieve studie bij 1656 patiënten
die waren gediagnostiseerd met een T1 colorectaal carcinoom in de periode 2000-2014
in 14 ziekenhuizen in Nederland. We onderzochten hierbij de associatie tussen tumor
morfologie (dat wil zeggen gesteeld of niet gesteeld) en het primaire samengestelde
eindpunt “ongunstige uitkomst”, dat werd gedefinieerd als één van de volgende, nl.
lymfekliermetastasen, afstandsmetastasen, lokaal recidief of overgebleven weefsel. Dit
eindpunt werd gecorrigeerd voor klinische en histologische variabelen, resectiemarges en
type behandeling. Een ongunstige uitkomst trad op bij 9.3% van de patiënten met gesteelde
T1 colorectaal carcinomen vergeleken met 16.6% van de patiënten zonder een gesteeld T1
colorectaal carcinoom. Een gesteelde morfologie was onafhankelijk geassocieerd met een
verlaagd risico op een ongunstige uitkomst. We concludeerden dat het rekening houden met
het feit of er een gesteelde of niet gesteelde morfologie van het T1 colorectaal carcinoom is,
kan helpen om meer patiënten te identificeren bij wie volstaan kan worden met alleen een
endoscopische resectie.

150

Referenties
1.

Rodriguez-Bigas MA, Boland CR, Hamilton SR, et al. A National Cancer Institute Workshop on
Hereditary Nonpolyposis Colorectal Cancer Syndrome: meeting highlights and Bethesda guidelines.
Journal of the National Cancer Institute 1997;89:1758-1762.

2.

Umar A, Boland CR, Terdiman JP, et al. Revised Bethesda Guidelines for hereditary nonpolyposis
colorectal cancer (Lynch syndrome) and microsatellite instability. Journal of the National Cancer
Institute 2004;96:261-268.

A

151

A
152

Appendix
List of publications

A

153

1:

Kessels K, Backes Y, Elias SG, van den Blink A, Offerhaus GJA, van Bergeijk JD, Groen JN, Seerden
TCJ, Schwartz MP, de Vos Tot Nederveen Cappel WH, Spanier BWM, Geesing JMJ, Kerkhof M,
Siersema PD, Didden P, Boonstra JJ, Herrero LA, Wolfhagen FHJ, Ter Borg F, van Lent AU, Terhaar
Sive Droste JS, Hazen WL, Schrauwen RWM, Vleggaar FP, Laclé MM, Moons LMG; Dutch T1
Colorectal Cancer Working Group. Pedunculated Morphology of T1 Colorectal Tumors Associates
With Reduced Risk of Adverse Outcome. Clin Gastroenterol Hepatol. 2019 May;17(6):1112-1120.e1.
doi: 10.1016/j.cgh.2018.08.041. Epub 2018 Aug 18. PubMed PMID: 30130623.

2:

Vleugels JLA, Dijkgraaf MGW, Hazewinkel Y, Wanders LK, Fockens P, Dekker E; DISCOUNT study
group. Effects of Training and Feedback on Accuracy of Predicting Rectosigmoid Neoplastic Lesions
and Selection of Surveillance Intervals by Endoscopists Performing Optical Diagnosis of Diminutive
Polyps. Gastroenterology. 2018 May;154(6):1682-1693.e1. doi: 10.1053/j.gastro.2018.01.063. Epub
2018 Feb 6. PubMed PMID: 29425923.

3:

Backes Y, Elias SG, Groen JN, Schwartz MP, Wolfhagen FHJ, Geesing JMJ, Ter Borg F, van Bergeijk
J, Spanier BWM, de Vos Tot Nederveen Cappel WH, Kessels K, Seldenrijk CA, Raicu MG, Drillenburg
P, Milne AN, Kerkhof M, Seerden TCJ, Siersema PD, Vleggaar FP, Offerhaus GJA, Lacle MM,
Moons LMG; Dutch T1 CRC Working Group. Histologic Factors Associated With Need for Surgery
in Patients With Pedunculated T1 Colorectal Carcinomas. Gastroenterology. 2018 May;154(6):16471659. doi: 10.1053/j.gastro.2018.01.023. Epub 2018 Jan 31. PubMed PMID: 29366842.

4:

van Nimwegen LJ, Moons LMG, Geesing JMJ, Arensman LR, Laclé M, Broeders IAMJ, Viergever
PP, Groen JN, Kessels K, Schwartz MP. Extent of unnecessary surgery for benign rectal polyps in the
Netherlands. Gastrointest Endosc. 2018 Feb;87(2):562-570.e1. doi: 0.1016/j.gie.2017.06.027. Epub
2017 Jul 14. PubMed PMID: 28713061.

5:

Backes Y, Elias SG, Bhoelan BS, Groen JN, van Bergeijk J, Seerden TCJ, Pullens HJM, Spanier BWM,
Geesing JMJ, Kessels K, Kerkhof M, Siersema PD, de Vos Tot Nederveen Cappel WH, van Lelyveld N,
Wolfhagen FHJ, Ter Borg F, Offerhaus GJA, Lacle MM, Moons LMG; Dutch T1 CRC Working Group.
The prognostic value of lymph node yield in the earliest stage of colorectal cancer: a multicenter cohort
study. BMC Med. 2017 Jul 14;15(1):129. doi: 10.1186/s12916-017-0892-7. PubMed PMID: 28705200;
PubMed Central PMCID: PMC5512847.

6:

Kessels K, Eisinger JD, Letteboer TG, Offerhaus GJA, Siersema PD, Moons LMG. Sending family history
questionnaires to patients before a colonoscopy improves genetic counseling for hereditary colorectal
cancer. J Dig Dis. 2017 Jun;18(6):343-348. doi: 10.1111/1751-2980.12491. PubMed PMID: 28556580.

7:

Backes Y, de Vos Tot Nederveen Cappel WH, van Bergeijk J, Ter Borg F, Schwartz MP, Spanier
BWM, Geesing JMJ, Kessels K, Kerkhof M, Groen JN, Wolfhagen FHJ, Seerden TCJ, van Lelyveld
N, Offerhaus GJA, Siersema PD, Lacle MM, Moons LMG. Risk for Incomplete Resection after
Macroscopic Radical Endoscopic Resection of T1 Colorectal Cancer: A Multicenter Cohort Study. Am
J Gastroenterol. 2017 May;112(5):785-796. doi: 10.1038/ajg.2017.58. Epub 2017 Mar 21. PubMed
PMID: 28323275.

8:

Overwater A, Kessels K, Elias SG, Backes Y, Spanier BWM, Seerden TCJ, Pullens HJM, de Vos Tot
Nederveen Cappel WH, van den Blink A, Offerhaus GJA, van Bergeijk J, Kerkhof M, Geesing JMJ,
Groen JN, van Lelyveld N, Ter Borg F, Wolfhagen F, Siersema PD, Lacle MM, Moons LMG; Dutch
T1 CRC Working Group. Endoscopic resection of high-risk T1 colorectal carcinoma prior to surgical
resection has no adverse effect on long-term outcomes. Gut. 2018 Feb;67(2):284-290. doi: 10.1136/
gutjnl-2015-310961. Epub 2016 Nov 3. PubMed PMID: 27811313.

154

9:

Backes Y, Moons LM, Novelli MR, van Bergeijk JD, Groen JN, Seerden TC, Schwartz MP, de Vos Tot
Nederveen Cappel WH, Spanier BW, Geesing JM, Kessels K, Kerkhof M, Siersema PD, Offerhaus GJ,
Milne AN, Lacle MM. Diagnosis of T1 colorectal cancer in pedunculated polyps in daily clinical practice:
a multicenter study. Mod Pathol. 2017 Jan;30(1):104-112. doi: 10.1038/modpathol.2016.165. Epub
2016 Oct 7. PubMed PMID: 27713422.

10:

de Groot N, van Oijen M, Kessels K, Hemmink M, Weusten B, Timmer R, Hazen W, van Lelyveld
N, Vermeijden Jr, Curvers W, Baak L, Verburg R, Bosman J, de Wijkerslooth L, de Rooij J,
Venneman N, Pennings M, van Hee K, Scheffer R, van Eijk R, Meiland R, Siersema P, Bredenoord
A. Prediction scores or gastroenterologists’ Gut Feeling for triaging patients that present with acute
upper gastrointestinal bleeding. United European Gastroenterol J. 2014 Jun;2(3):197-205. doi:
10.1177/2050640614531574. PubMed PMID: 25360303; PubMed Central PMCID: PMC4212458.

11:

de Groot NL, van Oijen MG, Kessels K, Hemmink M, Weusten BL, Timmer R, Hazen WL, van
Lelyveld N, Vermeijden RR, Curvers WL, Baak BC, Verburg R, Bosman JH, de Wijkerslooth LR, de
Rooij J, Venneman NG, Pennings M, van Hee K, Scheffer BC, van Eijk RL, Meiland R, Siersema PD,
Bredenoord AJ. Reassessment of the predictive value of the Forrest classification for peptic ulcer
rebleeding and mortality: can classification be simplified? Endoscopy. 2014 Jan;46(1):46-52. doi:
10.1055/s-0033-1344884. Epub 2013 Nov 11. PubMed PMID: 24218308.

12:

Kessels K, Fidder HH, de Groot NL, Letteboer TG, Timmer R, van Dalen T, Consten EC, Offerhaus GJ,
Siersema PD. Adherence to microsatellite instability testing in young-onset colorectal cancer patients.
Dis Colon Rectum. 2013 Jul;56(7):825-33. doi: 10.1097/DCR.0b013e31828b6617. PubMed PMID:
23739188.

13:

Kessels K, de Groot NL, Fidder HH, Timmer R, Stolk MF, Offerhaus GJ, Siersema PD; Familial
Colorectal Cancer Study Group Utrecht. Recording of family history is associated with colorectal cancer
stage. Eur J Gastroenterol Hepatol. 2013 Apr;25(4):482-7. doi: 10.1097/MEG.0b013e32835c45a3.
PubMed PMID: 23470269.

14:

Kessels K, Cramer MJ, Velthuis B. Epicardial adipose tissue imaged by magnetic resonance imaging:
an important risk marker of cardiovascular disease. Heart. 2006 Jul;92(7):962. PubMed PMID:
16775103; PubMed Central PMCID: PMC1860684.

15:

Potena L, Grigioni F, Magnani G, Ortolani P, Coccolo F, Sassi S, Kessels K, Marrozzini C, Marzocchi
A, Carigi S, Musuraca AC, Russo A, Magelli C, Branzi A. Homocysteine-lowering therapy and
early progression of transplant vasculopathy: a prospective, randomized, IVUS-based study. Am J
Transplant. 2005 Sep;5(9):2258-64. Erratum in: Am J Transplant. 2008 Feb;8(2):467. Koessels,
Koen [corrected to Kessels, Koen]. PubMed PMID: 16095507.

155

A

A
156

Acknowledgements
(Dankwoord)

A

157

Met trots kan ik zeggen dat dit onderzoek af is. Mijn promotor Peter Siersema zei ooit tegen
me dat je wetenschappelijk onderzoek altijd samendoet. Aan die uitspraak heb ik nog vaak
teruggedacht de laatste jaren. Zonder de hulp van zowel collega’s als mijn gezin, familie en
vrienden was het nooit gelukt.
Prof. dr. P.D. Siersema, beste Peter, aan jou heb ik veel te danken. Jij hebt aan het begin
van mijn opleiding tot MDL-arts gestaan en bent de initiator van dit promotieonderzoek
geweest. Op het moment dat jij startte als hoogleraar in het UMC Utrecht, zat ik in het
laatste jaar van mijn studie geneeskunde en solliciteerde ik naar een promotieplek. Die was
er niet, maar er was wel een extra sollicitatieronde voor de opleiding waar ik al tijdens mijn
studie aan mee mocht doen. Je nam mij en een aantal andere jonge dokters aan onder
voorwaarde dat we naast de opleiding ook promotieonderzoek zouden doen. Het heeft
even geduurd, maar nu kan ik zeggen dat die belofte is ingelost. Ik heb bewondering voor
hoe jij het hoogleraarschap, bestuursfuncties zowel in onze landelijke vakvereniging als
internationaal, het editorschap van een gerenommeerd internationaal wetenschappelijk
tijdschrift, begeleiding van promovendi en nog vele andere zaken combineert. Jouw
begeleiding was altijd to-the-point en jij wist feilloos op welke punten extra sturing nodig
was en op welke punten ik zelf invulling kon geven aan het onderzoek. Nog belangrijker voor
mij was het feit dat je me altijd het gevoel gaf dat je in ons onderzoek en mij geloofde, ook
als het weer eens op een lager pitje stond en ik er maar niet aan toe kwam. Jij stimuleerde
mij om door te gaan en hield je altijd aan onze afspraken. Ik kon op je rekenen en dat heeft
ervoor gezorgd dat ik deze promotie heb weten af te ronden.
Dr. L.M.G. Moons, beste Leon, ik heb je leren kennen als een gedreven wetenschapper. Op
momenten dat ik vond dat een stuk goed genoeg was en ingestuurd kon worden, zag jij vaak
nog ruimte voor verbetering. Dat leidde soms tot frustratie bij mij, maar ook tot een beter
eindresultaat. Jij hebt me geleerd om kritisch en creatief te denken en niet te snel tevreden
te zijn. Ook heb je veel tijd en moeite in ons onderzoek gestopt en me gemotiveerd en
geïnspireerd om door te gaan. Ik vind het knap hoe jij de Nederlandse T1 CRC-werkgroep
hebt opgezet en mooi om te zien hoe goed jouw onderzoeksgroep nu loopt. Hopelijk kunnen
we in de toekomst de samenwerking op het gebied van dikke darmkanker tussen onze
ziekenhuizen en vakgroepen verder vergroten.
Prof. dr. G.J.A. Offerhaus, beste Johan, een aantal jaren geleden nodigde jij Pamela en
mij bij jou thuis uit. Zowel de “zoetjes” (zij die onder jouw hoede gepromoveerd zijn) als
de “zuurtjes” (zij die hopelijk ooit nog onder jouw hoede zullen gaan promoveren) waren
uitgenodigd. Na lange tijd kan ik mezelf nu ook een zoetje noemen! Jij bent oprecht
betrokken bij je onderzoekers en zo heb ik dat ook altijd gevoeld. Ook op momenten dat je
minder direct bij het onderzoek betrokken was, gaf je altijd aan dat ik bij je terecht kon voor
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een nieuwe studie of om te praten over hoe ik verder moest. Jouw commentaar was scherp
en je wist ook altijd direct de vinger op de zere plek van een studie te leggen. Bedankt voor
je betrokkenheid en al je hulp.
Dr. Y. Backes, beste Yara, wij maakten voor het eerst kennis toen ik net als MDL-arts in
het Flevoziekenhuis was begonnen en jij daar als arts-assistent werkte. Toen werkte je al
efficiënt en kon je gemakkelijk hoofd- van bijzaken onderscheiden. Dat heb je ook laten zien
tijdens je onderzoeksperiode, waarin je samen met Leon de Nederlandse T1 CRC-werkgroep
hebt opgezet en jullie indrukwekkende studies hebben gedaan. Dat heeft geresulteerd in
een cum laude promotie in september 2018. Daarnaast heb jij me in die periode door onze
laatste studies heen geholpen. Ondanks dat je druk was met het afronden van je eigen
promotie, heb je nog een hele berg werk verzet voor onze gezamenlijke studies, bedankt
daarvoor. Ik wens je succes met je opleiding tot MDL-arts.
Drs. A. Overwater, beste Anouk, het resultaat van jouw wetenschappelijke stage, namelijk
een publicatie in het gerenommeerde “GUT”, is onderdeel van dit proefschrift geworden.
Publiceren in “GUT” is een knappe prestatie en dat bereikte jij al tijdens je studie
geneeskunde. Nu doe je promotieonderzoek bij mijn collega Bas Weusten en daar mogen
we blij mee zijn. Bedankt voor je grote hulp en succes met je eigen promotieonderzoek.
Dr. N.L. de Groot en drs. A. Bosman, beste Nicolette en Ariadne, ik heb ook andere
studenten als hulp bij mijn onderzoek gehad, maar jullie hebben het meeste werk verzet.
Nicolette, jij bent inmiddels al gepromoveerd en bijna MDL-arts, maar jij hebt in de laatste
fase van je studie geneeskunde een hoop data voor mij verzameld en hiermee aan de wieg
van de eerste publicaties gestaan. Dit heeft ervoor gezorgd dat mijn onderzoek ging lopen.
Ariadne, jij hebt met een niet aflatend fanatisme in korte tijd data in heel veel ziekenhuizen
verzameld voor onze studie naar post-colonoscopie colorectaal carcinomen. Zonder deze
hulp hadden we de studie nooit zo goed kunnen afronden. Ik wil jullie allebei bedanken voor
jullie hulp.
Drs. J.M. Muijsken, beste Joan, jij bent in de eerste plaats een goede vriend van me. We zien
elkaar de laatste jaren veel te weinig, maar als we elkaar zien vind ik het altijd gezellig. Jij was
mijn “SPSS-goeroe” voor de tweede paper van deze promotie. Ik moest twee verschillende
databases koppelen en jij hebt tijd voor mij vrij gemaakt en middagen lang achter de computer
gezeten om dit voor elkaar te krijgen. Bedankt voor je hulp en onbaatzuchtige vriendschap.
Alle andere coauteurs, bedankt voor de samenwerking en de goede suggesties voor ons
onderzoek.
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Maten van de MDL, interne geneeskunde en reumatologie van het Sint Antonius ziekenhuis,
ik vind dat we een ambitieuze en vooruitstrevende groep vormen waarin de sfeer goed is.
Laten we hieraan blijven werken en aandacht blijven besteden aan onze onderlinge relaties.
Jullie zorgen ervoor dat ik elke dag weer met plezier naar mijn werk ga en hebben mij de
ruimte gegeven om extra tijd aan mijn onderzoek te besteden. Bedankt hiervoor.
Oud-collega’s van het Flevoziekenhuis, beste Rosalie, Hanna, Ulrike, Marco, andere Marco
en Mike, ik denk nog vaak terug aan de mooie periode in jullie groep. Ik heb altijd met
heel veel plezier met jullie samengewerkt. In het Flevoziekenhuis staat een dynamische en
efficiënt georganiseerde MDL-groep en ik was onder de indruk van jullie inzet en passie
voor het vak. Ik wil jullie bedanken voor mijn periode bij jullie en jullie ondersteuning bij dit
onderzoek.
VMC en jaarclub vrienden, in de tijd dat ik met dit onderzoek bezig ben geweest is er
veel veranderd in onze levens. We hebben gezinnen gekregen en een drukke gezinsagenda
waardoor we elkaar eigenlijk veel te weinig zien. Van de momenten dat we elkaar wel zien
geniet ik.
Familie Bongers, lieve Yvonne en Frank, van jullie heeft deze promotie een behoorlijke
krachtsinspanning gevergd. Terwijl mijn zwager Richard ogenschijnlijk met twee vingers in
de neus promoveerde en jullie eigenlijk alleen maar naar de verdediging van zijn proefschrift
hoefden te gaan, hebben jullie woensdagen en weekenden lang op onze kinderen gepast en
bij ons in huis geholpen zodat ik aan mijn onderzoek kon werken. Bedankt voor jullie steun.
Familie Kessels, lieve Christine en Gerard, ook jullie hebben regelmatig hand- en
spandiensten moeten verrichten om ervoor te zorgen dat ik aan mijn onderzoek kon werken,
maar hadden het geluk dat jullie net wat verder weg woonden dan de familie Bongers. Jullie
staan altijd voor me klaar en steunen me door dik en dun, dat waardeer ik heel erg.
Lieve kinderen, Phebe, Minna, Otto en Lukas, jullie zijn samen met jullie moeder het
mooiste en belangrijkste in mijn leven. Tijdens veel vakanties was ik aan dit onderzoek aan
het werken in plaats van met jullie op stap om leuke dingen te doen. Dat gaan we in de
toekomst, nu dit onderzoek af is, anders doen.
Lieve Pamela, jij geeft me altijd en onvoorwaardelijk de ruimte voor mijn werk, ook als dat ten
koste van jou zelf en de kinderen gaat. Dat doe je al vanaf het moment dat we elkaar leerden
kennen tijdens de laatste jaren van mijn studie geneeskunde. Op dat moment had ik een
behoorlijke vertraging opgelopen, vroegen mijn ouders zich af wat er überhaupt nog van mij
moest worden en heb ik uiteindelijk in sneltreinvaart gestudeerd en coschappen gelopen. Toen
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onze eerste dochter Phebe was geboren en hierna opgenomen lag in het ziekenhuis, deed ik
een extra stage bij de MDL van het UMC Utrecht om mijn kansen op een plekje bij de MDL,
na de studie geneeskunde, te vergroten. En toen ik eenmaal die plek had, begon meteen mijn
opleiding, kon ik thuis eindeloos blijven malen over problemen van patiënten in de kliniek en
ging ik starten met dit onderzoek. Kortom, vanaf het begin van onze relatie was ik druk en
moest er voor mij geschoven worden. Jij organiseert het altijd zo dat ik mijn werk kan doen en
vrolijkt me op als ik weer eens aan het zeuren ben. Bovendien heb je zelf een serieuze baan en
zorg je ervoor dat ons huishouden en gezin blijven lopen. Dat zou ik nooit zo goed als jij kunnen
en ik vind dat ontzettend knap van je. Ik realiseer me hoe blij ik met jou mag zijn. Ik houd van
je en wil samen met jou en onze kinderen oud worden.
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