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Post-colonoscopy colorectal cancers in a national fecal immuno-
chemical test-based colorectal cancer screening program

GRAPHICAL ABSTRACT

Post-colonoscopy colorectal cancers in FIT-based screening

free >

116362 positive FIT screenees
undergoing colonoscopy

Colonoscopy performed by
accredited endoscopists

-1
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ABSTRACT

Background Post-colonoscopy

colorectal

cancers

(PCCRCs) decrease the effect of colorectal cancer (CRC)
screening programs. To enable PCCRC incidence reduction
in the long-term, we classified PCCRCs diagnosed after co-
lonoscopies performed in a fecal immunochemical test
(FIT)-based screening program.
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Methods PCCRCs diagnosed after colonoscopies per-
formed between 2014-2016 for a positive FIT in the Dutch
CRC screening program were included. PCCRCs were cate-
gorized according to the World Endoscopy Organization
consensus statement into (a) interval PCCRC (diagnosed
before the recommended surveillance); (b) non-interval
type A (diagnosed at the recommended surveillance inter-
val); (c) non-interval type B (diagnosed after the recom-
mended surveillance interval); or (d) non-interval type C
(diagnosed after the intended recommended surveillance
interval, with surveillance not implemented owing to co-
morbidity). The most probable etiology was determined by
root-cause analysis. Tumor stage distributions were com-
pared between categories.

Results 116362 colonoscopies were performed after a po-
sitive FIT with 9978 screen-detected CRCs. During follow-

up, 432 PCCRCs were diagnosed. The 3-year PCCRC rate
was 2.7%. PCCRCs were categorized as interval (53.5%),
non-interval type A (14.6%), non-interval type B (30.6%),
and non-interval type C (1.4%). The most common etiology
for interval PCCRCs was possible missed lesion with ade-
quate examination (73.6%); they were more often diag-
nosed at an advanced stage (stage Ill/IV; 53.2%) compared
with non-interval type A (15.9%; P<0.001) and non-interval
type B (40.9%; P=0.03) PCCRCs.

Conclusions The 3-year PCCRC rate was low in this FIT-
based CRC screening program. Approximately half of
PCCRCs were interval PCCRCs. These were mostly caused
by missed lesions and were diagnosed at a more advanced
stage. This emphasizes the importance of high quality colo-
noscopy with optimal polyp detection.

Introduction

Over the past few decades, colorectal cancer (CRC) screening
has been implemented in many countries worldwide [1].
Screening aims to reduce CRC incidence and CRC-related mor-
tality by early detection and removal of colorectal polyps [2].
Many European countries have implemented fecal immuno-
chemical test (FIT)-based screening programs, which offer co-
lonoscopy to participants with a positive FIT result [1]. In
screening programs, high quality performance of colonosco-
pies is essential to prevent the development of post-colonosco-
py colorectal cancers (PCCRCs).

Classification of PCCRCs is important in establishing which
quality measurements should potentially be adapted to enable
areduction in the number of PCCRCs. The World Endoscopy Or-
ganization (WEO) published a consensus statement to stand-
ardize terminology, identification, classification, and reporting
of PCCRCs [3]. PCCRCs can be classified with respect to the sur-
veillance interval to determine whether these intervals are ap-
propriate. In addition, PCCRCs can be classified based on their
most likely etiology to determine if endoscopists should im-
prove their performance on certain quality indicators. For ex-
ample, PCCRCs that develop in the right side of the colon after
incomplete colonoscopies emphasize the importance of
achieving a high cecal intubation rate [4]. PCCRCs that develop
after procedures with polyp removal indicate the importance of
complete polyp resection and timely follow-up after these re-
sections [4]. PCCRCs that develop after missed lesions are relat-
ed to polyp detection by endoscopists as reflected in their ade-
noma detection rate (ADR) and proximal serrated polyp detec-
tion rate [5, 6].

Studies reviewing PCCRCs are often based on small numbers
and include a heterogeneous population undergoing colonos-
copy [4,7,8]. In addition, it is important to include recent colo-
noscopies as PCCRC rates have declined over time [8], probably
owing to improvements in colonoscopy performance, accom-
panied by increased quality assurance and monitoring of

endoscopists [9,10]. The aim of this study was to apply the
WEO methodology to review PCCRCs diagnosed after colonos-
copies performed after a positive FIT in a large nationwide CRC
screening program.

Methods
Clinical setting

This population-based cohort study identified and reviewed
PCCRCs diagnosed after a colonoscopy performed between 1
January 2014 and 31 December 2016 for a positive FIT result in
the Dutch CRC screening program. This screening program
started in 2014 and was gradually implemented to reach full
roll-out in 2019 (Table 1s, see online-only Supplementary ma-
terial). Individuals aged 55-75 years receive a single FIT (FOB-
Gold; Sentinel) biennially and a colonoscopy is offered to all
participants with a positive FIT result. The cutoff for a positive
result was 15 pug hemoglobin/g feces in the first 6 months of
2014 and was increased to 47 ug hemoglobin/g feces there-
after [11].

Colonoscopies are performed by accredited endoscopists
who are audited yearly. At these audits, the performance of in-
dividual endoscopists is discussed in relation to a set of colo-
noscopy quality indicators with minimum standards (Table 2s)
[9]. During colonoscopy, detected polyps are removed and
sent for pathologic evaluation. Treatment and surveillance are
provided based on guidelines [12]. Colonoscopy and pathology
data are centrally stored in a national screening database
(ScreenlT; Topicus, Deventer, The Netherlands) [13].

PCCRC definition and identification

A PCCRC was defined as a CRC diagnosed during the study peri-
od and at least 6 months after an index colonoscopy (the first
colonoscopy after the positive FIT result) without CRC diagnosis
[3]. Appendicular cancers, neuroendocrine tumors, and anal
cancers were excluded. PCCRCs were identified in the Dutch
cancer registry up to 1 January 2020.Information regarding
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PCCRC location and stage, according to the 8th edition of the
American Joint Committee on Cancer classification, was re-
trieved.

To classify PCCRC type, we used the clinical data collected
during the yearly audits. At these audits, PCCRCs are provided
to the endoscopist that performed the colonoscopy and discus-
sed. The clinical data provided by the endoscopist enabled us to
classify each PCCRC case.

Clinical information

For all index colonoscopies, data were retrieved from the na-
tional screening database system (ScreenlT), which contains
the endoscopist, completeness of procedure, bowel prepara-
tion, most advanced lesion diagnosed, and follow-up plan.
Only the index colonoscopy was registered in the database.
The most advanced lesion was CRC, followed by advanced ade-
noma, nonadvanced adenoma, and serrated polyp.Advanced
adenomas had a size 210 mm and|/or at least 25% villous histol-
ogy and/or high grade dysplasia. A serrated polyp was a hyper-
plastic polyp, a sessile serrated polyp—adenoma, or a traditional
serrated polyp. The right-sided colon was defined as the cecum,
ascending colon, hepatic flexure, transverse colon, and splenic
flexure.

For participants who developed a PCCRC subsequently, de-
tailed information of each lesion described in the endoscopy
and pathology report of this index colonoscopy was retrieved.
Second screening or surveillance colonoscopies are not includ-
ed in the national screening database. Therefor the clinical
records of each participant who developed a PCCRC were
reviewed at the healthcare service by the treating doctor to ob-
tain the information needed to define the type of PCCRC.

Surveillance interval

Surveillance intervals were based on the Dutch guidelines [6].
Incomplete colonoscopies were procedures where a large le-
sion was detected that could not be resected at the index colo-
noscopy or procedures without cecal intubation or with an in-
sufficiently cleaned bowel (Boston Bowel Preparation Scale
<6). These procedures resulted in a second colonoscopy within
6 months. Colonoscopies with resection of a large lesion (220
mm in size) or piecemeal resection resulted in a surveillance in-
terval of 12 months. For all other procedures, the recommen-
ded surveillance interval was assessed on the basis of the polyp
score, which consisted of the number of adenomas, the polyp
size (210 mm), and the adenoma location and histology (Table
3s). This score was transformed into a recommendation for sur-
veillance as follows: after 3 years (total score 3-5 points), after
5 years (total score 1-2), or FIT-based surveillance after 10
years (total score 0).

Colonoscopy surveillance was only offered if the expected
balance between prevention of CRC versus risk of complications
was positive, as decided by the treating physician. FIT-based
surveillance was offered only to participants up to a maximum
age of 75 years.

Interval or non-interval PCCRC classification

Based on surveillance intervals, PCCRCs were categorized as in-
terval or non-interval. Interval PCCRC was defined as a PCCRC
diagnosed after an index colonoscopy in which no CRC was de-
tected and before the date of the recommended surveillance/
screening interval, as determined at the index colonoscopy. All
other PCCRCs were non-interval PCCRCs. These were subdivi-
ded into: type A, diagnosed at the recommended surveillance
interval; type B, diagnosed after the recommended surveil-
lance interval; and type C, diagnosed after the intended recom-
mended surveillance interval, with surveillance not implemen-
ted owing to patient co-morbidity. PCCRCs diagnosed before or
around the appropriate surveillance interval in patients who did
not undergo surveillance owing to co-morbidity were categor-
ized as interval or non-interval type A.

For non-interval type A PCCRCs, a margin of 2 months was
used for a surveillance interval of 12 months, or 6 months for
surveillance intervals of 3 or 5 years. If an endoscopist advised
a surveillance interval that was longer than recommended by
the guideline, the surveillance interval as stated by the endos-
copist was used to categorize the type of PCCRC. If an endos-
copist advised a surveillance interval that was shorter than re-
commended by the guideline, the PCCRC diagnosed at this too
early surveillance procedure was categorized as an interval
type. All PCCRCs diagnosed 6 months after an incomplete pro-
cedure were categorized as non-interval type B as the guideline
advised a second colonoscopy within 6 months.

Root-cause analysis

An etiologic analysis was undertaken for each PCCRC, with four
steps used to classify each PCCRC (Table4s) [3]. Advanced ade-
noma was defined, according to the consensus statement, as an
adenoma sized 210mm and/or at least 25% villous histology
and/or high grade dysplasia. An adequate colonoscopy was de-
fined as a procedure with cecal intubation and with a sufficient-
ly cleaned bowel (Boston Bowel Preparation Scale 26).

PCCRC rate

In accordance with the WEO consensus statement, the PCCRC
rate was determined by dividing the number of PCCRCs that oc-
curred in the first 3 years after the index colonoscopy by the to-
tal of screen-detected CRCs and PCCRCs diagnosed in the first 3
years after the index colonoscopy [3].

Statistical analysis

Descriptive statistics were used to describe the results. The tu-
mor stage of each PCCRC was determined according to cate-
gory ([non]-interval categories and etiologic categories). Sub-
sequently, the tumor stages of PCCRCs in the non-interval
PCCRC group were compared with the tumor stages in the in-
terval PCCRC group.The same was done for the etiologic cate-
gories. Chi-squared tests with a two-sided P value were used to
compare the groups and P values <0.05 were considered to be
statistically significant. Statistical analysis were performed in
SPSS version 28.0.1.0.
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CRCs diagnosed at least 6 months after colonoscopy
(n =462)

Excluded (n = 30)
= CRC diagnosed after 1 January 2020

(n=9)
= CRC detected at initial colonoscopy
(n=21)

PCCRCs (n = 432)

Interval Non-interval
(n=231) (n=201)

Type A Type B Type C
(N=63) (n=132) (n=6)

» Fig. 1 Flowchart of post-colonoscopy colorectal cancer (PCCRC)
identification and subcategory classification. Interval PCCRC was
defined as a PCCRC diagnosed before the surveillance interval as
determined at the index colonoscopy. Non-interval type A was de-
fined as a PCCRC diagnosed at the recommended surveillance in-
terval. Non-interval type B was defined as a PCCRC diagnosed after
the recommended surveillance interval. Non-interval type C was
defined as a PCCRC diagnosed after the intended recommended
surveillance interval, but with surveillance not implemented owing
to patient co-morbidity.

Ethics statement

The study was approved by the National Institute for Public
Health and Environment on 18 April 2019 (number
W1906_054).

Results

Endoscopists performed 116362 index colonoscopies in FIT-po-
sitive screenees in the Dutch CRC screening program between
1 January 2014 and 31 December 2016.CRC was diagnosed in
9978 colonoscopies (8.6%). The remaining 106384 participants
were followed for a median period of 51 months (interquartile
range [IQR] 44-59 months). After linking with the Dutch Can-
cer Registry, 462 potential PCCRCs were identified. Of these
potential PCCRCs, 21 were excluded as the cancer had already
been diagnosed at the index colonoscopy and nine were ex-
cluded as the PCCRC was diagnosed after 1 January 2020, re-
sulting in 432 PCCRCs (> Fig. 1). Of these, 279 were diagnosed
within 3 years, resulting in a 3-year PCCRC rate of 2.7% (95%Cl
2.4%-3.0%).

PCCRC

The median time to PCCRC diagnosis was 31 months (range 6-
67 months). Patients diagnosed with PCCRC had a median age
atindex colonoscopy of 67 years and 60% were men (> Table 1).

> Table1 Characteristics of screening participants who underwent
colonoscopy after a positive fecalimmunochemical (FIT) result.

Characteristic Colonoscopy PCCRCs
(n=116362) (n=432)

Age, median (IQR), years 67 (63-70) 67 (65-75)

Sex, male, n (%) 69943 (60.1) 260 (60.2)

FITvalue, median (IQR), ug
Hb/g feces

135(70-201) 135 (75-201)

Most advanced finding at index colonoscopy, n (%)

= Colorectal cancer 9978 (8.6) 0(0.0)
Advanced adenoma* 41982 (36.1) 194 (44.9)
= Non-advanced adenoma 34552 (29.7) 124 (28.7)
= Serrated lesion 3869 (3.3) 15(3.5)

= No lesion 18101 (15.6) 59(13.7)
= Unknown/other 7880 (6.8) 40(9.3)
Time to PCCRC diagnosis, 31(19-39)
median (IQR), months

Location, n (%)f

« Right 233(53.9)
= Cecum 68(15.7)
= Ascending colon 89(20.6)
= Hepatic flexure 26 (6.0)
= Transverse colon 33(7.6)

= Splenic flexure 17 (3.9)

« Left 99 (22.9)
= Descending colon 18(4.2)
= Sigmoid 71(16.4)
= Rectosigmoid 10(2.3)
= Rectum 89 (20.6)
= Unknown 11(2.5)

IQR, interquartile range; Hb, hemoglobin; PCCRC, post-colonoscopy colo-
rectal cancer.

* Advanced adenomas had a size 210 mm and/or at least 25% villous histol-
ogy and/or high grade dysplasia.

T CRC location was only available for PCCRCs.

The median hemoglobin level was 135 pg/g stool. In 44.9% of
screenees with a PCCRC, an advanced adenoma was detected
at the index colonoscopy. The majority (n=233; 53.9%) of
PCCRCs were located in the right colon. Fewer PCCRCs were lo-
cated in the left colon (n=99; 22.9%) and the rectum (n=89;
20.6%). For 11 PCCRCs (2.5%), the location was unknown (> Ta-
ble1).
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Interval or non-interval PCCRC classification

PCCRCs were categorized as interval PCCRCs (n=231; 53.5%) or
non-interval PCCRCs (n=201; 46.5%). Non-interval type B (n=
132; 30.6%) were more prevalent than non-interval type A (n=
63; 14.6%) and non-interval type C (n=6; 1.4%) (» Fig.1).

Root-cause analysis

Six PCCRCs (1.4%) could not be categorized as the location of
the previously detected advanced adenoma (n=1; 0.2%) or the
PCCRC (n=5; 1.2%) was unknown. The etiology was most likely
new CRC for 32 PCCRCs (7.4%). The remaining PCCRCs had as
their most probable etiology: a possible missed lesion with ade-
quate examination (n=202; 46.8%); a possible missed lesion
with inadequate examination (n=28; 6.5%); a detected lesion
that was not removed (n=57; 13.2%); and likely incomplete
polyp resection (n=107; 24.8%) (» Table 2).

The majority of interval PCCRCs (73.6%) had as their most
probable etiology a possible missed lesion with adequate ex-
amination. Non-interval type A PCCRCs had as their most prob-
able etiology a likely incomplete resection (60.3%); non-interval
type B PCCRCs, a detected lesion that was not removed (43.2%)
or a possible missed lesion with inadequate examination
(21.2%). The majority of the non-interval type B PCCRCs (85/
132; 64.4%), representing 20% of all PCCRCs, were therefore di-
agnosed in patients with an incomplete index colonoscopy,
namely an index colonoscopy without cecal intubation or with
insufficient bowel preparation (n=28), or with referral for sur-
gery or endoscopic polypectomy (n=57). The 3-year PCCRC
rate in our study would have decreased to 2.0% (95%Cl 1.7%—
2.3%) if these groups had received timely follow-up, within 6
months after incomplete colonoscopy.

Stage distribution

The stage distribution for all PCCRCs was 33.3% stage I, 20.6%
stage Il, 28.7% stage lll, 16.0% stage IV, and 1.4% unknown
(» Table 3). Stage distribution differed between interval and
non-interval PCCRCs. Interval PCCRCs (53.2%; reference) were
significantly more often diagnosed at an advanced stage (stage

Il and 1V) compared with non-interval type A PCCRCs (15.9%;
P<0.001) and non-interval type B PCCRCs (40.9%; P=0.03).

Advanced stage, stage Il or IV, was less common in PCCRCs
with as their most probable etiologies likely incomplete polyp
resection (34.6%; reference) or a detected lesion that was not
removed (35.1%; P=0.95) (» Table4). Advanced stage was
more common in PCCRCs with as their most probable etiologies
a possible missed lesion with adequate examination (48.5%; P=
0.02), a likely new CRC (62.5%; P=0.005), and a possible missed
lesion with inadequate examination (60.7%; P=0.01).

Follow-up endoscopy

The recommended time to the next procedure, based on the
guideline, in patients who developed a PCCRC was less than 6
months in 100 patients (23.1%), 12 months in 46 patients
(10.6%), 3 years in 94 patients (21.8%), 5 years in 94 patients
(21.8%), and 10 years in 98 patients (22.7%) (» Table5; Table
2s). The median time to diagnosis was 31 months (IQR 19-39)
for all PCCRCs, 31 months (IQR 24-40) for interval PCCRCs, 37
months (IQR 13-39) for non-interval type A, 23 months (IQR
11-37) for non-interval type B, and 47 months (IQR 38-56) for
non-interval type C.

Interval PCCRCs were diagnosed in patients with a recom-
mended surveillance interval of 12 months (n=3; 1.3%), 3 years
(n=41; 17.7%), 5 years (n=89; 38.5%), and 10 years (n=98;
42.4%). Non-interval type A PCCRCs were diagnosed after 12
months (n=17; 27.0%), 3 years (n=43; 68.3%), and 5 years (n
=3; 4.8%). Non-interval type B PCCRCs were diagnosed in pa-
tients with an indication for a second colonoscopy within 6
months (n=99; 75.0%) or with a recommended surveillance in-
terval of 12 months (n=25; 18.9%), 3 years (n=6; 4.5%), or 5
years (n=2; 1.5%).

Discussion

Identification and review of PCCRCs is strongly advised by the
WEO to find opportunities to improve colonoscopy quality and
prevent PCCRCs [3]. We identified 432 PCCRCs, in relation to
9978 screen-detected CRCs, in a screening population of over

> Table2 Etiologic classification for interval and non-interval post-colonoscopy colorectal cancers (PCCRCs).

Etiologic classification All PCCRCs Interval versus non-interval classification
(n=432) .
Interval (n=231)  Non-interval PCCRCs (n=201)
Type A (n=63) Type B (n=132) Type C (n=6)
Possible missed lesion with adequate 202 170(73.6) 22 (34.9) 9(6.8) 1(16.7)
examination
Possible missed lesion with inadequate 28 0 0 28(21.2) 0
examination
Detected lesion that was not removed 57 0 0 57 (43.2) 0
Likely incomplete polyp resection 107 40(17.3) 38 (60.3) 27 (20.5) 2(33.3)
Likely new CRC 32 20(8.7) 3(4.8) 6(4.5) 3(50.0)
Unknown 6 1(0.4) 0 5(3.8) 0
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» Table3 Stage distribution of interval and non-interval post-colonoscopy colorectal cancers (PCCRCs).

Stage All PCCRCs Interval versus non-interval classification
(n=432) )
Interval PCCRCs Non-interval PCCRCs (n=201)
(n=231)
Type A (n=63) Type B (n=132) Type C (n=6)

I 144 (33.3) 49 (21.2) 44 (69.8) 51(38.6) -
1 89 (20.6) 58 (25.1) 9(14.3) 22(16.7) =
I 124(28.7) 80 (34.6) 7(11.1) 35(26.5) 2(33.3)
v 69 (16.0) 43(18.6) 3(4.8) 19 (14.4) 4(66.7)
Unknown 6(1.4) 1(0.4) - 5(3.8) -

> Table4 Stage distribution of post-colonoscopy colorectal cancers (PCCRCs) in the different etiologic classifications.

Stage All PCCRCs Etiologic classification
(n=432) . . . .

Possible mis- Possible mis-
sed lesion with sed lesion with
adequate inadequate
examination examination
(n=202) (n=28)

| 144 (33.3) 56 (27.7) 7 (25.0)

I 89 (20.6) 47 (23.3) 3(10.7)

1T 124 (28.7) 61(30.2) 9(32.1)

\% 69 (16.0) 37(18.3) 8(28.6)

Unknown 6(1.4) 1(0.5) 1(3.6)

Detected Likely incom- Likely Unknown
lesion that was plete polyp new CRC (n=6)
not removed resection (n=32)

(n=57) (n=107)

25(43.9) 48 (44.9) 5(15.6) 3(50.0)
10(17.5) 21(19.6) 7(21.9) 1(16.7)
15 (26.3) 24(22.4) 15 (46.9) 0

5(8.8) 13(12.1) 5(15.6) 1(16.7)
2(3.5) 1(0.9) 0 1(16.7)

> Table5 Recommended surveillance interval, according to the guideline, of interval and non-interval post-colonoscopy colorectal cancers (PCCRCs).

Surveillance All PCCRCs Interval versus non-interval classification
interval* (n=432) X

Interval PCCRCs Non-interval PCCRCs (n=201)

(n=231)

Type A (n=63) Type B (n=132) Type C (n=6)

<6 months 100 (23.1) 0(0.0) 0(0.0) 99 (75.0) 1(16.7)
12 months 46 (10.6) 3(1.3) 17 (27.0) 25(18.9) 1(16.7)
3 years 94 (21.8) 41(17.7) 43 (68.3) 6(4.5) 4(66.7)
5years 94 (21.8) 89 (38.5) 3(4.8) 2(1.5) 0(0.0)
10 years 98(22.7) 98 (42.4) 0(0.0) 0(0.0) 0(0.0)

*A second colonoscopy within 6 months was offered after an incomplete colonoscopy: procedures with detection of a large lesion that could not be resected at the
index colonoscopy; procedures without cecal intubation or with an insufficiently cleaned bowel (Boston Bowel Preparation Scale <6). A surveillance colonoscopy was
offered after: 12 months following resection of a large lesion (220 mm) or a piecemeal resection; 3 years for participants with an adenoma score of 3-5 points; 5
years for those with a score of 1-2.FIT-based surveillance after 10 years was offered for participants with an adenoma score of 0. The adenoma score is shown in

Table3s.

110000 screenees undergoing colonoscopy in an organized na-
tionwide FIT-based CRC screening program. The 3-year PCCRC
rate was 2.7% and approximately half of the PCCRCs were inter-
val PCCRCs, which were often caused by missed lesions after
adequate colonoscopies and were diagnosed at a more ad-

vanced stage than non-interval type A and non-interval type B
PCCRCs.

Previously reported 3-year PCCRC rates have varied from 7%
to 9% in studies from Belgium, Denmark, Hong Kong, Sweden,
and England [8,14,15,16,17]. The 3-year PCCRC rate in this
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study was 2.7%. This rate is considerably lower and falls below
the minimum standard of 5.5% and the aspirational target of
3.6%, as suggested by Burr and colleagues [8]. Several factors
may explain this low rate. First, endoscopists in the Dutch CRC
screening program are accredited and monitored, which se-
lects a group of high performing endoscopists [9], which is re-
flected by high quality indicator performance by endoscopists
in this program [6]. The ADRs of all endoscopists were above
40%, with a median of 67%, and a higher ADR has been associat-
ed with a lower risk of interval PCCRCs [6]. Second, we included
only colonoscopies that were performed after a positive FIT for
CRC screening, while the comparative studies used a range of
colonoscopy indications. It is known that the PCCRC risk is high-
er after procedures performed for other indications, especially
for patients with inflammatory bowel disease, where 3-year
PCCRC rates of 25%-35% have been reported [8,18].

The 3-year PCCRC rate was 3.6% in the English CRC screening
program, which used a guaiac-based fecal occult blood test [8].
Colonoscopies in this program are also performed by accredi-
ted endoscopists [19]. The observed rate of 2.7% in our study
is lower than the 3.6% observed in the English bowel cancer
screening program. An explanation for this difference could be
the timeframe in which the colonoscopies were performed as,
in the English screening program, the 3.6% rate related to colo-
noscopies performed between 2005 and 2013. During this time
period, important steps were made in the assessment of quality
indicators, along with improvements in the colonoscopy proce-
dure and technology [20,21,22]. The low PCCRC rates of the
English and Dutch CRC screening programs underline the need
for accreditation of endoscopists involved in CRC screening
[17]. These models may serve as an example for quality assur-
ance systems for other CRC screening programs [9, 19].

PCCRCs were not related to screenee factors such as age,
sex, and FIT hemoglobin concentration. A German population
that underwent screening colonoscopy with 10 years of fol-
low-up showed an increased PCCRC risk for those at higher age
and for women [23]. Over time, it will become clear whether
these factor are also related to PCCRC risk in the Dutch FIT-
based screening program. In Asian FIT-based screening popula-
tions, it has been shown that increased PCCRC risk was associat-
ed with men, the elderly, and screenees with higher FIT values
[24,25]; however, most procedures in these populations were
performed in settings with low ADRs, so it could also be that
screenee characteristics are less important when high quality
colonoscopy is assured.

The majority of the PCCRCs (53.8%) were located in the right
side of the colon, compared with around 25% of screen-detect-
ed cancers [26]. This is in line with previous studies and empha-
sizes the importance of cecal intubation and appropriate detec-
tion and removal of serrated polyps [5,25,27,28]. Advanced
serrated polyps were not included in the etiologic classification
as stated by the WEO, so the most likely etiology of PCCRCs that
developed after advanced serrated polyp removal was a possi-
ble missed lesion in this study [3]. If these have been included,
the etiologic classification of 15 PCCRCs would have changed
from a possible missed lesion with adequate examination to a
likely incomplete polyp resection. We propose that the etiolo-

gic classification in the WEO consensus statement should in-
clude these advanced polyps to ensure that PCCRCs that devel-
op after removal of such polyps are classified as likely incom-
plete polyp resection, particularly as it is known that resection
of these polyps is challenging and often incomplete [29].

Most PCCRCs were interval PCCRCs (over 50%), followed by
non-interval type B PCCRCs (approximately 30%) and non-inter-
val type A (approximately 15%). Non-interval type C PCCRCs
were scarce and represented only 1% of all PCCRCs. This distri-
bution is largely similar to that observed in the Basque FIT-
based CRC screening program [30].

Approximately 45% of PCCRCs were diagnosed at stage Ill or
IV compared with over 50% of clinically diagnosed CRCs and ap-
proximately 30% of screen-detected CRCs [26]. This high pro-
portion among PCCRCs contrasted with a study from Korea,
which showed a more favorable stage distribution in PCCRCs
compared with screen-detected cancers [25]. Unfortunately,
this study did not perform a root-cause analysis, which would
enable a more detailed comparison; however, the Korean sur-
veillance guideline is less restrictive than the Dutch guideline,
so surveillance may have been performed earlier and resulted
in more earlier stage non-interval type A PCCRCs [31].

In our study, the proportion of cancers detected at an ad-
vanced stage was significantly higher for interval PCCRCs com-
pared with non-interval type B and, especially, non-interval
type A PCCRCs. The majority of these interval PCCRCs, 74%,
had as their most probable etiology a missed lesion with ade-
quate examination. It therefore seems that increased detection
of precursor lesions, reflected in the ADR and proximal serrated
polyp detection rate, is needed to reduce interval PCCRCs [5, 6].
Improvements in this direction should be optimization of
endoscopists’ colonoscopy technique. In addition, the use of
high definition colonoscopes and artificial intelligence will con-
tribute to increased detection of precursor lesions [32,33].

Almost 50% of PCCRCs in our study had as their most prob-
ably etiology a possible missed lesion with adequate examina-
tion. This is in line with several other studies that reported this
etiology as being the most prevalent [34,35,36,37]. The pro-
portion of PCCRCs with an incomplete polyp resection as their
most probable etiology was 25% in our study, which was higher
than reported in previous studies [4,34,35,36]. This could be
explained by the high proportion of participants in whom
advanced adenomas were detected at the index colonoscopy,
almost 40%, in this FIT-positive population, and demands im-
provement in polyp resection techniques [29].

Approximately 20% of PCCRCs (n=99) were diagnosed after
incomplete index colonoscopies. These cancers represent a
large proportion (75%) of the non-interval type B PCCRCs in
this study. This emphasizes the importance of timely schedul-
ing and adherence to second colonoscopies for large polyp re-
moval or complete inspection as this may prevent progression
to (more advanced) CRC in these patients. The 3-year PCCRC
rate in our study would have decreased to 2.0% if these groups
had received a timely, within 6 months, second colonoscopy
after the incomplete colonoscopy. Therefore, in the context of
colonoscopies performed in FIT-based CRC screening, a poten-
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tial benchmark for the 3-year PCCRC rate could be the observed
rate of 2.7%, with an aspirational target of 2.0%.

The availability of a large comprehensive digital reporting
system of colonoscopies performed in the context of CRC
screening with linkage to the nationwide cancer registry
provided us with the opportunity to perform this study. The de-
tailed data can be used at both an endoscopist or service level
for quality auditing and at an individual level for root-cause a-
nalysis. Besides that, we included a large homogeneous FIT-po-
sitive screening population, which enabled us to provide a pre-
cise estimate of the PCCRC rate in this population. Therefore,
we are able to propose a minimum standard and aspirational
target for the 3-year PCCRC rate in this setting. As colonosco-
pies were performed within only the last 5-10 years, the results
presented resemble current clinical practice.

A limitation in the generalizability of our study could be the
age distribution of participants. The proportion of participants
aged 75 was high in the first years after the start of the Dutch
screening program. A larger proportion of these participants
that underwent colonoscopy may not have been eligible for
surveillance colonoscopy owing to age and co-morbidity re-
strictions, which could have affected the observed 3-year
PCCRC rate. In addition, we were not able to assess deviation
from the surveillance guideline for all colonoscopies as second
screening and surveillance colonoscopies were not included in
the national screening database. We were however able to re-
trieve these data for the PCCRCs, which enabled us to accurate-
ly define interval versus non-interval PCCRCs and resulted in
data that were not affected by deviation from the surveillance
guideline by endoscopists. Finally, the distribution of PCCRCs
into interval and non-interval groups may change when follow-
up time increases; however, our follow-up, with a median of 51
months, ensures that colonoscopies resemble current endos-
copist performance and was sufficient to determine a 3-year
PCCRC rate and perform a root-cause analysis.

In conclusion, the 3-year PCCRC rate was only 2.7% for colo-
noscopies performed in a FIT-based CRC screening program,
which is lower than has been reported in other studies. Accred-
itation and auditing seem important to reduce PCCRC risk. Ap-
proximately half of PCCRCs were interval and the majority of
these had as their most likely etiology a possible missed lesion
with adequate examination. These interval PCCRCs were diag-
nosed at a more advanced stage than non-interval type A and
non-interval type B PCCRCs, which emphasizes the importance
of high quality colonoscopy with optimal polyp detection.
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