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Background and Aims: Polyp size and high-grade dysplasia in polyps at screening colonoscopy are considered

risk factors for post-colonoscopy colorectal cancer (PCCRC) development and death, which might be averted by
surveillance colonoscopy. However, robust evidence backing these risk factors is lacking. We aimed to investigate
whether polyp size or dysplasia grade is associated with PCCRC mortality.

Methods: This was a retrospective study including individuals of the Austrian Quality Certificate for Screening
Colonoscopy who underwent a colonoscopy between January 2007 and December 2020. We investigated the as-
sociation of polyp size and dysplasia in polyps with PCCRC mortality according to Cox regression analysis. In addi-
tion, whether patients with certain polyp characteristics had similar risk for CRC death compared with the
Austrian population was assessed by calculating standardized mortality ratios (SMRs).

Results: A total of 316,001 individuals were included. After a median follow-up time of 5.27 years (95% confidence in-
terval [CI], 5.25-5.29), a significant association of polyps 10 to 20 mm (hazard ratio, 4.00; 95% CI, 2.46-6.50; P < .001)
as well as high-grade dysplasia (hazard ratio, 6.61; 95% CI, 3.31-13.2; P < .001) with PCCRC death was observed. PCCRC
mortality was significantly lower than the expected CRC mortality in the general population in patients with
polyps <10 mm and without high-grade dysplasia (SMR, .27; 95% CI, .21-.33; P < .001), which was not observed for
patients with polyps �10 mm or with high-grade dysplasia (SMR, 2.05; 95% CI, 1.64-2.57; P < .001).

Conclusions: Polyp size �10 mm and high-grade dysplasia are associated with PCCRC mortality in screening
patients. The data suggest that these patients might benefit most from surveillance colonoscopy. (Gastrointest
Endosc 2023;97:1109-18.)
ns: CI, confidence interval; CRC, colorectal cancer; HGD,
ysplasia; HR, hazard ratio; ICD-10, International Classifica-
eases, Tenth Revision; PCCRC, post-colonoscopy colorectal
, standardized mortality ratio; SSL, sessile serrated lesion;
Health Organization.

E: Dr Trauner: Advisor for Abbvie, Albireo, BiomX, BI, Falk,
fit, Hightide, Intercept, Janssen, MSD, Novartis, Phenex,
lus, Siemens, and Shire. Grants from Albireo, Alnylam,
alk, Gilead, Intercept, MSD, Takeda, and Ultragenyx. Travel
Abbvie, Falk Foundation, Gilead, Intercept, and Janssen.
reau for BMS, Falk Foundation, Gilead, Intercept, MSD,
Property rights from The Medical Universities of Graz and
ich have filed patents on medical use of norUDCA (co-
ll other authors disclosed no financial relationships.The
iation of Statutory Insurance Institutions, the Austrian
astroenterology and Hepatology, and the Austrian Cancer
pporting the Austrian quality certificate for screening
(Qualitätszertifikat Darmkrebsvorsorge).

DIVERSITY, EQUITY, AND INCLUSION: We worked to ensure gender balance in
the recruitment of human subjects. The author list of this paper includes con-
tributors from the location where the research was conducted who partici-
pated in the data collection, design, analysis, and/or interpretation of thework.

Copyright ª 2023 by the American Society for Gastrointestinal Endoscopy
0016-5107/$36.00
https://doi.org/10.1016/j.gie.2023.01.021

Received August 30, 2022. Accepted January 7, 2023.

Current affiliations: Department of Internal Medicine III, Division of
Gastroenterology and Hepatology (1), and Center for Medical Statistics,
Informatics and Intelligent Systems, Institute of Clinical Biometrics (3), Medical
University of Vienna, Vienna, Austria; Quality Assurance Working Group,
Austrian Society of Gastroenterology and Hepatology, Vienna, Austria (2).

Reprint requests: Monika Ferlitsch, MD, Department of Internal Medicine
III, Division of Gastroenterology and Hepatology, Medical University of
Vienna, Austria, Waehringer Guertel 18-20, 7i, 1090 Vienna, Austria.
E-mail: monika.ferlitsch@medunwien.ac.at.

urnal.org Volume 97, No. 6 : 2023 GASTROINTESTINAL ENDOSCOPY 1109

https://doi.org/10.1016/j.gie.2023.01.021
mailto:monika.ferlitsch@medunwien.ac.at
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gie.2023.01.021&domain=pdf
http://www.giejournal.org


Polyp findings and colorectal cancer death Zessner-Spitzenberg et al
Although successful screening has been implemented in
many countries, colorectal cancer (CRC) accounts for 1 in
10 cancer deaths worldwide.1 In the United States alone,
approximately 1 in every 12 cancer-associated deaths can
be attributed to CRC.2 CRC screening including high-
quality colonoscopy with complete removal of polyps is
considered the reference standard for the reduction of
CRC incidence and mortality. Nonetheless, a small propor-
tion of screening participants will develop CRC despite
screening colonoscopy with polypectomy having been per-
formed, so-called post-colonoscopy CRC (PCCRC).3 Previ-
ous studies on metachronous neoplasia as well as PCCRC
incidence and mortality after screening colonoscopy have
shown that the colonoscopy quality provided, as well as
lesion characteristics of the polyps, contributes to PCCRC
occurrence.4-6

To reduce PCCRC risk, surveillance colonoscopy should be
performed in patients at risk for PCCRC. Studies of long-term
PCCRC incidence andmortality, however, havemainly focused
on predefined risk groups, and there is a lack of studies exam-
ining the association of single polyp features with PCCRC
outcome. According to society guidelines, screening and sub-
sequent surveillance colonoscopies after 3 years are recom-
mended for individuals with large adenomas and serrated
polyps with a cutoff of 10 mm, adenomas with high-grade
dysplasia (HGD) or serrated polyps with dysplasia, or, accord-
ing to some guidelines, villous histology.7-9 Estimates quantify
the volume of surveillance colonoscopies to be as high as 25%
of all colonoscopies performed.10 Furthermore, the number of
individuals being eligible for screening is expected to rise, with
new screening recommendations extending the age period to
individuals aged 45 years.11 This highlights the need for guide-
lines to define a precise risk group of patients who need to be
followed up closely, while other patients can return to
screening. One study described that the high-risk definition
could be narrowed down to only patients with adenomas
>20mm or with HGD, although the data backing this strategy
are scarce.12

The aim of the current study was to identify patients
who might be most likely to benefit from post-colonoscopy
surveillance by characterizing the association of polyp charac-
teristics with PCCRC death and quantifying the burden of
PCCRC deaths compared with CRC deaths in the Austrian
population.
METHODS

Study population, design, and setting
CRC screening in Austria is recommended starting at

the age of 50 years for both men and women. Austria
has an opportunistic screening program in which every
insured person at screening age can undergo primary colo-
noscopy screening with a primary care physician’s referral.
Because Austria has a single payer healthcare system with
almost full coverage of the population, the screening pro-
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gram is offered to almost all eligible individuals. In addition
to social insurance–based screening opportunities, individ-
uals can opt for a private or “self-paid” screening colonos-
copy in which referrals are not necessary.

Patients were enrolled in the current study whose colo-
noscopy was performed within the Austrian national CRC
screening and quality assurance program. Details of the
program have been provided elsewhere.13 In brief, endo-
scopists submit data on screening colonoscopies of ave-
rage-risk individuals (excluding patients with hereditary
cancer syndromes and patients with inflammatory bowel dis-
eases) for quality assurance purposes. Details regarding
bowel preparation were routinely recorded starting in 2012.
Patient records of performed colonoscopies, including pa-
tient age, sex, procedure metrics (cecal intubation, adverse
events, bowel preparation, and sedation), and, if applicable,
polyp characteristics (size, location, removal technique, and
histologic workup), are uploaded to a database.

This was a retrospective cohort study. Colonoscopies
were performed by gastroenterologists, surgeons, and inter-
nal medicine physicians in 263 private practices, 11 outpa-
tient healthcare centers, and 86 hospitals. Patients were
included who had a screening colonoscopy performed be-
tween January 2007 and December 2020. Of 385,438 eligible
colonoscopies, we excluded patients who had inadequate
bowel preparation (poor and insufficient bowel preparation
on the Aronchick scale), those who had CRC detected at
screening, patients with incomplete colonoscopies (as
defined by insufficient depiction of the cecum), patients
whose first record was a surveillance colonoscopy, patients
who did not have complete polypectomy at screening, and
individuals <50 years of age. Details of the study population
are presented in Figure 1. Only the first screening colonos-
copy (ie, the index colonoscopy) of every patient was
used; hence patients’ surveillance colonoscopies were not
included in our analyses.

The study was approved by the Ethics Committee of the
Medical University of Vienna (EK 1794/2019).

Definitions of variables
Baseline variables included age, sex, polyp size, location,

polyp count, histologic type, and grade of dysplasia. The
count of polyps was categorized into either 1 to 2, 3 to 4,
or �5. Polyp size was assessed during endoscopy, during
which endoscopists estimate polyp size with standard aids
(forceps or snare) and report size according to 4 predefined
categories (<5 mm, 5-9 mm, 10-20 mm, or >20 mm). In
2012, a separate variable for dysplasia grade was introduced
for colonoscopy records: serrated polyps could either show
high-grade, low-grade, or no dysplasia; and adenomas could
be classified as having HGD or low-grade dysplasia. Howev-
er, until 2012, high-grade intraepithelial neoplasia was the
term used for any polyp with HGD, in line with the 3rd edi-
tion of the World Health Organization (WHO) classification
of tumors of the digestive system.14 In those lesions, the un-
derlying histologic growth pattern is unknown; thus, we
www.giejournal.org
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Figure 1. Cumulative colorectal cancer (CRC) mortality in percent in patients with a negative colonoscopy, with polyps <10 mm and no highgrade
dysplasia, or polyps 10 mm with or without high-grade dysplasia. Patients were stratified according to polyp characteristics at screening colonoscopy.
Current guidelines consider patients with adenomas 10 mm or with high-grade dysplasia and serrated polyps 10 mm or with dysplasia as high risk.7
PCCRC, Post-colonoscopy colorectal cancer.

Zessner-Spitzenberg et al Polyp findings and colorectal cancer death
could not perform analyses of the impact of dysplasia grade
according to histologic type. The histologic type of polyps of
the most severe pathology was recorded (ranked according
to grade of dysplasia). Adenomas were classified as either
tubular, tubulovillous, or villous, and serrated polyps were
classified as sessile serrated lesions (SSLs; formerly sessile
serrated adenomas) and traditional serrated adenomas. Hy-
perplastic polyps were recorded as a separate category;
therefore, hyperplastic polyps and adenomas or SSLs/tradi-
tional serrated adenomas could be reported concomitantly.
The location of polyps was classified as either distal (sig-
moid and rectum), proximal (descending, transverse,
ascending colon, and cecum), or both segments.

CRC mortality
In Austria, deaths are recorded in a central registry by a

national institution, Statistics Austria. In this registry, date
and cause of death are denoted according to the Interna-
tional Classification of Diseases, Tenth Revision (ICD-10),
by the WHO. For this study, data from the registry were
linked to records in the database, and a PCCRC-related
mortality event was defined as a CRC-related death entry
www.giejournal.org V
of the ICD-10 codes C18, C19, and C20. According to the
World Endoscopy Organization consensus statement,
PCCRC is defined as CRC identified in an individual with
a prior colonoscopy in which no CRC had been detected.3

All patients with screening-detected CRC were excluded.
Therefore, CRC deaths in this study were only attributable
to PCCRC death. Causes of death in any other ICD-10 cate-
gory were considered as death from other causes.

Statistical analysis
Follow-up was determined as the time between screening

colonoscopy and occurrence of death of CRC, death of other
causes, or the end of the study period (December 31, 2020).
Patients with no record of any-cause death were followed up
until the end of the study period. To identify an association
of polyp size or grade of dysplasia with PCCRC mortality, a
cause-specific Cox proportional hazards model adjusted for
patient’s sex and age was used. Given the count of 274
deaths during the study period, we had a power of
>99.9% to detect a hazard ratio (HR) of 2.0 according to
Hsieh and Lavori.15 HRs are reported with 95% confidence
intervals (CIs). The proportional hazards assumption was
olume 97, No. 6 : 2023 GASTROINTESTINAL ENDOSCOPY 1111
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Polyp findings and colorectal cancer death Zessner-Spitzenberg et al
verified by (1) plotting scaled Schoenfeld residuals against
transformed time; and (2) the Schoenfeld test.

Because surveillance colonoscopy can affect CRC risk, a
sensitivity analysis was performed in which patients were
censored at the first follow-up colonoscopy that was
performed. We grouped patients with characteristics associ-
ated with PCCRC death (polyp �10 mm or HGD) and
obtained cumulative incidences of PCCRC death at 5 and 10
years of follow-up. Cumulative incidence of PCCRC death
was estimated with death from causes other than CRC as
the competing risk. Likewise, 5- and 10-year estimates were
calculated for patients with a polyp <10 mm and no HGD,
and patients with a negative colonoscopy. Differences in
cumulative incidencebetween groupswere calculated by sub-
tracting the estimates at 5 and 10 years, and 95% CIs were ob-
tained from the sum of variances of risk in both groups.

Patients after a negative screening colonoscopy have a
very small residual risk of CRC death, which might lead to
high estimates of risk differences for CRC death compared
with patients with high-risk polyps.16 We therefore consid-
ered the general Austrian population as a comparator to
calculate standardized mortality ratios (SMRs) of PCCRC
death. The SMRadjusted for age, sex, and yearwas calculated
by dividing PCCRC deaths in the cohort by expected CRC
deaths according to the age-, year-, and sex-specificmortality
rates per person-years of the Austrian population within
groups of polyp findings. SMRs with 95% Wald CIs were
calculated assuming that mortality rates follow a Poisson dis-
tribution. For all statistical tests, a significance level of .05was
set. Regarding the issue of multiple statistical testing of
outcome data, the results of the cause-specific multivariable
Cox proportional hazards regression analysis constitute the
main results, with other results to be considered secondary
(and to be taken as descriptive, only). We therefore did not
correct any significance levels, and all P values are uncorrec-
ted for multiple testing. Analyses were performed by using R
version 4.1.0 (R Foundation for Statistical Computing,
Vienna, Austria), with the package popEpi (version 0.4-9)
and the package cmprsk (version 2.2-10).
RESULTS

Baseline findings
Cohort characteristics are shown in Table 1. Between

January 2007 and December 2020, a total of 316,001 colonos-
copies were performed by 239 endoscopists and were
included in the analysis; of these, 162,644 (51.5%) were per-
formedon female patients. For patients inwhombowel prep-
aration details were available, 37.6% (n Z 86,607) had an
excellent bowel preparation, 50.7% (n Z 116,671) had a
good bowel preparation, and in 27,011 (11.7%) patients,
bowel preparation was fair. The median age at colonoscopy
was 59.7 (interquartile range, 54.0-67.3) years. No polyp was
detected in 187,601 (59.4%) colonoscopies. The number of
colonoscopies with polyps 10 to 20 mm and >20 mm was
1112 GASTROINTESTINAL ENDOSCOPY Volume 97, No. 6 : 2023
low, with only 8392 (2.7%) patients having polyps 10 to
20 mm and 3192 (1.0%) having polyps >20 mm at screening.
HGD was found in 1532 (.5%) patients. The distribution of
polyp histology of the whole cohort was 57,727 (18.3%)
tubular adenomas, 10,105 (3.2%) tubulovillous adenomas,
and 543 (.2%) villous adenomas. A total of 5061 (1.6%) pa-
tients had SSLs, 876 (.3%) had traditional serrated adenomas,
and 45,609 (14.4%) had hyperplastic polyps without synchro-
nous adenomas or other serrated polyps.

Endoscopies were mostly performed in private practices
(n Z 239,182). The median adenoma detection rate was
20.1% (interquartile range, 15.8%-26.5%), and the median
serrated polyp detection ratewas 17.9% (interquartile range,
12.5%-24.5%) (Supplementary Table 1, available online at
www.giejournal.org). In a survey on endoscopic preferences
conducted between January 2021 and December 2021,
31.74% of hospitals regularly used chromoendoscopy and
4.76%used computer-aided detection (CAD), whereas chro-
moendoscopy was used by 13.69% of private practices and
computer-assisted detection colonoscopy by 2.38%.

Association of polyp finding with CRC mortality
The median follow-up time was 5.27 years (95% CI, 5.25-

5.29), with an interquartile range of 2.48 years (95% CI,
2.46-2.49) and 8.49 years (95% CI, 8.47-8.50). At the end of
the study period, 274 CRC deaths were observed. Being diag-
nosed with an adenoma or serrated polyp 10 to 20 mm (HR,
4.00; 95% CI, 2.46-6.50; P < .001) or >20 mm (HR, 18.1; 95%
CI, 11.2-29.1; P < .001) at screening was significantly associ-
ated with PCCRC death, whereas the diagnosis of any
polyp <10 mm was not significantly associated with PCCRC
death (HR, 1.11; 95%CI, .83-1.49; PZ .5), comparedwith pa-
tients with no polyps. The diagnosis of polyps with low-grade
dysplasia (HR, 1.13; 95% CI, .85-1.51; P Z .4) did not show
significantly increased hazards for PCCRC death (Table 2).
In the group of patients with polyps �10 mm or HGD (nZ
12,606), 263hada follow-upcolonoscopy recorded.Whenpa-
tients were censored at surveillance colonoscopy for our
sensitivity analysis, the estimates were comparable to our
main analysis for polyps 10 to 20 mm (HR, 4.40; 95% CI,
2.71-7.12; P < .001) and HGD (HR, 7.10; 95% CI, 3.57-14.13;
P < .001) (Supplementary Table 2).
Cumulative incidence of PCCRC death
When patients were stratified according to polyp find-

ings, patients with a polyp �10 mm or with HGD detected
at screening had a cumulative incidence of PCCRC death of
.56% (95% CI, .54-.58) (Table 3) at 5 years and 1.22% (95%
CI, 1.19-1.26) at 10 years. In contrast, in patients with
polyps <10 mm and no HGD was detected, the cumulative
incidence of PCCRC death was lower after 5 years (.06; 95%
CI, .06-.06) as well as after 10 years (.14%; 95% CI, .14-.14).
After a negative colonoscopy, cumulative incidence of
PCCRC death was .05% (95% CI, .05-.05) at 5 years and
.11% (95% CI, .11-.11) at 10 years.
www.giejournal.org
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TABLE 1. Baseline findings

Characteristic Overall (N [ 316,001) Person-years CRC deaths
CRC deaths per 100,000

person-years

Age, y

Mean � SD 61.3 � 8.50 – – –

Median (Q1, Q3) 59.7 (54.0, 67.3) – – –

Sex

Female 162,644 (51.5%) 889,625.67 101 11.35

Male 153,357 (48.5%) 837,624.70 173 20.65

Polyp count

No polyp 187,601 (59.3%) 1,064,736.53 117 10.99

1-4 120,271 (38.1%) 624,557.03 141 22.58

�5 8129 (2.6%) 37,956.80 16 42.15

Polyp size

No polyp 187,601 (59.3%) 1,064,736.53 117 10.99

<10 mm 116,813 (37.0%) 602,445.65 84 13.94

10-20 mm 8392 (2.7%) 43,269.64 24 55.47

>20 mm 3192 (1.0%) 16,761.88 49 292.33

Dysplasia

None 246,264 (77.9%) 1,364,323.84 189 13.85

LGD 68,205 (21.6%) 355,118.98 74 20.84

HGD 1532 (.5%) 7807.55 11 140.89

Histologic type

Tubular 57,727 (18.3%) 285,281.98 55 19.28

Tubulovillous 10,105 (3.2%) 63,520.30 19 29.91

Villous 543 (.2%) 2735.15 0 .00

Hyperplastic polyp 45,609 (14.4%) 244,678.48 28 11.44

SSL 5061 (1.6%) 16,923.12 4 23.64

TSA 876 (.3%) 2983.60 0 .00

Serrated adenoma, not specified* 385 (.1%) 3559.41 2 56.19

HGIENy 449 (.1%) 4261.56 7 164.26

Location

No polyp 187,601 (59.4%) 1,064,736.53 117 10.99

Distal and proximal segment 38,759 (12.3%) 175,346.96 44 25.09

Distal segment 60,808 (19.2%) 340,860.24 87 25.52

Proximal segment 28,826 (9.1%) 146,222.68 26 17.78

CRC, Colorectal cancer; SD, standard deviation; Q1, first quartile; Q3, third quartile; LGD, low-grade dysplasia; HGD, high-grade dysplasia; SSL, sessile serrated lesion; TSA,
traditional serrated adenoma; HGIEN, high-grade intraepithelial neoplasia.
*SSLs and TSAs were recorded as serrated adenomas until 2012.
yIn line with the 3rd edition of the World Health Organization classification of tumors of the digestive system, 12 high-grade intraepithelial neoplasia was the term used for any
polyp with HGD until 2012.

Zessner-Spitzenberg et al Polyp findings and colorectal cancer death
Figure 2 shows the cumulative incidence of PCCRC death
according to polyp findings over the whole study period. At
5 years, the incidence of PCCRC death was higher in patients
with polyps �10 mm or HGD compared with patients with
polyps <10 mm and no HGD (difference in cumulative inci-
dence, .5%; 95% CI, .34-.65). At 10 years, the difference in cu-
mulative incidences rose to 1.08% (95% CI, .76-1.41). We
www.giejournal.org V
performed an additional analysis to investigate whether
the endoscopist’s specialty had an influence on PCCRC
mortality. We found that cumulative incidence of PCCRC
death was higher in the group of endoscopists practicing sur-
gery at 4 to 12 years of follow-up (Supplementary Figure 1,
available online at www.giejournal.org) despite comparable
screening adenoma detection rates between surgeons and
olume 97, No. 6 : 2023 GASTROINTESTINAL ENDOSCOPY 1113
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TABLE 2. Multivariable hazard ratios with 95% CIs for polyp size and grade of dysplasia

Characteristic Hazard ratio 95% CI P value

Polyp size

No polyp d d

<10 mm 1.11 .83-1.49 .5

10-20 mm 4.00 2.46-6.50 <.001

>20 mm 18.1 11.2-29.1 <.001

Dysplasia grade

None d d

Low-grade 1.13 .85, 1.51 .4

High-grade 6.61 3.31-13.2 <.001

Categories are given of patients diagnosed with at least 1 polyp <10 mm, 10 to 20 mm, or >20 mm, at least 1 with low-grade or high-grade dysplasia adjusted for patient sex
and age.
CI, Confidence interval.

TABLE 3. Cumulative incidence of CRC death in strata of polyp size and grade of dysplasia as well as risk differences between groups at 5 and 10
years of follow-up

Category
Cumulative incidence of PCCRC death at

5 years in percent (95% CI)
Cumulative incidence of PCCRC death at

10 years in percent (95% CI)

�10 mm or HGD .56 (.54-.58) 1.22 (1.19-1.26)

<10 mm, no HGD .06 (.06-.06) .14 (.14-.14)

Negative colonoscopy .05 (.05-.05) .11 (.11-.11)

Risk difference at 5 years (95% CI) Risk difference at 10 years (95% CI)

�10 mm or HGD vs <10 mm, no HGD .5 (.34-.65) 1.08 (.76-1.41)

The risk difference in cumulative mortality was compared between patients who had polyps �10 mm or with HGD detected at screening colonoscopy, and those with
polyps <10 mm and no HGD.
CRC, Colorectal cancer; CI, confidence interval; HGD, high-grade dysplasia.

Polyp findings and colorectal cancer death Zessner-Spitzenberg et al
endoscopists of the internal medicine specialty (Supplemen-
tary Table 1, available online at www.giejournal.org). Howev-
er, at 13 years of follow-up, the cumulative incidence of
PCCRC death was similar in internal medicine (.21%; 95%
CI, .21-.21) and surgery (.21%; 95% CI, .20-.22).

SMRs according to polyp finding
We observed 15.87 deaths per 100,000 person-years in

our cohort, although 47.6 deaths per 100,000 were ex-
pected. The overall SMR for PCCRC death of the cohort
was .33 (95% CI, .30-.37). When patients were stratified ac-
cording to findings at screening colonoscopy, patients who
had polyps <10 mm and no HGD had an SMR significantly
lower than that of the general population (SMR, .27; 95%
CI, .21-.33; P < .001). After a negative colonoscopy, findings
were comparable (SMR, .24; 95% CI, .2-.29; P < .001). The
observed mortality in patients who had polyps �10 mm or
with HGD was higher than that of the general population
(SMR, 2.05; 95% CI, 1.64-2.57; P < .001) (Table 4). In
contrast, for patients with at least 1 advanced adenoma (tu-
bulovillous/villous adenoma, polyp�10mm, or HGD), mor-
tality was not significantly higher compared with the
expected mortality from the population (SMR, 1.22; 95%
CI, .98-1.52; P Z .074).
1114 GASTROINTESTINAL ENDOSCOPY Volume 97, No. 6 : 2023
DISCUSSION

Polyp size and dysplasia grade are considered the main
contributors to PCCRC development after screening colo-
noscopy.12 In this study, we compared CRC mortality out-
comes in screening patients, stratified according to lesion
size and grade of dysplasia at screening colonoscopy, and
assessed their association with PCCRC death. The PCCRC
mortality in our cohort was compared with the CRC mor-
tality in the Austrian population. We found that polyp
size of at least 10 mm (HR, 4.00; 95% CI, 2.46-6.50; P <
.001) and the presence of HGD (HR, 6.61; 95% CI, 3.31-
13.2; P < .001) in polyps was associated with PCCRC death.
The 10-year cumulative incidence of PCCRC death was
highest in patients with polyps �10 mm or with HGD
(1.22%; 95% CI, 1.19-1.26) compared with patients with
polyps <10 mm and in whom no highly dysplastic polyp
was found (.14%; 95% CI, .14-.14). A similar pattern was
observed for PCCRC mortality compared with the CRC
mortality in the general population, in which patients
with polyps �10 mm or HGD had a higher mortality
(SMR, 2.05; 95% CI, 1.64-2.57; P < .001).

Although it occurs very rarely, PCCRC is an issue that
gastroenterological societies are aiming to reduce by
www.giejournal.org
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Figure 2. Study cohort characteristics.
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recommending surveillance colonoscopy for high-risk pa-
tients. The purpose of a well-performing screening program
is to lower rates of cancer-specific mortality; however, little
robust evidence of polyp findings and their cutoffs that are
associated withmortality outcomes in screening patients ex-
ists. Recent reports of PCCRC incidence and mortality after
colonoscopy have focused on outcomes in predefined pro-
posed risk groups.4,17,18 We found that there is an associa-
tion between polyp size as well as grade of dysplasia with
PCCRC mortality. We found no significant association with
PCCRC death of patients with polyps <10 mm (HR, 1.11;
95% CI, .83-1.49; PZ .5). This might imply that a size cutoff
of 10 mm could be most appropriate to opt for surveillance
colonoscopy.7,8 Reasons for PCCRC development are still
poorly understood. The WHO considers 2 main pillars of
PCCRC development: procedural characteristics, on one
hand, in which lesions are either “undetected” due to low
quality of the colonoscopy or detected but incompletely re-
sected; in case the procedure quality was sufficient, on the
other hand, poor adherence to surveillance recommenda-
tions or improper surveillance intervals might be culprits
for PCCRC.3 In our cohort, only high-quality colonoscopies
were included, and endoscopists reported that polyps
were completely removed in 81.1% of patients. However,
because it is not mandatory for endoscopists to report sur-
veillance colonoscopies of patients with polyps, we cannot
www.giejournal.org V
exclude that some patients missed a follow-up colonoscopy
to resect newly developed polyps. In addition, the database
lacks assessment of resection margins by the pathologists,
and resection techniques such as piecemeal EMR are not re-
corded (Supplementary Table 3, available online at www.
giejournal.org).

Although a lower risk of PCCRC death compared with CRC
mortality in the general population could be observed in pa-
tients with polyps <10 mm (96.3% of patients) without
HGD (99.5% of patients), this was not observed for patients
with larger or highly dysplastic polyps. Instead, the observed
count of CRC deaths in this subgroup was higher than what
was expected in the general population, although these pa-
tients had a screening colonoscopy. These patients might
need more stringent surveillance management to reduce
the risk of PCCRC death below the general risk of CRC death
in the largely unscreened population. In contrast, when
applying the definition of advanced adenomas (adenomas
with villous/tubulovillous histology, adenomas with HGD,
and size �10 mm) to our cohort, PCCRC mortality was not
significantly higher in relation to theCRCmortality in the pop-
ulation. In a previous study, we found that a high-risk classifi-
cation excluding villous histology had a stronger association
with PCCRC death, whereas there was no significant increase
in PCCRCmortality when patients without villous polyps were
moved to the low-risk group.19 These data suggest that strati-
fication based only on polyp size and dysplasia grade helps
separate out a small group with high residual risk of CRC.
However,more studies areneededto investigate theeffective-
ness and harms of colonoscopy surveillance in this subgroup.

The comparison of observed and expected CRC mortal-
ity in the population should be regarded with caution, as
Austria has an opportunistic screening program. This pro-
gram might introduce a self-selection bias, as screening
participants are believed to be healthier than those not
choosing preventative services. The risk for CRC death in
the cohort might therefore be lower than the risk in the
whole population.16,20

One study has investigated the impact of polyp size on
incident CRC and CRC mortality in screening patients,
finding only small but significantly higher hazards for CRC
death after the diagnosis of polyps <20 mm and without
HGD compared with patients without adenomas.12 The au-
thors proposed to narrow down the classification of high-
risk patients at need for surveillance to those with polyps
�20 mm or HGD. However, in our study, the association
of polyp size with PCCRC mortality was strong already for
individuals with polyps 10 to 20 mm (HR, 4.00; 95% CI,
2.46-6.50; P < .001). These data support a more stringent
approach of high-risk classification, in line with current
guideline recommendations of a 3-year surveillance interval
by the U.S. Multi-Society Task Force on Colorectal Cancer,
with a cutoff of 10 mm.7 However, more studies are needed
to determine CRC mortality among different screening pop-
ulations in various size categories.
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TABLE 4. Comparison of CRC mortality to the general Austrian population

Category Observed CRC deaths Expected CRC deaths Person-years SMR (95% CI) P value

�10 mm or HGD 76 37.04 64,015.66 2.05 (1.64-2.57) <.001

<10 mm, no HGD 81 303.87 598,333.63 .27 (.21-.33) <.001

Advanced adenoma 80 65.51 108,421.1 1.22 (.98-1.52) .07395

Nonadvanced adenoma 77 275.41 553,942.6 .28 (.22-.35) <.001

Negative colonoscopy 117 481.16 1,064,587.91 .24 (.2-.29) <.001

Annual CRC mortality rates were calculated according to category of polyp findings (�10 mm or HGD/<10 mm, no HGD, advanced adenoma or no advanced adenoma) and for
patients with a negative colonoscopy. Advanced adenomas were defined as polyps with tubulovillous or villous histology, HGD, or a polyp �10 mm. SMRs were adjusted for 5-
year age group, sex, and year of death.
CRC, Colorectal cancer; SMR, standardized mortality ratio; CI, confidence interval; HGD, high-grade dysplasia.

Polyp findings and colorectal cancer death Zessner-Spitzenberg et al
In colorectal polyps, size alone is strongly associated with
grade of dysplasia, a feature indicating increased malignant
potential.21,22 Individuals who are being diagnosed with
polyps �10 mm at screening colonoscopy might therefore
be the subjects in whom this threshold of carcinogenesis
has been passed. However, there is a lack of robust studies
that evaluate tumor biology in polyps for markers indicating
likelihoodofmalignant transformation and its effect on long-
term PCCRC occurrence. Many studies that investigated the
impact of dysplasia grade on the risk of malignancy were
either of small sample size or based on the occurrence of
advanced adenomas as an outcome measure.23,24 The asso-
ciation of HGD with CRC mortality in our cohort is strong
(HR, 6.61; 95% CI, 3.31-13.2; P < .001) and in line with pre-
vious evidence of 2 large screening cohorts in terms of CRC
incidence12,25 and mortality.12

The current study has some limitations. First, we do not
have complete information on count of adenomas, as this
variable was only introduced later in the database. We there-
fore could not include this variable in the regression ana-
lyses. However, the consideration of multiplicity as a stand-
alone risk factor for PCCRC mortality is debated.7,12 Ade-
noma multiplicity (�3) failed to show an association with
CRC in patients with nonadvanced adenomas (adenomas
<10 mm, without HGD) in a trial of 15,935 flexible sigmoid-
oscopy participants, highlighting that the occurrence of mul-
tiple adenomas alone might not confer a higher risk for CRC
mortality, unless at least 1 polyp with advanced pathology is
identified.17

A second limitation is the assessment of polyp size.
Lesion size of colorectal polyps was assessed during endos-
copy and not by the referred pathologist. The standard prac-
tice for size determination in Austria is measurement during
colonoscopy, a source of bias for several reasons. When size
categories are present, endoscopists tend to assign some
diameters more frequently than others, leading to overesti-
mation and underestimation of true size.26-29 Furthermore,
image distortion through the endoscope lens makes polyp
size determination dependent on the angle of view.30 Size
measurements of pathology, however, are also prone to er-
ror. Polyp resection leads to skewed tissue, and cover slide
application leads to sample spread.31,32 To date, there is no
1116 GASTROINTESTINAL ENDOSCOPY Volume 97, No. 6 : 2023
standard for the correct measurement of polyp size. Third, a
limitation is the lack of incident CRC after colonoscopy, as it
might have added valuable information in terms of risk fac-
tors associated with the occurrence of PCCRC alone. Knowl-
edge about incident CRC in our cohort, especially stages
that patients presented with at PCCRC diagnosis, would
have helped to better characterize disease progression
from screening-detected polyps to CRC death. In addition,
we did not have complete information on surveillance visits
of patients after the index colonoscopy, which would have
helped to further stratify risk. A study from the United
Kingdom suggests that a single surveillance colonoscopy
can reduce PCCRC risk by one-half in high-risk patients.33

However, in this study, patients with incomplete colonos-
copy or HGD with no information on polyp size were
considered high-risk patients, whereas in our study, only
complete colonoscopies were included.

Another limitation is that we are unable to assess the
histologic types of SSL and traditional serrated adenoma,
as these categories were introduced in the reporting
form in 2012. Furthermore, because this was a retrospec-
tive study conducted during a time period in which the
distinction of hyperplastic polyps from sessile serrated le-
sions was evolving, we cannot exclude possible misclassifi-
cations of SSL as HP. The grading of SSL is no longer
recommended in the current WHO classification of diges-
tive tumors from 2019; however, SSL had a dysplasia grade
assigned in our cohort. The grading of serrated polyps did
adhere to the previous WHO classification from 2010.34

The recommendation to not grade SSL is due to interob-
server variation in grading assessment, and currently any
SSL exhibiting dysplasia is considered a malignant progres-
sion to CRC.35 Society guidelines of the European Society
of Gastrointestinal Endoscopy, the U.S. Multi-Society Task
Force on Colorectal Cancer, and the British Society of
Gastroenterology recommend surveillance colonoscopy
for patients with serrated polyps with any kind of dysplasia,
as the risk for CRC might be equal or even higher
compared with patients with adenomas. However, size in
SSLs is also a main determinant for synchronous dysplasia,
and increasing size confers higher CRC risk.36,37 Patients
with hereditary cancer or polyp syndromes are not eligible
www.giejournal.org
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for inclusion in the database. However, a limitation of this
study is the lack of information on genetic testing to
exclude incidental or new diagnoses of these conditions.

In conclusion, this study is a large analysis of CRC mor-
tality outcome after the diagnosis of colorectal polyps of
different size cutoffs (<10 mm, 10-20 mm, or >20 mm)
as well as dysplasia grades (low-grade dysplasia or HGD).
We conclude that polyp size as well as polyp dysplasia
are associated with CRC death after screening colonos-
copy. Patients with polyps �10 mm or with HGD might
benefit most from surveillance colonoscopy. Future studies
will elucidate the mechanisms of PCCRC development in
these high-risk patients.
ACKNOWLEDGMENTS

The Austrian Quality Certificate for Screening Colonos-
copy is supported by the Austrian Society for Gastroenter-
ology and Hepatology and the Austrian Cancer Aid. We
thank Statistics Austria for providing data on population
mortality for this study.
REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018;68:
394-424.

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Can-
cer J Clin 2022;72:7-33.

3. Rutter MD, Beintaris I, Valori R, et al. World Endoscopy Organization
consensus statements on post-colonoscopy and post-imaging colo-
rectal cancer. Gastroenterology 2018;155:909-25.e3.

4. Lee JK, Jensen CD, Levin TR, et al. Long-term risk of colorectal cancer
and related death after adenoma removal in a large, community-based
population. Gastroenterology 2020;158:884-94.e5.

5. Song M, Emilsson L, Bozorg SR, et al. Risk of colorectal cancer inci-
dence and mortality after polypectomy: a Swedish record-linkage
study. Lancet Gastroenterol Hepatol 2020;5:537-47.

6. Lieberman D, Sullivan BA, Hauser ER, et al. Baseline colonoscopy find-
ings associated with 10-year outcomes in a screening cohort undergo-
ing colonoscopy surveillance. Gastroenterology 2020;158:862-74.e8.

7. Hassan C, Antonelli G, Dumonceau JM, et al. Post-polypectomy colo-
noscopy surveillance: European Society of Gastrointestinal Endoscopy
(ESGE) Guidelinedupdate 2020. Endoscopy 2020;52:687-700.

8. Rutter MD, East J, Rees CJ, et al. British Society of Gastroenterology/As-
sociation of Coloproctology of Great Britain and Ireland/Public Health
England post-polypectomy and post-colorectal cancer resection sur-
veillance guidelines. Gut 2020;69:201.

9. Gupta S, Lieberman D, Anderson JC, et al. Recommendations for
follow-up after colonoscopy and polypectomy: a consensus update
by the US Multi-Society Task Force on Colorectal Cancer. Gastroenter-
ology 2020;158:1131-53.e5.

10. Lieberman DA, Williams JL, Holub JL, et al. Colonoscopy utilization and
outcomes 2000 to 2011. Gastrointest Endosc 2014;80:133-43.e3.

11. U.S. Preventive Services Task Force; Davidson KW, Barry MJ, Mangione
CM, et al. Screening for Colorectal Cancer: U.S. Preventive Services Task
Force Recommendation Statement. JAMA 2021;325:1965-77.
www.giejournal.org V
12. Wieszczy P, Kaminski MF, Franczyk R, et al. Colorectal cancer incidence
and mortality after removal of adenomas during screening colonos-
copies. Gastroenterology 2020;158:875-83.e5.

13. Ferlitsch M, Reinhart K, Pramhas S, et al. Sex-specific prevalence of ad-
enomas, advanced adenomas, and colorectal cancer in individuals un-
dergoing screening colonoscopy. JAMA 2011;306:1352-8.

14. Hamilton S, Aaltonen L, editors. Tumours of the digestive system,
World Health Organization classification of tumours, 3rd ed, vol 2.
Lyon, France: IARC Press; 2000.

15. Hsieh FY, Lavori PW. Sample-size calculations for the Cox proportional
hazards regression model with nonbinary covariates. Control Clin Trials
2000;21:552-60.

16. Pilonis ND, Bugajski M, Wieszczy P, et al. Long-term colorectal cancer
incidence and mortality after a single negative screening colonoscopy.
Ann Intern Med 2020;173:81-91.

17. Click B, Pinsky PF, Hickey T, Doroudi M, Schoen RE. Association of co-
lonoscopy adenoma findings with long-term colorectal cancer inci-
dence. JAMA 2018;319:2021-31.

18. He X, Hang D, Wu K, et al. Long-term risk of colorectal cancer after
removal of conventional adenomas and serrated polyps. Gastroenter-
ology 2020;158:852-61.e4.

19. Waldmann E, Kammerlander A, Gessl I, et al. New risk stratification af-
ter colorectal polypectomy reduces burden of surveillance without
increasing mortality. United European Gastroenterol J 2021;9:947-54.

20. Pinsky PF, Miller A, Kramer BS, et al. Evidence of a healthy volunteer
effect in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening
Trial. Am J Epidemiol 2007;165:874-81.

21. Rösch T, Altenhofen L, Kretschmann J, et al. Risk of malignancy in ad-
enomas detected during screening colonoscopy. Clin Gastroenterol
Hepatol 2018;16:1754-61.

22. Lieberman D, Moravec M, Holub J, Michaels L, Eisen G. Polyp size and
advanced histology in patients undergoing colonoscopy screening:
implications for CT colonography. Gastroenterology 2008;135:1100-5.

23. Lieberman DA, Weiss DG, Harford WV, et al. Five-year colon surveil-
lance after screening colonoscopy. Gastroenterology 2007;133:
1077-85.

24. Martínez ME, Baron JA, Lieberman DA, et al. A pooled analysis of
advanced colorectal neoplasia diagnoses after colonoscopic polypec-
tomy. Gastroenterology 2009;136:832-41.

25. Atkin W, Wooldrage K, Brenner A, et al. Adenoma surveillance and
colorectal cancer incidence: a retrospective, multicentre, cohort study.
Lancet Oncol 2017;18:823-34.

26. Plumb AA, Nickerson C, Wooldrage K, et al. Terminal digit preference
biases polyp size measurements at endoscopy, computed tomo-
graphic colonography, and histopathology. Endoscopy 2016;48:
899-908.

27. Rubio CA, Höög CM, Broström O, et al. Assessing the size of polyp
phantoms in tandem colonoscopies. Anticancer Res 2009;29:1539-45.

28. de Vries AH, Bipat S, Dekker E, et al. Polyp measurement based on CT
colonography and colonoscopy: variability and systematic differences.
Eur Radiol 2010;20:1404-13.

29. Schoen RE, Gerber LD, Margulies C. The pathologic measurement of
polyp size is preferable to the endoscopic estimate. Gastrointest En-
dosc 1997;46:492-6.

30. Sakata S, McIvor F, Klein K, Stevenson ARL, Hewett DG. Measurement
of polyp size at colonoscopy: a proof-of-concept simulation study to
address technology bias. Gut 2018;67:206.

31. Gupta S, Durkalski V, Cotton P, Rockey DC. Variation of agreement in
polyp size measurement between computed tomographic colonogra-
phy and pathology assessment: clinical implications. Clin Gastroenterol
Hepatol 2008;6:220-7.

32. Morales TG, Sampliner RE, Garewal HS, Fennerty MB, Aickin M. The dif-
ference in colon polyp size before and after removal. Gastrointest En-
dosc 1996;43:25-8.
olume 97, No. 6 : 2023 GASTROINTESTINAL ENDOSCOPY 1117

http://refhub.elsevier.com/S0016-5107(23)00025-1/sref1
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref1
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref1
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref1
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref2
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref2
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref3
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref3
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref3
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref4
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref4
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref4
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref5
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref5
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref5
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref6
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref6
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref6
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref7
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref7
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref7
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref8
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref8
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref8
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref8
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref9
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref9
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref9
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref9
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref10
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref10
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref11
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref11
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref11
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref12
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref12
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref12
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref13
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref13
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref13
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref14
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref14
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref14
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref15
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref15
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref15
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref16
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref16
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref16
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref17
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref17
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref17
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref18
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref18
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref18
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref19
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref19
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref19
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref20
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref20
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref20
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref21
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref21
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref21
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref22
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref22
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref22
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref23
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref23
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref23
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref24
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref24
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref24
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref25
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref25
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref25
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref26
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref26
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref26
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref26
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref27
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref27
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref29
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref29
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref29
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref30
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref30
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref30
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref31
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref31
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref31
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref32
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref32
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref32
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref32
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref33
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref33
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref33
http://www.giejournal.org


Polyp findings and colorectal cancer death Zessner-Spitzenberg et al
33. Cross AJ, Robbins EC, Pack K, et al. Long-term colorectal cancer inci-
dence after adenoma removal and the effects of surveillance on inci-
dence: a multicentre, retrospective, cohort study. Gut 2020;69:
1645.

34. Bosman FT, Carneiro F, Hruban RH, Theise ND, editors. World Health
Organization classification of tumours of the digestive system, WHO
classification of tumors, 4th ed, vol 3. Lyon, France: IARC Press; 2010.
Press represent the final edited text of articles
yet scheduled to appear in the print journal. The
date of web publication, which means readers
and authors can cite the research months prior 
cite Articles in Press, include the journal title, y
Object Identifier (DOI), located in the article foo
testinal Endoscopy online today to read Articles
the latest research in the field of gastrointestinal

Read Articles in Pre
Scan the QR code or visi

Gastrointestinal Endoscopy now posts in-pr
pearance in the print edition of the Journal. T

link, as well as at Elsevier’s ScienceDirect web
testinal Endoscopy website, www.giejournal.

1118 GASTROINTESTINAL ENDOSCOPY Volume 97, No. 6 : 2023
35. World Health Organization. Classification of Tumours Editorial Board,
Digestive system tumours. 5th ed, vol 1. Lyon, France: IARC Press; 2019.

36. Holme Ø, Bretthauer M, Eide TJ, et al. Long-term risk of colorectal can-
cer in individuals with serrated polyps. Gut 2015;64:929.

37. Burgess NG, Pellise M, Nanda KS, et al. Clinical and endoscopic predic-
tors of cytological dysplasia or cancer in a prospective multicentre
study of large sessile serrated adenomas/polyps. Gut 2016;65:437.
that are accepted for publication but not
y are considered officially published as of the 
 can access the information 
to its availability in print. To 
ear, and the article’s Digital 
tnote. Please visit Gastroin-
 in Press and stay current on 
 endoscopy.

ss Online Today!
t www.giejournal.org

ess articles online in advance of their ap-
hese articles are available at the Gastroin-

site, www.sciencedirect.com. Articles in
org, by clicking on the “Articles in Press”

www.giejournal.org

http://refhub.elsevier.com/S0016-5107(23)00025-1/sref34
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref34
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref34
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref34
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref35
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref35
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref35
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref36
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref36
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref37
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref37
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref38
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref38
http://refhub.elsevier.com/S0016-5107(23)00025-1/sref38
http://www.giejournal.org


Supplementary Figure 1. Cumulative incidence of post-colonoscopy colorectal cancer (PCCRC) death according to endoscopy specialty. In Austria,
screening colonoscopies can be performed by physicians practicing either internal medicine or surgery. CRC, Colorectal cancer.
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SUPPLEMENTARY TABLE 1. Baseline adenoma detection rate (rate of detected villous, tubulovillous, and tubular adenomas) and serrated polyp
detection rate (rate of detected sessile serrated lesions, traditional serrated adenomas, and hyperplastic polyps) by specialty in internal medicine
or surgery as well as endoscopists’ setting

Internal medicine
(n [ 201,548)

Surgery
(n [ 114,453)

Hospital
(n [ 66,129)

Private practice
(n [ 239,182)

Outpatient clinic
(n [ 10,690)

Overall
(N [ 316,001)

Adenoma detection rate

Mean � SD 21.3 � 8.03 20.5 � 8.03 21.5 � 7.25 20.8 � 8.33 22.3 � 5.42 21.0 � 8.04

Median (Q1, Q3) 20.9 (16.0, 26.9) 19.4 (15.7, 25.3) 20.5 (16.6, 25.9) 19.8 (15.4, 26.8) 21.3 (20.4, 24.0) 20.1 (15.8, 26.5)

Serrated polyp detection rate

Mean � SD 19.4 � 10.6 19.7 � 10.2 17.9 � 7.95 19.8 � 11.1 21.2 � 6.79 19.5 � 10.4

Median (Q1, Q3) 17.9 (12.2, 24.5) 17.9 (13.2, 24.6) 16.2 (12.6, 22.5) 18.1 (12.1, 25.0) 19.4 (17.2, 26.7) 17.9 (12.5, 24.5)

SD, Standard deviation; Q1, first quartile; Q3, third quartile; SDR, serrated polyp detection rate.

SUPPLEMENTARY TABLE 2. Sensitivity analysis

Characteristic Hazard Ratio 95% CI P value

Polyp size

No polyp d d

<10 mm 1.17 .87-1.56 .30

10-20 mm 4.40 2.71-7.12 <.001

>20 mm 19.3 11.91-31.35 <.001

Dysplasia grade

None d d

Low-grade 1.16 .87-1.56 .29

High-grade 7.10 3.57-14.13 <.001

Multivariable hazard ratios with 95% CIs are presented for polyp size and grade of dysplasia. Because surveillance colonoscopy alters subsequent colorectal cancer risk, patients
were censored at follow-up colonoscopy. Categories are given of patients diagnosed with at least one polyp <10 mm, 10 to 20 mm or >20 mm, at least one with low grade or
high-grade dysplasia, adjusted for patient sex and age.
CI, Confidence interval.

SUPPLEMENTARY TABLE 3. Resection technique according to polyp size at polypectomy

Resection
technique

Polyps <10 mm
(n [ 116,813)

Polyps 10-20 mm
(n [ 8392)

Polyps >20 mm
(n [ 3192)

Overall
(N [ 128,397)

Cold snare 21,082 (18.0%) 2703 (32.2%) 597 (18.7%) 24,407 (7.7%)

Hot snare 12,285 (10.5%) 4128 (49.2%) 1084 (34.0%) 17,510 (5.5%)

Unknown 83,446 (71.4%) 1561 (18.6%) 1511 (47.3%) 274,084 (86.7%)
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