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See related article, Rabeneck L et al, on page
275 in CGH.

ACKGROUND & AIMS: Screening colonoscopy is an
ffective method to reduce the incidence of and mortality
rom colorectal cancer (CRC). There is little empirical
vidence available about the optimal interval for screen-
ng, making this a subject of debate. We associated the
revalence of advanced colorectal neoplasms with time
ince negative colonoscopies. METHODS: In a study of
articipants in the German colonoscopy screening pro-
ram, we determined the prevalence of colorectal neopla-
ias detected at screening colonoscopy among subjects
ho had undergone a previous colonoscopy without de-

ection of polyps (negative colonoscopy). Data were com-
ared with that from subjects who had not received
olonoscopies. RESULTS: No CRCs were detected in
articipants who had a previous negative colonoscopy an
verage of 11.9 years previously (n � 553), compared with
he 8.4 CRC cases expected based on age- and gender-
pecific prevalences among participants who had not
eceived a colonoscopy (n � 2701; standardized preva-
ence ratio [SPR] � 0.00; 95% confidence interval [CI]:
.00�0.55). Prevalence of advanced adenoma was also
uch lower among subjects who had previous colonos-

opies (SPR � 0.42; 95% CI: 0.25�0.68). Adjusted prev-
lence ratios (95% CIs) for detecting an advanced ade-
oma were 0.38 (95% CI: 0.16�0.90), 0.34 (95% CI:
.15�0.74), 0.38 (95% CI: 0.16�0.90), and 0.53 (95% CI:
.27�1.04) among participants with a negative colonos-
opy conducted 1�5, 6�10, 11�15, and �16 years ago,
espectively, compared to participants with no previous
olonoscopy. CONCLUSIONS: The low risk of CRC
nd advanced adenomas after a negative colonoscopy
upports suggestions that screening intervals be ex-
ended to >10 years.

eywords: Colonoscopy; Colorectal Cancer; Screening.
ith �1 million new cases and �500,000 deaths
each year, colorectal cancer (CRC) is the 3rd most

ommon cancer and the 4th most common cancer cause
f death globally.1 Colonoscopy, which enables detection
nd removal of precancerous lesions, is an effective
ethod for CRC prevention. The National Polyp Study

emonstrated a 76%�90% risk reduction of CRC among
arriers of colorectal polyps.2 On the basis of this and
ther accumulating evidence, colonoscopy is recom-
ended for early detection and prevention of CRC by

xpert committees in various countries.3,4 However, there
till remains uncertainty with respect to necessary screen-
ng intervals, mainly because of the sparseness of perti-
ent empirical evidence.
Recently, a large prospective study among 1256

creening participants has shown that the prevalence
f CRC and of advanced adenomas 5 years after a
egative colonoscopy (ie, a colonoscopy without detec-
ion of polyps) is extremely small, which led to the
onclusion that a negative colonoscopy does not need
o be repeated within 5 years.5 How far the surveillance
nterval can be extended beyond 5 years is much less
lear.6 Several case-control studies have suggested that
isk of CRC remains very low for up to 20 years or
onger,7–9 but pertinent data with respect to advanced
denomas, the primary target for preventive colonos-
opy, are lacking.6

To provide additional data on optimal colonoscopy
creening intervals, we assessed prevalence of CRC, ad-
anced colorectal adenomas, and other adenomas, ac-
ording to time since prior negative colonoscopy in a
arge population of participants of screening colonos-
opy in Germany.

Abbreviations used in this paper: CI, confidence interval; CRC, colo-
ectal cancer; SPR, standardized prevalence ratio.

© 2010 by the AGA Institute
0016-5085/10/$36.00
doi:10.1053/j.gastro.2009.10.054
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Methods
Setting
In Germany, screening colonoscopy has been of-

ered free of charge for women and men aged 55 or older
y the statutory health insurance system since October
002. Up to 2 screening colonoscopies �10 years apart
re offered. Annual participation is about 3% of eligible
eople (corresponding to an expected 30% participation
ate within a 10-year time interval). Screening is almost
xclusively done in practices of gastroenterology or inter-
al medicine. Only experienced endoscopists, having con-
ucted at least 200 colonoscopies and at least 50 polypec-
omies under supervision in the preceding 2 calendar
ears are eligible to conduct screening colonoscopies.
equirements for maintenance of eligibility in subse-
uent years include performance of at least 200 colonos-
opies and at least 10 polypectomies per year. His-
opathological examination is performed locally by
ertified pathological laboratories. The offer of screening
olonoscopy is complementary to the offer of colonos-
opy for diagnostic purposes. Both are free of charge in
he German health insurance system.

Study Design and Study Population
A statewide cohort study was initiated in 2005 in

aarland, a small state (1 million inhabitants) located in
he Southwest of Germany, with the primary aim of

onitoring long-term reduction in CRC incidence and
ortality among participants of screening colonoscopy.
o be eligible, patients have to be residents of Saarland
ged 55 or older and to undergo screening colonoscopy
n one of the participating practices. The study was ap-
roved by ethics committees of the University of Heidel-
erg and of the Medical Association of Saarland. Almost
ll practices conducting screening colonoscopies in Saar-
and agreed to recruit patients for the cohort. The current
ross-sectional analysis is based on baseline data of par-
icipants recruited in 33 gastroenterology practices in
aarland between May 2005 and December 2007. In-
ormed consent was obtained from each participant.

Data Collection
Upon consenting and before screening colonos-

opy, patients were asked to fill out a standardized ques-
ionnaire on personal and family medical history, socio-
emographic factors, and potential CRC risk factors. In
articular, participants were asked if they ever had a
revious colonoscopy for any reason and, if so, whether
olyps had ever been detected, and in which year the last
olonoscopy had been conducted. We did not ask for
ther endoscopic large bowel examinations, such as flex-

ble sigmoidoscopy, which are rarely done in Germany.9

atients were asked to return the completed question-
aire before colonoscopy. However, a minority of partic-

pants returned their questionnaires later by mail, as did

nother minority of participants who could not be re- p
ruited prior to colonoscopy because of practices’ work
verload and were invited to participate by mail shortly
fter colonoscopy.

Results of screening colonoscopy were independently
bstracted and transferred to a standardized form from
olonoscopy and histology reports by 2 trained investi-
ators who were blinded with respect to questionnaire
ata. Items recorded included number, location, and size
f polyps and their histological classification. Records
rom the 2 investigators were compared and any initial
iscrepancy was resolved by review and discussion. Par-
icipants were classified according to occurrence of the

ost advanced of the following findings: CRC, advanced
denoma (defined as presence of at least 1 adenoma with
t least 1 of the following features: �1 cm in size, tubu-
ovillous or villous components, high-grade dysplasia),
ther adenoma, hyperplastic or unspecified polyp, none
f the aforementioned.10,11

Statistical Analysis
For this analysis, we selected participants with one

r several previous negative colonoscopies (and no previ-
us positive colonoscopy), and compared them to partic-

pants with no previous colonoscopy. To avoid any pos-
ible impact on questionnaire responses of knowing the
urrent screening colonoscopy result, we excluded partic-
pants who were recruited or returned their questionnaire
fter screening colonoscopy. We further excluded pa-
ients with a history of inflammatory bowel disease, par-
icipants with missing information on the year of the
rior colonoscopy, and participants who reported a prior
olonoscopy within the same (current) year.

We first described participants without previous
olonoscopy (group I), and those with one or more prior
egative colonoscopies (group II) with respect to socio-
emographic characteristics and potential CRC risk fac-
ors. Next, we assessed the prevalence of the most ad-
anced colorectal lesion in both groups. For group II,
urther stratification was made according to the time
ince the prior colonoscopy (1�5, 6�10, 11�15, and
6� years).

We then looked at the observed numbers of cases with
RC or with any “advanced neoplasm” (advanced ade-
oma or CRC) as the most severe finding at colonoscopy

n group II, and we compared these numbers with the
umbers of cases expected if the same age- and gender-
pecific prevalence rates were observed in this group as in
articipants without previous colonoscopy. Standardized
revalence ratios (SPRs) were calculated as the ratio of
bserved and expected numbers, and their exact 95%
onfidence intervals (CI) (taking error in expected num-
ers into account) were obtained using Simple Interactive
tatistical Analysis.12 Additional SPR analyses were car-
ied out according to number of prior colonoscopies in
roup II, according to location of neoplasms (proximal:

roximal to the splenic flexure, distal: splenic flexure to
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872 BRENNER ET AL GASTROENTEROLOGY Vol. 138, No. 3
ectum), and after exclusion of the minority of partici-
ants who indicated any symptoms potentially related to
olorectal neoplasms as a motivation to undergo screen-
ng colonoscopy.

Finally, we compared the prevalences of the most se-
ere colorectal findings in subgroups of group II defined
y time since negative colonoscopy (1�5, 6�10, 11�15,
nd 16� years) with the prevalences in participants with-
ut previous colonoscopy. Prevalence ratios and their
5% confidence intervals were calculated. In addition to
rude prevalence ratios, prevalence ratios were adjusted
or age and gender, and additionally adjusted for CRC
isk factors found to be differentially distributed in the 2
roups compared (P � .20). Analyses were done using
og-binomial regression with the SAS statistical soft-
are package (SAS Institute, Cary, NC) as described
reviously.13 In contrast to the commonly employed

ogistic regression, log-binomial regression allows di-
ect estimation of prevalence ratios, the parameter of
rimary interest in our analysis without the need of
pproximation by odds ratios.

Results
Overall, 5181 study participants aged 55 years or

lder were recruited during the study period. After appli-
ation of the various exclusion criteria outlined here,
224 participants were included in the analyses: 533

igure 1. Flow diagram of patients included in the study (bold framed
oxes) and of patients excluded from this analysis for various reasons.
aS, colonoscopy.
articipants with �1 prior negative colonoscopies (and
o prior positive colonoscopy) and 2701 participants
ith no prior colonoscopy (Figure 1). Colonoscopy to the

ecum was documented for 3132 participants (96.9%).
hree-quarters of participants with previous negative
olonoscopies had just 1 previous colonoscopy, almost
0% had 2 previous colonoscopies, and only 5% had �3
revious colonoscopies (Table 1). Mean time since the

ast negative colonoscopy was 11.9 (median, 10) years.
Table 1 also shows sociodemographic characteristics

able 1. Characteristics of the Study Population

Characteristic

Previous colonoscopy

P
value

No
(n � 2701)

Yes, no
polyps

detected
(n � 533)

na % na %

o. of previous
colonoscopies

1 — — 376 75.4
2 — — 97 19.4
3 — — 20 4.0
�3 — — 6 1.2

ime since last
colonoscopy (y)

— —

1�5 — — 115 21.6
6�10 — — 166 31.1
11�15 — — 117 22.0
16� — — 135 25.3

ender
Male 1330 49.2 226 42.4
Female 1371 50.8 307 57.6 .004

ge (y)
55�59 888 32.9 128 24.0
60�64 614 22.7 121 22.7
65�69 666 24.7 149 28.0
70�74 330 12.2 92 17.3
75� 203 7.5 43 8.1 .0002

chool education (y)
�10 1836 68.7 354 67.2
10� 837 31.3 173 32.8 .49

amily history of
colorectal cancer

No 2388 88.4 452 84.8
Yes 313 11.6 81 15.2 .02

moking
Never 1378 51.4 300 56.8
Current 271 10.1 55 10.4
Former 1032 38.5 173 32.8 .04

ody mass indexb

�25 858 32.2 164 31.2
25�29.9 1249 46.9 257 48.9
�30 554 20.8 105 20.0 .72

Numbers do not add up to the total numbers because of missing
alues for some variables (in parentheses: numbers of missing values
or participants without/with previous colonoscopy): number of previ-
us colonoscopies (0/34), school education (28/6), smoking (20/5),
ody mass index (40/7).
Body mass index is calculated as kg/m2.
nd potential CRC risk factors of the 2 groups of partic-
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pants. Gender distribution was almost equal and mean
ge was 63.8 years in participants without previous
olonoscopy, whereas women were overrepresented and
ean age was slightly higher (65.1 years) in participants
ith previous negative colonoscopies. A history of CRC

n a first-degree relative was more common and ever-
moking was less common in participants with previous
egative colonoscopies compared to those without pre-
ious colonoscopy. There was no difference between both
roups with respect to school education and body mass
ndex.

Among participants without a previous colonoscopy,
he most advanced finding at screening colonoscopy was
olorectal cancer in 41 cases (1.5%), advanced adenoma in
67 cases (9.9%), and other adenoma in 494 cases (18.3%)
Table 2). No colorectal cancer and much lower propor-
ions of advanced adenomas were detected in partici-
ants with previous negative colonoscopies, even if the
rior negative colonoscopy had been conducted many
ears ago. By contrast, the proportion of participants
ith other adenomas as the most advanced finding was

imilar among those with a previous negative colonos-
opy and those without previous colonoscopy.

Overall, colorectal cancer and advanced neoplasm were
bserved in 0 and 25 participants with previous negative
olonoscopies (Table 3). These numbers are far and sig-
ificantly below the numbers that would have been ex-
ected based on the age- and gender-specific prevalences

n participants undergoing first-time colonoscopy. The
tandardized prevalence ratios are 0.00 (95% CI: 0.00�
.55) and 0.42 (95% CI: 0.25�0.68) for these 2 outcomes,
espectively. Very similar results were obtained in addi-
ional analyses for participants with only 1 previous
olonoscopy. SPRs for this group were 0.00 (95% CI:
.00�0.89) and 0.47 (95% CI: 0.26�0.82), respectively.
ikewise, SPRs did not differ between women and men in
dditional gender-specific analyses: SPRs were 0.42 (95%
I: 0.18�0.87) and 0.43 (95% CI: 0.21�0.82) for ad-

able 2. Findings at Screening Colonoscopy According to His

Previous colonoscopy

Most

Colorectal
cancer

Advanced
adenomaa

n % n %

o (n � 2701) 41 1.5 267 9.9 4
es, no polyps detected
1� y ago (n � 533) 0 0.0 25 4.7
1�5 y ago (n � 115) 0 0.0 5 4.4
6�10 y ago (n � 166) 0 0.0 6 3.6
11�15 y ago (n � 117) 0 0.0 5 4.3
16� y ago (n � 135) 0 0.0 9 6.7

Defined as presence of at least 1 adenoma with at least 1 of the
igh-grade dysplasia.
anced neoplasms in women and men, respectively. Fur- s
hermore, prevalence reduction remained unchanged
fter exclusion of the minority of participants who indi-
ated any symptoms potentially related to colorectal neo-
lasms as a motivation to undergo screening colonos-
opy (SPR 0.42; 95% CI: 0.21�0.80). However, risk
eduction was more pronounced for distal than for prox-
mal neoplasms: SPRs were 0.28 (95% CI: 0.14�0.52) and
.82 (95% CI: 0.35�1.89) for advanced distal neoplasms
nd advanced proximal neoplasms, respectively.

More detailed analyses are shown in Table 4 for the
etection of advanced neoplasms (advanced adenomas
nd cancer combined) at screening colonoscopy accord-
ng to time since negative colonoscopy. Among partici-
ants with a prior negative colonoscopy within the past
�5, 6�10, or 11�15 years, prevalence of advanced neo-
lasms was �60% lower compared to those without pre-
ious colonoscopy, and prevalence ratios were only mar-
inally affected by adjustment for age, gender, family
istory, and smoking. Among those with a negative
olonoscopy �15 years ago, prevalence was still �40%
ower than among those with no previous colonoscopy,
ven though this difference failed to reach statistical
ignificance.

of Previous Colonoscopy

ced finding at screening colonoscopy

ther
noma

Hyperplastic
polyp

Unspecified
polyp None

% n % n % n %

18.3 281 10.4 54 2.0 1564 57.9

16.1 33 6.2 5 0.9 384 72.0
11.3 9 7.8 1 0.9 87 75.7
18.7 6 3.6 1 0.6 122 73.5
19.7 9 7.7 0 0.0 80 68.4
14.1 9 6.7 3 2.2 95 70.4

wing features: �1 cm in size, tubulovillous or villous components,

able 3. Observed and Expected Numbers, and
Standardized Prevalence Ratio of Colorectal
Cancer or Advanced Adenoma at Screening
Colonoscopy Among Participants With Prior
Negative Colonoscopy

Most advanced finding
at screening
colonoscopy Observed Expecteda SPR 95% CI

ancer 0 8.4 0.00 0.00�0.55
dvanced adenoma or
cancer (“advanced
neoplasm”)

25 59.4 0.42 0.25�0.68

I, confidence interval; SPR, standardized prevalence ratio.
Expected based on the age and gender-specific prevalences ob-
tory

advan

O
ade

n

94

86
13
31
23
19

follo
erved among 2701 participants with no previous colonoscopy.
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Discussion
In this large colonoscopy-based screening study,

o single colorectal cancer was detected (compared to 8.4
xpected cases) among 533 participants with a previ-
us negative colonoscopy conducted on average 11.9
ears ago. Within 15 years after a negative colonoscopy,
revalence of advanced neoplasms was �60% lower than
mong people without previous colonoscopy, and prev-
lence was still about 50% lower even after �16 years.

That prevalence of advanced colorectal neoplasms is
ery low within 5 years after a negative colonoscopy has
een well-established.5,14,15 However, only few studies
ave addressed prevalence after longer time intervals. A
etrospective cohort study from Canada found a strongly
nd significantly lower risk of CRC within 10 years after
negative colonoscopy.16 In a previous case-control study

rom Germany, a significant 67% lower risk and a non-
ignificant 54% lower risk of CRC was found among
eople who had a negative colonoscopy 10�19 or �20
ears ago, respectively.9 However, these studies had been
estricted to colorectal cancer only. The current study
rovides evidence that a similarly very low risk is also
een if advanced colorectal adenomas are included in a
ombined end point of advanced neoplasms. Taken to-
ether, these patterns support suggestions that a very low
isk of clinically relevant colorectal neoplasms prevails far
eyond 5 or 10 years after a negative colonoscopy, the
ost commonly recommended intervals for endoscopic

creening examination of the large bowel.
Advanced adenomas or cancers detected at a repeated

olonoscopy may represent either cases that were missed
t the prior colonoscopy or incident cases since the prior
olonoscopy.17,18 Because colonoscopy itself is considered
he standard for detection of colorectal neoplasms, esti-

ation of missed proportions of neoplasms at colonos-
opy is difficult. Under highly standardized conditions in
pecial study settings, estimated proportions of missed
denomas ranged from 0% for adenomas �1 cm to up to
7% for adenomas �0.5 cm.19 –21 However, these propor-
ions could be substantially higher in routine practice in
he community setting.22–24 In the context of our study,

able 4. Prevalence of Advanced Neoplasm (Advanced Adeno
Since Previous Negative Colonoscopy

Previous colonoscopy n

Prevalence

n %

o 2701 308 11.4 1.00 (
es, no polyps detected
1�5 y ago 115 5 4.4 0.38 (
6�10 y ago 166 6 3.6 0.32 (
11�15 y ago 117 5 4.3 0.37 (
16� y ago 135 9 6.7 0.58 (

Adjusted for age, gender, history of colorectal cancer in a first-degre
eoplasms detected at screening colonoscopy that may b
ave been already present at a prior colonoscopy most
ikely have been much smaller and much more difficult
o detect at the time of the prior colonoscopy. Also, our
nding of a smaller difference in the right colon than in
he left colon and rectum after a negative colonoscopy,
hich is consistent with previous observations for colo-

ectal cancer9,16 could, apart from suggested biological
ifferences,25,26 be indicative of a higher miss rate of
olonoscopies in the right colon. However, given that
rior colonoscopies were conducted on average �10
ears earlier, incident cases of colorectal neoplasms also
robably account for a substantial proportion of neo-
lasms detected after such long time intervals.17 Also, in
ontrast to the Canadian study,16 the risk of advanced
olorectal neoplasms was equally low within 1�5 and
�10 years after a negative colonoscopy, suggesting that
iss rates might be less relevant in our setting.
Obviously, the long-lasting lower risk of colorectal

eoplasia after a negative colonoscopy is not to be inter-
reted as a protective effect of colonoscopy because no
olyps were removed. Rather, it indicates the inherently

ower risk of participants who were found to be free of
olyps at a previous colonoscopy. Nevertheless, our re-
ults suggest that a negative colonoscopy may also have
n important beneficial effect by itself, through alleviat-
ng unnecessary anxiety of patients who have had a neg-
tive colonoscopy.

A strength of our study is the very large number of
articipants who were recruited into this statewide study

n the screening setting. Our results, therefore, pertain to
ostly asymptomatic people. However, prior colonosco-

ies were conducted in the diagnostic rather than the
creening setting, as the latter was established, along with
ts strict measures of quality assurance, in late 2002 only.

ost likely, adenoma miss rates might be further re-
uced in the setting of an organized screening program.
Our study is limited by the fact that information on

revious colonoscopy (including the year performed and
hether or not polyps were detected) was based on self-

eports only. In a previous validation study from Ger-
any in which self-reported colonoscopies were validated

or Cancer) at Screening Colonoscopy According to Time

Prevalence ratio (95% confidence interval)

Adjusted for age and gender
Adjusted for multiple

covariatesa

1.00 (Ref.) 1.00 (Ref.)

0.90) 0.38 (0.16�0.91) 0.38 (0.16�0.90)
0.70) 0.33 (0.15�0.73) 0.34 (0.15�0.74)
0.89) 0.37 (0.16�0.89) 0.38 (0.16�0.90)
1.11) 0.59 (0.31�1.12) 0.53 (0.27�1.04)

ative, and smoking.
ma

Crude

Ref.)

0.16�
0.14�
0.16�
0.31�
y medical records, we found that a previous endoscopy



o
m
F
c
m
c
i
i
c
d
t
a
s

p
p
h
H
e
c
a
t
w
a
e
o
j
e
r

o
r
p
p
s
o
p
h
t
a
n
v

c
t
c
s
fl
i
s
q
c
b
i
e
e

b
a

1

1

1

1

1

1

1

1

1

1

2

C
LI

N
IC

A
L–

A
LI

M
EN

TA
R
Y

TR
A

C
T

March 2010 COLORECTAL NEOPLASMS AFTER NEGATIVE COLONOSCOPY 875
f the large bowel (which was a colonoscopy in the vast
ajority of cases) is almost always correctly recalled.27

urthermore, in about 95% of self-reported negative
olonoscopies, lack of polypectomy was confirmed by
edical records. Nevertheless, the remaining misclassifi-

ation of polyp detection may have led to erroneous
nclusion of some people with previous polyp detection
n the group of patients with a negative history of
olonoscopy in our study. As people with previous polyp
etection would be expected to be at higher risk than
hose with previous negative colonoscopy, the true risks
mong the latter may even be lower than observed in our
tudy.

Because of the observational nature of our study, the
ossibility of confounding requires attention. In particular,
eople undergoing repeat colonoscopy might be more
ealth conscious than those with no prior colonoscopy.
owever, both groups did not differ with respect to school

ducation, which tends to be strongly related to health
onsciousness. Although ever-smoking was less common
mong participants with previous negative colonoscopy
han in those without previous colonoscopy, the difference
as small, and adjustment for smoking in multivariable
nalysis did not have any appreciable impact on effect
stimates. Nevertheless, the possibility of confounding by
ther, unmeasured covariates cannot be ruled out, but ma-

or confounding by other risk factors, such as diet and
xercise, which have a modest impact on the risk of colo-
ectal neoplasms, seems unlikely.

Other potential limitations are related to the fact that
ur results pertain to prevalent rather than incident colo-
ectal neoplasms. By investigating colorectal neoplasms
revalent and detected at a screening colonoscopy, neo-
lasms that might have become clinically manifest before
creening colonoscopy could not be considered. On the
ther hand, not all of the detected cancers, and only some
roportion of the detected advanced adenomas, would
ave become clinically manifest during a lifetime. Never-
heless, inclusion of advanced colorectal adenomas may
lso be considered a strength of our study, as these are
ow considered to represent the primary target for pre-
entive colonoscopy.3

In conclusion, our finding of a very low risk of advanced
olorectal neoplasms after a negative colonoscopy even in
he very long run may be helpful to define optimal colonos-
opy screening intervals. The very low risk for distal CRC
hould be considered in screening recommendations for
exible sigmoidoscopy in particular, as 5-year screening

ntervals have been commonly recommended for this
creening modality in the past.3,4 Enhanced training and
uality assurance, as well as new technology, may be
rucial for further reducing adenoma miss rates at large
owel endoscopy and “interval neoplasms,”28 especially

n the right colon.29,30 Our analysis suggests that possible
xtension of screening intervals, which could strongly

nhance acceptance and cost-effectiveness of endoscopy-
ased screening and reduce its discomfort, might be
chieved while maintaining high levels of safety.
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