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Growth of colorectal polyps: redetection and
evaluation of unresected polyps for a period of
three years

B Hofstad, M H Vatn, S N Andersen, H S Huitfeldt, T Rognum, S Larsen, M Osnes

Abstract
Background, Aims, and Patients-In a
prospective follow up and intervention
study of colorectal polyps, leaving all
polyps less than 10 mm in situ for three
years, analysis ofredetection rate, growth,
and new polyp formation was carried out
in 116 patients undergoing annual colon-
oscopy. The findings in relation to growth
and new polyp formation were applied to
58 subjects who received placebo.
Results-Redetection rate varied from
75-90% for each year, and was highest in
the rectum and sigmoid colon. There was
no net change in size of all polyps in the
placebo group, however, polyps less than
5 mm showed a tendency to net growth,
and polyps 5-9 mm a tendency to net
regression in size, both for adenomas and
hyperplastic polyps. This pattern was
verified by computerised image analysis.
Patients between 50 and 60 years showed
evidence of adenoma size increase com-
pared with the older patients, and the
same was true for those with multiple
adenomas (four to five) compared with
those with a single adenoma. The new
adenomas were significantly smaller and
71% were located in the right side of the
colon. Patients with multiple adenomas
had more new polyps at all the follow up
examinations than patients with a single
adenoma. One patient developed an
invasive colorectal carcinoma, which
may be evolved from a previously over-
looked polyp. Two polyps, showing intra-
mucosal carcinoma after follow up for
three years, were completely removed, as
judged by endoscopy and histological
examination.
Conclusions-The results show that follow
up of unresected colorectal polyps up to
9 mm is safe. The consistency of growth
retardation of medium sized polyps
suggests extended intervals between the
encoscopic follow up examinations, but
the increased number ofnew polyps in the
proximal colon indicates total colon-
oscopy as the examination of choice. The
growth retardation of the medium sized
polyps may partly explain the discrepancy
between the prevalence of polyps and the
incidence of colorectal cancer.
(Gut 1996; 39: 449-456)

Keywords: colorectal polyps, redetection, growth,
recurrence.

Most colorectal cancers are believed to arise in
pre-existing adenomas, possibly through an
accumulating succession of genetic events.1
From the small initial polyps a growth phase
over many years is probable before malignant
transformation may occur.2 In addition to the
importance of new polyp formation, the
growth rate of colorectal polyps may be of
considerable interest, as the risk of malignancy
in colorectal adenomas increases with size,
especially in polyps more than 1 cm in
diameter.2 3

In a prospective intervention study ofgrowth
of colorectal polyps over three years, polyps
less than 10 mm in maximal diameter were left
in situ.4 Redetection rate, growth, and new
detected polyps were evaluated at the first year
follow up examination.5
The purpose of this study was to evaluate

whether the macroscopic growth pattern
during the first year could be verified during
the second and third year. In our previous
report5 we were neither aware of the histo-
logical classification of the polyps, nor did we
know which intervention medication the
patients used. In this study we wanted to
evaluate growth and new polyp formation only
in the adenomatous polyps in the patients
using placebo, to avoid a possible effect of the
intervention medication. Moreover, as this is
the first study leaving polyps more than 5 mm
in situ, we also needed to assess the safety
aspect and the feasibility of such a study after
completion.

Methods

Study subjects and design
The total study included 116 patients (male/
female 59/57) aged 50-76 years at entry.4
Polyps .10 mm were removed, while the rest
were left in situ for a follow up period of three
years with annual colonoscopic follow up
examinations or removed if they reached a size
beyond 9 mm. No biopsy specimens of the
polyps were taken before the end of the study.
The patients received placebo or a mixture
consisting of calcium and antioxidants, strati-
fied according to the size of the polyps and
block randomised, to test if the active medi-
cation was able to reduce polyp growth.4
Placebo was given to 58 patients. Included in
the intervention trial (published later) was
a medical and family history, which showed
that non-steroidal anti-inflammatory drugs
(NSAIDs) and aminosalicylic acid were used
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regularly by only two patients using placebo,
and that none of the 116 patients included in
the whole study had more than one first degree
relative with colorectal cancer.

A measuring probe with 1 mm grading
(polyprobe) inserted through the endoscope
was applied to measure the maximal diameter
of the polyps. As previously reported,4 the
following variables were noted for each polyp
at each endoscopic follow up examination: the
size, the segmental localisation, and the dis-
tance from anus, the polyp characteristics and
the relation to intraluminal structures. The
base of the polyps were judged as either sessile,
broad stalked or pedunculated and the body as

round or elongated. Photographs with the
measuring probe in position were taken for
each polyp at each follow up examination. At
the follow up examinations all previous data,
except the diameter readings and the pictures,
were available. Polyps were considered as

redected when discovered at one examination
and subsequently detected at the next
examination.
The annual follow up examinations were

scheduled to be performed within 12±1
months after the prior examination and were

carried out by one investigator. At the final
follow up examination all polyps were removed.
In general, polyps 5 mm or more in diameter
were removed by snare resection (n=96) and
the smaller by hot biopsy (n=404).

Computerised image analysis
All images of the polyps were subjected to
computerised analysis, as described.6 Briefly,
the images of the polyps with the measuring
probe in position were visualised on a PC
monitor by a videocamera. Drawing the mm
unit and the periphery of the polyp on the
screen with a light pen, the computer calcu-
lated the area of the polyp on the picture, the
length of the polyp, the maximal width 90
degrees on the length, and the maximum
distances from the centre of gravity. To make
approximated volume analysis these variables
were combined in the following way (a) polyp
areax (length+width)/2, (b) polyp areax
(maximum+minimum distance from centre of
gravity to the edge of the polyp)/2, and (c)
(length+width) to the third power. As a

measure of the oval shape width/length was
calculated.

Histopathological diagnosis
All polyps removed were evaluated by one

experienced histopathologist with special
interest in gastroenterological pathology, and
classified according to WHO's criteria.7
Dysplasia was divided into low grade and high
grade according to cellular characteristics.
Invasion ofthe lamina propria, but not through
the muscularis mucosa, was termed intra-
mucosal carcinoma. With more than 20%, but
less than 70% villous structures, an adenoma
was termed tubulovillous. Non-neoplastic
polyps included hyperplastic polyps and
mucosal tags.

A sample of 65 polyps randomised within six
different histological groups were selected for
reproducibility testing.

Statistical methods
Except for frequencies, all results are expressed
as mean values (95% CI) constructed by the
Student procedure.8 All tests used in this
analysis were carried out two tailed with a
significance level of 5%. Comparison of groups
regarding frequencies were carried out by
categorical data analysis. Kappa was used as a
value for intraobserver agreement of histo-
logical evaluation.8

Ethics
The study was approved by the regional ethical
committee. Written and oral information was
given to all and oral consent required.

Results

Patients and polyps atfollow up
Table I shows the patient attendance, the
completeness of the colonoscopies, and colon
cleansing. In the patients without a total colon-
oscopy at inclusion, no polyps were found
proximal to the most proximal polyp at a later
complete colonoscopy. Only 11 of 116 patients
did not attend the final follow up examination,
of whom five were dead, two had completed
the study after two years, and one had moved.
A total of 303 polyps were discovered in the
116 patients at inclusion, and 44 of these
polyps had to be removed because of the size
(>10 mm in diameter). Another six polyps had
to be removed for the same reason at the first
and second year follow up examination, two of
them were follow up polyps, both receiving
active medication. At the end of the study 448
polyps (256 adenomas) were removed in 104
patients (Table II). The mean number of
polyps per patient at each follow up examin-
ation were 2-6, 3 0, and 4.3 respectively (1A4,
1.6, and 2.4 for adenomas). Ofpolyps less than

TABLE I Percentage ofpatients attending the yearly
colonoscopic follow up, with complete colonoscopies and with
good bowel preparations in the total material

Inclusion First Second Third
year year year

Patients investigated (/o) n= 116 89 87 91
Complete colonoscopies (%) 90 88 92 99
Good colon cleansing (%) 77 65 75 79

TABLE II Number of redetected, not redetected, and newly
discovered polyps at each yearly colonoscopic follow up in
the total material. A total of303 polyps were discovered at
inclusion in 116 patients. Forty four polyps .10 mm in
diameter were removed

Polyps Endoscopic follow up examination

Firstyear Second year Thirdyear

Redetected 176 222 330
Not redetected 48 75 55
New 84 83 118
Total 308 380 503
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p = 0-032 p < 0*001

First year Second year

pcO l001

M All polyps
M Rectosigmoid polyps
M Polyps proximal

to sigmoid colon

p m 0.045

Third year 0-third year

Follow up time
Figure 1: The redetection of all polyps (%) at each controlfor all polyps andfor the polyps proximal and distal to the
sigmoid/descendic junction. The X2 p values between redetection for the distal andproximal polyps are indicated at the top of
the columns.

5 mm approximately 90% were considered
sessile and 75% round. About 50% of the
polyps 5-9 mm were sessile, and 45% were
round. In the right side of the colon compared
with the left side significantly more polyps 5-9
mm in diameter were sessile (p<0-001) and
elongated (p<005). At inclusion, seven of 58
patients receiving placebo had only hyper-
plastic polyps, 29 patients had one adenoma,
17 patients had two to three adenomas, and
five patients had four to five adenomas. There

Figure 2: Photographs oftwo polyps followed up, as examples of increasing (A) and
regressing (B) polyps: (A) shows a polyp increasing 2 mm in diameter in three years, and
(B) a polyp regressing 2 mm in diameter in three years. A measuring probe is placed
alongside the polypfor assessment of diameter. Each white and black grading is 1 mm.

was no relation between age or family history
of colorectal cancer and multiplicity of
adenomas.
One patient developed an invasive colon

cancer during the three years of follow up. In
this patient, a polyp in the ascending colon was
removed at inclusion, however, a sample for
histological examination was not obtained. No
polyp or neoplastic remnants were found in the
right colon at the first year examination. An
asymptomatic 3 cm large invasive adeno-
carcinoma was detected in the ascending colon
at the second year examination (Dukes's B).
The patient did well after the operation, but
died suddenly a year later after an episode of
chest pain, before the final examination. A
necropsy was not performed. Another eight
patients developed cancer during follow up,
two of them with liver metastasis from a
colonic cancer resected prior to inclusion in the
study and no signs of local recurrence. Six
patients developed extracolonic cancer, of
whom three died from their malignancy in the
study period.

Histopathological diagnosis
Ofthe 494 polyps in the total material removed
and evaluated histologically during the study,
62% were adenomas, and 30% hyperplastic
polyps. At inclusion, adenomas were found in
510% of polyps less than 5 mm, in 810% of
polyps 5-9 mm, and in all polyps more than
9 mm. A total of 80 patients (76%) had at least
one polyp followed up, that proved to be an
adenoma on removal. Only two polyps that
were followed up displayed intramucosal
carcinomas at resection. High grade dysplasia
were found in four polys and tubulovillous
pattern in two polyps after follow up. The rest
of the adenomas showed a regular tubular
pattern with low grade dysplasia (n= 194).
The tests on reproducibility showed a 73%

complete intraobserver agreement with a

100k-

to

0
0C

10

10

90

80

70

60

50

40

30

20

10

o

451



Hofstad, Vatn, Andersen, Huitfeldt, Rognum, Larsen, Osnes

20-

15-

CL 10

5

0
-3 -2 -1 0 1 2

Change in diameter (mrr
Figure 3: Change in diameter of 68 adenomas i;
patients takingplacebo for a period of three year

kappa of 0-66 (six histological group
was no disagreement in the sepa
neoplastic and non-neoplastic polys,
differences in the judgement of
dysplasia.

Redetecedpolyps
A high percentage of the polyps
detected at each follow up examinatic
with a reduction rate ranging from 71
Table II shows the multiplicity of
each examination. The redetection w
cantly better in the rectum and sigmi
than in the more proximal segments
follow up examinations (p<0 05) (Fi
was true both for polyps less than 5
5-9 mm in diameter. The percentage
less than 5 mm in diameter not r
ranged from 11 to 24% in the left s
colon to 14-46% in the right s
percentage of polyps 5-9 mm in dia
redetected ranged from 4-9% on th
and 10-24% on the right side. '1
diameter of the polyps that were
detected, was significantly smaller
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Figure 4: Change in diameter of 68 adenomas in 40 patients takingplacebo aft
observation period of three years, in relation to the initial size of the polys. The s

presented asflower diagram in which each line emanatingfrom a point represen
overlap. Non-overlapping registrations are presented as triangles. Regression lin
confidence limits are drawn.

detected polyps (p<0.01) at all the annual
follow up examinations.

Change in polyp size
The analysis in this section is based on patients
taking placebo (n=58). After three years
observation 17 (25%) of all the adenomas were
unchanged in size, whereas 27 (40%) displayed
growth (Figs 2A and 3) and 24 (35%/o)
regression or shrinking in size (Figs 2B and 3).
There was a tendency for growth in the smaller
polyps, while the larger polyps showed a
reduction in size (Fig 4). This tendency could

WM/ also be seen in the redetected polyps from the
3 4 first to the second and from the second to the

third year of re-examination, with a significant
difference in growth between the groups of

rs 40 polyps less than 5 mm and 5-9 mm in diameter
from the second to the third year and from
inclusion to the third year of re-examination. In

is). There the adenomas the same pattern was observed
ration of for all the endoscopic follow up examinations
but some (Fig 5), also reaching statistical significance
degree of from the second to the third year. Moreover,

the hyperplastic polyps showed a similar
pattern, significantly different from the first
year to second year of re-examination (p<0 05)
(Fig 6). There was a tendency to increased

were re- growth in the adenomatous polyps in the
in (Fig 1), younger age groups reaching significance from
5 to 90%. inclusion to the third year and from the first to
polyps at the second year of re-examination (Fig 7).
ras signifi- Moreover, in the patients with four to five
oid colon, adenomas at inclusion the polyps showed larger
at all the growth than the polyps in the patients with only

Lg 1). This one or two to three adenomas (Fig 8). There
mm and were no differences in polyp growth between
of polyps the sexes (p=0.24-0.87).
redetected A total of 88% of the polyps were photo-
.ide of the graphed at inclusion and at the follow up
;ide. The examinations. The polyp area was calculated
meter not by computerised analysis. As for the diameter
Le left side readings, similar differences in mean area
The mean growth between the adenomas less than 5 mm
not re- and those 5-9 mm were seen (Fig 9). The
than re- difference in mean change of polyp area be-

tween polyps less than 5 mm and 5-9 mm did
not reach significance at any follow up interval.
Almost identical patterns were seen combining
the other computerised values to make an
approximate volume or mass estimation. There
was no significant change in the shape of the
polyps.

In the total study nine polyps (eight
A adenomas and one hyperplastic polyp) in-

creased beyond 9 mm in diameter after one to
three years of observation, of which six were
removed at the end of the study. None of the
adenomas in the placebo group were removed
before the end of the three year follow up. In
addition, 24 polyps increased beyond 4 mm in
diameter, ofwhich 13 were adenomas.

-l------- Two polyps that had been followed up for
9 10 three and one year, respectively, were found to

be intramucosal carcinomas on removal. One
reran regressed from 9 to 7 mm in diameter over
scatterplotis three years, while the other increased in size
ts an exact from 8 to 11 mm in diameter in one year before

removal. Another four tubular adenomas with
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Figure 6: Mean change in diameter of the hyperplastic polyps (95% CI) in the patients

taking placebo at each yearly endoscopic follow up andfrom inclusion to the three year

control (0-3 years) for the polyps <S mm (n=7-23) and the polyps 5-9mm in diameter

(n=S-7). The pvalues for the differences between growth of the smaller and larger polyps
are indicated on top.

rNew polyps
All the analysis in this section is also based on

Ipatients taking placebo (n=58). From 19% to
31% of all the adenomas discovered at each
annual follow up examination were considered
as new. Of the 258 polyps removed, 23 at
inclusion and 235 at the end of the study, 144
(560/) had been discovered at the follow up
examinations after inclusion. A total of 86% of
the patients had at least one new polyp during
the three years and 75% had at least one new
adenoma. The newly discovered polyps were
significantly smaller than the average size at
inclusion (p<0.001). They were also more
frequent in the proximal part of the colon
(71%) than the polyps discovered at inclusion
(38%) (p<0-05). For all the annual follow up
examinations and from inclusion to the third
year of examination, there were more new
adenomas among those with more than four to
five adenomas at inclusion (p<0OO01), than
those with one adenoma, reaching significance
from inclusion to the first year of examination,
and from inclusion to the third year (Fig 10).
There were more new adenomas among
patients .60 years of age than those <60 years
(p=0.05). No differences were found between
the sexes.

Discussion
The follow up of polyps in situ, including

vo repeated evaluation of size, is connected with
m several methodological problems. We have
rig previously shown that this method is reliable'
:1 and that the measurement readings are similar

using either fibreoptic endoscope or video-
endoscope.' Because the whole study relies
entirely on these measurements, we have
added the two dimensional area measurements

] of the polyp by computerised picture analysis
j to confirm the results.

In a previous study, measuring only polyps
less than 5 mm, the authors suggested that
most polyps of this size assumed the shape of
a half sphere, and applied a formula for this to
calculate the change in polyp mass.10 This
amplifies the growth changes to the third
degree. Hence, a mean of 16% (0.5 mm)
increase in diameter from 3. 1 mm, resulted in
an increased mass of 53%. However, as this
suggested shape may be true for most of the

- smaller polyps, no apparent unified shape can
be applied for the larger polyps 5-9 mm in

P diameter. An approximate calculation of the
mass for many of the oval or irregular polyps
in this size range would require at least two
measurements for each polyp. We have several
polyp measurements applying computerised
image analysis, but this method correlates less
well to the mass or volume of the polyp,6
possibly owing to technical problems in getting
the polyp and measuring probe in correct
position. Also in this study the changes in mass
would be expected to be even more
pronounced than the linear differences
presented.
Whenever there were multiple polyps within

one colonic segment, a major problem was to
decide which polyps were redetected and
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Figure 7..: Mean change in diameter of the adenomas (95% CI) in the patients taking

placebo at each yearly endoscopic follow up andfrom inclusion to the three year control

(0-3 years) for patients in age groups 50-59 years (n 10), 60-69 years (n=34) and

.70 years (n= 14). The p values for the differences between growth of the polyps in the

youngest and oldest age groups are indicated on top

which were new discoveries. We had several
data available for each polyp (location, con-
figuration, and size measurements) at each
endoscopic follow up examination, including a
picture, to aid in the final decision at the end
of the study. In this respect, it was beneficial
to have the two intermediate recordings, in

5..P _H.3' P .4 i .,a :oIusion0

p.0.Q23 p im0-;2 Ip.-0.05 p.0O0S

1

Second-third 0-third y cr:

Figure 8: Mean change in diameter of the adenomas (95% CI) in the patients taking
placebo at each yearly endoscopic follow up andfrom inclusion to the three year control
(0-3 years) forpatients with one adenoma (n=29), two to three adenomas (n= 17), and
four tofive adenomas (n=5) at inclusion. The p valuesfor the differences between those
with one initial adenoma and those withfour tofive are shown.

addition to the initial and final one. Our experi-
ence is that photographs of the polyps are of
great value and should always be included in
future studies on polyp growth. In the analysis
from the first year examination, we found a
complete agreement between the two
recordings of the polyps in 79% of the cases.5
The growth of polyps less than 5 mm in

diameter is in agreement with a previous
study,10 in which growth of polyps less than 5
mm was followed up for a period of two years.
The consistent tendency to a net reduction in
size of polyps 5-9 mm in diameter at all the
follow up examinations is puzzling, as an in-
creasing growth in the larger polyps with a
presumably higher malignant potential might
have been expected. As proposed in our
previous paper, one explanation might be that
most polyps actually grow to a certain size of
5-9 mm in diameter before going into
spontaneous regression. This may emphasise
the importance of a proper control group in
intervention trials of this kind including inter-
vention with NSAIDsll and antioxidants.12 13
This might also partly explain the large
discrepancy between the prevalence of polyps
and the incidence of colorectal cancer. The
determination of the final growth pattern of
polyps, however, requires a much longer
observation period than three years. Neverthe-
less, the moderate tendency to net regression
of moderate sized polyps in this study was a
constant finding for all the three years. That
both adenomas and hyperplastic polyps
regressed, as has been seen in two previous
studies, ° 14 may lead to speculations of circu-
latory insufficiency or that important pro-
motors are necessary for further growth in
addition to the initiating factors. Neither this,
nor any of the previous studies, give any direct
evidence as to whether the regressing polyps
continues to shrink away and disappear. How-
ever, we did observe in several cases of small
polyps showing regression, that the polyps
shrunk to a small size of 2 mm and was not
observed or redetected at the next examin-
ation. The new polyps were more often
detected in the right than in the left part of
colon compared with the initially detected
polyps, in agreement with a previous report.'5
This may be in accordance with the described
age shift in distribution of polyps from a
preponderance of distal polyps in the younger
age groups to proximally located polyps in the
older age groups.16

In accordance with previous studies'7-26 we
could demonstrate an increased tendency to
newly detected polyps in those with multiple
polyps initially. That this tendency seems to
continue after the first examination, indicates
a true increase in new polyp formation and not
just a larger number of overlooked polyps.

Overlooking polyps is a considerable and
unavoidable problem in colonoscopic studies,
and may partly explain the reported dis-
crepancies in polyp recurrence studies.18 20 A
miss rate of 16-27% of polyps <5 mm in
diameter and 5-17% of polyps 6-9 mm in
diameter has been reported in prospective
repeat colonoscopy studies both by the same
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Figure 9. Mean change in adenoma area (95% CI) by computerised analysis for the
patients taking placebo at each yearly endoscopic follow up andfrom inclusion to the three
year control (0-3 years) for the polyps <5 mm and the polyps 5-9 mm in diameter. The
difference in growth between the smaller and larger polyps is not significant at any follow up
interval.

and different endoscopists.27-29 A repeat
colonoscopy within a short time, would reduce
the number of overlooked polyps at inclusion
in our study, but was considered a too heavy
burden on the patients, who were scheduled
for annual endoscopic follow up colon-
oscopies, diet registration, and intervention
medication.
For the histopathological diagnosis, there

was a complete intraobserver agreement with
regard to neoplasic and non-neoplastic polyps.
The variation in the judgement of degree of
dysplasia in adenomas has also been shown in

8 Number of
adenomas

7- at inclusion

.5-
p 0-0001 p 0.16 p 0.07

1
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a previous study both for the same and differ-
ent pathologists,30 indicating that a large part
of the evaluation is based on opinions. In our
study there were too few polyps with high grade
dysplasia or tubulovillous structure, to permit
statistical analysis on these subgroups. Hence,
the discrepancies are of no importance for our
results of growth and redetection rate.
We did not perform biopsies of the polyps

prior to the final resection. A biopsy of polyps
may change the growth pattern, affect the
dysplasia in adenomas, and reduce the mass
considerably. Moreover, high grade dysplasia
or invasive malignancy, which could be the
most important findings to detect, is unevenly
distributed and might not have been included
in a random biopsy.
The safety aspect of not removing polyps up

to 9 mm in diameter in this study needs to be
evaluated. As practically no polyps less than 5
mm are malignant,3 invasive cancer may be
found in 0 5-0.9% of polyps from 5 to 10 mm
in diameter.3 31 Two polyps that were followed
up in our study for one and three years,
respectively, were diagnosed as intramucosal
carcinomas on removal. In addition, four
polyps that were left for follow up, showed high
grade dysplasia after polypectomy. All six
polyps were radically removed, judged by
histology and endoscopy, with no signs of local
recurrence at later follow up. One patient
developed an asymptomatic invasive carci-
noma (Dukes's B) at the second year examin-
ation, but this was not caused by a polyp being
left behind. It might have evolved from a polyp
that was removed in the same region at
inclusion, but lost to histological examination.

In conclusion, our three years of follow up
study of colorectal polyps has shown that
leaving polyps up to 1 cm in diameter in situ
for research, may be considered safe, in terms
of avoiding development of invasive carci-
nomas, provided that annual endoscopic
follow up examinations are carried out. We
have confirmed our experience from the first
year examination5 that the redetection of
polyps left unresected was high, especially in
the rectum and sigmoid colon. We have also
confirmed that polyps less than 5 mm showed
a tendency to growth, while the polyps 5-9 mm
showed a tendency to reduction in size, a
difference seen both for adenomas and hyper-
plastic polyps. The regression ofmedium sized
polyps may lead to a less aggressive attitude
toward colorectal polys. However, the fact that
the new polyps appear more often in the
proximal colon, does not lend support to the
view that sigmoidoscopy alone is a satisfactory
method for follow up of these patients. The
regression of the medium sized polyps may
partly explain the discrepancy between the
prevalence of polyps and the incidence of
colorectal cancer.

This study was supported by Hydropharma a/s and The
Norwegian Cancer Society.
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