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ABSTRACT

Background & aims
Recently, American and European guidelines suggest that complete endoscopic 

resection of polypoid dysplasia in long-standing colitis (adenomas; adenoma-like 

mass, ALM) with close endoscopic follow up is an acceptable strategy. The cancer 

risk following detection of flat low grade dysplasia or DALM is estimated at 14 

cancers /1000 years patient follow up. However, the risk for polypoid dysplasia has 

not been determined with precision.

Methods
To determine the risk of cancer following endoscopic resection of polypoid 

dysplasia in ulcerative colitis. MEDLINE, EMBASE, PubMed and Cochrane library 

were searched. Studies had to include colitis patients with polypoid dysplasia 

resected, report of colonoscopic follow-up and cancers detected. Outcomes from 

included articles were pooled together to give a single combined estimate of 

outcomes using Poisson regression. The study is reported according to MOOSE 

recommendations.

Results
Of 425 articles retrieved, 10 studies were included, involving 376 patients with 

colitis and polypoid dysplasia, who underwent 1704 years of follow up. A median 

of 2.8 colonoscopies per patient were performed after the index procedure (range 

0-15). The pooled cancer incidence was 5.3 (95% CI 2.7-10.1)  per 1000 years patient 

follow up, with no evidence of heterogeneity or publication bias. The pooled rate 

of any dysplasia was 65 (95% CI 54-78) per 1000 patient years.

Conclusion
The risk of developing colorectal cancer following resection of polypoid dysplasia 

in colitis is low, providing support for the current strategy of resection and 

surveillance. The rate of developing any form of dysplasia is 10-fold higher than the 

CRC rate, necessitating close endoscopic follow up of patients where this strategy 

is undertaken.
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INTRODUCTION

Individuals with long-standing ulcerative colitis (UC) have an increased risk for 

developing dysplasia or colorectal cancer (CRC). 1-5 CRC accounts for approximately 

10%-15% of all deaths in patients with ulcerative colitis6 and the CRC risk in long 

standing ulcerative colitis is globally estimated to be two to five times higher  

than in the general population of the same age group.4 This increased risk is  

related to many factors but consistently relates to the duration and extent of 

disease.7,8 

Development of CRC in (post) inflamed colonic mucosa is assumed to derive from 

previous dysplasia. It is expected that it initiates with mucosa without dysplasia, 

to low-grade dysplasia (LGD), to high-grade dysplasia (HGD), and eventually 

carcinoma.9 Others suggest that not all CRC is preceded by this sequence, but 

could derive directly from LGD.10 Therefore, LGD has been considered as the 

definitive interventional point where prophylactic colectomy for colorectal cancer 

in chronic UC can be considered.  For patients with HGD, colectomy is nearly always 

recommended, because the risks of harbouring a synchronous adenocarcinoma 

as well as the risk of progression with time is significantly elevated.11

Colitis-associated intraepithelial alterations may occur in flat mucosa of 

endoscopically apparently normal appearance or may arise as dysplasia associated 

lesion or mass (DALM), which may be indistinguishable from sporadic adenomas 

in healthy or in non-colitis mucosa.12

Debate about the diagnosis and prognosis of raised dysplastic lesions in ulcerative 

colitis continues with limited agreement for classification even amongst experts.13-16 

Various attempts have been made to categorise such lesions endoscopically or 

histologically into “adenoma-like masses” (ALMs) or DALMs.12,14,15 

Recently new terminology was published concerning the “ALM-DALM” definition: 

raised lesions with dysplasia (RLD), with a subdivision of adenoma-like RLD (the 

former ALM) and non-adenoma-like RLD (the former DALM). Non-adenoma-like 

lesions include velvety patches, plaques, irregular bumps and nodules, wart-like 

thickenings, stricturing lesions, and broad-based masses,17,18 and are not usually 

difficult to remove by polypectomy. Distinction between adenoma-like RLD and 
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non-adenoma-like RLD is made on endoscopic appearance. Histological features 

may be helpful, although both types of lesions may appear identical.

In 2007 Thomas et al. estimated in a meta-analysis that flat LGD has a positive 

predictive value of 22% for harbouring concurrent CRC and 15% for progression to 

any advanced lesion.19 The estimated risk of CRC developing during surveillance for 

this cohort was 14 (95% confidence interval 5-34) per 1000 years patient follow up.

Recent North American and European guidelines 20-22 suggest that complete 

endoscopic resection of polypoid dysplasia in colitis (adenomas; adenoma-like 

mass, ALM) with close endoscopic follow up is an acceptable strategy. However 

the risk of developing CRC after polypoid dysplasia detection has not been 

determined with precision, with the literature reporting studies with risk rates of 

zero to 14 cancers per 1000 years patient follow up with wide confidence intervals. 

This meta-analysis focuses on the CRC risk following resection of polypoid dysplasia 

in long-standing ulcerative colitis to reach an estimate of the future risk of CRC 

with narrow confidence intervals. This estimate will help guide discussions with 

patients regarding management strategies after resection.

 
AIMS AND METHODS

The aim of this meta-analysis was to determine the rate of development of CRC in 

patients with long-standing ulcerative colitis who have had a polypoid dysplastic 

lesion resected and subsequently undergo colonoscopic surveillance. 

Identifications of studies
Data selection was performed under supervision of an Oxford University librarian. 

OvidSP, MEDLINE (1966 to February 2012) and EMBASE (1986 to February 2012) 

were searched, using the keywords ‘ulcerative colitis’, ‘dysplasia’ OR ‘cancer’, and 

‘colonoscopy’ AND ‘surveillance’. PubMed was searched in addition for the most 

recent articles over the past year (February 2011 to February 2013). The Cochrane 

library was searched for any relevant review. There was no language restriction. 

Conference abstracts were not considered due to difficulty in extracting robust 

data.
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A further selection was made on the abstract content of the selected titles. 

Subsequently reference lists of the original articles and relevant review articles 

were scrutinized to identify studies missed on the initial search. The studies to be 

included in the analysis were reviewed un-blinded by 3 authors (LW, JEE, BP). 

Inclusion criteria
Follow-up studies in which study population (histologically proven UC and defined 

polypoid lesions: adenomas; adenoma like massses (ALM); adenoma-like RLD;  

Paris classification 0-I lesions, polypoid DALMs, pedunculated, and raised lesions 

which were removed by polypectomy), follow-up and outcomes (CRC, HGD or 

DALM at colectomy and/or surveillance) were clearly defined and documented, 

were included in the analysis.

Exclusion criteria
The following types of studies were excluded from the analysis:

I.  Studies with data only on CRC in colitis

II.   Studies focused on only flat LGD as primary outcome (defined as 

endoscopically normal mucosa or non-polypoid lesions)

III.   Studies with inadequate follow-up data (outcome data in the subgroup of 

patients with polypoid dysplasia during follow up to at least CRC was not 

documented in the studies)

Assessment of methodological quality
This study was performed according to the Meta-analysis Of Observational Studies 

in Epidemiology (MOOSE) recommendations.23 Since all of the included studies 

were observational in nature, their quality and risk of bias was assessed using the 

Newcastle-Ottawa scale24, shown in online Appendix A.

Data extraction
A data collection form was developed to extract any relevant information from each 

selected study based on that of Thomas et al19 (online Appendix B). Two authors 

(LKW, BP) read each paper blinded and extracted data, using the predefined review 

form. Where there was discrepancy, a third reviewer (JEE) assessed the study to 

achieve consensus.
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Main outcome measurements
I.  Risk of CRC after resection of polypoid dysplasia (primary outcome measure)

II. Risk of CRC or HGD after resection of polypoid dysplasia

III.  Risk of any dysplastic lesion (tubular adenoma, tubulovillous adenoma,villous 

adenoma, flat (random biopsy only detected) dysplasia, DALM, HGD or CRC) 

after resection of polypoid dysplasia

Follow up time was calculated by multiplying the mean or median follow up time 

report in the study by the number of patients included.

Statistical analysis
The aim of pooling the results from several studies in order to give a single, 

combined estimation of the outcomes was complicated by the non-occurrence 

of the primary outcome measure (CRC) in half of the studies. This means it was not 

possible to calculate the standard error, and as a result the confidence interval, for 

these studies. Thus traditional methods of pooling data could not be used without 

some adjustments.

Two different approaches were used. The first calculated the pooled estimate of 

the rate of each outcome from all studies combined using Poisson regression. This 

was done by fitting a model with a constant term only. The pooled rate was the 

exponential of the calculated constant value.

A second set of analyses attempted to use more traditional meta-analysis type 

methods by adding on a constant to those studies where no events were 

observed. A constant of 0.5 was added to the total number of events, and a similar 

sized constant was added to the total number of years at risk.25 It is noted that 

given the low event numbers, adding a constant necessarily inflates the cancer 

estimate in this analysis. Meta-analysis methods were then used to pool the data 

from the different studies. The analysis was performed on the log rates (rather 

than the rates themselves). Random-effects meta-analyses were used regardless 

of heterogeneity between studies. 

Potential publication bias was examined by Funnel plots. Heterogeneity was 

examined by the Q statistic and the I2 statistic.26      
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Further analyses were performed to investigate the risk of bias including excluding 

smaller studies with less than 25 patients, and studies which included patient with 

Crohn’s disease, as well as analyses which considered length of follow up and 

study period on risk estimates.

 
RESULTS

From the initial keyword search, 425 articles were selected and one Cochrane 

review. The Cochrane review did not contain any includable data not obtained 

from the original articles. Out of the 425 head titles, 265 articles were selected. A 

second selection was made on abstract content, where 49 articles were further 

reviewed. These selected articles were scrutinized in depth. Forty-two studies did 

not meet the predefined inclusion or exclusion criteria. Finally seven articles were 

selected. From these articles the reference lists were analyzed and three additional 

articles were (figure 1).

Figure 1 Search strategy for identifying studies to be included in the meta-analysis
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Overall analysis
This study analyzed 10 articles including 376 patients with IBD who had resected 

polypoid dysplasia and follow up. 322 patients were definitely diagnosed with 

ulcerative colitis and 6 with Crohn’s disease 27, the distribution of diagnoses for  

48 patients in one study remained unclear.28 Seven out of ten studies were 

performed in the United States, the other three studies in Canada, Israel and 

Germany (Table 1).

Table 1 Outcome data of included articles including patient follow up and progression to dysplasia or CRC
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Blonski(29) 2008 US 6 459 3.6 0 0 0

Goldstone(30) 2011 US 89 3337.5 4 4 7 7

Jess(27) 2006 US 18 2008.8 2 0 0 7

Kisiel(31) 2012 US 77 3957.8 1 1 1 33

Medlicott(32) 1997 Canada 6 518.4 8.5 0 0 1

Odze(33) 2004 US 28 2212 4.4 1 1 19

Pekow(34) 2010 US 12 864 3 1 1 3

Rozen(35) 1995 Israel 5 120 1.2 0 0 3

Rubin(28) 1999 US 48 2361.6 2.1 0 0 23

Vieth(36) 2006 Germany 87 4611 UK 2 2 4

Total - - 376 20450.1 2.8 (1-8.5) 9 12 100

US = United States, polypoid dysplasia = patients with polypoid dysplasia, FU = follow up, UC = ulcerative 
colitis, CRC = colorectal cancer, HGD = high grade dysplasia, UK = unknown

The average duration of colitis prior to the first detection of a polypoid dysplastic 

lesion was 15.7 years (range 0-57). Overall, an average of 2.8 (range 0-15) 

colonoscopies was performed per patient over a mean surveillance period of 54.4 

months (range 24-111.6). 

Overall nine colorectal CRCs developed in the study population during follow up. 

Most of the studies did not classify the tumor. HGD and/or CRC were found in 12 

patients and dysplasia of any type ‘all dysplasia’ was found in 100 (27%) patients.

Between 1975 and 2008 376 patients with IBD were included with a total follow 

up of 1704 years. The number of included patients with polypoid dysplasia ranged 

from 5 to 89 per study (Table 2). The mean age at diagnosis of polypoid dysplasia 
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was 59.7 years (range 27-84). In five studies (27;30;31;34) the presence of PSC was 

reported in a total of 15 patients.

Table 2 Study and Patient Demographics
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Inclusion 
period

1997 
2004

1994 
2006

1975 
2001

1994   
2004

1984 
1996

1990 
1995

1994 
2008

1976 
1994

1988 
1998

1988 
2002

Patients 6 89 18 77 6 28 12 5 48 87

Male UK UK 15 UK 3 UK UK 3 UK UK

Female UK UK 3 UK 3 UK UK 2 UK UK

UC 6 89 12 77 6 28 12 5 UK 87

CD 0 0 6 0 0 0 0 0 UK 0

5 ASA UK UK 8 60 UK UK UK UK UK UK

Azathio UK UK 2 UK UK UK UK UK UK UK

PSC UK 0 2 7 UK 1 5 UK UK UK

UC polyp UK 19.4 11.6 14.6 21.7 9.2 21.7 11.4 25.4 6.9

Age UK 59.2 56.1 62.2 69 61 48.7 63.2 56.6 61.2

FU UC 76.5 37.5 111.6 51.4 86.4 79 50.4 24 49.2 53

UK = unknown, UC = ulcerative colitis, CD = Crohn’s Disease, 5 ASA = 5 ASA use, Azathio = Azathiopurine use, 
PSC = primary sclerosing cholangitis, UC polyp = duration ulcerative colitis at polyp detection (years), age = 
age at polyp detection, FU UC = follow up ulcerative colitis after resection (months)

Table 3 represents the lesion characteristics found during colonoscopic surveillance. 

No study reported the use of chromoendoscopy to enhance detection. Four out of 

10 studies described the mean polyp size, ranging from 0.5 to 1.2 centimetres. Four 

studies (28;29;31-33) described where the lesion was located. Where the location 

of the lesion was described, 133 (55%) out of 244 lesions were located in the right 

colon, proximal to splenic flexure. Histopathology outcome was reported in five 

studies, with the most common type of pathology reported as tubular adenoma. 

DALM was reported in 6 cases. 

Risk of developing CRC following resection of polypoid dysplasia
The pooled CRC incidence was 5.3 (95% CI 2.7-10.1) per 1000 years patient follow 

up (Table 4).  Rates for CRC and HGD combined and all forms of dysplasia were 

7.0 (95% CI 4.0-12.4) and 65 (95% CI 54-78) per 1000 patient years respectively 

(Figure 2, see online appendix C for CRC/HGD and all dysplasia Forrest plots). Using 

traditional meta-analysis methods with an added constant of 0.5 the combined 

CRC rate was 8.7 (95% CI 4.9 -15.4); however this is likely to be a significant 
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overestimate as the addition of the constant dramatically increase the rate for 

some studies (see online appendix C for table and Forrest plots). Only five out of 

ten studies identified patients who developed CRC during follow up after resection 

of polypoid dysplasia (30;31;33;34;36).

Table 3 Lesion characteristics detected during surveillance colonoscopy after resection of polypoid dysplasia
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Polyp size 0.54 UK UK 0.5 0.98 0.79 UK UK 1.2 UK

Left colon UK 40 8 42 16 5 UK UK UK UK

Right 
colon

UK 49 10 43 8 23 UK UK UK UK

Adenoma UK UK 4 0 UK UK UK UK UK UK

TA UK UK 8 75 21 23 UK 7 UK UK

TVA UK UK 4 9 3 4 UK 3 UK UK

VA UK UK 2 1 0 0 UK 0 UK UK

CRC 0 4 0 1 0 1 1 0 0 2

HGD UK 3 0 0 0 0 0 0 UK 0

DALM UK UK 2 4 0 0 UK 0 UK 0

fLGD UK UK 2 28 1 0 2 0 0 0

LGD UK UK 3 UK 5 0 0 3 23 2

UK = unknown, polyp size (cm), Left UK = unknown, polyp size (cm), Left colon = number of lesions located 
distal to splenic flexure, Right colon = number of lesions located proximal to splenic flexure, TA = tubular 
adenoma, TVA = tubular villous adenoma, VA = villous adenoma, CRC = colorectal cancer, HGD = high grade 
dysplasia, DALM = dysplasia associated lesion or mass, fLGD = flat low grade dysplasia, LGD = low grade 
dysplasia

Table 4 Pooled estimates of CRC rate, CRC/HGD, and all dysplasia per 1000 years patient follow up following 
resection of polypoid dysplasia

Study CRC Rate
Estimate (95% CI)

CRC/ HGD
Estimate (95% CI)

All Dysplasia
Estimate (95% CI)

Blonski (2008)(29) 0.0 (0.0, 96.4) 0.0 (0.0, 96.4) 157 (58, 341)

Goldstone (2011)(30) 14.4 (3.9, 36.8) 25.2 (10.1, 51.9) 25 (10, 52)

Jess (2006)(27) 0.0 (0.0, 22.0) 0.0 (0.1, 22.0) 42 (17, 86)

Kisiel (2012)(31) 3.0 (0.1, 16.9) 3.0 (0.1, 16.9) 100 (69, 141)

Medlicott (1997)(32) 0.0 (0.0, 85.4) 0.0 (0.0, 85.4) 139 (51, 302)

Odze (2004)(33) 5.4 (0.1, 30.4) 5.4 (0.1, 30.4) 103 (62, 161)

Pekow (2010)(34) 13.9 (0.4, 77.4) 13.9 (0.4, 77.4) 42 (9, 122)

Rozen (1995)(35)   0.0 (0.0, 368.9)   0.0 (0.0, 368.9)  300 (62, 876)

Rubin (1999)(28) 0.0 (0.0, 18.7) 0.0 (0.0, 18.7) 117 (74, 176)

Vieth (2006)(36) 5.2 (0.6, 18.8) 5.2 (0.6, 18.8) 10 (4, 28)

Pooled value 5.3 (2.7, 10.1) 7.0 (4.0, 12.4) 65 (54, 78)
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Figure 2 Forrest plot showing rate of development of CRC per 1000 patient years follow up following 
resection of polypoid dysplasia

Publication bias
Publication bias was examined by Funnel plots (Figure 3). No evidence of 

publication bias was found for CRC outcomes (see online appendix C for funnel 

plots for CRC/HGD and all dysplasia).

Figure 3 Funnel plot for publication bias for CRC outcomes
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Heterogeneity
For the CRC rate the Q statistic was 6.0 with 9 degrees of freedom and an associated 

p-value of 0.74. The I2 statistic was 0.0%. For CRC/HGD rate the Q statistic was 10.9 

with 9 degrees of freedom and an associated p-value of 0.28. The I2 statistic was 

17.3%. For the all dysplasia rate the Q statistic was 45.4 with 9 degrees of freedom 

and an associated p-value of <0.001. The I2 statistic was 80.2%.

Influence of sample size
To assess for sample size bias an additional analysis was performed for large 

studies, defined as a study with 25 or more patients. Five studies were included. For 

larger studies the pooled cancer rate was 5.8 (95% CI 2.9-11.6) per thousand years 

of patient follow up. The CRC or HGD rate was 8.0 (95% CI 4.4-14.5) per thousand 

patient years, and the all dysplasia rate was 63 (95% CI 51-77) per thousand patient 

years (see online appendix C for table and Forrest plots).

Influence of Crohn’s disease
In two of the articles patients with Crohn’s disease were included. The 

following data revises the analyses to omit studies where patients with Crohn’s  

were included. For studies with only UC the pooled cancer rate was 6.7 (95%  

CI 3.5-12.9) per thousand years of patient follow up. The CRC or HGD rate was  

9.0 (95% CI 5.1-15.8) per thousand patient years, and the all dysplasia rate was  

60 (49-75) per thousand patient years (see online appendix C for table and Forrest 

plots).

Influence of follow up time
Both Poisson regression and meta-regression were used to examine the association 

with mean follow-up time. The size of effects are summarised in the form of 

ratios. The ratios represent the change in the rate of each outcome with a one-

year increase in average follow-up time. The ratio for development of CRC using 

Poisson regression was 0.70 (95% CI 0.40-1.21), p=0.20, and using meta-regression 

0.83(0.56-1.23), p=0.30.

The results suggest no strong evidence that the rates are affected by the length 

of follow-up time period. There is some suggestion from the Poisson regression 

results than the rate of CRC/HGD was lower when the follow up period was longer, 

but this result was only of borderline statistical significance (see online appendix 
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C for tables and graphical illustrations). None of the analyses suggest an increased 

rate with a longer follow-up period.

Influence of study period
Both Poisson regression and meta-regression were used to examine the association 

with study period. The years when patients were included in each study were 

taken as the midpoint of the start and end of the study. The size of effects are 

summarised in the form of ratios. The ratios represent the change in the rate of 

each outcome with a one-year increase in time.

The meta-regression approach suggested that none of the CRC rate, the CRC/HGD 

rate or all dysplasia rate varied with study time period; however, there was some 

suggestion that when the Poisson regression approach was used that that the CRC 

and CRC/HGD rates varied over time with a ratio for CRC of 1.21 (95% CI 0.98-1.51), 

p=0.08, and for CRC/HGD 1.29 (95% CI 1.04-1.60), p=0.02. (see online appendix C 

for table and graphical illustrations).

 
DISCUSSION

This is the first meta-analysis on CRC risk following resection of polypoid dysplasia 

in long-standing IBD. A total of 2.4% of patients developed CRC after an average 

follow up of 54 months. The pooled CRC rate was 5.3 occurrences per 1000 patient 

years follow up from 10 studies including 376 patients and 1706 years of patient 

follow up. The rate for any advanced lesion was 7 per 1000 patient years of follow 

up, and the rate for any dysplasia was 65 occurrences per 1000 patient years. 

There was no evidence of heterogeneity for the CRC risk estimate; however the ‘all 

dysplasia’ rate analysis did show heterogeneity, therefore this estimate should be 

treated with more caution. The distribution of lesions detected during surveillance 

was roughly equal between the left and right colon.

In 2007, Thomas at el19 published a comparable meta-analysis of CRC rate following 

detection of flat LGD or DALM  in chronic ulcerative colitis in seven studies with 

239 patients and 1521 years follow up. They reported a CRC rate of 14 per 1000 

patient years follow up and an incidence of any advanced lesion of 30 per 1000 

patient years. Compared to the outcomes reported in Thomas et al. for flat LGD 
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or DALM, we report the risk of developing CRC after an endoscopically resected 

polypoid dysplastic lesion is about one-third, and the risk of CRC or HGD about 

one-quarter. 

In a recent prospective study of 42 patients with longstanding colitis with polypoid 

or flat (biopsy only) LGD who had colonoscopic surveillance with a comprehensive 

biopsy protocol Zisman et al37 report 2 CRCs in a mean of 3.9 years of follow up. 

This equates to a rate of 12.2 CRCs per 1000 years patient follow up and 48.8 

episodes of CRC or HGD; however it is not possible to extract data on patients with 

resected polypoid dysplasia alone. A quarter of patients had PSC and almost half 

had multifocal LGD. Their rates appear comparable to that of Thomas et al. and 

may reflect the known risks of multifocal flat dysplasia and PSC. 

Hurlstone et al. reported a study in which resection of dysplastic lesion detected 

with chromoendoscopy was performed in colitis patients.38 No studies included 

in our meta analysis used chromoendoscopy. This study included lesions with 

both flat (Paris 0-II) morphology as well as polypoid (Paris 0-I); however all lesions 

were circumscribed. Using chromoendoscopy during colonoscopic surveillance 

no carcinomas were found during a mean follow up of 49.2 months (range 43.3-

62.5). Unfortunately the follow up per patient with polypoid dysplasia was not 

reported and so the results could not be included in the current meta-analysis, 

but the results are consistent with our estimate of low CRC risk, both when using 

chromoendoscopy or resecting flat circumscribed (Paris 0-II) dysplastic lesions.

Odze et al33 analysed both adenoma-like DALMs and sporadic adenomas in 

patients with longstanding ulcerative colitis, and sporadic adenomas in non-UC-

affected patients. They found a similar rate of adenoma-like polyp formation in 

all three groups. They therefore suggest that adenoma-like DALMs also could be 

considered risk equivalent to sporadic adenomas, consistent with the low risk rate 

for resection of polypoid dysplasia in the current analysis.

Recently a retrospective study using patient selection from pathology databases 

from The Netherlands was published showing an increased risk on developing 

an advanced neoplastic lesion after detection of an adenoma in patients with 

longstanding colitis.38 This study focused on advanced lesions and not on 

development of cancer alone, and therefore this study was not eligible for 
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inclusion in the analysis as cancer specific data could not be extracted for our 

primary end point. Besides this limitation the study included over one-third of 

patients with Crohn’s disease and indeterminate IBD or IBD unclassified, more than 

one third of lesions were not removed by polypectomy but biopsied instead, and 

“atypical adenomas” were included. The failure to remove lesions comprehensively, 

and inclusion of atypical lesions, and selection via databases may explain the 

relatively high rates of high grade dysplasia and cancer that they report in follow 

up compared to our results. This is borne out by a sub group analysis where 

“atypical” adenomas have an almost three fold increase in risk compared to more 

conventional polypoid dysplasia. 

This study has limitations and is potentially at risk of bias. In this meta-analysis 

all studies were cohort studies, the study quality was assessed according the 

Newcastle-Ottawa scale.24 To analyze data from the cohort studies, the Meta-

analysis Of Observational Studies in Epidemiology (MOOSE) recommendation 

were used to review the risk of bias.23 

Publication bias
Assessment of publication bias was performed by Funnel plot which showed 

no evidence of bias of CRC or CRC/HGD rates. For all dysplasia there may be a 

slight over representation of low rates of dysplasia for smaller studies. It is unlikely 

therefore that there has been significant selective publication.

Sample bias
Among the 10 included studies the cohort sizes ranged from five to 89 patients. A 

second analysis was performed with only the larger studies, defined as one with 

25 or more patients. The results were very similar to the overall analysis suggesting 

study size was not a significant bias is our estimate.

Selection bias
None of the studies was performed as a randomised controlled trial. All studies 

were cohort studies, without a control group. CRC risk in patients with polypoid 

lesions was not the primary outcome measure in all studies. Some studies focused 

mainly only polypoid dysplasia, while in others these lesions where only a subgroup.  

A major limitation in this study is in the studies no standardised terminology 

was used for description of morphology of the colonic lesions. Therefore the 
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search strategy was focused on dysplasia alone and manually “polypoid” lesions 

were selected. Next to “polypoid”, terms as “adenomatous”, “adenoma-like”, 

“pedunculated” and “raised” were accepted for inclusion.

Not all risk factors for CRC in longstanding colitis were determined precisely. Limited 

data was available about the drug therapy that the included population had 

taken. Only two studies27,31 reported medicine intake. A recent Danish population 

based study has shown5,40 that for patients with UC, the overall relative risk for CRC 

decreased from 1.34 in 1979-1988 to 0.57 in 1999-2008 possibly explained in part 

explained by the introduction of new medication treatments. Among patients 

with CD the overall RR for CRC did not change over time. 

Patient with ulcerative colitis and PSC are generally accepted as being at 

significantly increased risk of developing colorectal CRC compared to other UC 

patients20-22, an effect that is still seen even in population based studies.5 Only in 

half of the studies in this meta-analysis was the presence or absence of PSC for 

patients recorded. 

Intentionally only patients with longstanding ulcerative colitis and polypoid 

dysplasia were included, but during the search two relevant articles included 

patients with Crohn’s disease as well.27,28 Several studies show that there is a 

significant difference in CRC risk between Crohn’s disease and ulcerative colitis and 

some even show that the CRC risk in CD is not elevated compared to the general 

population.2,4,5,41 In our analysis by removing Crohn’s patients support a lower risk 

of CRC in Crohn’s colitis, as when studies with Crohn’s patients were removed the 

risk was elevated from 5.3 to 6.7 CRCs per 1000 patient years of follow up though 

with overlapping confidence intervals.

Follow up bias
In the studies included in this meta-analysis there is a large range in follow-up time 

between the studies. The average follow-up of all the studies was 54.4 months. 

Studies included reported both median and mean follow up periods. There is a 

risk with using means that an misrepresentative long mean follow up might be 

produced by the influence of one patient followed up for a long time combined 

with a number of much shorter follow ups, therefore medians may be preferred. 

Some patients are also lost to follow up, and so potentially patients may have 
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developed cancer once lost, which we cannot account for. In theory it is possible 

that because in some studies the follow-up was relatively short, a significant 

number of CRCs was missed that might have developed later. Our analyses do not 

suggest this and in fact the Poisson regression analysis for cancer and HGD suggest 

a borderline significant decrease in development of CRC over longer follow up. 

Nevertheless patients with colitis require colonoscopic follow up over decades 

and our current data only support a surveillance strategy for approximately 

five years. Longer term follow up data will be needed from historical cohorts to  

assess this risk; however we see no risk signal in our analysis. Any future analysis 

is likely to be confounded by changes in medical therapy, such as use of 

immunomodulators and biological therapy, and endoscopic technologies, such as 

high definition, and chromoendoscopy, as well as international guideline changes.

Study period bias
In theory CRC rate could be influenced by time period in which the study was 

undertaken, due to improving endoscopic imaging and operator awareness of 

suspicious lesions at colonoscopic colitis surveillance. To address the influence 

of study period, both Poisson regression and meta-regression we used. Both 

showed a slight increase in occurrence of CRC over time, potentially consistent 

with improved diagnostics. 

Besides endoscopist associated factors, colonoscopy techniques, technologies, 

and quality control measures have improved over the time. A recent meta-analysis 

regarding chromoendoscopy compared to conventional white light endoscopy 

showed a better dysplasia detection rate during surveillance in patients with chronic 

colitis.42 All studies in our meta-analysis were done with conventional white light 

endoscopy. This may mean that there was under-detection of dysplasia and CRC 

both at index examination and during surveillance with conventional endoscopy. 

In the United Kingdom and Europe chromoendoscopy is now recommended 

for the early detection of neoplasia in patients with IBD who are undergoing 

surveillance colonoscopy.20 Better detection will increase the numbers going in 

for post dysplasia resection surveillance, particularly with low risk lesions, and may 

improve the detection of subsequent dysplasia before it becomes a carcinoma. 

Therefore chromoendoscopic cohorts in the future may show an even lower risk 

of carcinoma during surveillance following resection of polypoid dysplasia than 

we report.
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Given the low risk with polypoid dysplasia, other endoscopic techniques from  

non-colitis dysplasia resection may be brought to bear on dysplasia in colitis 

including resection of endoscopically detectable, circumscribed but flat (Paris 0-II) 

lesions, piecemeal endoscopic mucosal resection, or even endoscopic submucosal 

dissection and local surgical disc excision. Local excision for circumscribed lesions 

with close surveillance may be a more acceptable strategy for patients given 

our risk estimates. Post resection surveillance, ideally with chromoendoscopy to 

maximise dysplasia detection, on a yearly basis following comprehensive resection 

of polypoid dysplasia in colitis seems a reasonable strategy on the basis of these 

risk estimates rather than recommending colectomy.43 Further prospective follow 

up cohorts, where (virtual) chromoendoscopy in colitis surveillance is used, will be 

needed for both polypoid as flat lesions if they are resected locally and followed 

with close, high quality surveillance to ensure safety. 

In conclusion, the risk estimate of developing colorectal CRC following resection 

of polypoid dysplasia in colitis is low with narrow confidence intervals, providing 

support for the strategy in recent guidelines, and is approximately one-third of 

previous estimates for flat dysplasia. However the rate of development of any form 

of dysplasia is 10-fold higher than the CRC rate, necessitating close endoscopic 

follow up of patients where this strategy is undertaken. 
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APPENDICES

APPENDIX A Newcastle-Ottawa scale rating of selected 
articles

Author Year Type Selection Comparability Outcome/exposure
Blonski 2008 CS          

Goldstone 2011 CS         

Jess 2006 CS          

Kisiel 2012 CS          

Medlicott 1997 CS        

Odze 2004 CS          

Pekow 2010 CS     -     

Rozen 1995 CS           

Rubin 1999 CS            

Vieth 2006 CS     -    

CS = cohort study

Selection (max 4 stars): Case Definition Adequacy, Selection of the Non-Exposed Cohort, Ascertainment of 
Exposure, Outcome of interest was not present at start of study
Comparability on the Basis of the Design or Analysis (max 2 stars): Age, other controlled factors
Outcome/exposure (max 4 stars): Assessment of outcome, follow up long enough, Adequacy of follow up 
of cohorts
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APPENDIX B Data selection form
1. Author + year of publication

2. Type of study

3. Country of issue

4. Total number of patients undergoing surveillance: 
- Ulcerative colitis 
- Crohn’s disease

5. Sex 
- Male 
- Female

6. Medication use 
- 5 ASA 
- Azathioprine

7. Number of patients with PSC

8. Duration of follow up in patients with UC (years)

9. Patients with polypoid lesions

10. Mean (or median) number of surveillance colonoscopies

11. Biopsy protocol

12. Duration of colitis when polypoid dysplasia was detected (years)

13. Mean age when polypoid dysplasia was detected (years)

14. Number of pathologists reviewing histology

15. Mean size of polypoid dysplasia (cm)

16. Location polypoid dysplasia 
- left sided (distal to splenic flexure: rectum / sigmoid / descending) 
  - in affected colon 
 - outside affected colon  
- right sided (proximal to splenic flexure: cecum / transverse / ascending) 
       - in affected colon 
     - outside affected colon

17. Histology 
- adenoma 
- tubular adenoma 
- tubular villous adenoma 
- villous adenoma

18. Number of patients progressing to 
- Colorectal cancer (CRC) 
- High Grade Dysplasia (HGD) 
- Dysplasia Associated Lesion or Mass (DALM) 
- Flat Low Grade Dysplasia (fLGD) 
- Low Grade Dysplasia (LGD)

19. Stage of CRC (Dukes A / B / C / D)

20. Deaths CRC
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APPENDIX C Additional Tables (online supplementary)

OVERALL ANALYSIS 

Pooled analysis method (additional to table 4)

Figure 4 Forrest plot showing rate of development 
of CRC/HGD per 1000 patient years follow up 
following resection of polypoid dysplasia

Figure 5 Forrest plot showing rate of development 
into all dysplasia per 1000 patient years follow up 
following resection of polypoid dysplasia

Figure 6 Forrest plot showing rate of development 
of CRC per 1000 patient years follow up following 
resection of polypoid dysplasia 

Figure 7 Forrest plot showing rate of development of 
CRC/HGD per 1000 patient years follow up following 
resection of polypoid dysplasia
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Meta-analysis method (additional to table 4)

Table 5 Meta-analysis of CRC rate, CRC/HGD, and all dysplasia per 1000 years patient follow up following 
resection of polypoid dysplasia

Study CRC Rate
Estimate (95% CI)

CRC/ HGD
Estimate (95% CI)

All Dysplasia
Estimate (95% CI)

Blonski (2008) 12.9 (0.8, 206.3) 12.9 (0.8, 206.3) 157 (70, 349)

Goldstone (2011) 14.4 (5.1, 38.3) 25.2 (12.0, 52.8) 25 (12, 53)

Jess (2006) 3.0 (0.2, 47.6) 3.0 (0.2, 47.6) 42 (20, 88)

Kisiel (2012) 3.0 (0.4, 21.5) 3.0 (0.4, 21.5) 100 (71, 141)

Medlicott (1997) 11.4 (0.7, 182.9) 11.4 (0.7, 182.9) 139 (62, 309)

Odze (2004) 5.4 (0.8, 38.5) 5.4 (0.8, 38.5) 103 (66, 161)

Pekow (2010) 13.9 (2.0, 98.6) 13.9 (2.0, 98.6) 42 (13, 129)

Rozen (1995) 47.6 (3.0, 761.3) 47.6 (3.0, 761.3)   300 (97, 930)

Rubin (1999) 2.5 (0.2, 40.5) 2.5 (0.2, 40.5) 117 (78, 176)

Vieth (2006) 5.2 (1.3, 20.8) 5.2 (1.3, 20.8) 10 (4, 28)

Pooled value(*) 8.7 (4.9, 15.4) 10.4 (5.5, 19.7) 74 (47, 117)

(*) Using random effects model

Figure 8 Forrest plot showing rate of development 
into all dysplasia per 1000 patient years follow up 
following resection of polypoid dysplasia
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Publication bias (additional to figure 3)

Figure 9 Funnel plot for publication bias for CRC/
HGD outcomes

Figure 10 Funnel plot for publication bias for all 
dysplasia outcomes

Sample bias (larger studies) 
Pooled analysis method

Figure 11 Forrest plot showing rate of development 
of CRC per 1000 patient years follow up following 
resection of polypoid dysplasia for larger studies

Figure 12 Forrest plot showing rate of development 
of CRC/HGD per 1000 patient years follow up 
following resection of polypoid dysplasia for larger 
studies
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Table 6 Pooled analysis of CRC rate, CRC/ HGD, all dysplasia for the larger studies 

Study CRC Rate
Estimate (95% CI)

CRC/ HGD
Estimate (95% CI)

All Dysplasia
Estimate (95% CI)

Goldstone (2011) 14.4 (3.9, 36.8) 25.2 (10.1, 51.9) 25 (10, 52)

Kisiel (2012) 3.0 (0.1, 16.9) 3.0 (0.1, 16.9) 100 (69, 141)

Odze (2004) 5.4 (0.1, 30.2) 5.4 (0.1, 30.4) 103 (62, 161)

Rubin (1999) 0.0 (0.0, 18.7) 0.0 (0.0, 18.7) 117 (74, 175)

Vieth (2006) 5.2 (0.6, 18.8) 5.2 (0.6, 18.8) 10 (3, 26)

Pooled value 5.8 (2.9, 11.6) 8.0 (4.4, 14.5) 63 (51, 77)

Meta-analysis method 

Table 7 Meta-analysis method for larger studies showing CRC rate, CRC/HGD, and all dysplasia per 1000 years 
patient follow up

Study CRC Rate
Estimate (95% CI)

CRC / HGD 
Estimate (95% CI)

All Dysplasia
Estimate (95% CI)

Goldstone (2011) 14.4 (5.1, 38.3) 25.2 (12.0, 52.8) 25 (12, 53)

Kisiel (2012) 3.0 (0.4, 21.5) 3.0 (0.4, 21.5) 100 (71, 141)

Odze (2004) 5.4 (0.8, 38.5) 5.4 (0.8, 38.5) 103 (66, 161)

Rubin (1999) 2.5 (0.2, 40.5) 2.5 (0.2, 40.5) 117 (78, 176)

Vieth (2006) 5.2 (1.3, 20.8) 5.2 (1.3, 20.8) 10 (4, 28)

Pooled value(*) 7.6 (3.9, 14.9) 8.1 (3.2, 20.5) 57 (30, 109)

(*) Using random effects model
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Figure 13 Forrest plot showing rate of development 
into all dysplasia per 1000 patient years follow up 
following resection of polypoid dysplasia for larger 
studies

Figure 14 Forrest plot showing rate of development 
of CRC per 1000 patient years follow up following 
resection of polypoid dysplasia for larger studies

Figure 15 Forrest plot showing rate of development 
of CRC/HGD per 1000 patient years follow up 
following resection of polypoid dysplasia for larger 
studies

Figure 16 Forrest plot showing rate of development 
into all dysplasia per 1000 patient years follow up 
following resection of polypoid dysplasia for larger 
studies
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Selection bias 
Pooled analysis method

Table 8 Pooled analysis of CRC rate, CRC / HGD, all dysplasia for studies including patients with UC only

Study CRC Rate
Estimate (95% CI)

CRC/ HGD 
Estimate (95% CI)

All Dysplasia
Estimate (95% CI)

Blonski (2008) 0.0 (0.0, 96.4) 0.0 (0.0, 96.4) 157 (58, 341)

Goldstone (2011) 14.4 (3.9, 36.8) 25.2 (10.1, 51.9) 25 (10, 52)

Kisiel (2012) 3.0 (0.1, 16.9) 3.0 (0.1, 16.9) 100 (69, 141)

Medlicott (1997) 0.0 (0.0, 85.4) 0.0 (0.0, 85.4) 139 (51, 302)

Odze (2004) 5.4 (0.1, 30.2) 5.4 (0.1, 30.4) 103 (62, 161)

Pekow (2010) 13.9 (0.4, 77.4) 13.9 (0.4, 77.4) 42 (9, 122)

Rozen (1995)   0.0 (0.0, 368.9)   0.0 (0.0, 368.9)  300 (62, 876)

Vieth (2006) 5.2 (0.6, 18.8) 5.2 (0.6, 18.8) 10 (3, 26)

Pooled value  6.7 (3.5, 12.9) 9.0 (5.1, 15.8) 60 (49, 75)

Meta-analysis method

Table 9 Meta-analysis of CRC rate, CRC / HGD, all dysplasia for studies including patients with UC only

Study CRC Rate
Estimate (95% CI)

CRC / HGD
Estimate (95% CI)

All Dysplasia
Estimate (95% CI)

Blonski (2008) 12.9 (0.8, 206.3) 12.9 (0.8, 206.3) 157 (70, 349)

Goldstone (2011) 14.4 (5.1, 38.3) 25.2 (12.0, 52.8) 25 (12, 53)

Kisiel (2012) 3.0 (0.4, 21.5) 3.0 (0.4, 21.5) 100 (71, 141)

Medlicott (1997) 11.4 (0.7, 182.9) 11.4 (0.7, 182.9) 139 (62, 309)

Odze (2004) 5.4 (0.8, 38.5) 5.4 (0.8, 38.5) 103 (66, 161)

Pekow (2010) 13.9 (2.0, 98.6) 13.9 (2.0, 98.6) 42 (13, 129)

Rozen (1995)   47.6 (3.0, 761.3)  47.6 (3.0, 761.3)  300 (97, 930)

Vieth (2006) 5.2 (1.3, 20.8) 5.2 (1.3, 20.8) 10 (4, 28)

Pooled value (*) 9.7 (5.3, 17.7) 11.9 (6.0, 23.6) 74 (41, 131)

(*) Using random effects model

40156 Wanders, Linda.indd   182 10-05-16   12:50



 

183

6

Follow up bias

Table 10 Poisson regression and Meta-regression for CRC rate, CRC / HGD, all dysplasia 

Method Ratio (95% CI) P-value
CRC Rate Poisson regression 0.70 (0.40, 1.21) 0.20

Meta-regression 0.83 (0.56, 1.23) 0.30

CRC / HGD Poisson regression 0.54 (0.30, 0.99) 0.05

Meta-regression 0.75 (0.50, 1.12) 0.14

All Dysplasia Poisson regression 1.04 (0.94, 1.15) 0.49

Meta-regression 0.97 (0.67, 1.41) 0.87

Figure 17 Graphical illustration of meta-regression 
models showing the influence of follow-up for CRC 
outcomes

Figure 18 Graphical illustration of meta-regression 
models showing the influence of follow-up for CRC/
HGD outcomes

Figure 19 Graphical illustration of meta-regression 
models showing the influence of follow-up for all 
dysplasia 
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Study date bias 
Table 11 Poisson regression and Meta-regression for association of study period with CRC rate, CRC / HGD, 
all dysplasia 

Method Ratio (95% CI) P-value
CRC Rate Poisson regression 1.21 (0.98, 1.51) 0.08

Meta-regression 1.03 (0.89, 1.20) 0.70

CRC / HGD Poisson regression 1.29 (1.04, 1.60) 0.02

Meta-regression 1.04 (0.88, 1.24) 0.57

All Dysplasia Poisson regression 0.97 (0.93, 1.02) 0.24

Meta-regression 0.94 (0.82, 1.08) 0.34

Figure 20 Graphical illustration of meta-regression 
model showing the influence of study period on 
CRC rates

Figure 21 Graphical illustration of meta-regression 
model showing the influence of study period on CRC/
HGD rates

Figure 22 Graphical illustration of meta-regression 
model showing the influence of study period on 
for all dysplasia  
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