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Introduction

Ulcerative colitis (UC) is an inflammatory disease of the 
rectum. To date, its etiology is still unknown. The lesion 
site is mostly concentrated in the colonic mucosa and often 
involves the distal colon, further developing to the proximal 
end. Its main clinical symptoms are abdominal pain, diarrhea, 
mucus pus, and bloody stools. UC shows no significant 
course change and often alternates between aggravation and 
remission (1). This has a significant impact on the diagnosis 
and treatment of the disease. The incidence of colorectal 

cancer (CRC) in western countries is about 1%. In recent 
years, the incidence of UC in China has been rising annually 
because of the increase in Western diets and living habits (2).  
CRC is a common tumor of the digestive tract. In recent 
years, its status on the global cancer spectrum has been 
increasing, ranking third among new malignant tumors 
and cancer deaths in the USA in 2007. In China, CRC has 
been one of the fastest rising malignancies in the past two 
decades, with 146,000 new cases and 78,700 deaths each year. 
It is the fifth leading cause of death in China and the fourth 
leading cause of cancer-related death (3). A large number of 
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clinical data show that patients with UC are more likely to 
develop CRC. Current studies have identified UC as one 
of the major independent risk factors for CRC (4). Other 
studies have shown that as patients with UC age, their risk 
of developing CRC increases significantly. These findings 
indicate that there is a correlation between UC and the 
occurrence of CRC (5); therefore, CRC can be considered 
a serious complication of UC. Clinical data show that UC-
related CRC accounts for 5% of the total number of CRC 
cases. Generally speaking, the occurrence and development 
of colonic cancer are the following classic pattern of “mutation 
accumulation-adenoma-canceration”.

The adenomatous polyposis coli (APC) gene, a tumor-
suppressor gene, was first discovered on the chromosome 
of a patient with rectal tumor and mental disability. The 
classical theory of CRC suggests that APC occurs in the early 
stage of cancer. However, the pathogenesis of UC-associated 
CRC is different from that of classic CRC (6). For example, 
it has been reported that APC mutations occur late, while 
p53 mutations are early events in the carcinogenesis process. 
Therefore, research on UC-related CRC has become a hot 
spot in the field of intestinal diseases. However, due to the 
lack of knowledge of the etiology of UC-related CRC, it 
is unclear how UC specifically affects the occurrence and 
development of CRC (7).

The first retrospective study of the occurrence and 
progression of CRC was published in 1988. In that study, 
the incidence of CRC in UC was reported to be 4.25% (8).  
In recent years, data from relevant worldwide studies have 
shown that the standardized incidence ratio (SIR) of CRC 
associated with UC may be related to the course of the 
patient’s disease and regional differences. For example, 
the cumulative rate of CRC diagnosis 10 years after UC 
diagnosis was reported to be 4.9% (9). The risk of CRC 
was not found to be higher among US patients compared 
with age- and sex-matched counterparts in the general 
population. However, the study did not take into account risk 
factors, such as disease scope, duration, and location. The 
relationship between UC and CRC has not been thoroughly 
explained (10). At present, there are many meta-analyses on 
the correlation between UC and CRC, but most of them 
only consider one influencing factor. There is no study of 
penalties from multiple perspectives. Based on previous 
related researches, this study conducted a meta-analysis of the 
correlation between UC and CRC from the perspectives of 
disease course, region, and overall conversion rate, to further 
promote the research in the frontier field.

We present the following article in accordance with the 

PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-624).

Methods

Literature search

A comprehensive and systematic literature study was 
conducted based on the Cochrane Handbook for Systematic 
Reviews of Interventions, while following the PRISMA 
and MOOSE guidelines for meta-analyses of reports. 
We searched PubMed and scientific conferences, and 
identified articles on the correlation of UC and CRC. All 
of the studies included patients with CRC associated with 
UC. Articles were searched using keywords, such as UC, 
inflammatory bowel disease, and CRC. Studies of UC had 
to be associated with CRC. Incidence was also included in 
the studies as an indirect method to adjust for disease scope, 
disease course, and region.

Inclusion and exclusion criteria

Articles were included in the meta-analysis if they met the 
following inclusion criteria: (I) experimental data contained 
the required basic information; (II) CRC associated with 
UC; (III) the number of cases was sufficient and the sample 
size was large enough; (IV) clinical trials; and (V) published 
articles.

Articles were excluded from the meta-analysis if they 
met any of the following exclusion criteria: (I) CRC not 
associated with UC; (II) meta-analyses or reviews; (III) 
literature with incomplete data and unable to obtain 
further information; (IV) results were not CRC; (V) the 
disease types studied in the literature were Crohn’s disease, 
community acquired pneumonia (CAP), family history 
of CRC, or UC colectomy; and (VI) the literature was 
duplicated and republished.

Literature screening

Two researchers first screened the titles and abstracts 
independently according to the qualified criteria, and 
then extracted the data and evaluated the quality. If the 
evaluation results were inconsistent, other researchers 
were consulted to resolve the discrepancy. If the title and 
abstract of the article met the literature requirements, the 
full text was retrieved for data extraction. NoteExpress 
2.0 (Beijing Love Sea Software Company) was used for 
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literature management; duplicate literature was deleted. 
The inclusion of literature was checked according to the 
criteria mentioned above.

Data extraction

The 2 researchers independently extracted relevant 
information from all eligible studies using a predefined 
data extraction table as follows: author, year of publication, 
sample size, age, country, sex, degree of disease, and course 
of disease. For missing data, the researchers contacted the 
original authors of the literature via email. 

Quality assessment

To improve the quality of the reviewed literature, the quality 
was assessed in accordance with the risk of bias assessment 
recommended in version 5.3 of the Cochrane Handbook 
for Systematic Reviews of Interventions. The evaluation 
included the following: (I) which random method to use; 
(II) whether the grouping condition is hidden; (III) the 
implementation of the blind method between patients and 
researchers; (IV) evaluate the effect of the blind method. 
Is there a result the integrity of the credibility of 7 other 6 
survey bias about the item 7 of the randomized controlled 
trials, “meet” indicates bias is small, “not satisfied” refers to 
height bias, study is not fully detailed report, if no mention, 
danger is unknown evaluation including random sequence 
generation, allocation concealment, blinded.

A score of 1–3 in the 4 dimensions of tracking/exit 
is considered to be low quality, and a score of 4–7 is 
considered to be high quality.

Data extraction

The forest map also makes clear the results of individual 
studies, combining those studies with corresponding 
confidence intervals (CIs). If there is no overlap between 
the CIs of the individual studies, this indicates statistical 
inhomogeneity between the studies. Further subgroup 
analysis is required to combine stochastic and fixed models 
with acceptable inhomogeneity. There is heterogeneity/
inhomogeneity in the research, and the heterogeneity/
inhomogeneity can be reduced by setting the subgroup 
analysis, and the combined effect value can be calculated. 
Sensitivity analysis: after adjusting the individual studies, 
whether it can affect the overall results is explored. If 
the overall results are affected, it indicates that there is 

sensitivity. Generally speaking, this study believes that it 
will have an impact on the comprehensive study under 
the following two circumstances. If the documents that do 
not meet the requirements are deleted, the results yield 
significantly different results. If a study affects the overall 
results with little difference, this indicates the sensitivity of 
the combined results and the results obtained are not stable. 
On the contrary, the results show that the sensitivity is 
stable and the meta results obtained are trustworthy.

Statistical analysis

A randomized effects meta-analysis was used to evaluate 
the incidence of CRC in patients with UC. To calculate the 
combined SIR for CRC, we combined the extracted study 
specificity estimates with 95% CIs using the DerSimonian-
Laird random-effects model. Publication bias (small 
study effect) was detected by symmetry of the funnel plot 
of visual assessment; asymmetry was assessed by Begg-
Mazumdar’s rank test. Forest maps were developed for 
the prevalence of the study results in the population and 
within the group. R software (version 3.4.4) was used for 
data processing and statistical analysis. The calculation 
method used odds ratio (OR) as the effect size, and 95% CI 
was used to express the result. The included studies were 
tested for heterogeneity first, with α=0.1 as the test level. 
If there was no heterogeneity between the studies (P>0.1, 
I2<50%), the fixed effects model was selected for meta-
analysis. Otherwise, subgroup analysis was performed on 
the included data. P<0.05 indicated that the difference was 
statistically significant.

Results

Literature search results

A total of 4,778 related articles were retrieved in this study, 
including 1,086 from PubMed, 1,177 from Embase, 991 
from Ovid MEDLINE and 1,524 from registers. After 
reading the title and abstract, 3,491 studies that did not meet 
the inclusion criteria were excluded. After reading the full 
text, 1,267 studies were excluded and 11 studies that met 
the inclusion criteria were included (11-21). The literature 
screening process is detailed in Figure 1 and Table 1.

Risk of bias assessment of included articles

The Cochrane Handbook for Systematic Reviews of 
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Figure 1 Literature retrieval process. *, consider, if feasible to do so, reporting the number of records identified from each database or 
register searched (rather than the total number across all databases/registers); **, if automation tools were used, indicate how many records 
were excluded by a human and how many were excluded by automation tools.

Records identified from*:
PubMed (n=1,086);
Embase (n=1,177);
Ovid MEDLINE (n=991);
Registers (n=1,524)

Records removed before screening:
Duplicate records removed (n=1,298);
Records marked as ineligible by automation 
tools (n=2,112);
Records removed for other reasons (n=81)

Records screened
(n=1,287)

Records excluded**
(n=877)

Reports sought for retrieval
(n=410)

Reports not retrieved
(n=390)

Reports assessed for eligibility
(n=20)

Reports excluded:
Lack of information (n=3);
The study is a review (n=4);
Other diseases (n=2);
etc.

Studies included in review
(n=11)
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Table 1 Basic characteristics of the included articles

First author Year Country Ulcerative colitis (case) Colorectal cancer (case) Incidence of colorectal cancer (%)

Desai (11) 2015 India 430 12 2.80

Shivakumar (12) 2013 India 29 1 3.40

Venkataraman (13) 2005 India 532 5 0.94

Kim (14) 2009 South Korea 7,061 26 0.37

Hilmi (15) 2009 Malaysia 118 0 0.00

Al-Shamali (16) 2003 Kuwait 346 0 0.00

Kekilli (17) 2010 Turkey 275 3 1.10

Kamiya (18) 2015 Japan 1,583 25 1.70

Zhang (19) 2015 China 624 4 0.64

Gilat (20) 1988 Israel 1,035 26 2.51

Senanayake (21) 2013 Sri Lanka 3,428 2 0.50
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Figure 2 Risk of bias assessment of the included articles.

Figure 3 Bias evaluation of the included articles.
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Interventions (version 5.0.2) was used to evaluate the risk of 
bias in the 8 articles included in this study. Review Manager 
5.3 was employed to create the risk of bias chart (Figures 2,3). 

Overall risk of CRC in patients with UC

A total of 11 articles met the inclusion criteria. The overall 
risk of CRC in patients with UC was analyzed. The results 
showed that I2=89%, P<0.00001. According to this, I2=89% 
is greater than 50%, so the random-effects model was 
selected. There was heterogeneity RR (95% CI): 0.01 (0.01 
to 0.01), Z=47.86, P<0.00001, and the analysis showed a 
difference in the number of patients with UC alone and 
those with UC + inflammatory CRC (Figure 4). This 
suggests that UC is a risk factors for CRC. The funnel 
plot is symmetric, and most of the data are on both sides 

of the central axis (Figure 5). This suggests that publication 
bias was effective. It can be concluded that UC is a major 
independent risk factor for CRC.

Meta-analysis of course of progression from UC to CRC

The course analysis of patients with UC converting to CRC 
is shown in Table 2. Table 1 shows that after 10 to 20 years of 
ulcerative colon cancer, the probability of transforming to 
colon cancer increases significantly (Table 2).

Meta-analysis of regional differences in patients with UC 
transforming to CRC in Asia

The results of regional differences in the conversion of 
patients with UC to CRC in Asia are shown in Table 3. 
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According to Table 3, there were differences in the CRC 
conversion rate among patients with UC in different regions 
in Asia, but the difference was not statistically significant. 
UC patients in South Asia had the highest CRC conversion 
rate (Table 3).

Discussion

CRC is a major long-term serious complication in patients 
with UC (22-24). Previous studies have shown that the main 
area of colon cancer incidence (25,26). Although recent 
studies have suggested that patients with UC do not have a 
particularly high rate of CRC conversion, the prevalence is 
still very high compared with the general population (27,28). 
Numerous studies have suggested ethnic differences in 
the incidence of UC, with most previous statistical studies 
focusing on European regions (29). Further studies on 

the transition from UC to CRC in Asia, it is of great 
significance to understand the correlation between UC and 
colon cancer.

In the present study, we analyzed the transformation 
of UC to CRC in Asian patients, considering disease 
range, course, and regional differences. The findings are 
consistent with reports from European countries that UC 
is strongly associated with CRC (30). The overall risk 
analysis of UC patients in Asia was 95% CI: 0.01–0.01 
(Z=47.86, P<0.00001). This suggests that UC is an 
important independent risk factor for CRC in Asia. In the 
study of the effect of the course of colitis on the incidence 
of colon cancer, we found that the course of the disease 
has a greater impact on the incidence of colon cancer 
in patients with ulcerative colon inflammation in Asian 
countries. The incidence of CRC was significantly increased 
in patients with UC for more than 20 years of illness. 
Analysis of regional differences in the incidence of CRC 
in patients with UC in Asian countries showed that there 
were slight differences in the incidence of CRC in patients 
with UC in different regions of Asia, but the differences 
were not particularly significant. South Asia had the 
highest incidence, but the differences were not significant. 
Overall, the results of the present study indicate that UC 
is an important independent risk factor for CRC in Asia. 
However, the duration of the disease in patients with UC is 
a major factor affecting the transition to CRC. The impact 
of regional differences on the transition to CRC in Asian 
patients with UC was not significant.

All of the articles included in this study were about the 
number of patients with UC, the number of patients with 
CRC, the region of patients, and the course of the disease. 
There were some differences in the grouping. Two articles 

Figure 4 Forest plot for the number of patients with ulcerative colitis which progressed to colorectal cancer. CI, confidence interval; M-H, 
Mantel-Haenszel.

Figure 5 Funnel plot the number of patients with ulcerative colitis 
which transformed to colorectal cancer. RR, relative risk; SE, 
standard error.
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were grouped according to the region of the patients, 6 
articles were grouped according to different disease types, 
and 3 articles were grouped according to different disease 
course. All of the articles included in this study were on 
the transformation of UC to CRC in Asia, and data from 
other continents such as Europe and North America are not 
included. Therefore, it may have a certain impact on the 
results of this article.

Conclusions

In the present study, we analyzed the transformation of 
UC to CRC from the perspectives of scope, course, and 
regional differences. The findings indicated that UC is an 
independent risk factor for CRC in Asia, and the findings 
were consistent with those of European studies. The course 
of disease in patients with UC has a significant effect on 
its transformation to CRC. The influence of regional 
difference on the transformation of UC to CRC was not 
obvious.
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