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Aim. Given the potential for physiological alterations in the gastrointestinal tract following appendix removal, which 
may influence carcinogenesis, we embarked on a systematic review and meta-analysis to explore the possible asso-
ciation between appendectomy and the subsequent risk of colorectal cancer (CRC).
Methods. Our systematic investigation utilized sources including the Cochrane Library, Embase, PubMed, Clinical-
Trials.gov, and Web of Science, covering research up to February 1, 2023. We assessed the impact of appendectomy 
on colorectal cancer, employing a random effects model to calculate the pooled hazard ratio (HR) for developing 
CRC post-appendectomy and its 95 % confidence interval (CI).
Results. This review and meta-analysis incorporated a total of 10 studies, comprising 1,001,693 cases of appen-
dectomy and 39,463 instances of CRC. The meta-analysis revealed a pooled HR of 1.04 (95 % CI: 1.0–1.08) for de-
veloping CRC following appendectomy. Notably, the HR for CRC development increased to 1.20 (95 % CI: 0.69–1.69) 
when considering only cases with more than 10 years of follow-up.
Conclusion. The findings indicate a marginally increased risk of colorectal cancer in cases without a specified fol-
low-up period. However, this elevated risk did not persist over the long term (exceeding 10 years). The heterogeneity 
of the included studies appears to have influenced our results. Nevertheless, it is advisable for physicians to weigh 
the potential benefits of alternative therapies and consider the future complications that may arise from an unneces-
sary appendectomy.
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Метаанализ и систематический обзор роли аппендэктомии  
в патогенезе колоректального рака
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Цель. Учитывая возможность физиологических изменений в желудочно-кишечном тракте после удаления ап-
пендикса, которые могут влиять на канцерогенез, мы выполнили систематический обзор и метаанализ с целью 
изучения возможной связи между аппендэктомией и последующим риском колоректального рака (КРР).
Методы. В систематическом исследовании использовались такие источники, как Кокрейновская библио-
тека, Embase, PubMed, ClinicalTrials.gov и Web of Science, охватывающие исследования до 1 февраля 2023 г. 
Проведена оценка влияния аппендэктомии на колоректальный рак, при этом была использована модель слу-
чайных эффектов для расчета объединенного отношения рисков (ОР) развития колоректального рака после 
аппендэктомии и его 95%-ный доверительный интервал (95% ДИ).
Результаты. В данный обзор вошли 10 исследований, включающих 1 001 693 случая аппендэктомии 
и 39 463 случая КРР. Метаанализ выявил совокупный ОР, равный 1,04 (95% ДИ: 1,0–1,08) для развития коло-
ректального рака после аппендэктомии. Примечательно, что ОР развития КРР увеличился до 1,20 (95% ДИ: 
0,69–1,69) при рассмотрении только случаев с периодом наблюдения более 10 лет.
Заключение. Результаты указывают на незначительно повышенный риск колоректального рака в случа-
ях без определенного периода наблюдения. Однако этот повышенный риск не сохранялся в долгосрочной 
перспективе (более 10 лет). Гетерогенность включенных исследований, по-видимому, повлияла на наши ре-
зультаты. Тем не менее врачам рекомендуется взвесить потенциальную пользу альтернативных методов лечения 
и принять во внимание будущие осложнения, которые могут возникнуть в результате ненужной аппендэктомии.
Ключевые слова: колоректальный рак, аппендэктомия, рак толстой кишки
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Introduction
Surgical appendectomy, the standard treatment 

for appendicitis, is the most common cause of ab-
dominal surgery worldwide. This procedure is pre-
dominantly performed in cases of concern for acute 
appendicitis (AA) [1]. While appendectomy remains 
the preferred method, there is growing evidence that 
alternatives, like antibiotics, may effectively treat 
uncomplicated AA [2]. Furthermore, incidental ap-
pendectomy is frequently performed in women, often 
during procedures such as salpingectomy or hyster-
ectomy [3].

The primary indications for this frequent surgery 
are threefold: 1) The appendix, especially the vermi-
form appendix, is historically regarded as a vestigial 
organ. 2) The long-term effects of losing the appen-
dix are thought to be negligible. 3) AA is a potential-
ly fatal disease; though the findings are mixed, some 
studies have indicated an increased risk of cancer, 
particularly in individuals with a history of appen-
dectomy [4].

Considering the appendix's role in immune func-
tions, it is essential to evaluate whether its presence 
or absence is linked to the development of other dis-
eases, including colorectal cancer, inflammatory dis-
eases, and infections [5]. The outcomes of previous 
studies in this area have been inconsistent [6–11]. 
Consequently, a comprehensive review study is need-
ed to amalgamate these findings. Given that appen-
dectomy is often undertaken for elective indications, 
the objective of our study is to determine whether 
the surgeries in question might increase the risk of 
developing CRCs.

Material and methods
Search strategy and selection criteria
To identify relevant studies, we conducted search-

es on Web of Science, Cochrane Library, PubMed, 
Embase, and ClinicalTrials.gov, up to February 
2023, without restrictions on publication date, lan-
guage, or article type. Our search strategy employed 
both free text terms and Medical Subject Headings 
(MeSH) with the keywords “appendectomy”, “co-
lon cancer”, “rectal cancer”, and “colorectal cancer”. 
This study adhered to the MOOSE guidelines and 
the Cochrane Handbook. Additionally, we manually 
searched the references of included studies to ensure 
comprehensive coverage.

Data extraction and outcome measures
Data were independently extracted by two au-

thors (MA and NP) using a standardized template. 
The Newcastle-Ottawa Quality Assessment Scale 
was utilized to evaluate the quality of the studies. 
Any disagreements were resolved through discussion, 

and a third researcher verified the quality assessment 
and accuracy of data extraction.

Statistical analysis
The primary outcome of interest was the odds 

ratio (OR) of post-appendectomy colorectal cancer 
(CRC). For our meta-analysis, we used hazard ratios 
(HR) to evaluate survival outcomes. In cases where 
studies did not present HRs or ORs, we calculated 
these ratios using the provided information (exposed, 
non-exposed, and incidence of CRC). Given the 
low incidence of CRC, standardized incidence ratios 
(SIR), HRs, and relative risks (RR) were treated 
as equivalent to ORs. Analytical tools included the 
Cochran Q test, I2, tau test, and DerSimonian — 
Laird random-effects models.

Statistical significance was set at a p-value 
< 0.05. Heterogeneity among studies was assessed 
using the I2 statistic, with I2 values of 76–100 %, 
61–75 %, 31–60 %, and 0–30 % indicating consid-
erable, substantial, moderate, and low heterogeneity, 
respectively.

To evaluate publication bias, we employed 
Egger’s funnel plot (trim-and-fill method). Meta-
regression was conducted to identify sources of het-
erogeneity. Sensitivity analyses were performed to 
assess the impact of individual studies on the overall 
results or heterogeneity. All analyses were conduct-
ed using Stata v. 14.1 (StataCorp, College Station, 
USA), with a p-value of 0.05 determining statistical 
significance.

Results
Study selection
During the initial screening, we identified 526 

non-duplicated articles through database searching. 
Two reviewers selected potentially relevant studies 
published between 2013 and 2023, eventually in-
cluding 10 studies in the review. The study selection 
process is detailed in the PRISMA flow chart shown 
in Figure 1.

A total of 10 studies encompassing 16,659,230 
subjects were included, all of which were retro-
spective in nature. Among these, three studies 
originated from Korea, three from China, two 
from the USA, one from Hungary, and one from 
Sweden. The overall mean follow-up duration was 
12 years (Table 1).

The Association between appendectomy 
and developing CRC
The current analysis included 1,001,693 cases 

of appendectomy, of which 39,463 resulted 
in CRC. Out of the 10 studies, three found no 
significant association between appendectomy and 
CRC risk, one indicated a reduced risk of CRC 
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Figure 1. PRISMA flow diagram for the inclusion of the studies

Table 1. General characteristics of the included studies 

First author Publica-
tion year Country Design Sample size Age Follow  

up

Gender (%)
Fe-
male Male

van den  
Boom [36] 2022 Netherlands Retrospective 7136 >55  

(69.8 ± 9.3) 13.3 60.3 39.7

Shi [37] 2021 China Retrospective 135.468 >18 N/A N/A N/A
Mándi [38] 2021 Hungary Retrospective 860 38.5 15 N/A N/A
Lee [39] 2021 Korea Retrospective 486.844 N/A 12.31 47.7 52.3
Dahabra 
[40] 2021 USA Retrospective 13.689.430 >30 5.0 N/A N/A

Park [41] 2020 Korea Retrospective 632.404 44.06 ± 14.09 5.6 57.02 42.98

Lee [9] 2018 Korea Retrospective 707.663 41.70 ± 14.7 13.66 49.09 50.91
Song [8] 2016 Sweden Retrospective 480.382 32.5 ± 19.6 18.6 ± 10.9 45.30 54.70
Wu [10] 2015 China Retrospective 379.619 31.8 ± 18.38 12.31 51.71 48.29
Ugai [42] 2022 USA Retrospective 139.424 N/A N/A N/A N/A

Note: N/A — data not available.

post-appendectomy, five reported a significant 
increase in CRC risk following appendectomy, and 
one identified a significant association specifically 
among women and the elderly (Table 2).

Meta-analysis of the HR of developing CRC
after appendectomy
Our meta-analysis revealed a pooled HR of 

1.04 (95% CI: 1.0–1.08) for the risk of developing 
CRC post-appendectomy (Table 2, Fig. 2).

Analysis based on follow-up time yielded 
a pooled HR of 1.20 (95% CI: 0.69–1.69) for 
developing CRC after more than 10 years post-
appendectomy (Table 2, Fig. 3).

Subgroup analysis was conducted according to 
the country of the included studies. The results 
showed the highest HR (1.14) in China, followed 
by Korea (1.12), the USA (1.07), Hungary (0.92), 
and Sweden (0.70) (Fig. 4). 
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Table 2. Systematic review of the studies regarding the association between appendectomy and risk 
of CRC development 

Author Appendectomy 
cases Result CRC 

cases HR (95% CI) ≥ 60
Men 

to women 
HR

van den 
Boom 1373 Appendectomy cases have  

reduced risk of CRC 216 0.65 (0.43–0.95) N/A N/A

Ugai N/A
No significant association was 
found between appendectomy  
and risk of CRC 

2819 0.52 (0.33–0.84) N/A N/A

Mandi 185
No significant association was 
found between appendectomy  
and risk of CRC 

6000 0.92 N/A 1.06

Wu 84,408 Appendectomy cases might have 
increased risk of CRC 10,637 1.14 (1.02–1.28) 12.8 1.15

Song 480,382
No significant association was 
found between appendectomy  
and risk of CRC 

3733 0.7 % N/A N/A

Lee 243,422
Appendectomy cases had higher 
risk of developing CRC at the 
first post-operative year 

4324 2.97 (2.72–3.24) N/A N/A

Park 158,101
Women and elderly patients 
are at higher risk of developing 
CRC after appendectomy 

2699 1.034 (0.973–
1.098) N/A 0.695

Dahabra N/A Appendectomy cases have  
increased risk of CRC 0.08 1.52 (1.23–1.69) N/A 1.84

Lee N/A Appendectomy cases might have 
increased risk of CRC N/A 0.80 (0.57–1.13) N/A N/A

Shi 33,822 Appendectomy cases have  
increased risk of CRC N/A N/A N/A 1.19

Note: N/A — data not available.

Figure 2. Meta-analysis of the HR of developing CRC after appendectomy
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Figure 3. The association of the HR of developing CRC and appendectomy based on follow-up time in three 
included studies

Figure 4. The association of the HR of developing CRC and appendectomy based on country of the included studiesFigure 2. Meta-analysis of the HR of developing CRC after appendectomy
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Publication bias assessment
Figure 5 displays Egger’s funnel plot for the 

studies included in our analysis, assessing the HR 
of developing CRC post-appendectomy. The plot 
suggests the possibility of publication bias (Fig. 5).

Discussion
The primary indication for an appendectomy 

is often acute appendicitis. However, there are 
instances where this surgery is considered in 
the absence of definitive imaging characteristics 
of appendicitis, primarily to address chronic 
abdominal pain [6]. Several research papers have 
evaluated the rate of colorectal cancer (CRC) in 
patients who previously underwent appendectomy 
[6, 7]. With advancements in medical imaging 
and CRC screening, leading to earlier diagnosis, 
our study aims to review more recent publications 
to ascertain the role of appendectomy in the 
pathogenesis of CRC in the general population.

Our study reported a pooled hazard ratio 
(HR) of 1.04 in patients who had undergone an 
appendectomy compared to those who had not. 
This finding is not entirely consistent with previous 
meta-analyses, which reported an HR of 1.31 for 
appendectomy patients [6]. Like our study, these 
analyses also noted high heterogeneity, possibly 
due to the lengthy follow-up periods and changing 
environmental factors over time [6]. Unfortunately, 
only three studies stratified HRs by follow-up time 
[8–10]. Each of these studies used different time 
frames for stratification, precluding a combined 
analysis. However, they all reported a higher risk of 

developing CRC in the years immediately following 
appendectomy [8–10], with this risk decreasing over 
longer follow-up periods.

The appendix, a domicile for diverse colonic 
microbiomes and part of the gut-associated 
lymphoid tissue, plays a role in immune function. 
Removal of the appendix might diminish host 
immune barrier functions and microbial diversity, 
leading to a higher susceptibility to dysbiosis. This 
dysbiosis can induce various diseases via the brain-
gut axis, including celiac disease, inflammatory 
bowel disease, diabetes mellitus, rheumatoid 
arthritis, neurological disorders, and cardiovascu-
lar disease [11–17]. Cohort studies have observed 
significant correlations between these diseases and 
a history of appendectomy [18–24]. Dysbiosis is 
also linked to certain cancers, such as gastrointes-
tinal and breast cancers [25–31]. The disruption 
of the microbial ecosystem in the gastrointestinal 
tract post-appendectomy is reported to critical-
ly affect the pathogenesis of malignancy [8, 10]. 
However, the high heterogeneity among the in-
cluded studies precludes definitive conclusions.

Some studies, including one by J.A. Rothwell 
et al., reported an inverse association between ap-
pendectomy and CRC risk [32]. They suggested 
that the association found in some previous studies 
might be due to selection bias, as their study only 
included appendectomies unrelated to intestinal is-
sues, revealing an inverse relationship between CRC 
and appendectomy history [32]. This raises the pos-
sibility that studies reporting high short-term CRC 
rates post-appendectomy could be biased [8–10]. 
However, excluding patients with appendectomies 

Figure 5. Egger’s funnel plot for publication bias
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due to intestinal problems could also introduce bias, 
possibly explaining the inverse association found by 
J.A. Rothwell et al. [32]. The appendix’s role in 
lymphoid tissue development in the gut could imply 
that its absence limits inflammation and auto-reac-
tive damage in the colorectal region [33, 34].

Given the varying follow-up periods in our in-
cluded studies, we performed a subgroup analysis for 
HR after 10 years post-appendectomy, resulting in 
an HR of 1.20, aligning more closely with previous 
meta-analyses [6]. Due to the high heterogeneity in 
published papers, further prospective cohort studies 
are needed, taking into account factors such as the 
cause of appendectomy and follow-up duration.

The increased CRC risk should not influence 
physicians’ decisions in acute complicated appendi-
citis cases. However, in uncomplicated cases, several 
studies suggest that antibiotic therapy is effective 
in treating 73 % of patients [35]. Considering the 
prevalence of incidental appendectomy, it is advis-
able for physicians to weigh the benefits and risks of 
appendectomy in non-emergent cases.

Limitations
Our study has limitations, including the inabil-

ity to examine the impact of the appendectomy’s 
cause on our findings due to insufficient data. 
Another limitation is the inclusion of L. Dahabra 
et al.’s abstract, as it is not a full-text paper. 
However, its inclusion was necessary due to its 
significant findings on the appendectomy-CRC 
link, despite the limitations typical of abstracts.

Conclusion
In conclusion, the risk of colorectal cancer was 

slightly increased with no specified follow-up pe-
riod. However, this risk was not observed in the 
long term (more than 10 years). Our results ap-
pear to be influenced by the heterogeneity of the 
included studies. Nonetheless, it is recommended 
for physicians to consider alternative therapies 
and be mindful of potential complications associ-
ated with unnecessary appendectomies.

References / Литература 
1. Rasmussen T., Fonnes S., Rosenberg J. Long-term compli-

cations of appendectomy: A systematic review. Scand J Surg. 
2018;107(3):189–96. DOI: 10.1177/1457496918772379

2. Podda M., Gerardi C., Cillara N., Fearnhead N., 
Gomes C.A., Birindelli A., et al. Antibiotic treatment 
and appendectomy for uncomplicated acute appendicitis in 
adults and children: A systematic review and meta-anal-
ysis. Ann Surg. 2019;270(6):1028–40. DOI: 10.1097/
SLA.0000000000003225

3. Akbulut S., Koc C., Kocaaslan H., Gonultas F., Samdan-
ci E., Yologlu S., et al. Comparison of clinical and histo-
pathological features of patients who underwent incidental 
or emergency appendectomy. World J Gastrointest Surg. 
2019;11(1):19–26. DOI: 10.4240/wjgs.v11.i1.19

4. CODA Collaborative; Flum D.R., Davidson G.H., Mon-
sell S.E., Shapiro N.I., Odom S.R., Sanchez S.E., et al. 
A randomized trial comparing antibiotics with appendecto-
my for appendicitis. N Engl J Med. 2020;383(20):1907–19. 
DOI: 10.1056/NEJMoa2014320

5. Chung W.S., Chung S., Hsu C.Y., Lin C.L. Risk 
of inflammatory bowel disease following appendectomy 
in adulthood. Front Med (Lausanne). 2021;8:661752. 
DOI: 10.3389/fmed.2021.661752

6. Liu Z., Ma X., Zhu C., Fang J.Y. Risk of colorectal 
cancer after appendectomy: A systematic review and me-
ta-analysis. J Gastroenterol Hepatol. 2023;38(3):350–8. 
DOI: 10.1111/jgh.16108

7. Ábrahám S., Németh T., Benkő R., Matuz M., Ot-
tlakán A., Váczi D., et al. Evaluating the distribution 
of the locations of colorectal cancer after appendectomy 
and cholecystectomy. World J Surg Oncol. 2020;18(1):94. 
DOI: 10.1186/s12957-020-01861-4

8. Song H., Abnet C.C., Andrén-Sandberg Å., Chaturve-
di A.K., Ye W. Risk of gastrointestinal cancers among 
patients with appendectomy: A large-scale Swedish reg-
ister-based cohort study during 1970–2009. PLoS One. 
2016;11(3):e0151262. DOI: 10.1371/journal.pone.0151262

9. Lee J., Choe S., Park J.W., Jeong S.Y., Shin A. The risk 
of colorectal cancer after cholecystectomy or appendecto-
my: A population-based cohort study in Korea. J Prev 
Med Public Health. 2018;51(6):281–8. DOI: 10.3961/
jpmph.18.105

10. Wu S.C., Chen W.T., Muo C.H., Ke T.W., Fang C.W., 
Sung F.C. Association between appendectomy and subse-
quent colorectal cancer development: An Asian population 
study. PLoS One. 2015;10(2):e0118411. DOI: 10.1371/
journal.pone.0118411

11. Nishida A., Inoue R., Inatomi O., Bamba S., Naito Y., 
Andoh A. Gut microbiota in the pathogenesis of inflamma-
tory bowel disease. Clin J Gastroenterol. 2018;11(1):1–10. 
DOI: 10.1007/s12328-017-0813-5

12. Yoshida N., Yamashita T., Hirata K.I. Gut microbi-
ome and cardiovascular diseases. Diseases. 2018;6(3):56. 
DOI: 10.3390/diseases6030056

13. Sircana A., Framarin L., Leone N., Berrutti M., Cas-
tellino F., Parente R., et al. Altered gut microbiota 
in type 2 diabetes: Just a coincidence? Curr Diab Rep. 
2018;18(10):98. DOI: 10.1007/s11892-018-1057-6

14. Horta-Baas G., Romero-Figueroa M.D.S., Mon-
tiel-Jarquín A.J., Pizano-Zárate M.L., García-Me-
na J., Ramírez-Durán N. Intestinal dysbiosis and rheu-
matoid arthritis: A link between gut microbiota and the 
pathogenesis of rheumatoid arthritis. J Immunol Res. 
2017;2017:4835189. DOI: 10.1155/2017/4835189

15. Szychlinska M.A., Di Rosa M., Castorina A., Mobash-
eri A., Musumeci G. A correlation between intesti-
nal microbiota dysbiosis and osteoarthritis. Heliyon. 
2019;5(1):e01134. DOI: 10.1016/j.heliyon.2019.e01134

16. Griffiths J.A., Mazmanian S.K. Emerging evidence link-
ing the gut microbiome to neurologic disorders. Genome 
Med. 2018;10(1):98. DOI: 10.1186/s13073-018-0609-3

17. Maguire M., Maguire G. Gut dysbiosis, leaky gut, and 
intestinal epithelial proliferation in neurological disorders: 
Towards the development of a new therapeutic using amino 
acids, prebiotics, probiotics, and postbiotics. Rev Neurosci. 
2019;30(2):179–201. DOI: 10.1515/revneuro-2018-0024

18. Parian A., Limketkai B., Koh J., Brant S.R., Bitton A., 
Cho J.H., et al. Appendectomy does not decrease the risk 
of future colectomy in UC: Results from a large cohort and 
meta-analysis. Gut. 2017;66(8):1390–7. DOI: 10.1136/
gutjnl-2016-311550

19. Stellingwerf M.E., de Koning M.A., Pinkney T., Be-
melman W.A., D'Haens G.R., Buskens C.J. The risk 
of colectomy and colorectal cancer after appendectomy 



8

www.gastro-j.ru

Рос журн гастроэнтерол гепатол колопроктол 2024 / Rus J Gastroenterol Hepatol Coloproctol 2024

Original articles / Оригинальные исследования Online First

in patients with ulcerative colitis: A systematic review 
and meta-analysis. J Crohns Colitis. 2019;13(3):309–18. 
DOI: 10.1093/ecco-jcc/jjy163

20. Tzeng Y.M., Kao L.T., Kao S., Lin H.C., Tsai M.C., 
Lee C.Z. An appendectomy increases the risk of rheuma-
toid arthritis: A five-year follow-up study. PLoS One. 
2015;10(5):e0126816. DOI: 10.1371/journal.pone.0126816

21. Lee Y.M., Kor C.T., Zhou D., Lai H.C., Chang C.C., 
Ma W.L. Impact of age at appendectomy on develop-
ment of type 2 diabetes: A population-based cohort study. 
PLoS One. 2018;13(10):e0205502. DOI: 10.1371/journal.
pone.0205502

22. Kaplan G.G., Pedersen B.V., Andersson R.E., Sands B.E., 
Korzenik J., Frisch M. The risk of developing Crohn's 
disease after an appendectomy: A population-based cohort 
study in Sweden and Denmark. Gut. 2007;56(10):1387–92. 
DOI: 10.1136/gut.2007.121467

23. Janszky I., Mukamal K.J., Dalman C., Hammar N., 
Ahnve S. Childhood appendectomy, tonsillectomy, and 
risk for premature acute myocardial infarction — a na-
tionwide population-based cohort study. Eur Heart J. 
2011;32(18):2290–6. DOI: 10.1093/eurheartj/ehr137

24. Lai S.W., Lin C.L., Liao K.F., Tsai S.M. Increased 
risk of pulmonary tuberculosis among patients with ap-
pendectomy in Taiwan. Eur J Clin Microbiol Infect Dis. 
2014;33(9):1573–7. DOI: 10.1007/s10096-014-2112-0

25. Helmink B.A., Khan M.A.W., Hermann A., Gopalakrish-
nan V., Wargo J.A. The microbiome, cancer, and cancer 
therapy. Nat Med. 2019;25(3):377–88. DOI: 10.1038/
s41591-019-0377-7

26. Wong S.H., Yu J. Gut microbiota in colorectal can-
cer: mechanisms of action and clinical applications. Nat 
Rev Gastroenterol Hepatol. 2019;16(11):690–704. 
DOI: 10.1038/s41575-019-0209-8

27. Gao Z., Guo B., Gao R., Zhu Q., Qin H. Microbiota 
disbiosis is associated with colorectal cancer. Front Micro-
biol. 2015;6:20. DOI: 10.3389/fmicb.2015.00020

28. Abdulamir A.S., Hafidh R.R., Bakar F.A. Molecular 
detection, quantification, and isolation of Streptococcus 
gallolyticus bacteria colonizing colorectal tumors: Inflam-
mation-driven potential of carcinogenesis via IL-1, COX-2, 
and IL-8. Mol Cancer. 2010;9:249. DOI: 10.1186/1476-
4598-9-249

29. Peters B.A., Dominianni C., Shapiro J.A., Church T.R., 
Wu J., Miller G., et al. The gut microbiota in conven-
tional and serrated precursors of colorectal cancer. Micro-
biome. 2016;4(1):69. DOI: 10.1186/s40168-016-0218-6

30. Wang T., Cai G., Qiu Y., Fei N., Zhang M., Pang X., 
et al. Structural segregation of gut microbiota between 
colorectal cancer patients and healthy volunteers. ISME J. 
2012;6(2):320–9. DOI: 10.1038/ismej.2011.109

31. Alhinai E.A., Walton G.E., Commane D.M. The role of 
the gut microbiota in colorectal cancer causation. Int J 
Mol Sci. 2019;20(21):5295. DOI: 10.3390/ijms20215295

32. Rothwell J.A., Mori N., Artaud F., Fournier A., Con-
te M., Boutron-Ruault M.C., et al. Colorectal cancer 
risk following appendectomy: a pooled analysis of three 
large prospective cohort studies. Cancer Commun (Lond). 
2022;42(5):486–9. DOI: 10.1002/cac2.12265

33. Kooij I.A., Sahami S., Meijer S.L., Buskens C.J., Te 
Velde A.A. The immunology of the vermiform appen-
dix: A review of the literature. Clin Exp Immunol. 
2016;186(1):1–9. DOI: 10.1111/cei.12821

34. Randal Bollinger R., Barbas A.S., Bush E.L., Lin S.S., 
Parker W. Biofilms in the large bowel suggest an apparent 
function of the human vermiform appendix. J Theor Biol. 
2007;249(4):826–31. DOI: 10.1016/j.jtbi.2007.08.032

35. Salminen P., Paajanen H., Rautio T., Nordström P., 
Aarnio M., Rantanen T., et al. Antibiotic therapy vs 
appendectomy for treatment of uncomplicated acute ap-
pendicitis: The APPAC randomized clinical trial. JAMA. 
2015;313(23):2340–8. DOI: 10.1001/jama.2015.6154

36. van den Boom A.L., Lavrijssen B.D.A., Fest J., 
Ikram M.A., Stricker B.H., van Eijck C.H.J., et al. Ap-
pendectomy and the subsequent risk of cancer: A prospec-
tive population-based cohort study with long follow-up. 
Cancer Epidemiol. 2022;77:102120. DOI: 10.1016/j.
canep.2022.102120

37. Shi F., Liu G., Lin Y., Guo C.L., Han J., She J. 
IDDF2021-ABS-0054 Appendectomy increases the risk 
of colorectal cancer through causing gut microbiota dys-
biosis in a large population-based study. Gut. 2021;70  
(Suppl 2):A17–9. DOI: 10.1136/gutjnl-2021-IDDF.24

38. Mándi M., Keleti G., Juhász M. The role of appendec-
tomy and cholecystectomy in the pathogenesis of colorec-
tal carcinomas. Ann Med Surg (Lond). 2021;72:102991. 
DOI: 10.1016/j.amsu.2021.102991

39. Lee S., Jang E.J., Jo J., Park S.J., Ryu H.G. Long-term 
impacts of appendectomy associated with increased inci-
dence of inflammatory bowel disease, infection, and col-
orectal cancer. Int J Colorectal Dis. 2021;36(8):1643–52. 
DOI: 10.1007/s00384-021-03886-x

40. Dahabra L., Tallat M., Abouyassine A., Deeb L. S134 
Does appendectomy alter the risk of colorectal cancer? 
A large population-based study in the United States. 
Am J Gastroenterol. 2021;116:S58–9. DOI: 10.14309/01.
ajg.0000773008.85391.1b

41. Park Y.Y., Lee K.Y., Oh S.T., Park S.H., Han K.D., 
Lee J. A link between appendectomy and gastrointesti-
nal cancers: A large-scale population-based cohort study in 
Korea. Sci Rep. 2020;10(1):15670. DOI: 10.1038/s41598-
020-72770-5

42. Ugai T., Kawamura H., Takashima Y., Okadome K., 
Shimizu T., Mima K., et al. Abstract B002: History of 
appendectomy and colorectal cancer incidence, overall and 
by intratumoral fusobacterium nucleatum status. Cancer 
Res. 2022;82(23 Suppl 1):B002. DOI: 10.1158/1538-7445.
CRC22-B002

Сведения об авторах
Нежад Мохаммад Иман Абили — доцент кафедры 
анестезиологии, Кафедра анестезиологии, Университет 
медицинских наук.
Контактная информация: research1375@gmail.com;
9861615881, Иран, г. Заболь, ул. Шахида Раджаи.

Ябанде Нуши Пормер* — доцент кафедры хирургии, Уни-
верситет медицинских наук.
Контактная информация: research1378@gmail.com;
9861615881, Иран, г. Заболь, ул. Шахида Раджаи.
ORCID: https://orcid.org/0000-0002-9810-1170

Information about the authors
Mohammad Iman Abili Nezhad — Assistant Professor of 
Anesthesiology, Department of Anesthesiology, Zabol University 
of Medical Sciences.
Contact information: research1375@gmail.com;
9861615881, Iran, Zabol, Shahid Rajaei str.

Nooshi Pormehr Yabandeh* — Assistant Professor of Surgery, 
Department of Surgery, Zabol University of Medical Sciences
Contact information: research1378@gmail.com;
9861615881, Iran, Zabol, Shahid Rajaei str.
ORCID: https://orcid.org/0000-0002-9810-1170

* Corresponding author / Автор, ответственный за переписку

Submitted: 24.12.2023 Accepted: 05.04.2024 Published: 30.04.2024
Поступила: 24.12.2023 Принята: 05.04.2024 Опубликована: 30.04.2024


