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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 (Cl).

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 developmentincreased 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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MeTaaHanus u cuctemaTnydeckmuii 003op ponm anneHa3KToMumn
B NaToreHese KOJIOPeKTaJIbHOro paka

M.N.A. Hexap, H.IN. A6anoe*
YHuBepcuTeT MeauumHckux Hayk, 3abosb, VipaH

Llenb. YunTbiBag BO3MOXHOCTb PUSMONOTMYECKNX USMEHEHWNI B XENYA0UYHO-KULLEYHOM TPAKTE MOoC/e yaaneHus an-
NeHamKca, KOTOpble MOMYT BANUSITh HA KaHLLEPOreHe3, Mbl BbIMOIHUIVM CUCTEMATUYECKMIA 0630P 1 METaaHaIM3 C LIENbIO
M3y4eHNS BO3MOXHOW CBA3M MeXAy anneHa3KTOMUEN 1 MOCNeayoLLMM PUCKOM KOopekTasibHOro paka (KPP).
MeTopabl. B cuctematnyeckomMm nccnenoBaHUn UCNoNb30BaIMCb TakMe MCTOYHMKU, Kak KokperHoBckast 6ubnmo-
Teka, Embase, PubMed, ClinicalTrials.gov n Web of Science, oxaTtbiBatowme nccnenosania oo 1 ¢pespansa 2023 .
MpoBeaeHa oueHka BANAHUA anneHO9KTOMUN Ha KOJIOPEKTasbHbIV pak, Mpy 3TOM Oblla MCNONb30BaHa MOAESb CIly-
YanHbIX 9DPEKTOB A1a pacyeTa 00beANHEHHOIO OTHOLLEHUS p1cKoB (OP) pasBunTus KOIOPEKTalbHOro paka nocne
anneHasKToMumr n ero 95%-Helli 4OBepPUTENbHBIN MHTEpBan (95% [U).

Peaynbratbl. B gaHHbIn 0630p Bownm 10 uccnemoBaHui, Bkovawowmx 1 001 693 cnyyas anneHOsKToOMUm
1 39 463 cnyyasa KPP. MeTaaHanu3 BbiBU COBOKYMHbIM OP, paBHbii 1,04 (95% OWN: 1,0—1,08) onga pasButus Kono-
PEKTaNbHOro paka nocsne anneHaskroMmuu. NMpumeyatensHo, 4to OP pa3sutusa KPP ysennumncsa oo 1,20 (95% AOU:
0,69-1,69) npn paccMOTPEHMN TONBKO Clly4aeB ¢ Nepnoaom HabnoaeHnsa 6onee 10 ner.

3aknovyeHue. Pe3ynbrathl ykasbiBAlOT Ha HE3HAYUTENIbHO MOBbLILLIEHHbIA PUCK KOMIOPEKTANIbHOrO paka B Clyya-
ax 6e3 onpegeneHHoro nepuoaa HabmoaeHnsa. OoHaKo 3TOT MOBbLILLIEHHbIN PUCK HE COXPAHAICS B AONTOCPOYHON
nepcnekTuee (6onee 10 neT). [eTEPOreHHOCTb BKIIIOYEHHbIX UCCNEeN0BaHNUM, MO-BUOVMOMY, MOBAUSAIA HA HALUN pe-
3ynbTaThl. TEM HE MEHEE BpayaM PEKOMEHOYETCS B3BECUTb MOTEHLMANBHYIO MOSb3Y AITEPHATUBHBIX METOA0B JIEYEHNS
1 MPUIHATb BO BHYMaHWE OyayLe OCOXHEHWS, KOTOPbIE MOIyT BO3HUKHYTb B PE3Y/LTATE HEHY>KHOW anneHa3KTOMUK.
KnioueBble cnoBa: KONopekTabHbIA pak, anneHA3KTOMUS, PaK TOCTON KNLLKWU

KoHNUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.
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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, I?, 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 I? statistic, with I* 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
. Gend 0
First author Publica- Countr Design Sample size Age Follow ender (%)
tion year y 8 P 8 up Fe- | viale
male
d . >55
E%I(‘)mef%] 2022 | Netherlands | Retrospective 7136 (69.8 1 9.3) 13.3 60.3 | 39.7
Shi [37] 2021 China Retrospective 135.468 >18 N/A N/A | N/A
Mandi [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
[%I]labm 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

Men
Author Appendectomy Result CRC HR (95% CI) | >60 | to women
cases cases HR
van den 1373 Appendectomy cases have 216 | 0.65 (0.43-0.95) | N/A N/A
Boom reduced risk of CRC ‘ ‘ :
No significant association was
Ugai N/A found between appendectomy 2819 | 0.52 (0.33—0.84) | N/A N/A
and risk of CRC
No significant association was
Mandi 185 found between appendectomy 6000 0.92 N/A 1.06
and risk of CRC
Appendectomy cases might have _
Wu 84,408 increased risk of CRC 10,637 | 1.14 (1.02—1.28) | 12.8 1.15
No significant association was
Song 480,382 found between appendectomy 3733 0.7 % N/A N/A
and risk of CRC
Appendectomy cases had higher
Lee 243,422 risk of developing CRC at the 4324 | 2.97 (2.72-3.24) | N/A N/A
first post-operative year
Women and elderly patients 1.034 (0.973—
Park 158,101 are at higher risk of developing 2699 : 2 N/A 0.695
1.098)
CRC after appendectomy
Appendectomy cases have -
Dahabra N/A increased risk of CRC 0.08 | 1.52(1.23—1.69) | N/A 1.84
Appendectomy cases might have
¥ee N/A increased risk of CRC N/A | 0.80 (0.57—1.13) | N/A N/A
] Appendectomy cases have
Shi 33,822 increased risk of CRC N/A N/A N/A 1.19
Note: N/A — data not available.
Study %
ID ES(95%Cl)  Weight
2022 i
Van den Boom (2022) - 0.65 (0.43,0.95) 267
Ugai (2022) | 052 (0.33,0.84) 278
Subtotal (I-squared = 0.0%, p = 0.484) O 0.58 (0.40,0.77) 5.45
2021 -
Mandi (2021) . | 0.92(0.83,1.02) 20.02
Lee (2021) ' #— 297 (272,3.24) 2567
Dahabra (2021) | 1.52 (1.23,1.69) 342
Subtotal (I-squared = 99.1%, p = 0.000) 0 1.21(1.13,1.29) 26.11
2015 i
Wu (2015) - 1.14(1.02,1.28) 10.69
Subtotal (I-squared = .%, p=.) e} 1.14 (1.01,1.27) 10.69
2016 :
Song (2016) - 0.70 (0.64,0.98) 6.25
Subtotal (I-squared = .%, p=.) Lo 0.70(0.53,0.87) 6.25
2020 “ .
Park (2020) e 1.03 (0.97,1.09) 50.18
Subtotal (I-squared =.%, p=.) : ? i 1.03 (0.97,1.09) 50.18
2018 E
Lee (2018) - 0.80 (0.57,1.31) 1.32
Subtotal (I-squared = .%, p =) O: 0.80 (0.43,1.17) 1.32
Heterogeneity between groups: p = 0.000 :
Overall (I-squared =97.1%, p = 0.000) ’ 1.04 (1.00, 1.08) 100.00
T : T
-3.24 0 3.24

Figure 2. Meta-analysis of the HR of developing CRC after appendectomy
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ASSOCIATION BETWEEN
APPENDECTOMY AND CRC
BASED ON FOLLOW-UP TIME

Song et al Lee et al

1.5-3.5 years s vears 0-1 years >>HR:4.22

HR:1.05
HR:2.13 1-2 yers >>HR:1.19

5-14 years
3.5-6.5 years HR:1.12 2-3 years>>HR:2.34
HR: 1.09 3-4 years>>HR:0.97
15-24 years
HR:0.98

>6.5 years 4-5 years>> HR:1.06

HR:0.98 >5 years >>HR:0.63

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 studies
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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

0.000

0.0109

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.
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