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LETTER TO TH E EDITOR

Colorectal cancer risk following appendectomy: a pooled
analysis of three large prospective cohort studies

Dear Editor,
Appendectomy is usually performed to treat acute

appendicitis although it may also be conducted in the
absence of appendicitis when patients suffer from chronic
abdominal pain. Resection is also known to mitigate the
risk of ulcerative colitis [1], a risk factor for colorectal can-
cer. The impact of appendectomy on colorectal cancer risk,
particularly in the long term, is unclear. The procedurewas
initially hypothesized to increase colorectal cancer risk due
to decreased immunocompetency. However, recent studies
conducted on clinical databases have found little evidence
of an association between prior appendectomy and col-
orectal cancer risk, other than a short-term increase in risk
following the procedure in older individuals [2–5]. These
studies had various limitations. Firstly, they relied on
matched cohorts of appendectomy andnon-appendectomy
participants, which may have resulted in biases, for exam-
ple from precautionary removal of the appendix follow-
ing other abdominal complaints. Secondly, appendectomy
data may have been inaccurate due to incomplete medi-
cal histories, particularly the omission of appendectomies
performed at younger ages. Thirdly, some studieswere able
to crudely adjust for known colorectal cancer risk factors
such as body size, alcohol intake, and smoking status, but
not potential confounders such as colorectal cancer screen-
ing and family history. In this study, we aimed to address
these limitations by conducting a pooled study of over
590,000 participants from three large European prospec-
tive studies, the UK Biobank, the European Investigation
into Cancer and Nutrition (EPIC), and the French E3N
cohort. The large number of incident colorectal cancer
cases and high-quality clinical, lifestyle and other epidemi-
ological data collected in these well-characterized cohorts
allowed us to robustly examine the association between
appendectomy and colorectal cancer overall and across
tumor anatomical subsites.

Abbreviations: HR, hazard ratio; CI, confidence interval; EPIC,
European Investigation into Cancer and Nutrition
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The UK Biobank cohort contributed 472,321 partic-
ipants, of whom 55,075 (11.7%) had previously under-
gone appendectomy (Supplementary Materials). A total of
28,929 participants were included from the EPIC study,
and 6,262 (21.6%) had reported prior appendectomy. E3N
contributed 90,567 participants, of whom 20,418 (22.5%)
had reported an appendectomy (Supplementary Table S1).
A total of 591,817 participants were therefore included in
the pooled study. The median follow-up durations starting
from year of reported appendectomy to the end of follow-
up were 47 years (range, 0-76 years), 51 years (range, 0-87
years), and 50 years (range, 0-84 years), respectively, for the
three cohorts and did not differ appreciably between col-
orectal cancer cases and non-cases.
In the UK Biobank, EPIC, and E3N cohorts, 3,171, 576,

and 1,080 incident cases of colorectal cancer were recorded
during median follow-up times of 7.1 years (range, 0.0-
10.0 years), 15.2 years (range, 0.0-18.9 years) and 24.3
years (range, 0.0-25.8 years), respectively. Overall associ-
ations between prior appendectomy and colorectal cancer
were similar in the three cohort studies, and multivariable
adjustment for known colorectal cancer risk factors did
not impact the associations (Supplementary Table S2). In
the pooled analysis, appendectomywasnot associatedwith
lower overall colorectal cancer risk, despite a 9% reduction
in risk [hazard ratio (HR) = 0.91, 95% confidence interval
(CI) = 0.79-1.02] (Figure 1). Appendectomy was associated
with lower colorectal cancer risk in women (pooled HR
= 0.89, 95% CI = 0.77-1.00) but not in men (pooled HR =

0.97, 95% CI = 0.84-1.10), and no heterogeneity by sex was
detected (I2 = 0, P = 0.35). However, appendectomy was
associated with a lower risk of colon cancer overall (pooled
HR = 0.90, 95% CI = 0.81-0.99) and distal colon cancer
(pooled HR= 0.77, 95% CI= 0.65-0.90), but not with proxi-
mal colon cancer (pooled HR= 0.99, 95% CI= 0.84-1.14) or
rectal cancer (pooled HR = 0.94, 95% CI = 0.74-1.14). Het-
erogeneity of association was detected for proximal versus
distal colon tumors (I2 = 76.2%, P= 0.04), but not for colon
versus rectal tumors (I2 = 0, P = 0.61). These associations
have not been published previously.
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F IGURE 1 Random-effects meta-analyses for associations
between prior appendectomy and colorectal cancer risk by tumor
subsite and sex. EPIC, European Prospective Investigation into
Cancer and Nutrition. The I2 statistic for heterogeneity across
cohorts and the corresponding P values are given. Estimates shown
are pooled HR and 95% CI derived from Cox proportional hazard
models performed in each individual cohort by random-effects

Associations by age at appendectomy (< 20 or ≥ 20
years) remained similarly unchanged after multivariable
adjustments in individual cohorts (Supplementary Table
S3). In pooled analyses, prior appendectomy tended to be
associated with a lower risk of cancer at most colorectal
subsites, although these generally did not meet the thresh-
old for statistical significance (Supplementary Figure S1).
Little evidence of association between appendectomy and
overall colorectal cancer risk by age at the procedure was
found, with no heterogeneity detected (I2 = 0). Likewise,
for proximal and distal colon cancer, associations with
appendectomy did not differ significantly between the two
age groups (I2 = 0, P= 0.81 and I2 = 40.0%, P= 0.20 for the
two subsites, respectively).
In a sensitivity analysis using data from the UK

Biobank only, the exclusion of participants who had pre-
viously reported a diagnosis of ulcerative colitis did not
substantially change the appendectomy and colorectal
cancer association (Supplementary Table S4). Likewise,
the exclusion of participants that had reported previ-
ous irritable bowel syndrome, endometriosis, gallstones
or gastro-esophageal reflux disease yielded unchanged
risk estimates. The exclusion of ulcerative colitis cases
from E3N did not appreciably change colorectal cancer-
appendectomy associations, nor did the inclusion of all
reported appendicitis cases as additional instances of
appendectomy (Supplementary Table S5).
To our knowledge, this is currently the first study to

observe a reliable inverse association between appendec-
tomy and colon cancer risk. Earlier studies may have
included individuals whose appendectomies were related
to other intestinal diseases, resulting in a higher short-
term risk of colorectal cancer in these groups. In contrast,
participants included in the present study were recruited

meta-analyses. HR > 1 represents an increased risk of cancer for
participants with appendectomy. Harmonized multivariable models
were adjusted for body mass index (kg/m2, continuous), physical
activity (metabolic equivalent of task [MET] hours/week,
categorical), height (cm, continuous), smoking status
(current/former/never/unknown), and highest educational level
(none or primary school/secondary school/technical or professional
qualification/further education). In the UK Biobank dataset, history
of cancer in first-degree relatives was additionally included in
models and, in the E3N dataset, the colorectal cancer screening
period (before/after 2002). In the E3N dataset, BMI, physical
activity, smoking status, and history of colorectal cancer in
first-degree relatives were modeled as time-varying. In the UK
Biobank dataset, models were stratified by age at recruitment,
Townsend deprivation index quintiles, and assessment center
region. In the EPIC dataset, models were stratified by age at
recruitment and center, and stratification variables were not used
for the E3N models.
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from healthy populations, regardless of prior appendec-
tomy. Appendectomy was thus recorded at all points in
the life course prior to the studies’ respective baselines,
sometimes early in life. The present study, therefore, lever-
ages a much longer median follow-up from appendec-
tomy (approximately 50 years) than previous studies (< 10
years). This extended follow-up was needed to assess the
long-term impact of appendectomy.
Speculations on the mechanisms underlying the

observed inverse associations between appendectomy
and colon cancer risk could be as follows. First, the
appendix is a source of the follicle centers necessary for
the development of gut-associated lymphoid tissue, whose
absence may limit inflammation and mitigate damaging
autoreactivity in the colon [6]. A second possibility is
the modification of intestinal microbiota profile and
function. The appendix has been described as a “safe
house” for commensal bacteria that may be reintroduced
into the colon in case of disease [7]. Appendix microbiota
exists as biofilms that contact colon epithelial cells and
may promote colorectal cancer progression along the
predominant adenoma pathway [8]. It also remains to
be established why appendectomy was associated with a
reduction in overall and distal colon cancer risk but not
with the risk of proximal colon or rectal cancer. There is
a progressive increase in pH, microbial load, and concen-
tration of microbial metabolites from the proximal colon
to the rectum [9], and marked differences exist between
distal and proximal tumors in terms of mutation rate and
genomic instability [10]. Also, the absence of the appendix
and consequent changes in biofilm formation may impact
carcinogenesis differentially in the proximal and distal
colon. The promotion of carcinogenesis by biofilms has
been reported to be common in the proximal but not the
distal colon [8].
In conclusion, appendectomy prior to baseline recruit-

mentwas robustly and consistently associatedwith a lower
risk of colon cancer, overall and at the distal subsite. Exper-
imental studies are now required to identify which specific
physiological changes induced by appendectomy may be
beneficial against the development of colon tumorigene-
sis.
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