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Abstract
Introduction

Acute appendicitis in older patients is less frequent and may
be secondary to an underlying right colonic malignancy. This
dictates the practice of performing colonoscopy in these
patients after the resolution of appendicitis or appendi-
cectomy, however, the evidence for this is limited. The
objective of this study was to assess the utility of early
colonoscopy (i.e.<3 months) to diagnose colonic cancer in
older patients (>40 years) following acute appendicitis.

Methods

PubMed, Embase, Cochrane Library and Google Scholar
were searched using the search terms 'colonoscopy' OR
'malignancy’ OR 'tumour' AND 'acute appendicitis'. Data
regarding the proportion of older patients (>40 years) after
acute appendicitis who were detected to have a right colonic
malignancy at follow-up colonoscopy within 3 months were
analysed.

Results

The studies included patients from age 40-96 years
(male:female=1.2:1). Colonoscopies were performed over a
variable period of up to 3 years after appendicitis. None of the
included studies addressed the main outcome measure
sought. Instead, patients were followed up for periods ranging
from 12-53 months. During this period, the incidence of
colonic cancer ranged from 0.7-2.9% (mean=1.7%) which
was considerably higher than that of the general population.

Conclusions

The risk of colorectal cancer development in this population
over subsequent years appears to be higher than the general
population. The utility of early colonoscopy in older patients
after acute appendicitis is unclear from the available data and
recommendations can only be made after appropriate
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prospective studies are done.

Introduction

Acute appendicitis is one of the commonest causes of an acute
abdomen [1] with an estimated lifetime risk of 7.6% to 8.6%
[2]. Though the majority of appendicectomies are performed
in those below 40 years, about 30% are done in patients aged
over 40 years [3]. Luminal obstruction by faecoliths,
lymphoid hyperplasia, parasites or neoplasms at the
appendicular base are believed to be mechanisms in the
causation of acute appendicitis [4].

Conventional doctrine is that acute appendicitis in the elderly
may be a harbinger of a caecal [5] or right colonic tumour [6].
The pathogenesis for this is thought to be luminal occlusion of
the appendix by tumour infiltration, peri-tumoural
inflammatory changes or raised intraluminal pressure in the
caecum caused by a distal colonic neoplasm [7]. Moreover,
the incidence of colon cancer is increasing in both developing
and developed countries [8]. This logic leads to the practice of
performing an early colonoscopy in those over 40 years
following appendicectomy [9]. However, evidence and
recommendations to support this practice are scarce, leading
to a lack of consensus and variability in care pathways [10,
11]. Current guidelines anyway recommend population
based endoscopic screening for colorectal cancer in those
above the age of 50 [12, 13]. This is pragmatic since in a
normal population the detection rate of advanced adenomas in
40 - 49-year-olds is significantly less compared to the over 50-
year-olds [ 12]. However, in patients after acute appendicitis in
the corresponding age groups detection rates may be higher
warranting early colonoscopy.

The objective of this systematic review was to validate the
above practice by exploring the incidence of caecal or right
colonic tumours detected by early colonoscopy (i.e. within 3
months) in older patients after acute appendicitis.

Materials and methods

PubMed, Embase, Cochrane Library and Google Scholar
were searched using the search terms 'colonoscopy OR
'malignancy’ OR 'tumour' AND 'acute appendicitis' in the title
or abstract fields without any restriction on date limits. A non-
English language database, APAMED Central, was searched
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but did not reveal any studies relevant to the study question.
The reference lists provided in full papers were also used to
identify additional papers for review. The last date of the
search was 31st March 2019. Both experimental and
observational studies that considered the association of
colonic neoplasms and acute appendicitis and the use of early
colonoscopy (i.e. within 3 months) in older (more than 40
years) patients were included. Case reports were excluded
from this review.

The title and abstracts were independently screened by two
authors. Full texts of selected articles were reviewed, and
eligible studies were identified. Data from individual studies
were tabulated including the location of the study, basic
demographic data of the patients, the use of colonoscopy and
the percentage of malignancies detected during the follow up
period. The primary outcome measure was the proportion of
older patients detected to have a colonic malignancy on
colonoscopy within 3 months of acute appendicitis. The
secondary outcome was the overall incidence of colonic
tumours in older patients following acute appendicitis.

Only a few studies observed the proportion of malignancies
associated with acute appendicitis in the older population.
There were no large scale prospective or case-control studies
among them. They were mainly comprised of retrospective
analyses and one prospective study.

Qualitative analysis was performed using the extracted data
from the included studies and data were expressed as
frequencies and percentages. A quantitative analysis (meta-
analysis) could not be performed due to the study
heterogeneity. Risk of bias analysis was performed according
to the Downs and Black checklist and the findings are shown
intable S1[14].

Results

Forty-nine (49) studies found using the search strategy were
screened for eligibility. The process of assessment and
exclusion is summarised in the PRISMA flow chart (Figure
1). Only 11 studies were found to be suitable, analysing the
proportion of colonic malignancies associated with acute
appendicitis. Of these, 9 studies assessed the proportion of
colonic malignancies detected immediately or subsequently
after appendicectomy in patients over 40 years (Table 1) [5, 7,
10, 11, 15-19]. Two large population based studies from
Taiwan analysed the risk of developing a subsequent
malignancy in patients of all ages in the 12 months follow up
period after appendicectomy [3, 20].

Excluding the two large population based studies, there were
4555 appendicectomies reported in patients over 40 years
(age range: 40-96 years). The mean patient age in individual
studies ranged from 56 - 72 years with a male to female ratio of
1.2:1.
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Figure 1. Prisma flow chart
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The proportion of patients over 40 years who had a
colonoscopy after appendicitis was highly variable (1.1-
100%, within 2-3 years). Importantly, there were no studies
that specifically addressed our primary outcome i.e. the
detection of a caecal or colonic tumour at early colonoscopy
(i.e. within 3 months) following acute appendicitis. However,
astudy by Lai et al detected colonic malignancies at or shortly
after appendicitis using histology from intraoperatively
detected tumours or subsequent computed tomography in
others. Of the 16/1873 (1.76%) patients who were found to
have a colonic malignancy, 8 were detected in the first 4
months. Thus a proportion of 0.88% of older patients was
found to have colonic cancer within the first 4 months
following acute appendicitis. Studies from Sweden, Australia
and Taiwan showed that those after appendicitis had a 6.3 -
38.5 fold increased risk of developing colorectal cancer
compared to the general population (Table 1)[10, 11, 16]. The
overall incidence of colonic tumours in elderly patients after
appendicitis was 1.7% (range: 0.7 - 2.9%) over a follow up
period of 12 to 53 months. The 5 studies that compared the
post-appendicectomy group to age and gender matched
controls in the general population showed a considerably
higher incidence of colorectal cancer in the former.

A large population study from Taiwan compared the
incidence of colorectal cancer in the group following
appendicectomy to that of the general population [20]. The
overall incidence of colorectal cancer was 14% higher in the
post-appendicectomy cohort compared to the general
population of 1.5-3.5 years after appendicectomy with a
hazard ratio of 2.13. Men were at higher risk than women
[20]. A subsequent study by the same investigators compared
130,374 patients who underwent appendicectomy, with no
previous diagnosis of cancer with a control group of 260,746
persons from the same database and assessed the incidence of
malignancies within the subsequent year [3]. Interestingly,
the study found a more than 4-fold increase in all cancers in
the appendicectomy group over the control group (9.06 vs.
1.96 per 1000 person-months) with gastrointestinal and
female genital tract malignancies accounting for 80% of the
cancers. Furthermore, the hazard ratio was highest for female
genital cancers followed by colorectal cancers, small
intestinal cancers, pancreatic cancer and lymphomas.

A preponderance of right colonic malignancies was reported
by most studies (Table 1). In contrast, the population based
study from Taiwan showed that the incidence was highest for
rectal cancers and lowest for caecal and ascending colon
tumours in both the post-appendicectomy and general
population [20].

Only one study performed a subgroup analysis between two
age groups, i.e. 40-54 years and 55 years and above. The study

detected a caecal cancer rate of 1.6% in the 55 years and above
age category while no malignancies were detected in the 40-
54 years.

Discussion

The objective of this systematic review was to evaluate the
utility of performing a colonoscopy within 3 months of acute
appendicitis in patients above 40 years to detect a causative or
associated caecal or colon cancer. However, there was no
evidence in the literature available and reviewed to support
this 'common sense' practice.

Whilst none of the studies describe the findings of early
colonoscopy after appendicitis, several details the incidence
of colorectal cancer in this cohort of patients in the subsequent
2 to 3 years. Though not the primary outcome measure of this
study, it was interesting to note that the incidence of a
subsequent colorectal malignancy was approximately 1.7%
compared to 0.03 - 0.4% in the age matched normal
population [10, 11]. While this requires further prospective
study, it raises the question of surveillance for colorectal
cancer in this cohort of patients and the possible role of the
appendix in colonic mucosal protection.

The pathophysiological basis for the correlation between a
history of acute appendicitis or appendicectomy and
subsequent colorectal cancer development requires
clarification. Post-appendicectomy colonoscopy in the
elderly is performed on the premise that either direct
obstruction or peritumoral inflammation somehow initiates
appendicitis.

However, this does not explain the increased incidence of
cancer distributed along with the entire large bowel including
the rectum noted in this study. More significant, though only
described in the large population based Taiwanese study, is
the observation of an increased incidence of extra-colonic
tumours, especially female genital tract malignancies, in the
post appendicectomy group. This raises interesting questions
on the potential role of the appendix in tumour immunity. The
appendiceal biofilm is believed to be beneficial to gut health
[21] and the loss of the immunological functions of the
appendix could be a plausible explanation for subsequent
tumourigenesis. Furthermore, the previous appendicectomy
was associated with a higher incidence of local fixity,
abdominal wall invasion, poor differentiation and metastatic
spread of colonic cancers [22]. It also was an independent risk
factor for low survival rates and poor prognosis for patients
who subsequently developed carcinoma of the caecum [22].

Most studies in this review showed the distribution of
malignancies the following appendicectomy to predominate
in the right colon. However, the population-based study from
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Table 1. Summary of findings of studies included in the systematic review

Author Year Location | Study Study type Design M Colonos| Colorectal Site of Comparison with
period copy m@ncer M turnour normal population
(%)
Pederserc | 2018 Marway 2010- Retrozpective | Colonoscopy within | 731 316 9 [1.20%) d-czecum, 3- [ NA
2015 study 3 years after acuts [43.23¢) sscending, 2-
sppendicitis in rectum
patients »40 years
of age
huzzzew’® [ 2015 Australia | 2002- Retrozpective | Colonoscopy within | 318 53 B[2.20%) T-right sided | NA
2014 study 2 years after acute [19.83%)
appendicitis in
patients = 50 years
of 2ge
Lai” 2006 Taiwan 1538- Retrospective | Patients » 40 years | 303 M 16{1.76%), F-caecum, The odds ratic of
2003 study fownd to have colon B(0.28%) 3-azcending | colon cancer incid-
cancers immedigtzly within first colon, ence had a 38.5-
or subsaquently [O- 4 months I-transverze, [ fold increazs
E3 months, mediam 2-sigmoid, 2- | among patients
L8 months) sfter reCturm older than 40
appendectamy years. |Imcidence is
normal populationd
0.03%%)
Khan 2013 Ireland 2005- Prospective Patients *40 years | 179 2{1.2%)| 2(1.10%) l-czecum, 1- [ NA
2011 study were evalusted with spendoe
CT =can and 2
underwent
colonoscopy
Ehine! 2017 Australia | 2003- Retrozpective | Patients 245 years | 541 T4 15{2 70%) “-appendix, §.3-fold rizk than
2015 study with appendicitis [11%) &-caecum, the normal
were analyssd to zzcendingtra| population.
find the rate of nzvers-2, [Incidence in the
colorectal rectumyzigm | ags-matched
carcinoma disg- oid-2 normal popular-
nosed during the tion:0.43)
3&-month follow-up
period
Ambjorns | 1982 Swaden 1580 Retrozpective | Patients 240 years | 5&l MNA 16{2.90%) NA 25-fold risk than
son'® study with appendicitis normal 3ge
were analysed to matchead
find the rate of population.
colorectal [Incidence in the
carcnoma disg- sg=-matched
nosed during the normal popul-
3&-month follow-up stion:0.1%]
period
Dhadlig!s 2018 Australia | 2017- Retrozpective | Colonoscopy within | 43 43 1j2.30%) 1-hepatic MA
2018 study 2 wyears after acuts (1003 flexure
appendicitis in
patients »50 years
of sgs
Bizer 6 2013 Usa 1973- Retrozpective | Patiemts 26E5 years | 218 MA 41.80%) zll-cascal MA
1532 study with appendicitis CAMCET
were analysed to
find the rate of
CONCoMitant c3ecs
or appendiceal
carcinoma
Maohamed | 2015 Uk 20049 Retrospective | Patients » 40 veasrs | 1055 & 7 {0.7%) All-caecal &
7 2014 with appendicitis Cancer
were analysad to
find the rate of
raecal pathalogy
W fall 2015 Taiwan 2000- Retrospective | 130,374 patients (sl 130374 | NA 445(0.343%) | Ma HR of 14.7 [B.66-
cancers| 2008 population- zg=s) newly 25.0}. Incidence in
bas=d study received the control
appendectomy from group: 0 038%]
20002009, without
CENCEN Were
compared with a
control sample of
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260,746 persons
gnd the risk of
development of
cancer in the next
2 months was
calculated
W= 2015 Taiwan 1597- Retrospective | 75575 patients wha | 75575 MN& 375(0.45%) | 7-Cascum- The incidence of
[colorecta 1535 population- underwant sscending colorectal cancer
| cancers) bas==d study appendectormy colon, was higherin 1.5-
between 1597 and 24-hepatic 3.5 years post
1598 were flezure- appendectomy
compared with age, transverse follow-up than for
sex and comorbidity colon, the comparisons
ratched 303640 11-splenic [HR of 2.13}
persons without flexure-
appendectomy and descending
subsequent colon,
colorectal cancer 43-sigmaoid,
ncidence was 155-rectum,
studied G3-pthers,
63-mixed
Table 2. Availability of information in the studies included in relation to the objective of the systematic review
Author Colonoscopy Subgroup Proportion of Distinction Comparison with
within 3 months analysis of patients who between caecal, eeneral
mentioned age given underwent and other population given
colonoscopy given Tumours given
Pedersens M M fes Yes Mo
Mustasy=3 Mo Mo fes Mo Mo
Lai® Mo Mo Mo Yes Yes
Khan? M M fes fes Mo
Shinet Mo Mo fes Yes Yes
Arnbjérnssontt Me Mo Me Mo fes
Dhadlig*= Mo Mo fes Yes Mo
Bizerss M M Me Yes Mo
Maohamed?? Mo fes Mo fes Mo
Wu? (all cancers) M M Me Mo fes
W {colorectal Mo M Mo Mo Yes
cancer)
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Taiwan [20], showed a higher incidence of rectal cancer
compared to right colonic tumours. This may reflect the
inherently higher incidence of rectal tumours compared to
right colonic malignancies in the general population [23, 24].
However, the reason for the discrepancies is not clear and
requires further study.

Limitations

Most studies were retrospective and included small numbers.
Only 5 studies mentioned the proportion of patients
undergoing subsequent colonoscopies (Table 2). In the
limited number of patients who underwent colonoscopy in the
follow-up period the indication or selection criteria was not
documented. Only 7 studies made the distinction between
caecal and other tumours. Studies included patients detected
to have cancer over a variable subsequent period of 12-53
months and therefore it may be possible to have included
patients who developed cancer at a later stage. Subgroup
analysis of different age categories was not possible with the
available information as only one study had looked at it [19].
Some studies did not clarify the mode of colonic tumour
detection, i.e. whether it was following investigation of
symptoms or during screening. A meta-analysis was not done
due to the heterogeneity of the selected studies.

Conclusions

The utility of early colonoscopy in older patients after acute
appendicitis is uncertain from available data in this study and
recommendations can only be made after prospective studies
are done. Despite the absence of clear evidence, we believe it
would be sensible to proceed with an early check colonoscopy
in this cohort, considering that their numbers are anyway
likely to be small.

Interestingly, the subsequent risk of developing colorectal
cancer and possibly some extra-colonic cancers in this older
group of post-appendicectomy patients appears to be
considerably higher (approximately 1.7%) than the general
population. Through this systematic review ultimately could
not address the primary question about the importance of
early colonoscopy in older patients after acute appendicitis, it
revealed a possible association between acute appendicitis
and subsequent increased risk of colorectal and extracolonic
malignancies. This warrants further investigation so that
recommendations on long-term colonoscopic surveillance
and in cases of extra-colonic neoplasms other modes of
surveillance may be considered. Besides, it warrants further
study of the role of the appendix in tumour immunity.

This study was published as an abstract at Asia Pacific
Digestive Week 2019 [25].

All authors disclose no conflict of interest. The study was conducted

in accordance with the ethical standards of the relevant institutional
or national ethics committee and the Helsinki Declaration of 1975, as

revised in 2000.
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