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Colorectal screening following appendectomy in adult
patients: a systematic review

Francesco Esposito, Marco Del Prete ', Matilde Magri ", Fanny Dufour ", Alexandre Cortes
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Purpose: Although the association between appendicitis and colorectal cancer in older patients has received attention, postoperative
colorectal screening through endoscopy is not currently recommended. This study conducted a systematic review of the literature on
colorectal screening following appendectomy in adult patients.

Methods: A literature search was performed using online databases. Studies reporting colorectal surveillance after appendectomy in
adult patients were retrieved for assessment.

Results: Eight articles including a total of 3,995 patients were published between 2013 and 2023. An age of 40 years was the lower
threshold in 6 of the 8 articles. Postoperative colorectal screening occurred in 771 patients (19.3%). Endoscopy was performed in
95.2% of cases and computed tomography—colonography in 4.8%. During endoscopic examinations, a lesion was discovered in 184 of
771 patients (24.0%), and an adenomatous polyp was found in 154 of 686 patients (22.5%). The overall cancer rate was 3.9% (30 of
771 patients). The tumor was located in the right-sided colon in 46.7% of the patients, in the cecum in 20.0%, in the rectum in 16.7%,
in the left-sided colon in 10.0%, and in the sigmoid colon in 6.7%.

Conclusion: Performing post-appendectomy colorectal screening in patients >40 years of age could allow early detection of an un-

derlying lesion.
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INTRODUCTION

Appendectomy is one of the most common surgical procedures
performed in an emergency setting by general surgeons. The peak
incidence of acute appendicitis occurs between the ages of 15 and
30 years, with a gradual decrease thereafter [1].

The correlation between cancer and appendicitis in adult pa-
tients is unclear. In a large cohort study, Wu et al. [2] showed that
after appendectomy, the incidence rate of any type of cancer was
4.64 times higher than in patients without appendectomy; fur-

thermore, colorectal cancer was the second most common type,

and the cancer risk was highest in the first 3 months after surgery
and declined during the following months. In another retrospec-
tive analysis [3], the odds ratio of colon cancer incidence was 38.5
in patients >40 years of age who underwent appendectomy.
Compared to the general population, appendectomy patients past
the age of 40 years were found to be at a 10-fold elevated risk of
right-sided colon cancer [4].

Acute appendicitis could therefore be an early sign of simulta-
neous underlying colorectal cancer. The pathophysiological
mechanism is not yet well known but could be related to pseu-

do-obstruction of the appendiceal lumen [5]. Furthermore, im-
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mune-mediated lymphoid hyperplasia resulting from a cancerous
lesion could lead to obstruction of the appendiceal lumen, causing
appendicitis [6, 7].

Thus, the dilemma arises of whether it is justifiable and neces-
sary to perform more invasive investigations in adult appendecto-
my patients during the postoperative period. Currently, there are
no formal recommendations regarding the need for endoscopic
surveillance after an episode of acute appendicitis, and adult pa-
tients are usually treated in the same manner as younger ones.

The aim of this systematic review was to provide an exhaustive
analysis of the available literature regarding the utility of colorectal

screening after appendectomy in adult patients.

METHODS

This systematic review was performed following an open protocol
registered with the PROSPERO (International Prospective Regis-
ter of Systematic Reviews; No. CRD42023441767), and the results
were reported according to the PRISMA (Preferred Reporting

Items for Systematic Reviews and Meta-Analyses) guidelines [8].

Study inclusion criteria

For proper identification of studies eligible for analysis, the study
selection criteria were defined before data collection was initiated.
All studies that included patients aged >40 years who received a
colorectal screening following an appendectomy were eligible for
inclusion. Articles investigating the rate of colorectal tumors inci-
dentally discovered in appendectomies without surveillance colo-

noscopy were not considered.

Types of study

Case-control studies, case series, and case reports were considered
appropriate for this systematic review. Review articles, meta-anal-
yses, conference abstracts, letters, and commentaries were not

considered.

Types of participants and types of intervention

Adult patients (> 40 years) who had received a colonoscopy in the
months following an appendectomy for acute appendicitis were
considered. Patients who were treated with nonoperative manage-
ment for acute appendicitis with delayed surgery and subsequent
endoscopic surveillance were also included.

Types of outcome measures
The primary outcomes were the incidence rates of colorectal can-

cer and adenomatous polyps discovered during endoscopic inves-

tigation after the appendectomy. All secondary parameters re-
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ported in the selected studies (e.g., malignancy suspected based
on a computed tomography [CT] scan, nonoperative manage-

ment rate, colonoscopy rate) were also evaluated.

Literature search strategy

A literature search was performed on the following online data-
bases: MEDLINE (via PubMed), Embase, and Google Scholar. To
increase the probability of identifying all relevant articles, a specif-
ic research equation was formulated for each database, using the
following keywords and MeSH (Medical Subject Headings) terms:
appendicitis, appendix, acute appendicitis, colorectal neoplasm,
colorectal, colorectal cancer, colorectal carcinoma, colonoscopy,
and endoscopic surveillance.

In addition, the reference lists from the eligible studies and rele-
vant review articles (not included in the systematic review) were
cross-checked to identify additional records. The literature search
was performed in May 2023, and no time limit was applied. Only
studies that were written in English, French, or Italian and that

met the selection criteria were reviewed.

Study selection and quality assessment
Two reviewers (FE and MDP) independently screened the titles

and abstracts of the retrieved studies for relevance. To enhance
sensitivity, records were removed only if both reviewers excluded
the record during the title screening stage. All disagreements were
resolved based on discussions with a third reviewer (AC). Subse-
quently, both primary reviewers performed a full-text analysis of
the selected articles independently and assessed the risks of bias
and study quality using the GRADE (Grading of Recommenda-

tions Assessment Development and Evaluation) system [9].

Data extraction

Data extracted from the studies included in the systematic review
were processed for qualitative and, if appropriate, quantitative
analyses. Outcome measures (mean and median values, standard
deviation, and ranges) were extracted for each variable. The aver-
age post appendicectomy colorectal screening rate, the incidence
rate of colorectal cancer, and the incidence rate of adenomatous

polyps were calculated, where relevant.

RESULTS

Study and patients’ characteristics

From the 952 articles initially identified, 8 articles [5, 10-16] met
the inclusion criteria and were selected for the systematic review.
Fig. 1 shows the flow chart of how studies were identified and

then included or excluded. The selected articles consisted of 8 sin-
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Fig. 1. Flowchart of study search, selection, and inclusion.

gle-center case series [5, 10-16] that were published between 2013
and 2023 and carried out in 5 different nations: Australia [5, 10,
14], New Zealand [11], United Kingdom [12, 13], Norway [16],
and Ireland [15].

Opverall, 3,995 patients were included in this systematic review
(Table 1) [5, 10-16]. The cutoff age considered was 40 years old in
6 articles [10-13, 15, 16], 45 years in 1 article [5], and 50 years in 1
article [14]. The age range was between 40 and 96 years, and 51.0%
(range, 43.8%-53.0%) were men. Appendicitis was diagnosed in
68.3% (range, 41.8%-88.1%) by CT scan, and a suspected tumor
was mentioned in 2.0% of the patients undergoing preoperative
CT scans. In the study population, 94.7% of patients underwent an
emergency appendectomy, and 5.3% were initially chosen for non-
operative management (Table 2) [5, 10-16]. Postoperative colorec-
tal screening occurred in 771 of 3,995 patients (19.3%). Of these,
in 95.2% of cases a colonoscopy was performed, and in 4.8% a
CT-colonography took place. Colorectal screening was completed

between 3.5 and 60 months after an appendectomy.

Colorectal screening results

During the endoscopic examinations, a lesion was found in 184 of
771 patients (23.9%); the lesion was an adenomatous polyp in
83.7% of these cases and a tumor in 16.3%. Regarding the polyps,
28.6% were found in the cecum, 12.2% in the right-sided colon,
14.3% in the transverse colon, 2.0% in the left-sided colon, 26.5%
in the sigmoid colon, and 16.3% in the rectum (Table 3) [5, 10-16].

In 30 of the 771 patients, cancer was diagnosed as a result of

https://doi.org/10.3393/ac.2023.00528.0075

colorectal endoscopic screening. The overall cancer rate was 3.9%
(range, 0%-7.7%). Tumors were found in the cecum in 20.0% of
the cases, in the right-sided colon in 46.7%, in the left-sided colon
in 10.0%, in the sigmoid colon in 6.7%, and in the rectum in
16.7% (Fig. 2, Table 3) [5, 10-16].

Among the 30 patients diagnosed with cancer, 7 cases were al-
ready suspected through preoperative CT scans. Postoperative
screening allowed the identification of 23 cases of unsuspected tu-
mors, and the adjusted cancer rate, excluding the cases found
through preoperative CT scans, was therefore 3.0% (23 of 771 pa-

tients).

Study quality assessment
Based on the GRADE system [17], all 8 studies [5, 10-16] were of

very low quality due to the absence of randomized controlled tri-
als, the inclusion of only case series, a high risk of bias, and insuf-

ficient information about how the included patients were selected.

DISCUSSION

In this systematic review of the literature, we found that through
colorectal screening after appendectomy, 1 in 4 patients over age
40 years were diagnosed with a colorectal lesion and, of these,
16.3% were cancerous. Our results suggested that this category of
patients would benefit from systematic postoperative colorectal
screening to identify underlying lesions early.

In a recent literature review and meta-analysis including 8 ob-
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Table 1. Demographic and clinical data of studies
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Age (yr) No. of participants (%)
Stud T Stud iod i i
y RS ypenod . i Median Total Male sex CT scan prior CT scan suspected
(range) to surgery malignancy
Jolly et al. Single-center 2015-2022 >40  54(40-92) 176 (100) 77 (43.8) 155 (88.1) NA
[10] (2023) retrospective study
Leeet al. Single-center 2010-2015 >40 NA 1,099 (100) 571 (52.0) 831 (75.6) 7(8.4)
[11] (2023) retrospective study
Seretis et al. Single-center 2016-2019  >40 61.2 (41-88) 83(100) 44 (53.0) 66 (79.5) 0(0)
[12] (2020) retrospective study
Mohamed et al. Single-center 2004-2014 >40  52(40-96) 1,055(100) 546 (51.8) NA NA
[13] (2019) retrospective study
Sylthe Pedersen etal. ~ Single-center 2010-2015 >40 54 (40-94) 731(100) 358 (49.0) 575(78.7) 23 (4.0)
[16] (2018) retrospective study
Dhadlie and Mehanna Single-center 2017-2018 >50 62 (50-85) 43 (100) 20 (46.5) 37 (86.0) 0(0)
[14] (2018) retrospective study
Shine et al. Single-center 2003-2015 =45 57 (45-97) 629 (100) 330 (52.5) 263 (41.8) NA
[5] (2017) retrospective study
Khan et al. Single-center 2005-2011 >40 54 (40-89) 179 (100) 92 (52.0) 80 (44.7) 1(1.3)
[15] (2013) retrospective study
Total - . . 40-96 3,995(100) 2,038 (51.0) 2,007 (68.3) 31(2.0)
CT, computed tomography; NA, not available.
Table 2. Patients’ characteristics
- No. of participants Time to colonoscopy
Y Total Surgery  Nonoperative management Endoscopic surveillance (mo)
Jolly et al. [10] (2023) 176 (100) 163 (92.6) 11(6.3) 100 (56.8) 35
Leeetal. [11] (2023) 1,099 (100) 1,054 (95.9) 46 (4.2) 210 (19.1)° <36
Seretis et al. [12] (2020) 83 (100) 83 (100) 0(0) 14 (16.9) NA
Mohamed et al. [13] (2019) 1,055 (100) 1,055 (100) 0(0) 26 (2.5 NA
Sylthe Pedersen etal. [16] (2018) 731 (100) 616 (84.3) 115 (15.7) 316 (43.2) <36
Dhadlie and Mehanna [14] (2018) 43 (100) 43 (100) 0(0) 20 (46.5) NA
Shine et al. [5] (2017) 629 (100) 593 (94.6) 36 (5.4) 74 (11.8) 8
Khan et al. [15] (2013) 179 (100) 179 (100) 0(0) 11 (6.1) <60
Total 3,995 (100) 3,785 (94.7) 208 (5.3) 771 (19.3) 3.5-60

NA, not available; CT, computed tomography.

*Including 30 cases where CT-colonography was performed. *Including 7 cases where CT-colonography was performed.

servational studies and 4,328 patients, Hajibandeh et al. [4]
showed that the risk of right-sided colon cancer in appendectomy
patients >40 years was significantly higher than the risk in the gen-
eral population (P <0.0001). The pooled incidence of right-sided
colon cancer was 1.043%, and 112 patients had to be investigated
postoperatively to detect 1 case of right-sided colon cancer. Con-
sidering only appendectomy patients > 50 years of age, the pooled
incidence of right-sided colon cancer grew to 1.854%, and the
number of screenings necessary to detect 1 case of right-sided co-
lon cancer was reduced to 66. This result could be even more im-
portant if the complete colon-rectum area were considered and

not exclusively the right-sided colon. In our review, synchronous

420

tumors were found in the right-sided colon or cecum in 67% of
cases, and in the remaining 33%, the descending colon, sigmoid,
or rectum was involved.

In a large population study, Wu et al. [18] examined the correla-
tion between appendectomy and colorectal cancer development.
In a 14-year follow-up, the incidence of colorectal cancer was 14%
higher than in the comparison cohort (P <0.05), and the highest
incidence was observed for rectal cancer and for subjects >60
years old. In the appendectomy group, colorectal cancer appeared
earlier than in the reference cohort (1.5-3.5 years post appendec-
tomy), with an incidence of 5.52 per 10,000 person-years and a
hazard ratio of 2.13.

https://doi.org/10.3393/ac.2023.00528.0075
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Table 3. Colorectal screening results
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No. of patients (%)

Study Cancer detected through colonoscopy Adenomatous polyp detected
Total Colorectal location Total Colorectal location
Jolly et al. [10] (2023) (n=100) 0(0) NA 15 (15.0) Cecum: 3 (20.0)
Transverse: 4 (26.7)
Sigmoid: 4 (26.7)
Rectum: 4 (26.7)
Leeetal. [11] (2023) (n=210) 11 (52) Right: 8 (72.7) 90 (42.9) NA
Left: 2 (18.2)
Rectum: 1 (9.1)
Seretis et al. [12] (2020) (n= 14) 0(0) NA 2(14.3) Right: 2 (100)
Mohamed et al. [13] (2019) (n=26) (7.7) Right: 2 (100) 1(39) Right: 1 (100)
Sylthe Pedersen et al. [16] (2018) (n=316) 9(29 Cecum: 4 (44.4) 45 (14.2) Cecum: 11 (24.4)
Right: 3 (33.3) Right: 3 (6.7)
Rectum: 2 (22.2) Transverse: 2 (4.4)
Left: 1(2.2)
Sigmoid: 9 (20.0)
Rectum: 4 (8.9)
Dhadlie and Mehanna [14] (2018) (n=20) 1(5.0) Right: 1 (100) 1(5.0) Transverse: 1 (100)
Shine et al. [5] (2017) (n=74) 5(6.8) Cecum: 2 (40.0) NA NA
Left: 1 (20.0)
Sigmoid: 1 (20.0)
Rectum: 1 (20.0)
Khan etal. [15] (2013) (n=11) 2(1.8) Sigmoid: 1 (50.0) NA NA
Rectum: 1 (50.0)
Total (n=771) 30(3.9) Cecum: 6 (20.0) 154/686 (22.5) Cecum: 14/49 (28.6)

Right: 14 (46.7)
Left: 3 (10.0)
Sigmoid: 2 (6.7)
Rectum: 5 (16.7)

Right: 6/49 (12.2)
Transverse: 7/49 (14.3)
Left: 1/49 (2.0)
Sigmoid: 13/49 (26.5)
Rectum: 8/49 (16.3)

NA, not available.

Transverse
colon

Right-sided
colon
(46.7%)

Cecum

(20.0%) )

A
Appendix

Rectum (16.7%)

Anus

Fig. 2. Colorectal cancer locations.
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Sigmoid colon
(6.7%)

Descending

These results accord with our study’s findings. The growth of a
tumor could occur in the months following an acute episode of
appendicitis, and appendicitis could be an early sign of cancer. An
associated precancerous lesion could already be present at the
time of the acute episode. In our review of the literature, colonos-
copy in the months following an appendectomy identified a lesion
in 24% of the cases, and of these, 84% was an adenomatous polyp.
This data could explain the higher incidence of cancer in the 1.5
to 3.5 years after an appendectomy. The incidence rate of ad-
vanced adenomatous lesions (22.5%) in our study is much higher
than reported in the literature (about 7%-8%) for asymptomatic
patients aged > 55 years who undergo endoscopic screening [19].
The timing of screening is not yet well defined, and the studies in-
cluded in our review performed endoscopy between 3.5 and 60

months after surgery. Wu et al. [2], in their large cohort study,
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showed that tumor incidence was higher in the first 3 months af-
ter appendectomy. For this reason, we believe that screening
should be performed during this time interval.

Another topic of ongoing debate is the role of imaging in diag-
nosing acute appendicitis [20]. When acute appendicitis is sus-
pected in adult patients, the World Society of Emergency Surgery
(WSES) Jerusalem Guidelines [21] recommend conducting a
clinical-biological assessment, including the appendicitis inflam-
matory response score and the adult appendicitis score, together
with point-of-care ultrasonography. A CT scan should ideally be
performed in cases with negative ultrasound findings [21]. Fur-
thermore, low-dose CT scans should be preferred, since it is as ef-
fective as standard CT in detecting complicated forms of appendi-
citis in adult patients with a body mass index <30 kg/m’ [22].
The articles included in our review showed an overall preopera-
tive CT scan rate of 68.3%, with a range from 41.8% to 88.0%.
Colorectal cancer was suspected in 2% of patients overall, and of
the 30 patients in whom cancer was diagnosed through endosco-
py; 7 cases were suspected preoperatively. However, because these
late patients were included by the studies’ authors in the total
number of tumors discovered during screening, the overall cancer
rate was 3.9% and the adjusted rate was 2.9%. In a retrospective
analysis of an online registry of endoscopies performed on
269,000 patients aged > 55 years, Bokemeyer et al. [19] reported a
colorectal cancer incidence of 0.77%, which is 4 times lower than
what we found in patients after appendectomy. The need to care-
fully examine the colon preoperatively and conduct a postopera-
tive screening in adult patients would seem crucial for excluding
an underlying neoplasm.

In our review, 5% of post-appendectomy screenings were per-
formed by CT-colonography. Considerable evidence exists to sug-
gest that CT-colonography is as accurate as a colonoscopy to
identify colorectal cancer. It shows a high sensitivity, estimated at
90%, in detecting large polyps and adenomas > 10 mm, but con-
versely, in the case of small lesions <9 mm, the sensitivity drops
to 76% [23-25]. Because of the discomfort caused by bowel
preparation, patients are reluctant to accept colonoscopy. An ad-
ditional benefit of CT-colonography is its milder preparation,
which increases the acceptance of the test [23]. CT-colonography
could be offered as an alternative to colonoscopy in patients be-
tween 40 and 50 years of age without any risk factors.

This systematic review has several limitations. First, the litera-
ture is still very scarce. Second, the articles included were exclu-
sively retrospective studies. Third, no included studies compared
patients undergoing endoscopy with those not undergoing
screening. Lastly, in some cases endoscopic screening took place

as late as 60 months after appendectomy.
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In conclusion, to detect any underlying colorectal lesions early,
a 3-month postoperative endoscopic screening should be offered
to patients older than 40 years who are admitted for acute appen-
dicitis. CT-colonography could be an alternative to endoscopy in
some patients aged 40 to 50 years. Additional controlled studies
should be performed to confirm our inferences.
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