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Background and aims: Appendicectomy and smoking are environmental factors that are known to
influence ulcerative colitis (UC). The phenotype of UC is different in patients with coexistent primary
sclerosing cholangitis (PSC). This study investigates the interaction of appendicectomy and PSC on the
epidemiology and clinical behaviour of colitis.
Methods: Patients were from the Brisbane IBD Research Group database. Controls were from the
Australian twin registry. Seventy eight PSC-inflammatory bowel disease (PSC-IBD) patients, 12 pure PSC,
and 294 UC patients were matched with 1466 controls by sex and birth cohort that comprised randomly
selected twins from each twin pair. The effects of appendicectomy, smoking, or PSC on the onset of
disease, disease extent, disease severity (as identified by immunosuppression-colectomy or liver
transplant), and disease related complications (high grade dysplasia, colorectal cancer, or cholangio-
carcinoma) were investigated using univariate and multiple logistic regression analyses.
Results: PSC-IBD patients had a more extensive colitis than UC patients (p,0.0001) but required less
immunosuppression (p =0.007), which was independent of disease extent. They were more likely to have
high grade dysplasia or colorectal cancer (p = 0.029) than UC patients. Appendicectomy rates in the PSC
groups were not different from the control groups (p = 0.72, 0.76), which was in sharp contrast with UC
where the rate was four times less (p = 0.0001). Prior appendicectomy appeared to be associated with an
approximate five year delay in the onset of intestinal (PSC-IBD or UC) or hepatic (PSC) disease, which was
independent of smoking. Appendicectomy did not independently alter the extent or severity of disease in
PSC. In contrast, prior appendicectomy in UC was associated with more extensive disease but with a lesser
requirement for immunosuppression or colectomy for the treatment of colitis (p = 0.004). There were trends
for high grade dysplasia or colorectal cancer with appendicectomy in both PSC-IBD and UC. Although
these trends were not statistically significant, colorectal cancer appeared more frequent with
appendicectomy in a meta-analysis of the available UC data from this and another Australian study.
Conclusions: In contradistinction to UC, appendicectomy did not significantly influence the prevalence of
the PSC groups, or the extent of colitis in PSC-IBD, but as with UC, did appear to delay their onset. The
extensive milder colitis, which is characteristic of PSC-IBD, relates to other poorly understood factors.
Further prospective studies are required to determine any influence of appendicectomy on the extent of
colitis in IBD and an associated dysplasia or colorectal cancer.

T
here is a large body of evidence suggesting there is a
low appendicectomy rate in patients with ulcerative
colitis (UC).1–5 In addition, it has been reported by

ourselves in a large sex and age matched case control
study,6 and by others,7 8 that UC patients who have under-
gone prior appendicectomy develop a less severe colitis
compared with those patients who have not undergone
appendicectomy prior to the diagnosis of their UC. Our group
also reported that, paradoxically, the colitis of UC patients
with prior appendicectomy may be more extensive. Another
study9 reported that ulcerative proctitis was more likely to
evolve proximally in patients with prior appendicectomy.
There is also a substantial literature indicating that patients

with primary sclerosing cholangitis (PSC) and inflammatory
bowel disease (PSC-IBD) have, in general, a milder10–12 but
more extensive colitis,13–16 which is often not a classical UC or
Crohn’s disease phenotype.12 16 The more extensive colitis of
PSC-IBD is associated with a higher incidence of dysplasia,
dysplasia associated lesions and masses, and colorectal cancer,
compared with those patients with classical UC.15 17–19 This may
arise from the chronic inflammation of the underlying
extensive colitis, which is often undertreated because it is
clinically mild.

A number of questions are posed. Could appendicectomy
be a common factor that influences both the development of
the extensive colitis phenotype, and PSC, in PSC-IBD? In
particular, is the appendicectomy rate prior to the onset of
IBD greater in PSC-IBD than in UC controls? Could
appendicectomy influence the clinically important complica-
tion of colorectal cancer in extensive colitis? What is the role
of smoking in any of these potential associations?

METHODS
Participants
The PSC patient group
The PSC patient group in this study was ascertained from the
Brisbane Inflammatory Bowel Disease Research Group and
the Princess Alexandra Hospital Liver Transplant Service. The
former has an extensive clinical database that is shared and
maintained by two major IBD referral centres in Brisbane—
the Royal Brisbane and Mater Hospitals. THJF and GLR-S
from these IBD centres have practised uniform investigation

Abbreviations: PSC, primary sclerosing cholangitis; UC, ulcerative
colitis; PSC-IBD, primary sclerosing cholangitis and inflammatory bowel
disease; OR, odds ratio
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and treatment protocols since the inception of the database
in 1995. The Brisbane IBD Research Group has close links
with the Princess Alexandra Hospital Liver Transplant
Service, with all patients with PSC-IBD also on the
Brisbane IBD Research Group clinical database. The Liver
Transplant Service is a tertiary referral centre for liver surgery
in Queensland, northern New South Wales, and further
afield. PSC patients comprised two groups: those with PSC-
IBD and those without IBD, denoted pure PSC. PSC was
determined by ERCP or MRCP, and liver histology. The
diagnosis of either UC or CD was based on standard clinical,
radiological, and histological criteria, as defined by Lennard-
Jones.20 Specific questions relating to appendicectomy,
indication for surgery, and date of surgery were incorporated
into the database. The date of appendicectomy was inter-
rogated in relation to the date of diagnosis of IBD and birth
date in order to investigate the temporal relationships
between appendicectomy and onset of IBD or PSC, and age
of appendicectomy and disease.

The UC patient group
This group comprised a consecutive series from the Brisbane
IBD Research Group. It is the same UC cohort used in our
previous study reported in Gut6 with the exception that UC
patients with PSC who were included in the UC patient group
in that study are included in the PSC-IBD group in this study.
In addition, patient disease related details were updated,
including immunosuppression, colectomy, and the develop-
ment of any disease related complications such as colorectal
cancer. The database was described in our previous study6 but
briefly, together with the history of all surgical episodes and
their dates, the database records other phenotypic parameters
including, inter alia: date of diagnosis, site and distribution of
disease, IBD associated complications including PSC and
colorectal cancer, disease activity (clinical, inflammatory
indicators, endoscopic and pathological assessments), family
history, detailed smoking history, medications, and contact
details. Data were entered onto our database between 1995
and 2002. For the purpose of this study, disease distribution
for UC patients was divided into two categories: those with
disease always limited to the distal colon (up to the splenic
flexure, which also included patients with ulcerative procti-
tis) and those with episodes of contiguous subtotal colitis
(beyond the splenic flexure) or pancolitis. These assessments
were based on colonoscopic and histological examination for
all cases, and the maximum extent of disease attained by
each patient during their history of UC was used as their
disease distribution.

The control group
Controls were randomly selected from a twin database that
contains 3808 twin pairs from around Australia enrolled with
the Australian twin registry. During 1980–1982, these twin
pairs took part in a health survey by mailed questionnaire
which included items on common operations, including
appendicectomy, and lifestyle habits, including smoking.21

One twin from each pair was selected randomly as a control,
and five of these controls were matched by birth year and sex
in five year birth intervals with each PSC-IBD case and with
each pure PSC case. The ratio of UC controls to UC was less
(3.5) because there were insufficient additional controls in
the youngest birth cohorts to match five to one.

Clinical parameters
To compare smoking at diagnosis in patients and controls,
smoking was recoded from categories of ‘‘never smoker, ex-
smoker, and current smoker’’ at diagnosis, to ‘‘never smoker
or ever smoker’’ categories, because data were restricted to
these two categories in our controls. The three categories of

smoking were used without modification for comparison
of smoking between patient groups. Appendicectomy was
coded as yes or no at diagnosis of IBD if PSC-IBD or at
diagnosis of PSC if pure PSC. Immunosuppression for IBD
was defined as more than 12 months of continuous treat-
ment with 6-mercaptopurine, azathioprine, methotrexate, or
mycophenolate at the standard recommended doses, or at
doses otherwise sufficient to cause leucopenia/lymphopenia.
Histology of colectomy specimens was reviewed in patients
who underwent this operation.

Statistical methods
Comparisons of categorical variables (such as smoking and
appendicectomy prior to diagnosis) between patients and
controls were conducted using Pearson’s x2 statistic or
Fisher’s exact test where cells had a count less than 5.
Odds ratios (OR) together with 95% confidence intervals (CI)
were calculated to estimate the relative risk of disease status
associated with various exposures. Modelling with multiple
logistic regression, with the corresponding calculation of
adjusted two tailed p values, OR, and 95% CI, was used to
remove the effect of potential confounding where the model
was clinically or biologically relevant or where univariate
analysis p was less than or equal to 0.10. Thus the modelling
examined the effect of smoking and immunosuppression on
disease/exposure associations and the effects of duration of
disease or extent of the colitis on disease outcomes and
associations. Comparisons of continuous normally distribu-
ted variables such as age at diagnosis and time between
appendicectomy and diagnosis were made using t tests and
analysis of variance (ANOVA). All analyses were performed
using SAS for Windows Release 8.2 (Cary, North Carolina,
USA 2000).

Ethics
Ethics approval was obtained from the respective hospital
research ethics committees and that of the Queensland
Institute of Medical Research. Written informed consent was
also obtained from patients for entry of data onto the
databases.

RESULTS
Patient and control characteristics (tables 1, 2)
There were 90 cases of PSC (48 males, 42 females). Seventy
eight (87%) of the PSC patients had PSC-IBD. Sixty five were
diagnosed as having UC, two indeterminate colitis, five
Crohn’s colitis, two Crohn’s ileocolitis, and four Crohn’s
ileitis.
There were 294 UC cases (non-PSC patient controls)—152

males and 142 females. There were 1016 sex and birth cohort
matched UC controls, 390 sex and birth cohort matched PSC-
IBD controls, and 60 sex and birth cohort matched pure PSC
controls (table 1). The patient and control groups were well
matched for sex (p.0.6) and age (p=0.14 for PSC-IBD and
PSC-IBD controls, .0.6 for other patient and control groups).
Seventy of 71 (99%) PSC colitis cases—not included were

three other cases whose colonic site data were incomplete
and the four cases of PSC-Crohn’s ileitis —had an extensive
colitis (table 2). These cases comprised 63 subtotal or total
UC, five segmental non-contiguous but extensive Crohn’s
colitis, and two indeterminate total colitis. Only 13/76 PSC-
IBD (17%, data missing for two) cases received immunosup-
pression for their IBD. Twenty five of 78 (32%) PSC-IBD cases
had undergone colectomy at the time of this review. We were
able to verify the histology in 18 of these cases. Four
colectomies (5% of 78) were for colorectal cancer, three for
high grade dysplasia (4%), and 11 for treatment of IBD (14%)
which included four with longstanding quiescent disease
and seven with inflammation (see tables 2, 4). The seven
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colectomy specimens with inflammation demonstrated mild
to moderately severe colitis; none had severe active colitis.
Values shown in table 2 for disease extent and severity in

PSC-IBD compare with extensive colitis in 121/293 UC cases
(41%, one case of missing data in this field; p,0.0001,
OR=100 (CI 14–727)), immunosuppression in 76/294 UC
cases (26%, p=0.10), and colectomy in 71/294 UC cases
(24%, p=0.14). Immunosuppression, when adjusted for
extent of colitis, was significantly less likely in PSC-IBD
compared with UC (p=0.007, OR=0.36 (0.17–0.77))
although immunosuppression was independently associated
with extensive colitis (p=0.009, OR=2.0 (1.2–3.4)). Only
four colectomies (1.4%) in UC were for colorectal cancer and
five (1.7%) for high grade dysplasia, which was significantly
less than in PSC-IBD (p=0.029, OR=3.6 (CI 1.3–10.2)). All
cancer/high grade dysplasia cases in our patient groups had
extensive colitis. The OR values for immunosuppression or
disease extent, or cancer related colectomy versus patient
group were not significantly confounded by duration of
disease.

Appendicectomy and disease behaviour
PSC and appendicectomy
There were appendicectomy data for 89 (99%) PSC patients.
Mean age of patients at appendicectomy in our PSC-IBD
group was 21.4 (SEM 1.6) years. Mean age at appendicect-
omy in our pure PSC patients was 21.0 (5.7) years.
The appendicectomy rate (table 1) in the PSC-IBD group

was 24.7%, which was not different from the appendicectomy
rate in the age and sex matched control group (23.2%,
p=0.76). The appendicectomy rate in pure PSC patients was
33% (p=0.72). (The appendicectomy rate for all PSC (25.8%)
was not different from matching controls (23.2%, p=0.69)).
Mean age at diagnosis of IBD (table 3) in PSC-IBD patients

was 32.5 years for prior appendicectomy which was four
years later than in the PSC-IBD without prior appendicect-
omy group (p=0.098). Mean age at diagnosis of PSC in all
PSC cases was 42.5 years for appendicectomy and six years
earlier for no appendicectomy (p=0.06). Age at diagnosis of
IBD or PSC versus appendicectomy was not confounded by
smoking in a multivariate model.
Age at primary liver transplant also tended to be higher

with appendicectomy (table 3). The primary liver transplant
rate was 55% in the no appendicectomy group versus 48% in
the appendicectomy group (p=0.75). Three patients—all in
the no appendicectomy group—had undergone a second liver
transplant operation.
The extent of colitis in PSC-IBD was not different in

patients with appendicectomy (table 4).
Appendicectomy did not significantly alter other par-

ameters of disease severity or complications in the PSC-IBD
or pure PSC patient groups—parameters such as colectomy,
immunosuppression, liver transplant, high grade dysplasia or
colorectal cancer, and cholangiocarcinoma (table 4). Thus
mild colitis in PSC-IBD, as identified by less requirement for
immunosuppression or colectomy for colitis, was not
associated with appendicectomy (p=0.38). While the colect-
omy rate for colorectal cancer or high grade dysplasia in
patients with a prior appendicectomy (16%) appeared to be
more than twice the rate in patients who had not undergone
appendicectomy prior to diagnosis (7%), this was not
statistically significant (p=0.35). This was not influenced
by immunosuppression or smoking in a multivariate model.

UC and appendicectomy (table 5)
In UC, extensive colitis was 58% with appendicectomy but
40% without appendicectomy (p=0.13). On the other hand,

Table 1 Characteristics of the patient and control groups

Group
PSC-IBD
(n = 78)

PSC-IBD controls
(n = 390)

Pure PSC
(n = 12)

Pure PSC controls
(n = 60)

UC
(n = 294)

UC controls
(n = 1016)

Age (y) (mean (SEM)) 49.8 (1.5) 52.0 (0.5) 55.8 (4.3) 57.3 (0.5) 32.7 (0.86) 33.6 (0.38)
Sex
Female 37 185 5 25 142 465
Male 41 205 7 35 152 551

Smoking
Ever smoker 23 188 7 29 136 482
Never smoker 55* 202 5 31 158 534

Appendicectomy�
No 58 268 8 40 275 688
Yes 19` 79 41 14 19� 211

Age at appendicectomy
None 58 268 9 40 275 688
(20 y 11 50 1 9 8 136
.20 y 8 29 2 5 11 68

PSC, primary sclerosing cholangitis; IBD, inflammatory bowel disease; UC, ulcerative colitis.
*Never smoking in PSC-IBD versus PSC-IBD controls, p = 0.004, odds ratio (OR) = 2.2 (confidence interval (CI) 1.3–3.8).
�Appendicectomy data not available for one PSC-IBD, 43 PSC-IBD controls, six pure PSC controls, and 117 UC controls.
`Appendicectomy in PSC-IBD versus UC, p,0.0001, OR =4.7 (CI 2.4–9.5).
1Appendicectomy in pure PSC versus UC, p = 0.008, OR =7.2 (CI 2.0–26).
�Appendicectomy in UC versus UC controls, p = 0.0001, OR =0.23 (CI 0.14–0.37).

Table 2 PSC-IBD versus UC

Clinical parameter
PSC-IBD
(n (%))

UC
(n (%))

p Value
(OR (CI))

Extensive colitis*
No 1 172 ,0.0001
Yes 70 (99) 121 (41) 100 (14–727)

Immunosuppression
No 64 218 0.007�
Yes 13 (17) 76 (26) 0.36 (0.17–0.77)

Colectomy
No 53 223 0.14
Yes 25 (32) 71 (24)

High grade dysplasia 3 5
Colon cancer 4 4
Total 7 (9) 9 (1.4) 0.029`

3.6 (1.3–10.2)

PSC, primary sclerosing cholangitis; IBD, inflammatory bowel disease;
UC, ulcerative colitis; OR, odds ratio; CI, confidence interval.
*Excluded from this row, four patients with pure ileal PSC and three
patients with incomplete colonic site data.
�p adjusted for extensive colitis; p = 0.10 for univariate analysis of
immunosuppression versus patient group; p = 0.009 for
immunosuppression and extensive colitis adjusted for patient group,
OR =2.0 (CI 1.2–3.4).
`All 16 cancer/high grade dysplasia patients had extensive disease
(p,0.0001).
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immunosuppression was 5.6% with appendicectomy and 27%
without appendicectomy (p=0.05, OR=0.13 (CI 0.02–0.99))
but extensive disease was independently associated with an
increased risk of immunosuppression in UC (p=0.008,
OR=2.1 (1.2–3.5)). Thus UC with prior appendicectomy
was associated with a milder disease as defined by the lesser
requirement for immunosuppression or colectomy for severe
colitis (p=0.004, OR=0.09 (CI 0.01–0.72)).
High grade dysplasia or colorectal cancer was 11% with

appendicectomy and 2.5% without appendicectomy (p=
0.11). This was not confounded by disease extent because all
the high grade dysplasia and colorectal cancer patients had
extensive disease (subtotal or total colitis), and it was not
due to a higher rate of colectomy in the appendicectomy
group (table 5). Nor was high grade dysplasia or colorectal
cancer influenced by immunosuppression (p=0.99) in a

multivariate model with appendicectomy. Smoking did not
influence these relationships in a multivariate logistic model.
Six UC patients had an appendicectomy at a mean duration

of 8.8 (range 2–29) years after diagnosis of their IBD. None in
this small cohort developed a liver biochemical abnormality
to prompt investigation for PSC or autoimmune hepatitis
over a subsequent follow up of a mean of 4.0 (0.2–19) years.

Smoking in PSC, UC, and controls
PSC and smoking
PSC patients (12 pure PSC and 78 PSC-IBD cases) were
mainly never smokers (versus ever smokers) at diagnosis,
with 67% never smokers compared with 52% never smokers
of 450 controls (p=0.011). This relationship with never
smoking at diagnosis was stronger for PSC-IBD (p=0.004).
Never smoking was 42% in pure PSC (p=0.75) (table 1).
Current, never, or ex-smoking in PSC did not correlate

with age at diagnosis of PSC (p=0.58) in a multivariate
model. Nor did smoking correlate with immunosuppression
(ANOVA, p=1.0) or colectomy in the 78 PSC-IBD cases
(p=0.80). Mean age at diagnosis of IBD in PSC-IBD was
31.5 years in ex-smokers, 29.5 years in never smokers, and
16.0 years in current smokers (p=0.08).

UC and smoking
UC patients (294 cases) were not different from 1016 UC
controls with respect to never smoking, with 54% and 53%
never smokers, respectively (p=0.72) (table 1). They were
more likely to be ex-smokers at diagnosis, with 43% ex-
smokers, compared with all PSC with 26% ex-smokers
(p=0.003, OR=2.3 (CI 1.3–3.9)). Mean age at diagnosis of
UC was 37.7 years in ex-smokers, 29.2 years in never
smokers, and 24.4 years in current smokers (p,0.0001).

Table 4 Clinical behaviour in primary sclerosing cholangitis patients by prior
appendicectomy

Clinical parameter
App+
(n (%))

App2
(n (%)) p Value

PSC-IBD
Liver transplant

No 10 26 0.60
Yes 9 (47) 32 (55)

CholangioCa 0 3 1.0
Extensive colitis

No 0 1 0.54
Yes 19 (100) 51 (98)

Immunosuppression
No 16 47 0.86
Yes 3 (16) 10 (17)

Immunosuppression or colectomy for colitis*
No 14 33 0.38
Yes 4 (29) 19 (36)

All colectomy
No 13 39 0.92
Yes 6 (32) 19 (33)

High grade dysplasia 2 1
Colorectal cancer 1 3
Total 3 (16) 4 (7) 0.35

Pure PSC
Liver transplant
No 2 4 1.0
Yes 2 (50) 4 (50)

CholangioCa 0 0
All PSC
Liver transplant
No 12 30 0.75
Yes 11 (48) 36 (55)

CholangioCa 0 (0) 3 (5) 0.57

App+, prior appendicectomy; App2, no appendicectomy prior to diagnosis.
PSC, primary sclerosing cholangitis; IBD, inflammatory bowel disease; CholangioCa, cholangiocarcinoma.
*Seven colectomy cases for which histological verification was not possible were excluded. There were 11 (of 18)
colectomy cases for treatment of colitis, none of which demonstrated severe colitis.

Table 3 Age at diagnosis of IBD or PSC or, at time of
first liver transplant versus appendicetomy

Patient group (n)

Age at diagnosis (y)
(mean (SEM))

Appendicectomy v
age (p value)App+ App-

PSC-IBD (78*) 32.5 (0.37) 28.2 (0.26) 0.10
Pure PSC (12) 48.6 (9.7) 40.9 (6.2) 0.54
All PSC (90*) 42.5 (0.49) 36.8 (0.23) 0.06
Liver transplant (47) 45.1 (0.77) 42.9 (0.42) 0.55
UC (294) 37.9 (3.07) 32.4 (0.89) 0.12

PSC, primary sclerosing cholangitis; IBD, inflammatory bowel disease;
UC, ulcerative colitis.
App+, prior appendicectomy; App2, no appendicectomy prior to
diagnosis.
*Appendicectomy data missing in one PSC-IBD patient.
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Current, never, or ex-smoking did not correlate in
univariate analyses with disease extent, dysplasia/colorectal
cancer, colectomy, or immunosuppression in 294 UC cases, or
in a multivariate model.

DISCUSSION
This study compared appendicectomy and smoking in PSC-
IBD, pure-PSC, UC, and controls matched for sex and birth
cohort. The results are in agreement with other studies that
found never smoking to correlate with PSC but not with
UC.6 22 UC, on the other hand, correlates strongly with ex-
smoking at diagnosis in this and other studies.22–24 This study
also investigated the effect of appendicectomy on disease
behaviour. Other investigators have not looked at this in such
detail. The study confirms the well known inverse association
between appendicectomy and UC with an OR=0.23 (CI
0.14–0.37) in this study, which was independent of smoking.
Also confirmed in this study were the associations13–16

between PSC-IBD and extensive colitis (p,0.0001), and
PSC-IBD with high grade dysplasia/colorectal cancer, with an
OR=3.6 (CI 1.3–10.2) compared with UC. That all patients
with high grade dysplasia/colorectal cancer in this study had
extensive colitis is consistent with the suspicion that the
association is in large part due to more extensive colitis in
PSC-IBD.15 PSC-IBD patients also tended to have a milder
colitis, which has been reported elsewhere.10 11 Thus PSC-IBD
patients required less immunosuppression, which was
independent of the extent of colitis (p=0.007).
A major finding of this study was that appendicectomy

prior to diagnosis was not different between PSC (PSC-IBD
or pure PSC) and the large group of appropriately matched
controls. This is in sharp contrast with the situation in UC.
Nor did we discover PSC developing in our six UC patients
who had an appendicectomy prior to diagnosis of their colitis,
although the small number and short duration of follow up
after appendicectomy (mean 4.0 (0.2–19) years) is not long
enough to draw conclusions.
We are aware of three other studies that reported on

appendicectomy, PSC, and UC (table 6). None discovered a
difference in PSC and controls versus appendicectomy. Fur-
thermore, a meta-analysis of these and the present studies,
while affirming the widely reported inverse relation between

UC and appendicectomy, showed no difference in the
appendicectomy rate of PSC and controls (table 6).
However, although there was no difference between PSC

and control groups versus appendicectomy, there was a
consistent trend for age at diagnosis of PSC-IBD or PSC to be
delayed by four to six years in patients who had prior
appendicectomy (table 3). Age at diagnosis of UC in UC cases
was also delayed by appendicectomy (table 3, p=0.12).6 7 25

Furthermore, UC patients with prior appendicectomy have
clinically milder disease6–8 based on their reduced require-
ment for immunosuppression or colectomy for severe colitis
(p=0.004, OR=0.09), which we first reported in 2002,6 even
though extent of colitis may be greater in UC patients who
have undergone appendicectomy (p=0.13). On the other
hand (see table 4), colitis extent and most other parameters
of severity in PSC (need for immunosuppression, colectomy,
liver transplant, cholangiocarcinoma) were not influenced by
appendicectomy. An exception was high grade dysplasia/
colorectal cancer in PSC-IBD which was twice as frequent
with appendicectomy but this was not statistically significant
(p=0.35).
High grade dysplasia/colorectal cancer in the UC group also

appeared to be more frequent with prior appendicectomy but
again this relationship was not statistically significant
(table 5, p=0.11). The trend was not due to immunosup-
pression therapy. This is consistent with other data in the IBD
literature which demonstrate that immunosuppression does
not influence the development of colorectal cancer.26

However, the association with high grade dysplasia/colorectal
cancer was statistically significant when the data from the
294 UC and 78 PSC-IBD cases of this study were combined
(Fisher’s exact test, p=0.039). Furthermore, the association
between appendicectomy and colorectal cancer attained
statistical significance (p=0.004, table 6) when our
Brisbane data were combined with the Sydney25 data.
(Dysplasia data were not available for the Sydney cohort
and so the Brisbane high grade dysplasia data were not used
in the meta-analysis in table 6).
The odds ratio for colorectal cancer in patients with prior

appendicectomy from these combined datasets was 15 times
the risk in patients who had not undergone this operation
prior to diagnosis of their IBD. The meta-analyses are

Table 5 Clinical behaviour in ulcerative colitis patients by prior appendicectomy

Clinical parameter
App+
(n (%))

App2
(n (%)) p Value OR (95% CI)

Extensive colitis
No 8 164 0.13
Yes 11 (58) 110 (40)

Immunosuppression
No 18 201 0.049* 0.13�
Yes 1 (5.6) 74 (27) (0.02–0.99)

Colectomy for severe disease
No 16 201 0.08 5.3
Yes 1 (5.9) 67 (25) (0.69–41)

Immunosuppression or colectomy for severe
disease
No 16 161 0.004 0.09
Yes 1 (5.9) 107 (40) (0.01–0.72)

All colectomy
No 16 207 0.58
Yes 3 (16) 68 (25)

Colectomy for:
High grade dysplasia 0 5
Colorectal cancer 2 2

Total 2 (11) 7 (2.5) 0.11

App+, prior appendicectomy; App2, no appendicectomy prior to diagnosis.
*p value adjusted for disease extent, multivariate analysis.
�Multivariate analysis (odds ratio (OR); confidence interval (CI)).
Immunosuppression versus appendicectomy, univariate OR =0.15 (CI 0.02–1.15), p = 0.052. Immunosuppression
correlated independently with disease extent, p = 0.008, OR= 2.1 (CI 1.2–3.5).
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consistent with the proposition that appendicectomy predis-
poses to colorectal cancer in UC or PSC-IBD but of course do
not prove it because the disease groups, patient populations,
and criteria used for disease ascertainment—although
probably not too heterogeneous—were not the same. There
are studies in the literature that have investigated appendi-
cectomy and colorectal cancer in non-IBD populations.27–30

One of these,27 a retrospective case control study, reported a
positive association. However, the follow up period in the
only prospective study30 with 95% of its cohort under 40 years
was not sufficiently long to allow critical assessment of the
effect of appendicectomy on sporadic colorectal cancer.
Immune surveillance of the colon may be impaired with

PSC or with appendicectomy. We hypothesised6 that lym-
phocytes within the appendix may be necessary for seeding
the immune system of the gut with plasma cells. IgA (or
IgM) produced by these cells has an important role in
excluding bacteria. With regard to UC, there is also a problem
with immunoglobulin switching with a surfeit of IgG
producing plasma cells in the lamina propria.31 32 IgG causes
inflammation by binding complement. If appendicectomy
reduced IgA and IgG plasma cells in the colonic mucosa, then
it could protect against severe colitis while promoting a
milder but more extensive phenotype. PSC is also associated
with an extensive mild colitis but the extent of colitis in PSC-
IBD, in sharp contrast with the colitis in UC, is not influenced
by appendicectomy. This suggests that there is some other
factor, due to or associated with the factor(s) that promotes
PSC, which also promotes the characteristically mild but
extensive colitic phenotype in PSC-IBD and the associated
tendency to colorectal cancer. The pathogenesis of PSC is
poorly understood but several mechanisms have been
proposed. These include portal bacteraemia, toxic bile acid
metabolites, toxic bacterial products, viral infection, ischae-
mia, and genetic and immunological factors. There is an
association between MHC and PSC.33–35 The association with
MHC class II DR3 and DR4 suggests a role for B lympho-
cytes and/or antigen presenting cells.36 Increased circulating
B lymphocytes37 and hypergammaglobulinaemia38 are char-
acteristic of PSC. Thus there may be a more global problem
in PSC with impairment of gut and biliary B lymphocytes.
We have recently reported that a CCR5 polymorphism is
associated with PSC but not IBD.39 Thus impaired homing

and aberrant immunoglobulin switching32 that results in a
relative surfeit of IgG producing plasma cells could result in
pathological binding of complement and so promoting a
cellular immune response in colonic and biliary mucosa. The
colonic disease may be milder in PSC-IBD because there are
less IgA producing or IgG producing plasma cells but its
extent would be increased because of diminished bacterial
exclusion throughout the intestine.
In conclusion, in contradistinction to UC, appendicectomy

does not significantly influence the prevalence of the PSC
patient groups, or the extent of colitis in PSC-IBD, but as with
UC, it does appear to delay their onset. The extensive milder
colitis, which is characteristic of PSC-IBD, relates to other
poorly understood factors. These factors are possibly the same
as those enigmatic factors that determine the pathogenesis of
PSC. Further prospective studies are required to characterise
the influence of appendicectomy on the extent of colitis in
IBD and on the associated dysplasia or colorectal cancer.
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EDITOR’S QUIZ: GI SNAPSHOT

Answer
From question on page 964
Small bowel barium through enema showed a 20 cm stenosis with parietal thickening

located in a jejunal loop. Laparotomy showed an infiltrated jejunal loop, which was resected.
The rest of the abdominal cavity examination was normal. Macroscopic findings showed
jejunal stenosis due to ulcerations of the mucosae, which was thickened, with pseudomem-
branes.

Pathological findings showed jejunitis with typical intranuclear inclusions indicating a
cytomegalovirus (CMV) infection. CMV jejunitis was confirmed by immunohistochemistry in
jejunal tissue, which was strongly positive. CMV serological markers showed the presence of
IgM and IgG anti-CMV antibodies. No immunosuppressive state was found: no corticosteroid
intake; HIV antibodies, p24 antigenaemia, HTLV 1 and 2 antibodies, and Bence-Jones
proteinuria were negative; protein immunoelectrophoresis, CD4 and CD8 counts, and thorax
and abdominal computerised tomography scan did not show any abnormality.
Gastrointestinal CMV infection usually occurs in non-immunocompetent patients and often
presents as bloody diarrhoea. To our knowledge, this is the first case localised to the jejunum
and presenting as a bowel obstruction in a immunocompetent patient. This case shows that
CMV infection may present as a small bowel obstruction in healthy hosts. Therefore, CMV
inclusions cells should be examined in mucosal biopsy specimens in patients with small bowel
obstruction, to allow for the diagnosis.
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