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Summary
Background: Colonoscopic surveillance in patients with inflammatory bowel dis-
ease (IBD) leads to earlier detection of colorectal cancer (CRC) and reduces CRC-
associated mortality. However, it is limited by poor adherence in practice.
Aim: To identify missed opportunities to detect IBD-associated CRC at our hospital
Methods: We undertook root-cause analyses to identify patients with missed oppor-
tunities to diagnose IBD-associated CRC. We matched patients with IBD-associated 
CRC to patients with CRC in the general population to identify differences in staging 
at diagnosis and clinical outcomes.
Results: Compared with the general population, patients with IBD were at increased 
risk of developing CRC (odds ratio 2.7 [95% CI 1.6-3.9], P < 0.001). The mean inci-
dence of IBD-associated CRC between 1998 and 2019 was 165.4 (IQR 130.4-199.4) 
per 100 000 patients and has not changed over the last 20 years. Seventy-eight 
patients had IBD-associated CRC. Forty-two (54%) patients were eligible for CRC 
surveillance: 12% (5/42) and 10% (4/42) patients were diagnosed with CRC at an ap-
propriately timed or overdue surveillance colonoscopy, respectively. Interval cancers 
occurred in 14% (6/42) of patients; 64% (27/42) of patients had a missed opportunity 
for colonoscopic surveillance where root-cause analyses demonstrated that 10/27 
(37%) patients known to secondary care had not been offered surveillance. Four 
(15%) patients had a delayed diagnosis of CRC due to failure to account for previ-
ous colonoscopic findings. Seventeen (63%) patients were managed by primary care 
including seven patients discharged from secondary care without a surveillance plan. 
Matched case-control analysis did not show significant differences in cancer staging 
or 10-year survival outcomes.
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1  | INTRODUC TION

Colonoscopic surveillance leads to the earlier detection of colorectal 
cancer (CRC) in patients with inflammatory bowel disease (IBD) and 
may reduce CRC-associated mortality.1–4 International guidelines rec-
ommend that surveillance programs begin 8-10 years after diagnosis 
of IBD in all but those patients whose disease is limited to the ileum or 
rectum.5–7 Thereafter, the surveillance interval is determined by the 
adequacy and endoscopic and/or histological findings of the previous 
colonoscopy. However, the effectiveness of colonoscopic surveillance 
in routine practice has been questioned because of poor adherence to 
surveillance protocols outside of clinical trials.8,9

Root-cause analyses were developed originally to recognise fac-
tors that cause variation in performance in high-risk organisations 
including aviation and nuclear power.10,11 In healthcare, they have 
been applied to complex systems to understand why adverse out-
comes occur. To prevent CRC, at-risk patients should be enrolled into 
surveillance programs so that pre-malignant lesions can be detected 
and completely resected. Because CRC can be diagnosed shortly 
after a normal colonoscopy, the World Endoscopy Organisation has 
constructed a root-cause analysis framework to identify why, so-
called post-colonoscopy cancers, occur.12,13 Using this tool to report 
factors linked to post-colonoscopy cancers in a mixed cohort of sur-
veillance patients, the authors from an academic endoscopy centre 
in the UK, recommend extra vigilance in patients with IBD.13

We sought to define the proportion of patients diagnosed with 
an IBD-associated CRC who had had a missed opportunity for col-
orectal surveillance and whether this influenced stage at diagnosis 
of CRC or survival outcomes.

2  | METHODS

2.1 | Study design and clinical setting

Using the World Endoscopy Organisation framework, we undertook 
a root-cause analysis to identify missed opportunities to diagnose 
IBD-associated CRC. We then designed a case-control matching 
study to define CRC survival outcomes in patients with IBD com-
pared to the general population.

The Royal Devon & Exeter NHS Trust is an acute hospital that 
serves 48 general practices and about 400 000 people in North, 
East and West Devon. We estimate that the prevalence of ulcer-
ative colitis (UC) and Crohn's disease is 479 per 100 000 and 266 per 
100 000 respectively.14

2.2 | Case identification and data acquisition

Structured CRC outcome data have been collected prospectively 
since 1998 (Dendrite Clinical Systems LTD). We cross-referenced 
all patients diagnosed with CRC between March 1998 and March 
2019 with our IBD database (Infoflex, Chameleon Information 
Management Services) to identify patients with IBD-associated 
CRCs. Patients were excluded from the study if they were diagnosed 
with IBD after the diagnosis of CRC.

Two researchers (C.G and D.C) retrieved data from paper and 
electronic medical records and our endoscopy (Unisoft GI report-
ing tool, HD Clinical) and histology databases (Swift Integrated 
Healthcare Solutions DXC Technology Company). Variables re-
corded included patient demographics (age, sex, ethnicity, smoking 
status, comorbidities according to the Charlson Comorbidity Index), 
IBD history (disease duration and phenotype according to the 
Montreal classification previous and concomitant medical therapies, 
IBD-related surgeries and treating physician) and colonoscopic sur-
veillance history (family history of CRC, primary sclerosing cholangi-
tis, endoscopic/histological findings at the last test including quality 
of bowel preparation, completion, disease activity, dysplasia, stric-
tures and post-inflammatory polyps).15,16 Data regarding tumour lo-
cation, stage at diagnosis and survival outcomes were also obtained 
from a CRC disease database.

2.3 | Root-cause analysis

Each pseudonymised surveillance history was reviewed by four gas-
troenterologists and we applied the following root-cause analysis 
steps to define the proportion of patients who had a missed op-
portunity for surveillance. Discrepancies were resolved by further 
review of source documents.

Step 1: Did the patient meet contemporaneous criteria for CRC 
surveillance of their IBD at the time their CRC was diagnosed?

If no, the patient was removed from our root-cause analysis; if 
yes, we proceeded to step 2.

Step 2: Considering the patient's age, comorbidities and personal 
preferences was surveillance indicated/appropriate?

If no, the patient was removed from our root-cause analysis; if 
yes, we proceeded to step 3.

Step 3: Was the CRC diagnosed at a surveillance colonoscopy?
If no, proceed to step 5; if yes, proceed to step 4.
Step 4: Was the surveillance colonoscopy which diagnosed the 

CRC performed within the correct time interval (no later than 3 

Conclusion: The incidence of IBD-associated CRC has remained static. Two-thirds of 
patients eligible for colonoscopic surveillance had missed opportunities to diagnose 
CRC. Surveillance programmes without comprehensive and fully integrated recall 
systems across primary and secondary care are set to fail.
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months after the recommended interval according to contempora-
neous IBD surveillance guidelines)?

If yes, the case was categorised as ‘A’: CRC diagnosed at timely 
surveillance colonoscopy.

If no, the case was categorised as ‘B’: CRC diagnosed at overdue 
surveillance colonoscopy.

Step 5: Had the patient been receiving optimal surveillance, ac-
cording to contemporaneous guidelines, prior to the diagnosis of 
CRC?

If yes, the case was categorised as ‘C’: interval cancer.
If no, the case was categorised as ‘D’: missed opportunity to di-

agnose CRC.

2.4 | Case-control analysis to define survival 
outcomes of patients with IBD-associated CRC

We compared CRC stage at diagnosis in patients with and without 
IBD. Patients with recurrent CRC and those referred from outside 
our catchment area were excluded to mitigate selection and tertiary 
referral bias. We then matched each case of IBD-associated CRC to 
four control patients, with CRC but not IBD, for age, sex, tumour 
location and stage.17 We report all-cause mortality in cases and 
controls subsequently stratified by the outcome of our root-cause 
analysis (A–D).

2.5 | Statistical methods

This study was designed as a service evaluation so a priori power 
calculations were not undertaken. Pseudonymised data were 
managed using REDCap electronic data capture tools hosted 
at the Royal Devon and Exeter NHS Trust and statistical anal-
yses were undertaken in R 3.6.1 (R Foundation for Statistical 
Computing).18 All analyses were two tailed and P < 0.05 were 
considered significant. We included patients with missing clini-
cal data in analyses for which they had data and have specified 
the denominator for each variable. Descriptive statistics are 
reported as median and interquartile range for continuous vari-
ables and as number and proportions for categorical variables, 
unless otherwise stated.

The incidence of IBD-associated CRC was defined as the num-
ber of new cases of CRC occurring in patients with IBD. We report 
the mean incidence expressed per 100 000 persons per year be-
tween March 1998 and March 2019 and sought temporal changes 
in the incidence of CRC in patients with and without IBD using 
linear regression analyses. We report the number of patients who 
were adjudicated as having had a timely (A) or overdue (B) diagno-
sis, interval cancer (C) or missed opportunity for surveillance (D), 
as a proportion of the total number of patients eligible for surveil-
lance. We matched patients with IBD-related CRC to CRC patients 
without IBD using the optimal method in the MatchIt package in 
R for sex, age at diagnosis, stage and location of cancer.19 Survival 

rates were estimated using the Kaplan-Meier method and log-rank 
test.20

2.6 | Ethical considerations and patient involvement

Patients were not involved in the conception or design of this 
study. In accordance with UK Health Research Authority guide-
lines, formal ethics approval was not mandated for this service 
evaluation.21

3  | RESULTS

3.1 | Overview

Among 4944 cases of colorectal adenocarcinoma diagnosed be-
tween March 1998 and March 2019: we identified 94 patients with a 
diagnosis of both IBD and CRC, representing 1.9% of all CRC treated 
at the Royal Devon and Exeter Hospital. Sixteen (16/94) of these 
cases were excluded as their IBD was diagnosed after their CRC, 
resulting in 78 cases of IBD-associated CRC. Patient disposition 
through the study is shown in (Figure 1).

The mean incidence of IBD-associated CRC in Devon from 1998 
to 2019 was 165.4 per 100 000 patients with IBD (IQR 130.4-199.4) 
when adjusted for year-on-year changes in IBD prevalence.14 The 
mean incidence of sporadic CRC in Devon is 61.8 per 100 000 pa-
tients (IQR 57.6-67.5). Patients with IBD were at higher risk of devel-
oping CRC (odds ratio 2.7 [95% CI 1.6-3.9], P < 0.001). The incidence 
of CRC in patients with and without IBD has not changed signifi-
cantly over the last 20 years (Figure 2).

3.2 | Baseline characteristics

Overall, 65% (51/78) patients with IBD-associated CRC were male 
with a median age of 69.7 years [61.0-78.0]. Most patients were 
white Europeans (97% [76/78]) and 35% (27/78) were current or 
ex-smokers. Seventy-two percent of patients (56/78) had UC, 22% 
(17/78) patients had Crohn's disease and 6% (5/78) inflammatory 
bowel disease unclassified (IBD-U). The median age at diagnosis 
of IBD was 46.4 years [IQR 31.9-62.1] with a median disease dura-
tion of 21.2 years [IQR 8.1-33.9]. Disease extent for UC and IBD-U, 
was limited to the rectum (E1) in 5% (4/78), left-sided (E2) in 26% 
(20/78) and extensive or pan-colitis (E3) in 40% (31/78) of patients. 
Crohn's disease was limited to the colon (L2) in 8% (6/78) and in-
volved the ileum and colon (L3) in 10% (8/78) patients. Any family 
history of CRC was too poorly recorded to allow meaningful analysis. 
Three patients were diagnosed with primary sclerosing cholangitis. 
At the time of CRC diagnosis, 45% (35/78) patients were not being 
treated with any medications for their IBD; 41% (32/78) patients 
were treated with an aminosalicylate and/or immunosuppressant 
and one patient was treated with adalimumab (Table 1).
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At CRC diagnosis, 14% (11/78), 40% (31/78), 26% (20/78) and 
20% (15/78) patients had Stage I, II, III and IV disease respectively. 
One patient did not have adequate staging data available. In total 
39% (30/78) patients had rectal cancer, followed by 36% (28/78) 
with right-sided colon cancer, 21% (16/78) with sigmoid cancer 
and 4% (3/78) with descending colon cancer. Of the rectal cancers, 
9% (7/78) of CRCs occurred in patients with retained rectums post 
subtotal colectomy for severe UC: 6% (5/78; 4 UC and 1 IBD-U) 
with an end ileostomy and rectal stump and 3% (2/78; 2 Crohn's 
disease) with an ileo-rectal anastomosis. In addition, there was 
one case where CRC occurred in the rectal stump of a patient with 
a defunctioning colostomy for perianal Crohn's disease.

3.3 | Root-cause analysis outcomes

At step 1, we removed 36% (28/78) patients because they did not 
meet contemporaneous criteria for CRC surveillance. Seven pa-
tients were diagnosed with IBD and CRC at the index colonoscopy. 

Ten patients had had IBD for less than 10 years (median age at CRC 
diagnosis 70.2 years [IQR 71.1-78.2], disease duration of 4.3 years 
[IQR 2.3-5.6]). Five patients had proctitis (E1: n = 3) or ileitis (L1: 
n = 2) only, whose cancers occurred in areas of the colon that had 
not previously been affected by IBD. Six patients had too much 
missing data to allow us to determine if they met surveillance cri-
teria or not.

At step 2, we removed 10% (8/78) patients: Six patients because 
of advanced age (median age 83.3 years [range 81.5-88.4]) and/or 
significant comorbidities (mean Charlson Comorbidity Index of 6.5 
[IQR 6-7]) and two who had opted out of surveillance.

In the 42 patients eligible and suitable for surveillance: 12% 
(5/42) and 10% (4/42) patients were diagnosed with CRC at an ap-
propriately timed (A) or overdue surveillance colonoscopy (B) re-
spectively. Interval cancers (C) were observed in 14% (6/42) patients, 
64% (27/42) patients had a missed opportunity (D) for colonoscopic 
surveillance (Figure 1).

Of the 42 patients eligible for surveillance, 6 (14%) patients had 
prior dysplasia. Four patients had intensified surveillance which led 

F I G U R E  1   Patient flow diagram. IBD, inflammatory bowel disease; CRC, colorectal cancer; RDE, Royal Devon and Exeter Hospital; E1, 
Montreal Classification Extent 1 (ulcerative proctitis); L1, Montreal Classification Location 1 (terminal ileal).

True cases of CRC with IBD (78)

Eligible for surveillance (42)

Patients with IBD and CRC (94)

• IBD diagnosed after CRC (16)

• Disease duration < 10 years (10) 

• IBD and CRC diagnosed concurrently (7)

• Missing data / unable to assess (6)

• Limited disease extent (E1 or L1) (5)

Did not meet surveillance 
criteria at time of cancer 

(28) 

Excluded (16)

Cases of Colorectal Cancer in IBD patients at RDE March 1998 to March 2019

Patient not entered/ 
withdrawn from 
surveillance (8)

• Age/ comorbidity (6)

• Patient declined or non-adherent (2)

Optimal surveillance (11) Suboptimal/no surveillance (31)

CRC diagnosed 
during surveillance

CRC not diagnosed 
during surveillance

Timely surveillance diagnosis
(A) = 5 (12%)

Interval cancer
(C) = 6 (14%)

Overdue surveillance
(B) = 4 (10%)

Missed opportunity
(D) = 27 (64%)

Step 1
Did the patient meet 
contemporaneous criteria for 
CRC surveillance of their IBD?

Step 2
Was surveillance indicated/ 
appropriate given age/ 
comorbidities/ preference?

Step 3
Was CRC diagnosed at a
surveillance colonoscopy?

Step 4
Was surveillance colonoscopy 
performed within  the correct 
time interval?

Step 5
Had the patient being receiving   
optimal surveillance?
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to the timely detection of CRC. One patient was a missed opportu-
nity due to failure to intensify surveillance for low grade dysplasia 
and the other was diagnosed at an overdue surveillance colonoscopy 
where a planned proctocolectomy for severe pan-colitis with dyspla-
sia was delayed by the patient.

Of those patients with a missed opportunity for colonoscopic 
surveillance (D), 52% (14/27) were male, with a median age at CRC 
diagnosis of 64.9 years (IQR 60.4-74.3) and median disease dura-
tion of 24.8 years (IQR 15.4-32.4). Most patients (82% [22/27]) 
had UC: 45% (10/22) with extensive (E3) disease. Thirty seven 
percent (10/27) were current or ex-smokers. Only 11% (3/27) had 
previous surgeries for IBD. Eight cancers were located in the rec-
tum, 10 in the sigmoid or descending colon and nine in the as-
cending colon. With regard to CRC stage at diagnosis, 15% (4/27), 
44% (12/27), 22% (6/27) and 19% (5/27) had Stage 1, 2, 3 and 
4 respectively. When the suboptimal surveillance group (overdue 
surveillance [B] and missed opportunity [D]) was compared with 
patients who had CRC detected by optimal surveillance (timely 
surveillance [A] and interval cancer groups [C]), the factors sig-
nificantly associated with suboptimal surveillance were ulcerative 
colitis phenotype, older age at IBD diagnosis and the absence of 
resectional surgery (Table 2). Overall, 67% (17/27) of patients with 
a missed opportunity for surveillance were being managed in pri-
mary care leading up to their CRC diagnosis (Table 2, Table S1): 
Seven patients had been discharged back to primary care by either 
a gastroenterologist or surgeon without a plan for surveillance and 

10 patients were unknown to secondary care. Of the patients with 
a missed opportunity, 37% (10/27) had not been offered surveil-
lance despite on-going secondary care follow-up. In 15% (4/27) 
of patients, inadequacy of previous colonoscopies and/or failure 
to take into account previous histological findings contributed to 
delay in diagnosis of CRC.

3.4 | Case-control analysis to define survival 
outcomes of patients with IBD-associated CRC

We excluded 1/78 cases of IBD-associated colon cancer because 
missing staging data meant we were unable to perform matching. 
Between 1998 and 2019, 4850 patients without IBD were diagnosed 
with CRC in our catchment area. These patients were older at di-
agnosis (72.6 years [IQR 66.0-81.0] vs 67.3 years [IQR 60.9-77.9]) 
than patients with IBD-associated CRC, however, there were no sig-
nificant differences in age at cancer diagnosis, sex, location, stage of 
CRC at diagnosis or survival (Table 3).

The Kaplan-Meier estimated probability of survival in IBD-
associated CRC was 53.7% [90% CI 43.1-66.9] at 5 years and 38.5% 
[27.1-50.0] at 10 years (Figure 3). After matching for sex, age at 
diagnosis, stage and location of cancer, there were no differences 
in survival between patients with IBD-related or sporadic CRC 
(Figure 3) even in patients with a missed opportunity for surveillance 
(Figure S1).

F I G U R E  2   Incidence of IBD-associated and sporadic colorectal cancer (corrected for population changes year-on-year). CRC, colorectal 
cancer; IBD, inflammatory bowel disease.
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TA B L E  1   Baseline demographics of 78 included patients, stratified by eligibility for surveillance

Total
Eligible for 
surveillance

Not eligible for 
surveillance P

n (%) or median [IQR] 78 42 36

Age at IBD diagnosis, y 46.4 [31.9-62.1] 36.9 [22.7-49.0] 58.0 [36.8-71.4] <0.001

Age at CRC diagnosis, y 69.7 [61.0-78.0] 64.8 [58.7-73.3] 75.5 [66.9-81.5] 0.003

Sex

Male 51 (65) 26 (62) 25 (69) 0.646

Female 27 (35) 16 (38) 11 (31)

Ethnicity

White 76 (97) 40 (95) 36 (100) 0.543

Asian 2 (3) 2 (5) 0 (0)

Smoking history

Never smoker 40 (51) 21 (50) 19 (53) 0.666

Current smoker 3 (4) 1 (2) 2 (6)

Ex-smoker 24 (31) 15 (36) 9 (25)

Not known 11 (14) 5 (12) 6 (17)

IBD phenotype

Ulcerative colitis 56 (72) 30 (71) 26 (72) 0.959

Crohn's disease 17 (22) 9 (21) 8 (22)

IBD-U 5 (6) 3 (7) 2 (6)

Montreal (A)

A1 4 (5) 2 (5) 2 (6) 0.412

A2 30 (39) 19 (45) 11 (31)

A3 44 (56) 21 (50) 23 (64)

Montreal (E)—UC only

E1 4 (5) 0 (0) 4 (11) 0.007

E2 20 (26) 16 (38) 4 (11)

E3 31 (40) 17 (41) 14 (39)

Montreal (L)—CD only

L1 2 (3) 0 (0) 2 (6) 0.098

L2 6 (8) 3 (7) 3 (8)

L3 8 (10) 6 (14) 2 (6)

Duration of IBD to CRC diagnosis, y 46.4 [31.9-62.1] 24.8 [16.4-33.9] 5.9 [1.5-32.8] 0.002

Interval from last endoscopy to CRC diagnosis, y 2.3 [0-6.4] 4.3 [1.1-7.6] 2.7 [0.0-7.8] 0.256

Family history of CRC

Yes 6 (8) 4 (10) 2 (6) 0.745

No 30 (39) 15 (36) 15 (42)

Unknown 42 (54) 23 (55) 19 (53)

Primary sclerosing cholangitis 3 (4) 3 (7) 0 (0) 0.096

At least one major comorbidity 36 (46) 19 (45) 17 (47) 1

Medication history

None 35 (45) 13 (31) 22 (61) n/a

Steroids 9 (12) 7 (17) 2 (6)

5ASA only 27 (35) 12 (29) 15 (42)

Thiopurine/methotrexate only 4 (5) 4 (10) 3 (8)

Biologics 1 (1) 1 (2) 0 (0)

(Continues)
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Total
Eligible for 
surveillance

Not eligible for 
surveillance P

Surgical history

Subtotal colectomy and end ileostomy 5 (6) 4 (10) 1 (3) 0.454

Subtotal colectomy and anastomosis 2 (3) 2 (5) 0 (0)

Defunctioning colostomy 1 (1) 1 (2) 0 (0)

Abbreviations: 5ASA, 5-aminosalicylates; CD, Crohn's disease; CRC, colorectal cancer; IBD, inflammatory bowel disease; IBD-U, inflammatory bowel 
disease unclassified; IQR, interquartile range; Montreal (A), Montreal Classification Age; Montreal (E), Montreal Classification Extent; Montreal (L), 
Montreal Classification Location; UC, ulcerative colitis.

TA B L E  1   (Continued)

TA B L E  2   Optimal surveillance vs suboptimal surveillance

Optimal surveillance  
(A + C)

Suboptimal surveillance 
(B + D) P

n 11 31

Sex (%)

Male 9 (82) 17 (55) 0.222

Female 2 (18) 14 (45)

Smoking status (%)

Never smoker 6 (55) 15 (48) 0.751

Current smoker 0 (0) 1 (3)

Ex-smoker 3 (27) 12 (39)

Not known 2 (18) 3 (10)

IBD phenotype (%)

Ulcerative colitis 4 (36) 26 (84) 0.01

Crohn's disease 5 (46) 4 (13)

IBD-U 2 (18) 1 (3)

Age at IBD diagnosis, years (median [IQR]) 21.1 [19.4-34.6] 43.8 [30.4-49.3] 0.044

Primary sclerosing cholangitis (%) 1 (9) 3 (10) 1

Previous immunomodulator (%) 4 (36) 6 (19) 0.468

Previous biologic (%) 1 (9) 2 (7) 1

Previous bowel resection (%) 6 (55) 3 (10) 0.007

Age at CRC diagnosis, years (median [IQR]) 62.3 [45.7-71.5] 66.4 [60.4-73.6] 0.271

CRC stage (%)

1 0 (0) 6 (19) n/a

2 6 (55) 13 (42)

3 4 (36) 7 (23)

4 1 (9) 5 (16)

CRC location (%)

Rectum 7 (64) 10 (32) 0.205

Rectosigmoid 0 (0) 6 (19)

Right colon 3 (27) 11 (36)

Sigmoid 0 (0) 3 (10)

Descending colon 1 (9) 1 (3)

Managed by (%)

Secondary care 10 (64) 14 (36) 0.065

Primary care (GP) 1 (9) 17 (52)

Abbreviations: CRC, colorectal cancer; GP, general practitioner; IBD, inflammatory bowel disease; IBD-U, inflammatory bowel disease unclassified; 
IQR, interquartile range.
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4  | DISCUSSION

4.1 | Key results and interpretation

Our patients with IBD are at increased risk of CRC, and irrespective 
of our current surveillance practice this has not changed over time 
(Figure 2). Overall, two-thirds of patients had a missed opportunity 
for surveillance. However, this delay in diagnosis did not influence 
stage of CRC at presentation or survival outcomes.

Based on our findings and those from another recent study that 
used primary care records to identify cases and thereby control 
for tertiary centre bias, the incidence of CRC in IBD appears to be 
static.14,22,23 It is contrary, however, to data from specialist endos-
copy centres and from prospective population studies from Nordic 
countries that have reported falling CRC incidence rates.24–27 It is 
unclear why CRC rates have fallen in Denmark, Norway and Sweden 
but not the UK over a similar timeframe, since it is likely that all 
four countries have adopted similar treatment-targets: including 
the maintenance of remission with medical therapies, appropri-
ately timed surgeries and the use of colorectal surveillance pro-
grammes.23,28–30 Static CRC rates amongst IBD patients in the UK 
may reflect poor integration between primary and secondary care 
services, impacting surveillance recall. In our cohort, for example, 
two-thirds of patients with a missed opportunity for CRC surveil-
lance were being cared for exclusively by their general practitioner, 
nearly half of whom had been discharged by secondary care without 
a surveillance plan. Surveillance programmes without comprehen-
sive recall systems are set to fail.

Our observation that one-third of IBD-associated CRCs were 
diagnosed in patients who were perceived to be at low-risk be-
cause of limited disease duration or extent, where surveillance 
had not started, is concerning. Whilst CRC is rarely encountered 
in the first few years of disease, early-onset IBD-related CRCs 
have been reported,30 in particular in patients with concomitant 
primary sclerosing cholangitis.31 It may be that these patients had 
active IBD for many years prior to diagnosis. Even if we applied the 
most recent British Society of Gastroenterology guidelines 6 that 
currently recommend commencing surveillance from eight years 
after diagnosis or onset of symptoms (if there was a significant 
delay before diagnosis) to all cases, only two additional patients 
would have been eligible for surveillance. Five sporadic CRCs were 
observed in segments of the colon previously unaffected by IBD. 
Whether more vigilance is required in patients who have isolated 
ileitis or proctitis who are reportedly not at increased risk of IBD 
is less clear. Adequate histological mapping to avoid underestima-
tion of disease extent is clearly important, in particular, in patients 
phenotyped as having proctitis because they will not be enrolled 
in surveillance programs.32–35 Five patients developed CRC in their 
rectal stump after undergoing subtotal colectomies, hence it is 
important that these patients are also retained in a surveillance 
database.

Less clarity exists as to when to stop CRC surveillance. In our co-
hort, of the six patients who were deemed ineligible for surveillance 
due to their age and/or comorbidities, three underwent successful 
curative surgery. Arbitrary age cut-offs risk underuse of screening in 
healthy older patients. In IBD, individualised discussions taking into 

TA B L E  3   Demographics, stage and location of colorectal cancer in IBD, matched controls and sporadic controls

IBD cases 
(n = 77)a 

Matched controls 
(n = 307) P

Unmatched controls 
(n = 4529) P

Sex (male, %) 50 (65) 198 (64) 1.00 2282 (50) 0.047

Age at CRC diagnosis, years  
[median, IQR]

69.5 [61.0-78.0] 67.0 [59.1-75.0] 0.302 74.0 [66.0-81.0] <0.001

Stage of CRC (%)

1 11 (14) 21 (7) 0.093 489 (11) 0.536

2 31 (40) 133 (43) 1835 (41)

3 20 (26) 68 (22) 1288 (28)

4 15 (20) 86 (28) 915 (21)

Location of CRC (%)

Right colon 28 (36) 100 (33) 0.512 1605 (35) 0.121

Descending colon 3 (4) 20 (7) 241 (5)

Other 0 (0) 0 (0) 175 (4)

Rectum 30 (39) 105 (34) 1292 (29)

Sigmoid 16 (21) 83 (27) 1227 (27)

Survival [%, 95% CI]

5-year 53.7 [43.1-66.9] 52.2 [46.9-58.1] 0.76 49.8 [48.4-51.3] 0.33

10-year 38.5 [27.1-50.0] 42.5 [37.3-48.4] 36.4 [34.8-38.0]

Abbreviations: CI, confidence interval; CRC, colorectal cancer; IBD, inflammatory bowel disease; IQR, interquartile range.
aOne IBD patient was excluded from matching based on missing staging data. 
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life expectancy as opposed to age, risk factors for IBD-associated 
CRC and consecutive negative findings at previous colonoscopies, 
seem appropriate.36,37

4.2 | Limitations and generalisability

We acknowledge the following important limitations: first, we 
collected data from over 20 years and applied CRC surveillance 
guidelines in place at the time of cancer diagnosis: arguably, using 
a common set of guidelines would have decreased heterogene-
ity in data handling. Second, we relied on retrospective case note 
and database review and our data are limited by missingness and 
subject to interpretation bias. Third, our sample size, in particu-
lar, after excluding patients who were not eligible for surveillance 
was small and precluded subgroup analyses. Moreover, we were 
underpowered to detect the small differences in survival between 
patients with IBD-related and sporadic CRCs that have previously 
been observed. In this study, we excluded patients living outside 
our catchment area, so our results are likely to be generalisable to 

non-tertiary centres in the UK. Whether other UK regions have 
similar proportions of patients managed exclusively in primary care 
has not been studied.

Accepting that the quality of the evidence is limited, with close 
concordance to surveillance guidelines, colonoscopic surveillance 
in IBD reduces the development of CRC and associated mortality 
through earlier detection and removal of pre-malignant lesion.22,27,38 
Whilst artificial intelligence and non-invasive biomarkers of dysplasia 
are likely to increase the sensitivity of surveillance procedures, these 
newer techniques have not yet translated to routine clinical care.39 
In the meantime, we have designed a recall system embedded in our 
electronic record that prompts physicians when surveillance is due, 
and have completed a case finding survey in primary care.

5  | CONCLUSION

The incidence of IBD-associated colorectal has remained static. 
Two-thirds of patients eligible for colonoscopic surveillance had a 
missed opportunity to diagnose CRC. Surveillance programmes 

F I G U R E  3   Colorectal cancer survival vs controls. CRC, colorectal cancer; IBD, inflammatory bowel disease

p = 0.17
Log-rank
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without comprehensive and fully integrated recall systems across 
primary and secondary care are set to fail.

ACKNOWLEDG MENT
Declaration of personal interests: D.C and S.L received honoraria 
from Ferring and Pfizer outside of this work; N.C is funded by 
Crohn's and Colitis UK fellowship; NAK has consulted for Falk 
and received honoraria from Falk, Allergan, Pharmacosmos and 
Takeda for unrelated topics and is a deputy editor of Alimentary 
Pharmacology & Therapeutics Journal; JRG received honoraria 
from Falk, Abbvie and Shield therapeutics for unrelated topics; 
no financial relationships with any organisations that might have 
an interest in the submitted work in the previous three years; 
T.A has received unrestricted research grants, advisory board 
fees, speaker honorariums and support to attend international 
meetings from AbbVie, Merck, Janssen, Takeda, Ferring, Tillotts, 
Ferring, Pfizer, NAPP, Celltrion, Hospira for unrelated topics. C.G, 
B.H, NMH, P.H, E.W, IRD, N.S and M.O have no conflicts of inter-
est to declare.

Declaration of funding interests: None

AUTHORSHIP
Guarantor of the article: T.A is the guarantor of the article.

Author contributions: NAK, JRG and T.A participated in the 
conception and design of the work. C.G, D.C, B.H, NMH, P.H, 
N.C, S.L, E.W, IRD, N.S, M.O, NAK, JRG and T.A were involved 
in the acquisition, analysis or interpretation of data. The data 
analysis was performed by C.G, D.C and B.H. Drafting of the 
manuscript was conducted by C.G, D.C, B.H, JRG and T.A. All 
the authors contributed to the critical review and final approval 
of the manuscript.

ORCID
Desmond Chee  https://orcid.org/0000-0003-3473-9447 
Ben Hamilton  https://orcid.org/0000-0002-0349-278X 
Neil Chanchlani  https://orcid.org/0000-0003-0207-6706 
Simeng Lin  https://orcid.org/0000-0002-4201-4879 
Nicholas A. Kennedy  https://orcid.org/0000-0003-4368-1961 
James R. Goodhand  https://orcid.org/0000-0003-3112-376X 
Tariq Ahmad  https://orcid.org/0000-0002-6058-5528 

R E FE R E N C E S
 1. Lutgens M, Oldenburg B, Siersema PD, et al. Colonoscopic surveil-

lance improves survival after colorectal cancer diagnosis in inflam-
matory bowel disease. Br J Cancer. 2009;101:1671-1675. https://
doi.org/10.1038/sj.bjc.6605359

 2. Bye WA, Ma C, Nguyen TM, Parker CE, Jairath V, East JE. Strategies 
for detecting colorectal cancer in patients with inflammatory 
bowel disease: a cochrane systematic review and meta-analysis. 
Am J Gastroenterol. 2018;113:1801-1809. https://doi.org/10.1038/
s4139 5-018-0354-7

 3. Choi PM, Nugent FW, Schoetz DJ, Silverman ML, Haggitt RC. 
Colonoscopic surveillance reduces mortality from colorectal cancer 
in ulcerative colitis. Gastroenterology. 1993;105:418-424. https://
doi.org/10.1016/0016-5085(93)90715 -O

 4. Ording AG, Horváth-Puhó E, Erichsen R, et al. Five-year mortality in 
colorectal cancer patients with ulcerative colitis or Crohnʼs disease. 
Inflamm Bowel Dis. 2013;19:800-805. https://doi.org/10.1097/
MIB.0b013 e3182 802af7

 5. Annese V, Daperno M, Rutter MD, et al. European evidence 
based consensus for endoscopy in inflammatory bowel disease. 
J Crohn’s Colitis. 2013;7:982-1018. https://doi.org/10.1016/j.
crohns.2013.09.016

 6. Lamb CA, Kennedy NA, Raine T, et al. British Society of 
Gastroenterology consensus guidelines on the management of in-
flammatory bowel disease in adults. Gut. 2019;68(Suppl 3):s1-s106. 
https://doi.org/10.1136/gutjn l-2019-318484

 7. Cairns SR, Scholefield JH, Steele RJ, et al. Guidelines for colorec-
tal cancer screening and surveillance in moderate and high risk 
groups (update from 2002). Gut. 2010;59:666-689. https://doi.
org/10.1136/gut.2009.179804

 8. Vienne A, Simon T, Cosnes J, et al. Low prevalence of colonoscopic 
surveillance of inflammatory bowel disease patients with long-
standing extensive colitis: a clinical practice survey nested in the 
CESAME cohort. Aliment Pharmacol Ther. 2011;34:188-195. https://
doi.org/10.1111/j.1365-2036.2011.04711.x

 9. Velayos FS, Liu L, Lewis JD, et al. Prevalence of colorectal cancer 
surveillance for ulcerative colitis in an integrated health care de-
livery system. Gastroenterology. 2010;139:1511-1518. https://doi.
org/10.1053/j.gastro.2010.07.039

 10. Wu AW. Effectiveness and efficiency of root cause analysis in 
medicine. JAMA. 2008;299:685. https://doi.org/10.1001/jama. 
299.6.685

 11. Carroll JS. Organizational learning activities in high-hazard indus-
tries: the logics underlying self-analysis. J Manag Stud. 1998;35:699-
717. https://doi.org/10.1111/1467-6486.00116

 12. Rutter MD, Beintaris I, Valori R, et al. World endoscopy organiza-
tion consensus statements on post-colonoscopy and post-imaging 
colorectal cancer. Gastroenterology. 2018;155:909-925.e3. https://
doi.org/10.1053/j.gastro.2018.05.038

 13. Anderson R, Burr NE, Valori R. Causes of post-colonoscopy col-
orectal cancers based on world endoscopy organization system 
of analysis. Gastroenterology. 2020;158:1287–1299.e2. https://doi.
org/10.1053/j.gastro.2019.12.031

 14. Hamilton B, Green H, Heerasing N, et al. Incidence and prevalence 
of inflammatory bowel disease in Devon, UK. Frontline Gastroenterol. 
2020:1–10. https://doi.org/10.1136/flgas tro-2019-101369

 15. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J Chronic Dis. 1987;40:373-383. https://doi.
org/10.1016/0021-9681(87)90171 -8

 16. Silverberg MS, Satsangi J, Ahmad T, et al. Toward an integrated clin-
ical, molecular and serological classification of inflammatory bowel 
disease: report of a Working Party of the 2005 Montreal World 
Congress of Gastroenterology. Can J Gastroenterol 2005;19 Suppl 
A:5A–36A.

 17. Hari DM, Leung AM, Lee J-H, et al. AJCC Cancer Staging Manual 7th 
Edition Criteria for Colon Cancer: Do the Complex Modifications 
Improve Prognostic Assessment? J Am Coll Surg 2013;217: 
181–190.

 18. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. 
Research electronic data capture (REDCap)–a metadata-driven 
methodology and workflow process for providing translational 
research informatics support. J Biomed Inform. 2009;42:377-381. 
https://doi.org/10.1016/j.jbi.2008.08.010

 19. Ho DE, Imai K, King G, Stuart EA. MatchIt: nonparametric pre-
processing for parametric causal inference. J Stat Softw. 2011;42. 
https://doi.org/10.18637/ jss.v042.i08

 20. Goel MK, Khanna P, Kishore J. Understanding survival analysis: 
Kaplan-Meier estimate. Int J Ayurveda Res. 2010;1:274-278.

https://orcid.org/0000-0003-3473-9447
https://orcid.org/0000-0003-3473-9447
https://orcid.org/0000-0002-0349-278X
https://orcid.org/0000-0002-0349-278X
https://orcid.org/0000-0003-0207-6706
https://orcid.org/0000-0003-0207-6706
https://orcid.org/0000-0002-4201-4879
https://orcid.org/0000-0002-4201-4879
https://orcid.org/0000-0003-4368-1961
https://orcid.org/0000-0003-4368-1961
https://orcid.org/0000-0003-3112-376X
https://orcid.org/0000-0003-3112-376X
https://orcid.org/0000-0002-6058-5528
https://orcid.org/0000-0002-6058-5528
https://doi.org/10.1038/sj.bjc.6605359
https://doi.org/10.1038/sj.bjc.6605359
https://doi.org/10.1038/s41395-018-0354-7
https://doi.org/10.1038/s41395-018-0354-7
https://doi.org/10.1016/0016-5085(93)90715-O
https://doi.org/10.1016/0016-5085(93)90715-O
https://doi.org/10.1097/MIB.0b013e3182802af7
https://doi.org/10.1097/MIB.0b013e3182802af7
https://doi.org/10.1016/j.crohns.2013.09.016
https://doi.org/10.1016/j.crohns.2013.09.016
https://doi.org/10.1136/gutjnl-2019-318484
https://doi.org/10.1136/gut.2009.179804
https://doi.org/10.1136/gut.2009.179804
https://doi.org/10.1111/j.1365-2036.2011.04711.x
https://doi.org/10.1111/j.1365-2036.2011.04711.x
https://doi.org/10.1053/j.gastro.2010.07.039
https://doi.org/10.1053/j.gastro.2010.07.039
https://doi.org/10.1001/jama.299.6.685
https://doi.org/10.1001/jama.299.6.685
https://doi.org/10.1111/1467-6486.00116
https://doi.org/10.1053/j.gastro.2018.05.038
https://doi.org/10.1053/j.gastro.2018.05.038
https://doi.org/10.1053/j.gastro.2019.12.031
https://doi.org/10.1053/j.gastro.2019.12.031
https://doi.org/10.1136/flgastro-2019-101369
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.18637/jss.v042.i08


     |  301GORDON et al.

 21. NHS Health Research Authority. NHS Health Research Authority. 
What approvals and decisions do I need? 2017.

 22. Choi C-H, Rutter MD, Askari A, et al. Forty-year analysis of colo-
noscopic surveillance program for neoplasia in ulcerative colitis: an 
updated overview. Am J Gastroenterol 2015;110:1022-1034.

 23. Selinger CP, Andrews JM, Titman A, et al. Long-term follow-up 
reveals low incidence of colorectal cancer, but frequent need for 
resection, among Australian patients with inflammatory bowel dis-
ease. Clin Gastroenterol Hepatol. 2014;12:644-650.

 24. Klepp P, Brackmann S, Cvancarova M, et al. Risk of colorectal can-
cer in a population-based study 20 years after diagnosis of ulcer-
ative colitis: results from the IBSEN study. BMJ Open Gastroenterol. 
2020;7:e000361.

 25. Jess T, Horváth-Puhó E, Fallingborg J, Rasmussen HH, Jacobsen 
BA. Cancer risk in inflammatory bowel disease according to patient 
phenotype and treatment: a Danish population-based cohort study. 
Am J Gastroenterol. 2013;108:1869-1876.

 26. Winther KV, Jess T, Langholz E, Munkholm P, Binder V. Long-
term risk of cancer in ulcerative colitis: a population-based co-
hort study from Copenhagen County. Clin Gastroenterol Hepatol. 
2004;2:1088-1095.

 27. Olén O, Erichsen R, Sachs MC, et al. Colorectal cancer in ulcer-
ative colitis: a Scandinavian population-based cohort study. Lancet. 
2020;395:123-131.

 28. Bonovas S, Lytras T, Nikolopoulos G, Peyrin-Biroulet L, Danese S. 
Systematic review with network meta-analysis: comparative as-
sessment of tofacitinib and biological therapies for moderate-to-se-
vere ulcerative colitis. Aliment Pharmacol Ther. 2018;47:454-465.

 29. Gisbert JP, Linares PM, McNicholl AG, Maté J, Gomollón F. Meta-
analysis: the efficacy of azathioprine and mercaptopurine in ulcer-
ative colitis. Aliment Pharmacol Ther. 2009;30:126-137.

 30. Stjärngrim J, Ekbom A, Hammar U, Hultcrantz R, Forsberg AM. 
Rates and characteristics of postcolonoscopy colorectal cancer in 
the Swedish IBD population: what are the differences from a non-
IBD population? Gut. 2019;68:1588-1596.

 31. Guerra I, Bujanda L, Castro J, et al. Clinical characteristics, asso-
ciated malignancies and management of primary sclerosing chol-
angitis in inflammatory bowel disease patients: a multicentre 
retrospective cohort study. J Crohns Colitis. 2019;13:1492-1500.

 32. Eaden JA, Abrams KR, Mayberry JF. The risk of colorectal cancer in 
ulcerative colitis: a meta-analysis. Gut. 2001;48:526-535.

 33. Beaugerie L, Svrcek M, Seksik P, et al. Risk of colorectal high-
grade dysplasia and cancer in a prospective observational cohort 
of patients with inflammatory bowel disease. Gastroenterology. 
2013;145:166-175.e8.

 34. Mathy C, Schneider K, Chen Y-Y, Varma M, Terdiman JP, Mahadevan 
U. Gross versus microscopic pancolitis and the occurrence of neo-
plasia in ulcerative colitis. Inflamm Bowel Dis. 2003;9(6):351-355.

 35. Choi C-H, Ignjatovic-Wilson A, Askari A, et al. Low-grade dysplasia 
in ulcerative colitis: risk factors for developing high-grade dysplasia 
or colorectal cancer. Am J Gastroenterol. 2015;110:1461-1471.

 36. ten Hove JR, Shah SC, Shaffer SR, et al. Consecutive negative find-
ings on colonoscopy during surveillance predict a low risk of ad-
vanced neoplasia in patients with inflammatory bowel disease with 
long-standing colitis: results of a 15-year multicentre, multinational 
cohort study. Gut. 2019;68:615-622.

 37. van Hees F, Saini SD, Lansdorp-Vogelaar I, et al. Personalizing 
colonoscopy screening for elderly individuals based on screening 
history, cancer risk, and comorbidity status could increase cost ef-
fectiveness. Gastroenterology. 2015;149:1425-1437.

 38. Burke KE, Nayor J, Campbell EJ, Ananthakrishnan AN, Khalili H, 
Richter JM. Interval colorectal cancer in inflammatory bowel dis-
ease: the role of guideline adherence. Dig Dis Sci. 2020;65:111-118.

 39. Mackiewicz T, Sowa A, Fichna J. Biomarkers for early detection 
of colitis-associated colorectal cancer – current concepts, future 
trends. Curr Drug Targets. 2020;21. https://doi.org/10.2174/13894 
50121 66620 02201 23844

SUPPORTING INFORMATION
Additional supporting information will be found online in the 
Supporting Information section.

How to cite this article: Gordon C, Chee D, Hamilton B, et al. 
Root-cause analyses of missed opportunities for the diagnosis 
of colorectal cancer in patients with inflammatory bowel 
disease. Aliment Pharmacol Ther. 2021;53:291–301. https://doi.
org/10.1111/apt.16155

https://doi.org/10.2174/1389450121666200220123844
https://doi.org/10.2174/1389450121666200220123844
https://doi.org/10.1111/apt.16155
https://doi.org/10.1111/apt.16155

