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Simple Summary: The sequence chronic inflammation-dysplasia-cancer is involved in the develop-
ment of several gastrointestinal cancers, including colorectal cancer (CRC) in Inflammatory Bowel
Disease (IBD). Several risk factors for CRC are recognized in Ulcerative Colitis (UC) and Crohn’s Dis-
ease (CD) colitis. The combined role of IBD characteristics and incident CRC, including CRC-related
symptoms at onset, in determining the long-term outcome needs further investigation. These issues
were addressed in our multicenter study in IBD patients with incident CRC. CRC was more frequently
diagnosed by colonoscopy in UC and by imaging in CD. CRC occurred in one fourth of patients
at a young age (<40 years), and a high rate of CRC-related mortality was observed, particularly in
patients with CRC diagnosed at an older age. The present findings from incident CRC in IBD support
the need to focus the attention on surveillance programs in subgroups of patients at higher risk for
CRC and CRC-related death.

Abstract: Colorectal cancer (CRC) risk is increased in Inflammatory Bowel Disease (IBD) and surveil-
lance needs to be tailored according to individual risk. The open issues include the role of the
characteristics of IBD and CRC in determining the long-term outcome. These issues were assessed
in our multicenter study, including a cohort of 56 IBD patients with incident CRC. The clinical and
histopathological features of IBD patients and of CRC were recorded. Incident CRC in IBD occurred at
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a young age (<40 years) in 25% of patients (median age 55.5 (22-76)). Mucinous signet-ring carcinoma
was detected in 6 out of the 56 (10.7%) patients, including 4 with Ulcerative Colitis (UC) and 2 with
Crohn’s disease (CD). CRC was more frequently diagnosed by colonoscopy in UC (85.4% vs. 50%;
p = 0.01) and by imaging in Crohn’s Disease CD (5.8% vs. 31.8%; p = 0.02). At onset, CRC-related
symptoms occurred in 29 (51.9%) IBD patients. The time interval from the diagnosis of IBD to CRC
was shorter in UC and CD patients with >40 years (p = 0.002; p = 0.01). CRC-related death occurred
in 10 (29.4%) UC and in 6 (27.2%) CD patients (p = 0.89), with a short time interval from CRC to death
(UC vs. CD: 6.5 (1-68) vs. 14.5 (8-40); p = 0.85; IBD: 12 months (1-68)). CRC occurring at a young age,
a short time interval from the diagnosis of IBD to CRC-related death in the elderly, CRC-symptoms
often mimicking IBD relapse and the observed high mortality rate may support the need of closer
surveillance intervals in subgroups of patients.

Keywords: Inflammatory Bowel Disease; colorectal cancer; incident cancer; clinical outcome

1. Introduction

The risk of developing colorectal cancer (CRC) is increased in Inflammatory Bowel
Disease (IBD). Long-standing extensive Ulcerative Colitis (UC), Crohn’s Disease (CD)
colitis [1-4], sclerosing cholangitis [5,6] and chronically active inflammation represent
the main risk factors for CRC related to IBD [1-4]. The sequence “chronic inflammation-
dysplasia-cancer” is a well-known pathogenetic mechanism involved in the development
of CRC [6-14] and also of other cancers involving the gastrointestinal (GI) tract [7,15-17].
Diagnosis of CRC at a younger age has been reported in IBD, and surveillance programs
have been shown to reduce CRC risk, but not the mortality rate in these patients [2].

CRC risk has been extensively investigated in IBD in terms of frequency, risk factors,
the role of immunomodulators [1,2,18-23] and endoscopic surveillance, particularly in
high-risk patients [24]. However, fewer data are available regarding the long-term outcome
of IBD patients with incident CRC.

In a multicenter nested case-control 6-year study [25], we reported the frequency and
risk factors for any incident cancer in a cohort of IBD patients. In order to provide additional
data regarding the long-term outcome of IBD patients with incident CRC, this issue was
addressed in the present study. A subgroup of patients from the previous cohort [25],
followed-up during a longer period, was considered for this purpose.

The primary end-point was to assess, in a multicenter study, the long-term outcome of
UC and CD patients with incident CRC, in relation to the characteristics of both the patients
and CRC. The secondary aim was to evaluate the features of UC and CD patients with CRC,
including cancer-related symptoms and diagnostic modalities, in relation to the outcome.
Therefore, previously unreported data regarding incident CRC occurring in a subgroup of
UC and CD patients from our previous cohort [25], followed-up during a longer period,
were analyzed in relation to the outcome.

2. Materials and Methods

The frequency and overall risk of any incident cancer occurring from 2011 to 2017
in patients with IBD was previously reported in our multicenter IG-IBD study [25]. In
the original cohort [25], the inclusion criteria were a well-defined diagnosis of UC or
CD > 6 months [26,27], regular follow-up (>2 visits/year), age > 17 years, no history of
neoplasia, data available in clinical records. Patients with an unclassified or indeterminate
IBD or low compliance (<2 visits/year at the referral center) were excluded. In our previous
study [25], each IBD patient with cancer was matched for the clinical variables (gender,
age £ 5 years, IBD type), with 2 IBD controls with no cancer. In the present study, only IBD
patients with incident CRC with no controls were considered. In our previous study [25],
no details were reported regarding the clinical outcome and characteristics of CRC (site,
histotype, history of adenomas, cancer treatment, mortality) [25]. CRC-related symptoms
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and the modality of diagnosis of CRC were also not reported [25]. Due to the relatively
limited data regarding the characteristics of incident CRC in relation to the long-term
outcome of patients with IBD, these issues were specifically investigated.

2.1. Study Population

The study population included a subgroup of IBD patients from the previous co-
hort [25], fulfilling the inclusion and exclusion criteria reported in Table 1. In each
center, the available and previously unreported characteristics of CRC and data regard-
ing the clinical outcome of patients followed-up after the end of our previous study
(31 December 2017) [25] were retrospectively reviewed until 31 December 2020.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

IBD patients with incident CRC occurring during our 6-year
study [25] with additional data not previously reported

Incomplete data regarding the CRC characteristics and/or
clinical outcome of IBD patients with incident CRC after
the end of the first study (31 December 2017)

Diagnosis of CD or UC according to current Patients from the previous cohort [25] with
European guidelines [26,27] incident cancer different from CRC
Well-defined diagnosis of incident CRC All IBD controls with no cancer included in
(31 December 2011-31 December 2017) [25] our previous study [25]
Detailed clinical data regarding IBD and CRC,
including the clinical outcome of CRC after the end of Low compliance (<2 visits/year)

our first study (31 December 2017) [25]

Diagnosis of IBD lasting >6 months

Regular follow up (>2 visits/year)

Age > 17 years

Well-defined characteristics of CRC including: Histotype, Site,
CRC treatment (surgery, chemo/radiotherapy), Diagnostic
modalities of CRC, Personal history of adenomas

Well-defined characteristics of CRC including: Histotype, Site,
CRC treatment (surgery, chemo/radiotherapy), Diagnostic

modalities of CRC, Personal history of adenomas

Abbreviations. IBD: Inflammatory Bowel Disease; UC: Ulcerative Colitis; CD: Crohn’s Disease; CRC:
colorectal cancer.

For each patient, detailed demographic and clinical characteristics, including IBD type
(UC vs. CD) and extent [26,27], CD phenotype [27], history of surgery and perianal (PA)
disease and IBD-related treatments at enrollment were already reported in a database [25].

The following additional characteristics of the CRC and clinical outcome of IBD pa-
tients with incident CRC were added in a new database for the purpose of the present
study: date of the first and last visit (year) after the end of our previous 6-year study [25],
age at diagnosis of CRC, CRC histotype, CRC site (rectum, sigmoid colon, descending
colon, transverse colon, right colon, coecum, ileo-cecal valve, anal canal), date at diagnosis
of CRC (year), symptoms related to CRC at diagnosis (yes/no, type), modality of diagnosis
of CRC (colonoscopy, imaging, intra-operatory: yes/no), concomitant colonic adenomas at
diagnosis of CRC (yes/no), history of colonic adenoma (yes/no), family history of CRC,
surgery for CRC (yes/no, type), endoscopic treatments for CRC (endoscopic mucosal
resection EMR, endoscopic submucosal dissection, ESD), CRC-related death (yes/no, date),
death not related to CRC (yes/no, date, cause), lost to follow-up (yes/no), date at the last
visit (year), follow-up duration after the diagnosis of CRC (months). CRC-related death
was defined as a death due to cancer-related complications or to cancer progression. The
diagnosis of CRC was histologically confirmed and defined in all patients by biopsy speci-
mens taken during colonoscopy or surgery. The CRC site was defined during either surgery
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or colonoscopy/imaging in patients not surgically treated. In each patient with incident
CRC, the use of TNF-aantagonists (>1 administration) and/or other immunomodulators
(>3 months) for IBD was considered only after the diagnosis of CRC.

The study protocol was approved by the ethic committees (referral center: Policlinico
“Tor Vergata” of Rome, Italy; 56/15, amendment 15 July 2020). All authors made the
decision to submit the manuscript for publication and approved the submitted manuscript.
Patient consent was waived as the reported data regarding CRC were retrospectively
collected, the research involved no risk for participants and all data were deidentified.

2.2. Statistical Analysis

The results were expressed as median (range). The differences between CD and
UC patients were analyzed by the x?-square test or by the two-tailed Student'’s t-test, as
appropriate. For this purpose, the following parameters were considered: median age
at diagnosis of incident CRC, IBD duration at diagnosis of CRC, CRC site, frequency of
CRC-related death, time interval from CRC diagnosis to CRC-related or unrelated death,
family history of CRC and history of adenomas, frequency of events (i.e., death).

Regarding the sample size, the study is a post-hoc analysis of our previous prospective
study including a subgroup of IBD patients with incident cancer occurring from 2011 to
2017 (25), with an available long-term follow-up. Due to the retrospective study design
of this post-hoc analysis, no sample size calculation was performed. Nevertheless, the
following probabilistic considerations were taken into account when comparing UC vs. CD
groups: (a) The null hypothesis is rejected if the sample mean (of survival times) differs by
>43.3% of the standard deviation from the corresponding mean of the reference population;
(b) To test the hypotheses (null and alternative), the two-tailed Student’s t-test was adopted
with o = 0.05 (first type error) and 3 = 0.10 (second type error) (test power equal to 90%).
Considering these probabilistic considerations, the number of 56 patients enrolled in the
study appears to be congruous.

A Kaplan-Meier analysis was performed in order to assess the survival from the
diagnosis of cancer or of IBD to death in different subgroups of IBD patients. The same
analysis was used in order to assess the time intervals from the diagnosis of IBD and CRC
or death, when considering comparisons between the UC and CD subgroups. The statistical
test used for Kaplan—-Meier survival was the Log Rank (Mantel Cox). A p < 0.05 level was
considered for statistical significance.

3. Results
3.1. Study Population

Overall, 56 patients with IBD and incident CRC fulfilled the inclusion criteria, as
details regarding the long term outcome were not available for the remaining 37 patients
from the original cohort [25]. The demographic and clinical characteristics of the whole
group of 56 IBD patients and, separately, of the 22 CD and 34 UC patients with incident CRC
are summarized in Table 2. In 25% (10 out of 56) of the IBD patients, CRC occurred before
the age of 40 and in 35.7% (20 out of 36) before the age of 50 years (median: 55.5 (22-76); UC
59 (22-76) vs. CD 53 (32-76); p = 0.46) (Table 2). A low frequency of family history of CRC,
a personal history of adenomas and comorbidities were observed (Table 2). The median
length of the follow-up of IBD patients with CRC, including the time interval between the
diagnosis of CRC (enrollment) and the last visit or death was 16.5 months.

The IBD-related lesions in the 22 CD patients with incident CRC included: ileum
(n =7; 31.8%), colon (n = 4; 18.2%), ileum-colon (n = 10; 45.5%), upper Gl (n = 1; 4.5%)
(Table 2). The CD phenotype was non-fibrostricturing non-perforating (B1) in 10 (45.5%),
fibrostricturing (B2) in 5 (22.7%) and perforating (B3) in 7 (31.8%) patients (Table 2). Among
the 34 UC patients with incident CRC, the disease was left-sided in 13 (38.2%) and extensive
in 21 (61.8%), with no cases of proctitis (Table 2).
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Table 2. Demographic and clinical characteristics of IBD patients with incident CRC.

Kerrypnx Total (n = 56) UC (n = 34) CD (n=22) p (Yates)

Gender (F) n (%) 20 (35.7%) 9 (26.4%) 11 (50%) 0.13
Age at CRC diagnosis, median (range) 55.5 (22-76) 59 (22-76) 53 (32-76) 0.46
IBD duration at CRC, median (range) 15.5 (1-44) 17 (1-35) 13.5 (1-44) 0.97
IBD related surgery, 1 (%) 11 (19.6%) 2 (5.9%) 9 (40.9%) 0.002

Time interval from diagnosis of IBD to
last visit/death (yrs), median (range) 1(0-21) 1(0-9) 1(0-21) 0.37

(n =50)

Time interval from diagnosis of IBD to

CRC-related death (years), mean 15.5 (1-45) 18.5 (1-28) 12.5 (2-45) 0.89

(range) (n = 16)

Time interval from diagnosis of CRC
and CRC-related death (months), 12 (1-68) 6.5 (1-68) 14.5 (8-40) 0.85
mean (range) (n = 16)

Time interval between CRC diagnosis

and death/loss at follow up (years), 2 (0-41) 2 (0-41) 1.5 (0-21) 0.60
mean (range)

Perianal disease, 1 (%) 11 (19.6%) 2 (5.9%) 9 (40.9%) 0.004
Smoking (yes), 1 (%) 4 (7.1%) 2 (5.8%) 2 (9.1%) 0.98
Appendectomy, 1 (%) 6 (10.7%) 4 (11.7%) 2 (9.1%) 0.89

EIMs, 1 (%) 7 (12.5%) 4 (11.7%) 3 (13.6%) 0.83
Comorbidities, 1 (%) 24 (42.8%) 13 (38.2%) 11 (50%) 0.55
Family history CRC, 1 (%)
yes 5 (8.9%) 2 (5.8%) 3 (13.6%) 0.6
no 46 (82.2%) 27 (79.4%) 19 (86.4%)
unknown 5 (8.9%) 5 (14.7%) 0 (0%)
History of adenomas, 1 (%) 7 (12.5%) 4 (11.7%) 3 (13.6%) 0.83
CD behavior, 1 (%)
B1 - - 10 (45.5%)
B2 - - 5 (22,7%)
B3 - - 7 (31.8%)
CD location, 1 (%)
L1 - - 7 (31.8%)
L2 - - 4 (18.2%)
L3 - - 10 45.5%)
L4 - - 1 (4.5%)
UC extent, 1 (%)
El - 0 (0%) -
E2 - 13 (38.2%) -
E3 - 21 (61.8%) -

Previous or ongoing ISS, 1 (%) 19 (33.9%) 11 (32.3%) 8 (36.4%) 0.98
Thiopurines 19 (33.9%) 11 (32.3%) 8 (36.4%) 0.98
Methotrexate 2 (3.5%) 0 (0%) 2 (9.1%) 0.29

Previous or ongoing biologics, 1 (%) 18 (32.1%) 8 (22.2%) 10 (45.5%) 0.15
Infliximab 14 (25%) 6 (16.6%) 8 (36.4%) 0.20
Adalimumab 6 (10.7%) 2 (5.5%) 4 (18.2%) 0.31
Certolizumab 1 (1.8%) 0 (0%) 1 (4.5%) 0.82

Abbreviations. IBD: Inflammatory Bowel Disease; UC: Ulcerative Colitis; CD: Crohn’s Disease; CRC: colorectal
cancer; EIMs: Extraintestinal manifestations; B1: non-penetrating non-stricturing, B2: stricturing, B3: penetrating;
L1: ileal, L2: colonic, L3 ileum-colonic, L4, upper gastro-intestinal tract; E1: proctitis, E2: left-sided colitis,
E3: extended colitis; ISS: conventional immunosuppressors.
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When comparing the UC and CD groups, no significant differences were observed in
terms of gender, median age at diagnosis of CRC and IBD duration at diagnosis of CRC
(p=0.13; p = 0.46 and p = 0.97, respectively) (Table 2). The tested UC and CD populations
were also comparable in terms of the time interval from the diagnosis of CRC to the last
visit or death (p = 0.6) or to death (p = 0.85) and from the diagnosis of UC or CD to death
(p = 0.89) (Table 2).

The survival curve showed that the time interval between the diagnosis of IBD and
the diagnosis of CRC was comparable in UC vs. CD patients with incident cancer (p = 0.72)
(Figure 1).

o =0.72
: P . €D
uc
0,84
oy
€
E 0.6
W
=
g 1
0,29
0,09
T LI T T T T
0 10 20 30 a0 50
YEARS
0-10yrs |10—20yrs | 20—30yrs | 30—40yrs [ 40-50yrs
uc 9/34 12134 10034 | 3134 0/34
CcD 722 | BI22 522 | 0/22 2122

Figure 1. Survival curve showing that the time interval between the diagnosis of Inflammatory Bowel
Disease (IBD) and the diagnosis of colorectal cancer (CRC) was comparable in Ulcerative Colitis (UC)
vs. Crohn’s Disease (p = 0.72).

As expected, a present/past history of IBD-related surgery was more frequent in the
tested CD vs. UC population (p = 0.002) (Table 2). A history of >1 IBD-related surgery
was recorded in 2 of the 9 CD patients (n = 2 in 1; n = 3 in 1) and in no UC patients.
The proportion of patients with a history of smoking, appendectomy or extraintestinal
manifestations did not differ between UC and CD groups (p = 0.98; p = 0.89 and p = 0.83,
respectively) (Table 2). A comparably low frequency of well-defined family history of CRC
and personal history of adenomas or comorbidities was observed in UC vs. CD patients
with CRC (p = 0.6; p = 0.83; p = 0.55, respectively) (Table 2).

3.2. Characteristics of Incident CRC
3.2.1. CRC Site

In the cohort of 56 IBD patients, incident CRC mostly involved the rectum. In particu-
lar, the CRC site included: rectum in 24 (42.8%), sigmoid colon in 10 (17.9%), left colon in
5 (8.9%), transverse colon in 4 (7.1%), right colon in 8 (14.3%), cecum in 2 (3.6%), ileo-cecal
valve in 2 (3.6%) and anal canal in 1 (1.8%) patient. When subgrouping the CRC localization
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into the left-sided (rectum, sigmoid, left colon) vs. right-sided colon (ileo-cecal valve,
coecum, ascending, transversus colon), CRC was more frequently left-sided vs. right-sided
(40 (71.4%) vs. 16 (28.6%); p < 0.0001). The distribution of the CRC site was comparable
between UC and CD (Table 3). CRC occurred in areas involved by UC lesions in 31 out
of the 34 patients, while in CD patients CRC occurred in disease-uninvolved areas in the
7 patients with ileal CD. In the overall IBD population, a significantly longer time interval
from the diagnosis of IBD to the diagnosis of CRC (IBD duration) was observed in patients
with rectal vs. other colonic cancers (23 (1-44) vs. 12 (0—43) years, p = 0.01). Differently, the
median age at diagnosis of CRC did not differ between IBD patients with rectal vs. other
colonic cancers (54 (23-75) vs. 55.5 (22-76) years; p = 0.51). Neither was any difference
observed between UC and CD patients in terms of the median age at diagnosis of rectal
cancer (54 (23-75) vs. 53 (33-66) years; p = 0.61), nor in terms of the time interval from the
diagnosis of IBD to rectal cancer (23 (1-35) vs. 26 (10-44) years; p = 0.44).

Table 3. Characteristics and outcome of incident colorectal cancer in the tested IBD population.

Total (n = 56) UC (n = 34) CD (n=22) p (Yates)
CRC Site, 1 (%)
24 (42.8%) 15 (44.2%) 9 (40.9%) 0.96
Sigmoid colon 10 (17.9%) 8 (23.7%) 2 (9.1%) 0.30
Left colon 5 (8.9%) 4 (11.7%) 1 (4.5%) 0.65
Transverse colon 4 (7.1%) 4 (11.7%) 0 (0%) 0.25
Right colon 8 (14.3%) 2 (5.8%) 6 (27.4%) 0.06
2 (3.6%) 1(2.9%) 1 (4.5%) 0.67
Ileo-cecal valve 2 (3.6%) 0 (0%) 2 (9.1%) 0.29
Anal canal/rectal edge 1 (1.8%) 0 (0%) 1 (4.5%) 0.82
Left vs. Right Colon, n (%)

Left Colon 40 (71.4%) 27 (79.4%) 13 (59.1%) 0.17
Right colon 16 (28.6%) 7 (20.6%) 9 (40.9%) 0.17

CRC Histotype, 1 (%)
Adenocarcinoma 51 (91%) 30 (88.4%) 21 (95.5%) 0.65
Squamous carcinoma 1 (1.8%) 1 (2.9%) 0 (0%) 0.82
Epidermoid 1(1.8%) 1(2.9%) 0 (0%) 0.82
Neuroendocrine 2 (3.6%) 1(2.9%) 1 (4.5%) 0.67
1(1.8%) 1(2.9%) 0 (0%) 0.82
CRC-Related Symptoms, n (%) 29 (51.9%) 19 (55.9%) 10 (45.4%) 0.62
Rectal bleeding 13 (23.6%) 10 (29.4%) 3 (13.6%) 0.29
Abdominal pain 10 (17.8%) 5 (14.7%) 5 (22.7%) 0.68
Refractory IBD 5 (8.9%) 4 (11.7%) 1 (4.5%) 0.65
Diarrhea 4 (7.1%) 1(2.9%) 3 (13.6%) 0.32
Occlusion 3 (5.3%) 2 (5.8%) 1 (4.5%) 0.69
Change in bowel habits 3 (5.3%) 2 (5.8%) 1 (4.5%) 0.69

CRC Diagnosis, 1 (%)
Colonoscopy 40 (71.4%) 29 (85.4%) 11 (50%) 0.01
9 (16.1%) 2 (5.8%) 7 (31.8%) 0.02
Intra-operatory 7 (12.5%) 3 (8.8%) 4 (18.2%) 0.53
CRC and Concomitant Adenoma, 1 (%) 4 (7.1%) 4 (11.7%) 0 (0%) 0.25
Surgical/Endoscopic Treatment, n (%) 51 (91.1%) 30 (88.2%) 21 (95.5%) 0.65
Palliative stoma 3 (5.9%) 3 (10%) 0 (0%) 0.40
Endoscopic removal 3(5.9%) 1 (3.3%) 2 (9.5%) 0.69

Anterior Rectal Resection 1 (1.9%) 0 (0%) 1 (4.7%) 0.82
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Table 3. Cont.

Total (n = 56) UC (n = 34) CD (n=22) p (Yates)
CRC Site, 1 (%)
Tleo-colonic resection 1 (1.9%) 1 (3.3%) 0 (0%) 0.82
Hemicolectomy 6 (11.8%) 0 (0%) 6 (28.6%) 0.006
Colectomy + colostomy 3(5.9%) 1 (3.3%) 2 (9.5%) 0.69
Colectomy + ileostomy 16 (31.4%) 8 (26.7%) 8 (38.1%) 0.46
Ileal pouch 9 (17.6%) 9 (30%) 0 (0%) 0.02
Tleo-rectal anastomosis 9 (17.6%) 7 (23.3%) 2 (9.5%) 0.44
CRC'Relati{‘L?eath' n (%) 16 (28.5%) 10 (29.4%) 6 (27.2%) 0.89
No 36 (64.3%) 22 (64.8%) 14 (63.7%)

Unknown 4(7.1%) 2 (5.8%) 2(9.1%)
Non-CRC Related Death, n (%) 2 (3.6%) 0 (0%) 2 (9.1%) 0.29
Death (Overall), n (%) 18 (32.1%) 10 (29.4%) 8 (36.4%) 0.80
Lost at Follow-Up, 1 (%) 20 (35.7%) 13 (38.2%) 7 (31.8%) 0.83

Abbreviations. IBD: Inflammatory Bowel Disease; UC: Ulcerative Colitis; CD: Crohn’s Disease; CRC: colorectal
cancer; N/A: not applicable.

3.2.2. CRC Histotype

The characteristics of CRC are summarized in Table 3. In the overall IBD population
(n = 56), the CRC histotype was mostly represented by adenocarcinoma (1 = 51 (91%)).
Among the IBD patients with incident adenocarcinoma, there were 6 mucinous signet-ring
carcinoma (4 UC, 2 CD), leading to death in 2 patients. The remaining 5 CRC included
neuroendocrine tumor (1 = 2 (3.6%)), squamous carcinoma (1 = 1 (1.8%)), and epidermoid
carcinoma (1 = 1 (1.8%)), while the histology was undefined in 1 (1.8%) case (Table 3).

The frequency of each CRC histotype did not significantly differ between the UC and
CD groups (Table 3).

3.2.3. CRC-Related Symptoms

Symptoms suggesting a diagnosis of CRC were reported in only 29 out of the 56 (51.9%)
IBD patients with incident cancer (Table 3). In IBD patients, the CRC-related symptoms at
the diagnosis of cancer included rectal bleeding in 13 (23.6%), abdominal pain in 10 (17.8%),
refractory IBD-related symptoms in 5 (8.9%), diarrhea in 4 (7.1%), occlusion in 3 (5.3%) and
changes in bowel habits in 3 (5.3%) patients (Table 3). Overall, a comparable proportion of
UC and CD patients showed symptoms leading to a diagnosis of CRC (p = 0.62) (Table 3).
The same was observed when separately considering each symptom (Table 3).

3.2.4. Diagnosis of CRC: Modalities

In the tested IBD population, CRC was diagnosed by colonoscopy in 40 patients
(71.4%) and by imaging in 9 (16.1%), while the diagnosis was intra-operatory in 7 (12.5%)
patients (Table 3).

When comparing UC and CD, CRC was more frequently diagnosed by colonoscopy
in UC (29 (85.4%) vs. 11 (50%); p = 0.01) and by imaging in CD (2 (5.8%) vs. 7 (31.8%);
p = 0.02) (Table 3). In a comparable low proportion of UC and CD patients, an intra-
operatory diagnosis of CRC was made (p = 0.53) (Table 3). In both UC and CD patients
the time interval between the diagnosis of CRC and CRC-related death was comparable
between patients with a diagnosis of cancer made by colonoscopy vs. other techniques
(imaging or intra-operatory) (p = 0.58 and p = 0.54, respectively).

3.3. Current or Past History of Adenomas

At the time of the diagnosis of CRC, concomitant colonic adenomas were reported in
4 (7.1%) IBD patients, all with UC (4 (11.7%) vs. 0 in CD; p = 0.25) (Table 3). The history
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of endoscopic removal of adenomas before the occurrence of CRC was recorded in an
additional 7 (12.5%) IBD patients (UC vs. CD: 4 (11.7%) vs. 3 (13.6%); p = 0.83) (Table 2).

3.3.1. CRC: Surgical or Endoscopic Treatment

The CRC treatment included surgical or endoscopic treatment in 51 (91.1%) IBD pa-
tients (UC vs. CD: 30 (88.2%) vs. 21 (95.5%); p = 0.65) (Table 3). Specifically, endoscopic
or surgical CRC treatment included: palliative stoma in 3 (5.9%), endoscopic removal in
3 (5.9%), anterior rectal resection in 1 (1.9%), ileo-colonic resection in 1 (1.9%), hemicolec-
tomy in 6 (11.8%), colectomy with colostomy in 3 (5.9%), colectomy with ileostomy in
16 (31.4%), ileal pouch in 9 (17.6%) and ileo-rectal anastomosis in 9 (17.6%) patients.

Among the 51 surgical procedures for CRC in IBD patients, hemicolectomy was more
frequent in CD vs. UC (6 (28.6%) vs. 0 (0%); p = 0.006), and ileal pouch in UC vs. CD
(9 (30%) vs. 0 (0%); p = 0.02) (Table 3). The frequency of other surgical treatments for CRC
did not differ between the two groups (Table 3).

3.3.2. Characteristics of IBD

The time interval from the diagnosis of IBD to the diagnosis of CRC was comparable
when in patients with left-sided vs. extensive UC (E2 vs. E3: p = 0.66) (Figure 2a) or with
different CD behaviors (B1 vs. B2 vs. B3: p = 0.80) (Figure 2b). In CD, the time interval
between the diagnosis of CD and the diagnosis of CRC was longer in patients with vs.
without perianal (PA) disease (p = 0.04) (Figure 2c). The observed lower median age in
CD patients with vs. without perianal disease was at the limit of statistical significance
(years: 48 (22-66) vs. 58 (34-76); p = 0.05). The time interval between the diagnosis of CRC
and CRC-related death was comparable between CD patients with vs. without PA disease
(p = 0.61) (Figure 2d).

In UC, the Kaplan-Meier analysis showed that the time interval between the di-
agnosis of UC and the diagnosis of CRC was significantly shorter in patients with UC
diagnosed >40 vs. <40 years (p = 0.002) (Figure 3a). As for UC, the time interval between
the diagnosis of CD and the diagnosis of CRC was shorter in CD patients diagnosed with
>40 vs. <40 years (p = 0.01) (Figure 3b).
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Figure 2. (panels a—d): Survival curves showing the time interval from: panel (a). Diagnosis of UC to
diagnosis of CRC, comparable between patients with left-sided vs. extensive UC (E2 vs. E3: p = 0.66);
panel (b). Diagnosis of CD to diagnosis of CRC, comparable between patients with different CD
behaviors (B1 vs. B2 vs. B3: p = 0.80); panel (c). Diagnosis of CD to diagnosis of CRC, significantly
longer in patients with vs. without perianal (PA) disease (p = 0.04); panel (d). Diagnosis of CRC to
CRC-related death, comparable between CD patients with vs. without PA disease (p = 0.61).

cD
| T — =i UC b 1 I <
10 _ p=0.002 i . p=0.01 =0
I UC»40
05
05 |
o .
F = &K
3 Ll
064 (2]
2 1 S
=
T L T— I
5 B |
< 044 <T 4
o o
_L =
024 L.
L o
i 0 10 P 3 0 50
T T T T T
[1] 10 20 ] 40
YEARS
YEARS
UC patients (n=34) | 0-10yrs | 11-20yrs | 21-30yrs | 31-40yrs 0-10yrs | 11-20yrs| 21-30yrs | 31-40yrs | 41-50yrs
uc <40 2118 616 70 3i3 CD <40 112 6/11 3I5 0/2 2i2
uc 240 8/16 5/8 313 0/0 CD240 6/10 2/4 212 0/0 0/0

(

a) (b)

Figure 3. (panels a,b) Kaplan-Meier analysis showing that the time interval between the diagnosis
of IBD and the diagnosis of CRC was significantly shorter in patients with IBD diagnosed with
>40 vs. <40 years, both in UC (p = 0.002) (panel a) and in CD (p = 0.01) (panel b).

3.4. Immunomodulatory Treatments

In the whole group of 56 IBD patients, a current or previous history of conventional
immunomodulators (ISS) or biologics was recorded in 19 (33.9%) and in 18 (32.1%) patients,
respectively (Table 2). A comparable frequency of ISS or biologics use was observed in the
tested UC vs. CD populations with incident CRC (Table 2).
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The time interval from the diagnosis of IBD to the diagnosis of CRC was comparable
between UC vs. CD patients using (p = 0.40) or not using biologics (p = 0.88). No significant
differences were observed in terms of the time interval from the diagnosis of IBD to CRC
when comparing UC vs. CD patients using (p = 0.66) or not using ISS (p = 0.99). The time
interval between diagnosis of CRC and CRC-related death did not differ between UC or
CD patients using (p = 0.32) vs. not using biologics (p = 0.70).

In the UC group, the time interval from the diagnosis of CRC and CRC-related death
did not differ between patients with vs. without history of ISS use (p = 0.67). In the tested
CD population, this difference was at the limit of statistical significance in the subgroup
of CD patients using ISS (p = 0.045). The median age of these 2 groups of CD patients
was comparable (ISS vs. no ISS: 54.5 (22-70) vs. 58.5 (23-76); p = 0.21). Among the 8 CD
patients using ISS, 5 showed a history of perianal disease and 5 of biologics use. These
characteristics were observed in a minor proportion of CD patients not using ISS (5 out of
14 for both perianal disease and biologics use).

3.5. Death

Overall, death related or not to CRC occurred in 18 (32.1%) IBD patients, at a compara-
ble frequency in UC vs. CD (10 (29.4%) vs. 8 (36.4%); p = 0.8) (Table 3). CRC-related death
occurred in 16 (28.5%) IBD patients, with no differences between UC and CD (10 (29.4%) vs.
6 (27.2%); p = 0.89).

In IBD, the median time interval between the diagnosis of CRC to death was 12 months
(1-68), in particular 6.5 (1-68) in UC vs. 14.5 (8-40) months in CD (p = 0.85). According to
the survival analysis, the time interval between the diagnosis of CRC to CRC-related death
did not differ between UC and CD (p = 0.84) (Figure 4a). The same time interval (diagnosis
of CRC to CRC-related death) was also comparable between IBD patients subgrouped
according to a positive vs. negative history of symptoms leading to a diagnosis of CRC
(p = 0.96) (Figure 4b).
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Figure 4. (panels (a,b)) Kaplan-Meier analysis showing that the time interval between the diagnosis
of CRC and CRC death did not differ between UC and CD (p = 0.84) (panel (a)) and between IBD
patients subgrouped according to a positive vs. negative history of symptoms leading to a diagnosis
of CRC (p = 0.96) (panel (b)).

4. Discussion

CRC risk is increased in patients with a long-term history of IBD colitis [1-7]. Several
risk factors for CRC, including those common to the general non-IBD population, have



Cancers 2022, 14, 721

12 of 16

been reported in IBD [1,2]. However, fewer studies evaluated the clinical outcome of IBD
patients with incident CRC in relation to the characteristics of both the host and the cancer.
Additional data may help to optimize the CRC surveillance and treatment in IBD patients
with concomitant cancer. On the basis of these observations, the long-term outcome of
incident CRC in IBD patients was investigated in relation to features of IBD and cancer.
The cases included a subgroup of IBD patients with incident CRC from a 6-year study [25],
followed-up during a longer period. Previously unreported features of CRC and IBD
patients have been firstly reported in the present study and related to the clinical outcome.

The demographic and clinical characteristics observed in UC and CD patients with
CRC, including the age at diagnosis of IBD and the frequency of PA disease, are in agree-
ment with the current literature [1,2,6,11]. This supports the reliability of our findings, as
bias related to a selected IBD subpopulation should be excluded. A wide range in terms
of age at diagnosis of CRC was observed (22-76 years). CRC indeed occurred before the
age of 40 in almost one fourth of patients, and before the age of 50 in more than one third
of patients. Current evidence supports a younger age at diagnosis of CRC in IBD patients
compared to the general non-IBD population [2,26,28-30]. The observed trend for a higher
frequency of CRC in males and the low proportion of young IBD patients with CRC and
long-standing colitis was also expected [31]. This last finding further supports the need to
search for additional risk factors for CRC in young IBD patients, in order to optimize the
surveillance programs in these patients.

The reliability of the tested IBD population is also supported by the expected observed
comparable time interval from the diagnosis of IBD to incident CRC in the UC vs. CD
groups [2]. A longer IBD duration was observed in patients with rectal vs. other colonic
cancers, thus suggesting a role for a long-lasting rectal inflammation in the development
of CRC. In our UC population, no cases of proctitis were observed, according to the
well-known higher CRC risk in patients with left-sided or extensive colitis, but not with
proctitis [1-3,6,7,31]. This observation also suggests that more severe cases of UC were
included in our study, as expected in tertiary IBD referral centers.

The colonic cancer distribution was also expected, as CRC involved the rectum, sig-
moid or transversus colon in more than half of IBD patients and in two/thirds of UC
patients. Sporadic cancer was observed in 3 out of the 13 UC patients with left-sided
colitis. These findings are in agreement with the data from both the IBD and non-IBD
populations [2,4-6]. Interestingly, symptoms compatible with CRC were observed in a
relatively low proportion of patients (half of our IBD population), while the remaining
patients showed CRC-related symptoms compatible with IBD relapse. This observation
further supports that a timely diagnosis of CRC in IBD mostly relies on appropriate screen-
ing programs rather than on searching for CRC-related symptoms, most often mimicking
IBD relapse.

The diagnostic modalities for detecting CRC differed between our CD vs. UC pop-
ulations. Due to the retrospective design, CRC surveillance intervals were not set, thus
representing one of the limitations of the study. However, as all patients referred to ter-
tiary IBD centers, a CRC surveillance according to the current IBD guidelines [26,27] was
reasonably applied. CT scan and other imaging techniques rather than colonoscopy were
performed in relation to disease-related clinical indications and not for CRC screening.
In our cohort, colonoscopy was the technique most frequently leading to a diagnosis of
CRC in the UC group, while, surprisingly, imaging allowed more often for a diagnosis of
CRC in CD. This observation suggests that even in tertiary IBD referral centers, endoscopic
screening may not always enable a timely diagnosis of CRC, particularly in CD. However,
the retrospective study design did not allow for comparisons in terms of TNM staging
at diagnosis. Due to this finding, a diagnostic delay leading to a higher mortality for
CRC in the tested CD vs. UC population was conceivable. However, this difference was
not significant in our IBD population, in agreement with current evidence indicating a
comparable mortality rate for CRC in CD vs. UC [32]. Although CRC is more frequently
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diagnosed by imaging in CD, the time interval from the diagnosis of CRC to CRC-related
death was comparable in UC versus CD.

Among the more relevant findings, the time interval from the diagnosis of UC or CD
to the diagnosis of CRC was shorter in patients with IBD diagnosed with >40 vs. <40 years.
This cut-off was considered, as it is used for subgrouping IBD patients in relation to the age
at onset (Montreal classification, A2: <40 years) [33]. The observed difference showed a
high level of significance in both UC and CD (p < 0.002 and p < 0.01, respectively). Delayed
surveillance programs in elderly IBD patients may be involved in this finding, as well
as the well-established higher CRC risk in the elderly [31]. A delayed diagnosis of IBD
determining an inappropriate CRC surveillance before the diagnosis of UC or CD may also
be hypothesized. Present findings may suggest the need for earlier surveillance programs
in the elderly and in the late-diagnosed IBD.

Perianal disease has recently been reported to increase CRC risk in CD [34]. In our
population, the presence of perianal disease did not influence the time interval from the
diagnosis of CRC to CRC-related death. However, a longer time interval from the diagnosis
of CD to CRC was observed in patients with perianal disease. The observed trend at the
limit of the statistical significance for a lower median age at diagnosis of CRC in patients
with vs. without perianal disease (p = 0.05) may be involved in this finding. A closer
endoscopic surveillance in CD patients with perianal disease aimed to assess the activity
of rectal lesions may be involved in our finding. Severe rectal lesions have indeed been
associated with a worse course of perianal disease [27].

Whether biologics may increase the cancer risk has been investigated in
IBD [2,18-23,25,35,36]. This is particularly true for TNF-« antagonists, as this cytokine
induces the necrosis of cancer cells in vitro [37]. In our cohort, biologics appeared not
to influence the time interval from the diagnosis of IBD to CRC and from the diagnosis
of CRC to CRC-related death. ISS did not affect the time interval from the diagnosis of
IBD to CRC, while a shorter time interval at the limit of statistical significance (p = 0.045)
from the diagnosis of CRC to CRC-related death was observed in CD patients using ISS.
However, the observed number of cases (history of ISS and CRC in CD) was very limited
(n = 8). Moreover, this small subgroup of patients using ISS also showed a more severe
CD course (PA disease and/or biologic use in 5 out of the 8 patients), while an older age
at diagnosis of CRC appeared not to be involved in this finding. A large French study
reported a lower frequency of CRC in IBD patients with severe colitis using ISS [24], while
a Danish Nationwide study (1997-2015) subsequently reported that medical treatment does
not affect the CRC risk in CD [38].

As expected, adenocarcinoma was the more frequent CRC histotype in our UC and
CD populations [1,2]. However, colonic neuroendocrine tumors were also observed (3.6%),
as occasionally reported in IBD [39]. A relatively high proportion of incident mucinous
signet ring carcinoma-type occurred in the tested IBD population, as rarely reported [40].
A present or past history of colonic adenomas was observed in a low proportion of UC and
CD patients (about one tenth), suggesting that the tested population was not at increased
risk of developing CRC not related to IBD. Among the limitations of our study, the family
history of CRC was not available for all patients.

The frequency of CRC-related death was quite high, being observed in almost two/thirds
of patients (28%), with no differences between CD and UC. A long time interval from the
diagnosis of CRC to death was observed in both UC and CD patients, including within the
first year of disease, in agreement with previous studies [41].

The diagnostic techniques most frequently leading to a diagnosis of CRC included
colonoscopy in UC and other modalities in CD, representing one of our more relevant
findings. This observation suggests that even when considering IBD referral centers, an
unexpected diagnosis of CRC can be made by imaging or during surgery, particularly
in CD. Features of CRC-related symptoms in IBD, which may mimic disease relapse, as
observed in our population, may play a role in this finding. CRC involved the left colon in
almost two/thirds of the IBD patients. However, among the initial CRC-related symptoms,
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rectal bleeding occurred in less than one fourth of patients or was compatible with disease
relapse. Other symptoms leading to a CRC diagnosis were also compatible with an IBD
relapse, particularly in CD. These findings suggest the need to carefully search for a possible
concomitant colonic neoplasia in UC and CD patients developing a refractory IBD course.

Among the limitations of the study there is the relatively small cohort of IBD patients
considered in the analysis. No sample size calculation was performed, in relation to our
retrospective post-hoc analysis and to the limited data regarding the long-term outcome
of IBD patients with incident CRC related to the characteristics of the patients and the
cancer. Nevertheless, according to the previously reported probabilistic considerations, the
number of CD and UC patients considered appeared congruous. The present findings may
help to calculate the sample size for future studies addressing this issue in IBD.

The strength of our investigation includes the multicenter study assessing the clinical
characteristics and outcome of incident cases of CRC in IBD patients followed-up in a long
term. The homogeneous cohort of IBD patients, with detailed demographic and clinical
characteristics, should also allow for adequate comparisons between UC and CD patients
without bias related to inadequate sampling [26,27].

5. Conclusions

In conclusion, among the major findings of the present study, there is the observed
shorter time interval between the diagnosis of either UC or CD and the diagnosis of CRC
in older patients, suggesting a delayed surveillance in elderly IBD patients. The present
findings may suggest the need to reconsider the timing of endoscopic surveillance in
elderly patients with IBD. The observed occurrence of CRC also in young IBD patients
strongly supports the need to search for additional risk factors for cancer and to optimize
the surveillance programs in this subpopulation. Overall, our multicenter study may
provide additional clinically useful information regarding the symptoms at the onset,
natural history and the outcome of incident CRC in IBD patients under a regular follow-up.
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