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INTRODUCTION: Colorectal cancer (CRC) is one of the major life-threatening complications in patients with Crohn’s

disease (CD). Previous studies of CD-associated CRC (CD-CRC) have involved only small numbers of

patients, and no large series have been reported from Asia. The aim of this study was to clarify the

prognosis and clinicopathological features of CD-CRC compared with sporadic CRC.

METHODS: A large nationwide database was used to identify patients with CD-CRC (n5233) and sporadic CRC

(n 5 129,783) over a 40-year period, from 1980 to 2020. Five-year overall survival (OS),

recurrence-free survival (RFS), and clinicopathological characteristics were investigated. The

prognosis of CD-CRC was further evaluated in groups divided by colon cancer and anorectal cancer

(RC). Multivariable Cox regression analysis was used to adjust for confounding by unbalanced

covariables.
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RESULTS: Compared with sporadic cases, patients with CD-CRC were younger; more often had RC, multiple

lesions, and mucinous adenocarcinoma; and had lower R0 resection rates. Five-year OS was worse for

CD-CRC than for sporadic CRC (53.99% vs 71.17%, P < 0.001). Multivariable Cox regression analysis

revealed that CD was associated with significantly poorer survival (hazard ratio 2.36, 95% confidence

interval: 1.54–3.62, P < 0.0001). Evaluation by tumor location showed significantly worse 5-year OS

and RFS of CD-RC compared with sporadic RC. Recurrence was identified in 39.57% of CD-RC cases

and was mostly local.

DISCUSSION: Poor prognosis of CD-CRC is attributable primarily to RC and high local recurrence. Local control is

indispensable to improving prognosis.

KEYWORDS: Crohn’s disease; colorectal cancer; recurrence
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INTRODUCTION
Colorectal cancer (CRC) is one of the major life-threatening
complications in patients with Crohn’s disease (CD). The in-
cidence of CRC among patients with CD is higher than in the
general population (1–5), and in 1 report, the prevalence of CD-
associated CRC (CD-CRC) was 0.23% during a median follow-up
of 12.55 years (6). Long duration of CD, CD diagnosis before 30
years of age, family history of CRC, primary sclerosing cholangitis
(PSC), and extensive colorectal lesions have been reported to be
risk factors for CD-CRC (5,7–12).

The characteristics of CD-CRC vary with geography and race.
InWestern countries, right-sided colon cancer occurs at a higher
frequency in patients with CD than in general population
(6,13–16). By contrast, in Asia, CD-CRC has been increasing
since the year 2000, and most lesions are anorectal (2,6,17–19). A
genomewide association study of patients with CD identified
different associated variants between patients of Asian and Eu-
ropean ancestry (20). These variants and environmental factors
likely underlie some of the differential features of CD-CRC be-
tween populations.

Most studies of CD-CRC have evaluated only small numbers
of patients, and no large series fromAsia have been reported. The
aim of this study was to clarify the prognosis and clinicopatho-
logical features of CD-CRC compared with sporadic CRC using a
large nationwide database from the Japanese Society forCancer of
the Colon and Rectum (JSCCR) (21).

METHODS
Database

Patients with CD diagnosed with CRC between 1980 and 2020
were included in this study. Patient data were retrospectively
collected from 43 institutions that participated in the JSCCR
project. We also used a large nationwide CRC database from the
Multi-Institutional Registry of Large-Bowel Cancer in Japan. The
data were extracted along with clinicopathological factors, in-
cluding sex, age, familial history of CRC, year of diagnosis, serum
carcinoembryonic antigen (CEA), surgical treatment, adjuvant
chemotherapy, tumor location, number of lesions, tumor depth,
morphological and histological type, lymph node or distant me-
tastasis, and cancer-specific outcomes. Regarding year of diagnosis,

Figure 1. Flowchart of patient selection. CD, Crohn’s disease; UC, ulcerative colitis.
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Table 1. Patient characteristics, CD-CRC, and sporadic CRC

CD (n 5 233) Sporadic (n5 129,783) SMD P

Age at CD diagnosis, yr, median (IQR) 24 (19–34.25)

Age at cancer diagnosis, yr, mean (SD) 46.90 (11.86) 65.57 (11.51) 1.62 ,0.001

Duration of CD, mo, median (IQR) 240 (144–312)

Sex

Male 154 (66.09) 71,730 (58.74) 0.15 0.023

Female 79 (33.91) 50,392 (41.26)

Year of diagnosis

1980–2008 41 (18.55) 112,121 (86.39) 1.62 ,0.001

2009–2020 180 (81.45) 17,662 (13.61)

Family history of CRC

Yes 16 (7.66) 42,356 (46.16) 0.96 ,0.001

No 193 (92.34) 49,410 (53.84)

Elevation of CEA

Yes 79 (35.75) 31,254 (36.70) ,0.01 0.769

No 142 (64.25) 53,910 (63.30)

Surgical treatment

Yes 224 (98.25) 112,505 (98.82) 0.05 0.421

No 4 (1.75) 1,341 (1.18)

Adjuvant chemotherapy

Yes 98 (43.56) 19,742 (23.29) 0.44 ,0.001

No 127 (56.44) 65,019 (76.71)

Tumor location

Right-sided colon 21 (9.01) 37,394 (28.81) 0.52 ,0.001

Left-sided colon 22 (9.44) 56,941 (43.87) 0.85

Anorectum 190 (81.55) 35,448 (27.31) 1.3

Number of lesions

Multiple 17 (10.49) 190 (0.91) 0.42 ,0.001

Solitary 145 (89.51) 20,705 (99.09)

Morphological type

Superficial 32 (14.75) 18,346 (14.83) ,0.01 ,0.001

Polypoid 9 (4.15) 11,239 (9.09) 0.2

Ulcerated with clear margin 29 (13.36) 79,343 (64.15) 1.22

Ulcerated with infiltration 33 (15.21) 12,100 (9.78) 0.16

Diffusely infiltrating 18 (8.29) 820 (0.66) 0.38

Unclassified 96 (44.24) 1,840 (1.49) 1.18

Histological type

tub1/tub2 85 (37.61) 21,018 (91.37) 1.36 ,0.001

por 6 (2.65) 856 (3.72) 0.06

muc 104 (46.02) 817 (3.55) 1.13

sig 13 (5.75) 40 (0.17) 0.33

Others 18 (7.96) 271 (1.18) 0.33

Stage

Stage 0/I 55 (26.32) 6,659 (27.97) 0.04 0.002

Stage II 84 (40.19) 6,815 (28.62) 0.25
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in 2008, treatment guidelines for CD anal lesions were established
by the Japan Ministry of Health, Labor, and Welfare (22). There-
fore, the period was divided into 1980–2008 and 2009–2020. Re-
garding the number of lesions, 2 or more lesions were counted as
“multiple” regardless of whether they were simultaneous or
metachronous tumors. Staging used in the study was the TNM
classification, and morphological and histological type was based
on the JSCCR definitions (23).

Study design

The clinicopathological features, 5-year overall survival (OS), and
5-year recurrence-free survival (RFS) for patients with CD-CRC
were compared with outcomes in sporadic CRC. We also
further analyzed the data based on lesion location in the colon
(CC) or anus/rectum (RC). To adjust for confounding by
unbalanced covariables, multivariable Cox regression analysis
was performed.

Statistical analysis

Statistical analyses were performed using JMP 16.2.0 (SAS In-
stitute Inc, Cary, NC). To compare patients and clinical charac-
teristics, we used the Welch t test, Pearson x2 test, or Fisher exact
test. Data are expressed asmean and SD,median and interquartile
range (IQR), or number of patients and proportion (%). We used
the Kaplan–Meier method to estimate 5-year OS and RFS, the
log-rank test to assess survival curves, and the Z test to assess
estimated survival. The patients who died from other causes or
were still alive at the date of the last follow-up were treated as
censored in this study.

To adjust for confounding by unbalanced covariables, we used
a multivariable Cox regression model to estimate hazard ratios
(HRs) for death according to age, sex, family history of CRC,
elevation of CEA, surgical treatment, adjuvant chemotherapy,
number of lesions, morphological type, histological type, tumor
depth, lymph node metastasis, distant metastasis, and residual
tumor. Significance was assessed using 95% confidence inter-
vals (CIs). In addition, P , 0.05 was considered to indicate
significance.

Ethics

This multicenter retrospective study was approved by the Uni-
versity of Tokyo Ethics Review Board (2019220NI-(2)).

RESULTS

Characteristics and survival analysis of CD-CRC

The patient flow chart is shown in Figure 1. A total of 233 patients
with CD-CRC and 129,783 patients with sporadic CRC were
evaluated. Table 1 summarizes and shows a comparison of the
characteristics of these 2 patient groups. The median age at CD
diagnosis was 24 years. The CD-CRC group had 240 months of
CD duration. The CD-CRC group also had a younger mean age
(P, 0.001) and a higher male prevalence than the sporadic CRC
group (P5 0.023). The CD-CRC group had a smaller proportion
of patients diagnosed in 1980–2008 and higher proportion in
2009–2020 compared with the sporadic CRC group (P, 0.001).
The proportion with a family history of CRC was significantly
lower in the CD-CRC group.

Table 1. (continued)

CD (n 5 233) Sporadic (n5 129,783) SMD P

Stage III 50 (23.92) 6,835 (28.71) 0.11

Stage IV 20 (9.57) 3,502 (14.71) 0.16

Tumor depth

Tis 22 (10.28) 8,061 (6.54) 0.14 0.014

T1 14 (6.54) 14,874 (12.07) 0.19

T2 29 (13.55) 16,446 (13.34) 0.01

T3 75 (35.05) 47,481 (38.52) 0.07

T4 74 (34.58) 36,400 (29.53) 0.11

Lymph node metastasis

Yes 67 (32.21) 8,485 (39.58) 0.15 0.031

No 141 (67.79) 12,955 (60.42)

Distant metastasis

Yes 20 (9.57) 3,502 (14.71) 0.15 0.037

No 189 (90.43) 20,309 (85.29)

Residual tumor

R0 175 (77.43) 108,807 (90.99) 0.38 ,0.001

R1 26 (11.50) 3,344 (2.80) 0.34

R2 21 (9.29) 2,383 (1.99) 0.32

RX 4 (1.77) 5,048 (4.22) 0.14

Values are given as n (%) unless otherwise noted.
CD, Crohn’s disease; CEA, carcinoembryonic antigen; IQR, interquartile range; CRC, colorectal cancer; SMD, standardized mean difference.
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CEA elevation was comparable between the 2 groups, and the
most common treatment for both groupswas surgery. TheCD-CRC
group had a higher prevalence of adjuvant chemotherapy (43.56%)
than with the sporadic CRC patients (23.29%; P, 0.001).

AmongpatientswithCD-CRC, 9.01%had right-sidedCC, 9.44%
had left-sided CC, and 81.55% had RC. Among the sporadic CRC
patients, 28.81% had right-sided CC, 43.87% left-sided CC, and
27.31% RC (P, 0.001). A total of 10.49% of CD-CRC patients had
multiple lesions, which was a significantly higher proportion than in
the sporadic CRC group (0.91%; P, 0.001).

For CD-CRC patients, the unclassified type of lesion mor-
phology was most prevalent, whereas the most common

morphology in the sporadic CRC patients was ulcerated with
clear margin type. Among the CD-CRC group, 46.02% had
mucinous adenocarcinoma, in contrast to more than 90% of
sporadic CRC patients having well or moderately differentiated
adenocarcinoma. Lymph node metastasis and distant metastasis
were more common among sporadic CRC cases, as was R0 re-
section (90.99% vs 77.43% in CD-CRC; P , 0.001).

For both groups, patients available for follow-up were in-
cluded in the survival analyses. The overall median follow-up
time was 2.72 years (IQR: 1.08–5.00) for CD-CRC and 5.00 years
(IQR: 2.11–5.00) for sporadic CRC. Eighty-four deaths (36.05%)
occurred among CD-CRC patients and 33,838 deaths (26.07%)

Figure 2. Survival analysis of CD-CRC. (a) Five-year overall survival (OS) of CD-CRC and sporadic CRCpatients. (b) Five-year recurrence-free survival (RFS)
of CD-CRC and sporadic CRC patients. (c) Five-year OS of CD-CRC and sporadic CRC patients by stage. CD, Crohn’s disease; CRC, colorectal cancer.
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Table 2. Patient characteristics of CC and RC in the entire cohort

Entire cohort

CC RC

CD (n5 43) Sporadic (n 5 94,335) SMD P CD (n 5 190) Sporadic (n 5 35,448) SMD P

Age at CD diagnosis, yr, median (IQR) 29 (19–45) 24 (19–32)

Age at cancer diagnosis, yr, mean (SD) 51.37 (14.79) 66.36 (11.37) 1.32 ,0.001 45.89 (10.88) 63.06 (11.57) 1.49 ,0.001

Duration of CD, mo, median (IQR) 204 (96–312) 240 (144–312)

Sex

Male 28 (65.12) 50,683 (57.13) 0.16 0.356 126 (66.32) 21,047 (63.00) 0.07 0.35

Female 15 (34.88) 38,033 (42.87) 64 (33.68) 12,359 (37.00)

Year of diagnosis

1980–2008 6 (13.95) 79,400 (84.17) 1.97 ,0.001 35 (19.66) 32,721 (92.31) 2.15 ,0.001

2009–2020 37 (86.05) 14,935 (15.83) 143 (80.34) 2,727 (7.69)

Family history of CRC

Yes 6 (16.67) 28,357 (42.56) 0.59 0.002 10 (5.78) 13,999 (55.68) 1.29 ,0.001

No 30 (83.33) 38,266 (57.44) 163 (94.22) 11,144 (44.32)

Elevation of CEA

Yes 12 (28.57) 40,866 (49.55) 0.44 0.007 67 (37.43) 7,459 (36.25) 0.02 0.74

No 30 (71.43) 41,614 (50.45) 112 (62.57) 13,117 (63.75)

Surgical treatment

Yes 43 (100.00) 87,518 (98.91) 0.15 1.000 181 (97.84) 24,987 (98.51) 0.05 0.45

No 0 (0.00) 964 (1.09) 4 (2.16) 377 (1.49)

Adjuvant chemotherapy

Yes 13 (30.95) 15,377 (24.70) 0.14 0.348 85 (46.45) 4,365 (19.39) 0.60 ,0.001

No 29 (69.05) 46,877 (75.30) 98 (53.55) 18,142 (80.61)

Tumor location

Right-sided colon 21 (48.84) 37,394 (39.64) 0.19 0.218 0 (0.00) 0 (0.00) 0 1.000

Left-sided colon 22 (51.16) 56,941 (60.36) 0 (0.00) 0 (0.00)

Anorectum 0 (0.00) 0 (0.00) 190 (100.00) 35,448 (100.00)

Number of lesions

Multiple 7 (25.00) 155 (0.87) 0.77 ,0.001 10 (7.46) 35 (1.11) 0.32 ,0.001

Solitary 21 (75.0) 17,594 (99.13) 124 (92.54) 3,111 (98.89)

Morphological type

Superficial 9 (21.95) 13,263 (14.77) 0.19 ,0.001 23 (13.07) 5,083 (15.00) 0.06 ,0.001

Polypoid 4 (9.76) 8,286 (9.23) 0.02 5 (2.84) 2,953 (8.72) 0.25

Ulcerated with clear margin 8 (19.51) 57,807 (64.37) 1.02 21 (11.93) 21,536 (63.57) 1.26

Ulcerated with infiltration 5 (12.20) 8,771 (9.77) 0.08 28 (15.91) 3,329 (9.83) 0.18

Diffusely infiltrating 3 (7.32) 538 (0.60) 0.35 15 (8.52) 282 (0.83) 0.37

Unclassified 12 (29.27) 1,143 (1.27) 0.85 84 (47.73) 697 (2.06) 1.24

Histological type

tub1/tub2 25 (58.14) 17,923 (91.88) 0.85 ,0.001 60 (32.79) 3,095 (88.53) 1.39 ,0.001

por 3 (6.98) 753 (3.86) 0.14 3 (1.64) 103 (2.95) 0.09

muc 11 (25.58) 675 (3.46) 0.66 93 (50.82) 142 (4.06) 1.23

sig 1 (2.33) 28 (0.14) 0.07 12 (6.56) 12 (0.34) 0.35

Others 3 (6.98) 127 (0.65) 0.34 15 (8.20) 144 (4.12) 0.17

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY
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among sporadic CRCpatients. Themedian time to deathwas 1.75
years (IQR: 0.89–2.93) for CD-CRC and 1.66 years (IQR:
0.79–2.90) for sporadic CRC. The 5-year OS of CD-CRC was
significantly worse than that of sporadic CRC (53.99% vs 71.17%;
P , 0.001; Figure 2a). The 5-year RFS of CD-CRC after R0 re-
section was significantly worse than that of sporadic CRC
(57.89%vs 71.77%;P, 0.001; Figure 2b). For disease stages II, III,
and IV, 5-year OS was lower in the CD-CRC group than in the
sporadic CRC group (stage 0/I: 94.23% vs 92.50%, P 5 0.611;
stage II: 62.19% vs 85.00%, P, 0.001; stage III: 20.38% vs 75.59%,
P , 0.001; stage IV: 0.00% vs 24.92%, P , 0.001, log-rank test;
Figure 2c). In all cases of stage IV disease in the CD-CRC group,
death occurred in less than 5 years, during the early phase.

CD-RC was associated with poor prognosis

Next, we compared patients with CD-CRC and sporadic CRC
based on tumor location (CC vs RC; Figure 1). Table 2 summa-
rizes the characteristics of 43 patients with CD-CC and 190 pa-
tients with CD-RC compared with 94,335 patients with sporadic
CC and 35,448 patients with sporadic RC. There was a higher
prevalence of multiple lesions in CD-CC (25%) and a higher
incidence ofmucinous adenocarcinoma in CD-RC (50.82%). The
overall median follow-up was 2.26 years (IQR: 0.71–5.00) for

CD-CC, 5.00 years (IQR: 2.08–5.00) for sporadic CC, 2.82 years
(IQR: 1.30–5.00) for CD-RC, and 5.00 years (IQR: 2.17–5.00) for
sporadic RC. The median time to death was 1.00 year (IQR:
0.28–2.26) for CD-CC, 1.59 years (IQR: 0.74–2.85) for sporadic
CC, 1.83 years (IQR: 0.94–2.97) for CD-RC, and 1.80 years (IQR:
0.89–3.02) for sporadic RC. The 5-year OS of CD-RC was sig-
nificantly worse than that of sporadic RC (51.61% vs 68.58%; P,
0.001), whereas the 5-year OS of CD-CC vs sporadic CC was
comparable (Figure 3a, Supplementary Figure S1a, see Supple-
mentary Digital Content 1, http://links.lww.com/AJG/C928).
The 5-yearRFS ofCD-RCwas also significantlyworse than that of
sporadic RC (53.00% vs 69.06%; P, 0.001), whereas the CD-CC
and sporadic CC groups did not differ in 5-year RFS (Figure 3b,
Supplementary Figure S1b, see Supplementary Digital Content 1,
http://links.lww.com/AJG/C928).

According to the survival analysis by stage, 5-year OS of CD-
RC was significantly lower than that of sporadic RC except for
stage 0/I (stage 0/I: 92.90% vs 91.58%, P5 0.789; stage II: 59.79%
vs 82.59%,P, 0.001; stage III: 17.96% vs 70.60%,P, 0.001; stage
IV: 0.00% vs 25.35%, P, 0.001, log-rank test; Figure 3c), whereas
only stage IV CD-CC had a worse prognosis compared with
sporadic CC (see Supplementary Figure S1c, Supplementary
Digital Content 1, http://links.lww.com/AJG/C928). All CD-CC

Table 2. (continued)

Entire cohort

CC RC

CD (n5 43) Sporadic (n 5 94,335) SMD P CD (n5 190) Sporadic (n5 35,448) SMD P

Stage

Stage 0/I 14 (35.00) 5,280 (26.20) 0.19 0.097 41 (24.26) 1,379 (37.69) 0.29 ,0.001

Stage II 16 (40.00) 6,025 (29.90) 0.21 68 (40.24) 790 (21.59) 0.18

Stage III 5 (12.50) 5,723 (28.40) 0.4 45 (26.63) 1,112 (30.39) 0.08

Stage IV 5 (12.50) 3,124 (15.50) 0.09 15 (8.88) 378 (10.33) 0.05

Tumor depth

Tis 7 (17.07) 5,725 (6.29) 0.34 0.065 15 (8.67) 2,336 (7.23) 0.05 0.01

T1 4 (9.76) 10,665 (11.73) 0.06 10 (5.78) 4,209 (13.02) 0.25

T2 3 (7.32) 9,762 (10.73) 0.12 26 (15.03) 6,684 (20.68) 0.15

T3 14 (34.15) 38,278 (42.09) 0.16 61 (35.26) 9,203 (28.48) 0.15

T4 13 (31.71) 26,517 (29.16) 0.06 61 (35.26) 9,883 (30.58) 0.1

Lymph node metastasis

Yes 10 (25.00) 7,212 (39.64) 0.32 0.059 57 (33.93) 1,273 (39.24) 0.11 0.17

No 30 (75.00) 10,984 (60.36) 111 (66.07) 1,971 (60.76)

Distant metastasis

Yes 5 (12.50) 3,124 (15.50) 0.09 0.601 15 (8.88) 378 (10.33) 0.05 0.61

No 35 (87.50) 17,028 (84.50) 154 (91.12) 3,281 (89.67)

Residual tumor

R0 36 (85.71) 78,770 (90.70) 0.01 0.969 139 (73.16) 30,037 (91.77) 0.5 ,0.001

R1 1 (2.38) 2,151 (2.48) 0.01 25 (13.59) 1,193 (3.64) 0.36

R2 5 (11.90) 2,106 (2.42) 0.37 16 (8.70) 277 (0.85) 0.13

RX 0 (0.00) 3,824 (4.40) 0.3 4 (2.17) 1,224 (3.74) 0.09

Values are given as n (%) unless otherwise noted.
CC, coloncancer; CD,Crohn’sdisease;CEA, carcinoembryonic antigen;CRC, colorectal cancer; IQR, interquartile range;RC, anorectal cancer; SMD, standardizedmeandifference.
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Figure 3. Survival analysis of CD-RC. (a) Five-year overall survival (OS) of CD-RC and sporadic RC patients. (b) Five-year recurrence-free survival (RFS) of
CD-RC and sporadic RC patients. (c) Five-year OS of CD-RC and sporadic RC patients by stage. (d) Five-year RFS of CD-RC and sporadic RC patients by
stage. CD, Crohn’s disease; RC, anorectal cancer.
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patients with stage IV disease died before 5 years. The 5-year RFS
of CD-RC also was significantly lower than that of sporadic RC
except for stage 0/I (stage 0/I: 90.40% vs 87.57%, P5 0.772; stage
II: 52.73% vs 78.00%, P, 0.001; stage III: 21.48% vs 66.57%, P,
0.001; stage IV: 0.00% vs 34.20%, P 5 0.084, log-rank test;
Figure 3d), whereas CD-CC was not associated with a worse
prognosis compared with sporadic CC (see Supplementary Fig-
ure S1d, Supplementary Digital Content 1, http://links.lww.com/
AJG/C928).

A higher recurrence rate was found with CD-RC (39.57%)
than sporadic RC (21.97%, P , 0.001), but the recurrence rates
did not differ between CD-CC and sporadic CC. The most fre-
quent sites of recurrence in CD-RC were local (22.30%; Table 3).

Multivariable Cox regression analysis

We performed multivariable Cox regression analysis using the
total cohort to assess whether CD was independently associated
with survival (Table 4). After adjusting for age, sex, family history
of CRC, elevation of CEA, surgical treatment, adjuvant chemo-
therapy, number of lesions, morphological type, histological type,
tumor depth, lymph node metastasis, distant metastasis, and
residual tumor, CD was associated with significantly poorer
survival (univariate HR 1.74, 95% CI: 1.40–2.15, P , 0.0001;
multivariate HR 2.36, 95% CI: 1.54–3.62, P , 0.0001). The
evaluation using the RC cohort also associated CD with signifi-
cantly poorer survival (univariate HR 1.71, 95% CI: 1.35–2.15,
P, 0.0001; multivariate HR 2.39, 95%CI: 1.26–4.53, P5 0.0073,
Table 4). In the CC cohort, CD was also associated with poorer
survival (multivariate HR 2.77, 95% CI: 1.02–7.52, P 5 0.0449).

As this study covered a 40-year period, the year of diagnosis
was important for the survival analysis.We performed an analysis
using the total cohort divided by periods, 1980–2008 and
2009–2020 (Table 4), coinciding with when the treatment
guidelines for CD anal lesions were established in Japan (22).
After adjusting for confounding by unbalanced covariables, the
year of diagnosis during 2009–2020 was not associated with
survival in the CRC cohort compared with 1980–2008 (multi-
variate HR 0.98, 95% CI: 0.89–1.07, P 5 0.602). However, the
evaluation using the RC cohort revealed that diagnosis during
2009–2020 was significantly associated with better survival
(univariate HR 0.65, 95% CI: 0.60–0.71, P, 0.0001; multivariate
HR 0.68, 95%CI: 0.49–0.95, P5 0.0221), but the evaluation using
the CC cohort showed that diagnosis during 2009–2020 was not

associated with survival compared with 1980–2008 (multivariate
HR 1.01, 95% CI: 0.91–1.12, P 5 0.8358).

We also assessed whether tumor location was independently
associated with survival. RC was associated with significantly
poorer survival compared with CC (univariate HR 1.12, 95% CI:
1.10–1.15, P, 0.0001; multivariate HR 1.35, 95% CI: 1.13–1.62,
P5 0.001, Table 4).

DISCUSSION
We found that the 5-year OS of CD-CRC was significantly worse
than that of sporadic CRC. Multivariable Cox regression analysis
revealed that CD was associated with significantly poorer overall
survival. A recent meta-analysis also showed a significantly worse
prognosis with CD-CRC, but most studies have not included
populations in Asia (6,24,25). In Western countries, CD-CRC
tends to bemore left-sided, similar to the findings in Asia, but the
incidence of right-sided tumor is higher than the incidence of
sporadic CRC (6,8,26–29). In this study, 81.5% of CD-CRC cases
were located in the anorectum, similar to other reports fromAsia
(21,22). A higher incidence of CD-RC has been observed in Asia
compared with Western countries. However, we must raise
awareness of the risk of CD-RC worldwide because several cases
have been reported in Western countries (26,30–32).

The 5-year OS of CD-RC was significantly worse than that of
sporadic RC. Although some reports from Western populations
have identified themajor histological type of CD-RCas squamous
cell carcinoma (SCC) (6), we found a significantly higher fre-
quency of mucinous adenocarcinoma and signet ring cell carci-
noma with CD-RC. These histological types are well known for
aggressive behavior and poor prognosis (33). Furthermore, CD-
RC included 5 cases of SCC (2.6% of SCC cases) in this study,
whereas CD-CC and sporadic CRC did not include any cases of
SCC. The treatment for anal SCC differs from the standard
treatment for rectal cancer (34). We considered the possibility
that different treatments may affect prognosis. To avoid ham-
pering the interpretation of the results, we also analyzed the
population excluding SCC (see Supplementary Figure S2, Sup-
plementary Digital Content 2, http://links.lww.com/AJG/C929).
Even after excluding SCC, the survival ofCD-RCwas significantly
worse than that of sporadic RC.

Our study revealed an obviously worse prognosis with CD-
RC, especially with stage II or III disease. However, clear evidence
is lacking for surgery, chemotherapy, or radiotherapy. CD-RC is

Table 3. Site of recurrence

Site of recurrence

CC RC

CD (n 5 36) Sporadic (n 5 16,099) P CD (n5 139) Sporadic (n5 2,950) P

Local 0 (0.00) 253 (1.57) 0.448 31 (22.30) 151 (5.12) ,0.001

Liver 1 (2.78) 922 (5.73) 0.447 4 (2.88) 139 (4.71) 0.315

Lung 3 (8.33) 704 (4.37) 0.246 12 (8.63) 265 (8.98) 0.888

Peritoneum 4 (11.11) 364 (2.26) ,0.001 8 (5.76) 21 (0.71) ,0.001

Lymph node 0 (0.00) 215 (1.34) 0.485 6 (4.32) 137 (4.64) 0.858

Other 0 (0.00) 214 (1.33) 0.486 13 (9.35) 60 (2.03) ,0.001

Total 5 (13.89) 2,259 (14.03) 0.980 55 (39.57) 648 (21.97) ,0.001

Values are given as n (%).
CC, colon cancer; CD, Crohn’s disease; RC, anorectal cancer.
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linked to characteristics, such as younger age at cancer diagnosis,
a tendency to have multiple lesions, advanced tumor depth, and
aggressive histomorphological features. One of the reasons for
advanced invasion could be delayed diagnosis because of
neglected surveillance in patients with CD.With the geographical
differences, it is necessary to establish tailor-made diagnostic and
therapeutic strategies. InWestern countries, regular colonoscopy
is recommended for CD-CRC surveillance because of increasing
detection of CRC, reducing the risk of advanced cancer
(25,35–37), but is often difficult because of anorectal stenosis or
anal fistulas. Computed tomography and magnetic resonance
imaging are useful for determining the extent of lesions but not
necessarily for early detection. Fluorodeoxyglucose-positron
emission tomography does not easily allow for inflammation
and cancer to be distinguished and is linked to low detection of
mucinous carcinoma (38). Tumor markers can easily be mea-
sured, but most cases diagnosed by elevated CEA are in the ad-
vanced stage. Perianal examinations under anesthesia have been
performed in addition to endoscopic surveillance at a specialized
institute for inflammatory bowel diseases in Japan, with a 5.8%
cancer detection rate among patients with CD (39). In a large
national Japanese cohort, approximately 70% of CD-RC cases
were diagnosed by symptoms (21). With CD-RC, it is difficult to
obtain information related to the diagnosis of malignancy be-
cause perianal CD itself involves a similar suite of symptoms, such
as inflammation, stenosis, bleeding, anal pain, and mucus dis-
charge. Especially in patients with anal stenosis and a history of
multiple surgeries for anal fistula, fibrosis and chronic in-
flammation could make diagnosis much more challenging.
Therefore, it is important to perform regular and repeated ex-
aminations, not only colonoscopy, but also proctological exam-
inations with biopsies under anesthesia.

Even when R0 resection was possible, local recurrence was not
well controlled in this study. Although the 5-year RFS did not
differ betweenCD-CC and sporadic CC, it was extremely poor for
CD-RC, and local recurrence accounted for more than half of the
total recurrence sites. To improve the prognosis of CD-RC, local
control is crucial. Preoperative chemoradiotherapy (CRT) would
be expected to be an effective strategy. It has been performed for
sporadic RC to improve OS with R0 resection, reduce local re-
currence, and preserve the anal sphincter muscle with tumor
shrinkage. Several reports have found that CRT could be safely
performed for CD-RC, but no reports have addressed improved
survival or reduced recurrence (40–42). Furthermore, CD itself
can be exacerbated during CRT. Taken together, better prognosis
of CD-RC could be expected with extended radical resection, to
avoid leaving tumor on the resected plane, combined with pre-
operative CRT.

This study had several limitations. First, all data were obtained
from Japanese patients, so the global generalizability of the results
is unclear. Second, the study was retrospective. However, large
numbers of both CD-CRC and sporadic CRC cases were in-
cluded, representing multiple institutions and, thus, Japanese
clinical practice over the past 4 decades. Previous reports have
shown that diagnosis in a later period is associated with better
survival outcomes (25,35,36). In our study, diagnosis during
2009–2020was significantly associated with better survival of RC,
but not CC. This discrepancy may be due to the development of
diagnosis and treatment algorithms.

In conclusion, we found thatmore than 80% of CD-CRC cases
presented as an anorectal lesion. The 5-year OS of CD-RC wasT
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significantly worse than that of sporadic RC, with high local re-
currence. Optimal cancer surveillance for early detection and
extended radical resection with preoperative CRT for local con-
trol are key to improving the prognosis of CD-CRC.
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