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Background: Mucinous differentiation occurs in 5–15 per cent of colorectal adenocarcinomas. This
subtype of colorectal cancer responds poorly to chemoradiotherapy and has a worse prognosis. The
genetic aetiology underpinning this cancer subtype lacks consensus. The aim of this study was to use
meta-analytical techniques to clarify the molecular associations of mucinous colorectal cancer.
Methods: This study adhered to MOOSE guidelines. Databases were searched for studies comparing
KRAS, BRAF, microsatellite instability (MSI), CpG island methylator phenotype (CIMP), p53 and p27

status between patients with mucinous and non-mucinous colorectal adenocarcinoma. A random-effects
model was used for analysis.
Results: Data from 46 studies describing 17 746 patients were included. Mucinous colorectal adenocar-
cinoma was associated positively with KRAS (odds ratio (OR) 1⋅46, 95 per cent c.i. 1⋅08 to 2⋅00, P= 0⋅014)
and BRAF (OR 3⋅49, 2⋅50 to 4⋅87; P < 0⋅001) mutation, MSI (OR 3⋅98, 3⋅30 to 4⋅79; P < 0⋅001) and CIMP
(OR 3⋅56, 2⋅85 to 4⋅43; P <0⋅001), and negatively with altered p53 expression (OR 0⋅46, 0⋅31 to 0⋅67;
P < 0⋅001).
Conclusion: The genetic origins of mucinous colorectal adenocarcinoma are predominantly associated
with BRAF, MSI and CIMP pathways. This pattern of molecular alterations may in part explain the
resistance to standard chemotherapy regimens seen in mucinous adenocarcinoma.
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Introduction

Colorectal cancer is a common malignancy1–3. Of all
colonic and rectal tumours, 5–15 per cent have mucinous
differentiation4. A mucinous tumour is defined as a tumour
in which more than 50 per cent of the lesion is composed
of pools of extracellular mucin5. Patients with mucinous
tumours of the rectum have reduced rates of pathological
complete response and tumour downstaging after neoadju-
vant chemoradiotherapy compared with patients who have
non-mucinous tumours. Mucinous tumours are also asso-
ciated with worse survival. After rectal excision, higher
involved margin rates are seen in patients with mucinous
tumours6. Mucinous colonic cancers are associated with
increased risk of metastasis, poorer survival, and resistance
to oxaliplatin- and irinotecan-based chemotherapy7. The
mechanism of resistance to chemoradiotherapy in muci-
nous tumours of the rectum is unknown. Resistance may
arise from alternative genetic mutations compared with
those of non-mucinous adenocarcinoma.

Several studies8–10 have tried to determine the genetic
aetiology of mucinous adenocarcinoma of the colon and
rectum, with heterogeneous outcomes. Mutations in
Kirsten rat sarcoma viral oncogene (KRAS) and v-Raf
murine sarcoma viral oncogene homologue B (BRAF),
inherited defects or epigenetic silencing of mismatch
repair (MMR) proteins resulting in microsatellite instabil-
ity (MSI), and the presence of the CpG island methylator
phenotype (CIMP) are the most commonly studied genetic
aberrations11–14. The presence or absence of each of these
genetic markers may have therapeutic and/or prognostic
implications for patients with colorectal cancer. Currently
those with KRAS wild-type metastatic disease can be
offered treatment with an epidermal growth factor recep-
tor (EGFR) inhibitor such as cetuximab. Those with the
BRAF v600e mutation may respond to treatment with
vemurafenib. Nivolumab, an antiprogrammed cell death
1 monoclonal antibody, can be used for the treatment
of MSI – high (MSI-H) or MMR-deficient unresectable

© 2019 BJS Society Ltd BJS 2019; 106: 682–691
Published by John Wiley & Sons Ltd

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/106/6/682/6092951 by guest on 20 August 2022



Molecular associations of mucinous colorectal cancer 683

Fig. 1 Flow diagram showing selection of articles for review
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or metastatic colorectal cancers that have progressed
following treatment with a fluoropyrimidine, oxaliplatin
and irinotecan15.

This aim of this meta-analysis was to pool the available
data on the molecular characteristics of mucinous adeno-
carcinoma of the colon and rectum. To address this, a sys-
tematic review and meta-analysis of all studies comparing
KRAS, BRAF, MSI, CIMP, p53 and p27 status between
mucinous and non-mucinous colorectal adenocarcinoma
was undertaken.

Methods

Literature search and study selection

This systematic review and meta-analysis adhered to the
recommendations of the MOOSE statement16. A sys-
tematic search of PubMed, Embase and the Cochrane
CENTRAL Register of Controlled Trials was performed
for all published studies that compared KRAS, BRAF,
MSI, CIMP, p53 and p27 status between patients with

Table 1 Frequency of molecular alterations

Frequency (%)

Molecular marker Mucinous Non-mucinous

KRAS mutation 41⋅6 (26⋅9–72⋅7) 33⋅0 (23⋅6–57⋅6)

BRAF mutation 29⋅1 (7⋅7–46⋅2) 9⋅8 (0–20⋅0)

MSI – high 33⋅3 (0–63⋅6) 10⋅6 (0–37⋅5)

CIMP – high 36⋅4 (33⋅3–41⋅4) 13⋅6 (11⋅1–17⋅6)

p27 alteration 43⋅2 (30⋅0–58⋅3) 51⋅3 (18⋅8–87⋅5)

p53 alteration 28⋅4 (0–75⋅7) 51⋅1 (32⋅2–80⋅1)

Values are median (range). MSI, microsatellite instability; CIMP, CpG
island methylator phenotype.

non-mucinous adenocarcinoma and those with mucinous
adenocarcinoma of the colon and rectum. The following
search terms were used in the search algorithm: (Muci-
nous OR Mucin) AND (Colon OR Rectal OR Colorec-
tal). The latest search was performed on 17 July 2017.
Two authors examined the title and abstract of each cita-
tion independently, and the full texts of potentially eligible
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Fig. 2 Forest plot for KRAS

Odds ratioReference Odds ratio

0·1 0·2 0·5 1 2

MucinousNon-mucinous

Liddell et al.11

Inamura et al.14

Li et al.32

Wang et al.22

Ines et al.39

Rosty et al.23

Pai et al.41

Ogino et al.29

Tanaka et al.27

Lin et al.48

Song et al.8

Bazan et al.10

Zhang et al.54

Zhang et al.35

Albanese et al.9

Laurent-Puig et al.57

Overall

1·35 (0·72, 2·53)

0·80 (0·54, 1·18)

1·61 (1·17, 2·23)

2·49 (1·02, 6·06)

1·62 (0·81, 3·24)

1·81 (1·04, 3·14)

0·58 (0·21, 1·59)

0·96 (0·51, 1·82)

0·55 (0·20, 1·50)

2·16 (1·04, 4·50)

0·29 (0·11, 0·77)

2·00 (0·81, 4·92)

3·03 (1·19, 7·70)

3·23 (1·28, 8·20)

3·87 (0·91, 16·39)

3·79 (1·35, 10·62)

1·46 (1·08, 1·97)

0·932

–1·135
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2·007

1·369

2·089

–1·061

–0·112

–1·173

2·062

–2·476

1·501

2·333

2·471

1·836

2·529

2·447

0·351

0·256

0·004

0·045

0·171

0·037

0·289

0·911

0·241

0·039

0·013

0·133

0·020

0·013

0·066

0·011

0·014

5 10

Z P

Odds ratios are shown with 95 per cent confidence intervals. The analysis included 4975 patients (P = 0⋅014; Cochran Q 41⋅9, 15 d.f., P < 0⋅001; I2 = 64⋅2
per cent).

studies were obtained; disagreements were resolved by dis-
cussion or if needed, by a third author. The reference lists
of all retrieved articles were further screened for additional
eligible publications.

Eligibility criteria

Comparative studies of mucinous and non-mucinous
adenocarcinoma of the colon and rectum containing data
on KRAS, BRAF, MSI, CIMP, p53 and p27 status were eli-
gible for inclusion. Any studies looking at the status of the
above markers in mucinous adenocarcinoma only or with
no comparative data were excluded, as were studies that did
not correctly define mucinous adenocarcinoma according
to the WHO definition. Studies in which tumours with
mucinous components of less than 50 per cent or where
signet ring cell tumours were analysed with the mucinous
adenocarcinoma group were also excluded. There were
no language restrictions.

Data extraction and outcomes

The following information regarding each eligible study
was recorded: authors, journal, year of publication,
country/countries in which the study was undertaken,

the method of identification of mucinous adenocarcinoma,
numbers of patients with mucinous and non-mucinous
adenocarcinoma of the colon or rectum, and KRAS, BRAF,
MSI, CIMP, p53 and p27 status.

Statistical analysis

All pooled outcome measures were determined using
a random-effects model as described by DerSimonian
and Laird17, and the odds ratio (OR) was estimated with
its variance and 95 per cent confidence interval. The
random-effects analysis weighted the natural logarithm
of each study’s OR by the inverse of its variance plus an
estimate of the between-study variance in the presence
of between-study heterogeneity. Heterogeneity between
ORs for the same outcome between different studies
was assessed as described previously18. This was done by
use of the I2 inconsistency test and χ2-based Cochran Q
statistic test, in which P < 0⋅050 indicates the presence of
significant heterogeneity19. Ninety-five per cent predic-
tion intervals (PI) were also calculated20. Analyses were
conducted using Comprehensive Meta-Analysis version 2
(Biostat, Englewood, New Jersey, USA). The quality of
included studies was assessed using the Newcastle–Ottawa
Scale21. The quality of studies was evaluated by examining
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Fig. 3 Forest plot for BRAF

Odds ratioReference Odds ratio

0·1 0·2 0·5 1 2

MucinousNon-mucinous

Liddell et al.11

Andrici et al.13

Inamura et al.14

Jang et al.12

Li et al.32

Rosty et al.23

Pai et al.41
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2·40 (1·32, 4·40)
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15·46 (0·85, 281·87)

Overall 3·49 (2·50, 4·87)

4·407

5·590

5·563

0·571

4·077

2·851

2·794

3·245

2·838

1·849

7·356

< 0·001

< 0·001

< 0·001

0·568

< 0·001

0·004

0·005

0·001

0·005

0·064

< 0·001

5 10

Z P

Odds ratios are shown with 95 per cent confidence intervals. The analysis included 6608 patients (P < 0⋅001; Cochran Q 17⋅6, 9 d.f., P = 0⋅040; I2 = 48⋅8
per cent).

three items: patient selection, comparability of the two
study groups and assessment of exposure (maximum score
9).

Results

Literature review

The initial search yielded 13 575 papers; this was reduced
to 8516 after removal of duplicates. Some 8349 articles
were excluded by title and abstract alone, leaving 167
papers for full-text review (Fig. 1), of which 121 articles
were found ineligible. The remaining 46 articles8–14,22–60

with information on 17 746 patients were deemed suitable
for inclusion in the systematic review and meta-analysis. All
included studies had Newcastle–Ottawa scores of between
6 and 9. Details of the papers included in the review are
available in Table S1 (supporting information). The median
(range) frequency of molecular alterations for each marker
is shown in Table 1.

KRAS status

Sixteen studies8–11,14,22,23,27,29,32,35,39,41,48,54,57 with data on
4975 patients (807 mucinous, 4168 non-mucinous) were
eligible for inclusion in the analysis of KRAS status. Three
of the 16 studies carried out extended RAS testing ver-
sus exon 2 testing alone. Mucinous tumours were weakly
associated with KRAS mutations (OR 1⋅46, 95 per cent
c.i. 1⋅08 to 1⋅97; P = 0⋅014) (95 per cent PI 0⋅51 to 4⋅14)

(Fig. 2). There was significant heterogeneity (Cochran Q,
P < 0⋅001; I2 = 64⋅2 per cent).

BRAF status

Ten studies8,11–14,23,27,29,32,41 including data on 6608
patients (863 mucinous, 5745 non-mucinous) comparing
BRAF mutation status were deemed eligible for inclusion
in the meta-analysis. Mucinous tumours were associated
positively with BRAF mutations (OR 3⋅49, 95 per cent
c.i. 2⋅50 to 4⋅87; P < 0⋅001) (95 per cent PI 1⋅47 to 8⋅27)
(Fig. 3). There was significant heterogeneity (Cochran Q,
P = 0⋅040; I2 = 48⋅8 per cent).

Microsatellite instability status

Twenty-seven studies8,11–14,22,24,27–31,33,34,36,38,40,43,49–53,55,

56,59,60 comparing MSI status, with data on 11 043 patients
(1431 mucinous, 9612 non-mucinous), were included in
the analysis. Mucinous tumours of the colon and rectum
were significantly more likely to be associated with MSI
(OR 3⋅98, 95 per cent c.i. 3⋅30 to 4⋅79; P < 0⋅001) (95 per
cent PI 2⋅41 to 6⋅56) (Fig. 4). There was no significant
heterogeneity (Cochran Q, P = 0⋅121; I2 = 24⋅8 per cent).

CpG island methylator phenotype status

Six studies8,14,25–27,47 comparing CIMP status, with
3433 patients (474 mucinous, 2959 non-mucinous) were
included. Mucinous tumours were more likely to be
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Fig. 4 Forest plot for microsatellite instability

Odds ratioReference Odds ratio

0·1 0·2 0·5 1 2

MucinousNon-mucinous

Liddell et al.11

Andrici et al.13

Inamura et al.14

Wang et al.22

Ismael et al.60

Yoon et al.38

Jung et al.24

Langer et al.40

Leopoldo et al.43

Chang et al.28

Park et al.50

Yearsley et al.49

Ashktorab et al.30

Kazama et al.31

Jang et al.12

Ogino et al.29

Tanaka et al.27

Song et al.8

Wright and Stewart 51

Greenson et al.52

Suh et al.59

Ward et al.33

Alexander et al.34

Feeley et al.53

Furlan et al.55

Forster et al.56

Messerini et al.36

13·10 (4·62, 37·14)

3·17 (2·40, 4·18)

3·90 (2·62, 5·81)

2·90 (1·62, 5·22)

1·72 (0·26, 11·62)

3·96 (2·41, 6·52)

20·06 (2·92, 137·95)

3·33 (1·22, 9·11)

6.14 (2·67, 14·12)

3.41 (1·18, 9·86)

10·56 (3·06, 36·43)

2·24 (1·19, 4·23)

2·92 (0·73, 11·65)

8·22 (1·70, 39·80)

0·99 (0·12, 8·03)

3·80 (2·05, 7·02)

2·63 (0·81, 8·51)

2·61 (0·87, 7·84)

5·35 (3·04, 9·43)

9·29 (4·97, 17·35)

1·78 (0·36, 8·88)

2·67 (1·18, 6·06)

3·66 (1·61, 8·30)

1.10 (0·05, 24·34)

5·27 (1·24, 22·41)

23·18 (1·09, 492·95)

3·97 (1·45, 10·88)

3·98 (3·30, 4·79)

4·839

8·145

6·695

3·565

0·558

5·420

3·049

2·343

4·276

2·267

3·729

2·498

1·515

2·618

–0·012

4·253

1·616

1·715

5·809

6·992

0·704

2·350

3·103

0·063

2·248

2·015

2·682

14·570

< 0·001

< 0·001

< 0·001

< 0·001

0·577

< 0·001

0·002

0·019

< 0·001

0·023

< 0·001

0·012

0·130

0·009

0·990

< 0·001

0·106

0·086

< 0·001

< 0·001

0·481

0·019

0·002

0·950

0·025

0·044

0·007

< 0·001Overall

5 10

Z P

Odds ratios are shown with 95 per cent confidence intervals. The analysis included 11 043 patients (P < 0⋅001; Cochran Q 34⋅6, 26 d.f., P = 0⋅121; I2 = 24⋅8
per cent).

Fig. 5 Forest plot for CpG island methylator phenotype

Odds ratioReference Odds ratio

0·1 0·2 0·5 1 2

MucinousNon-mucinous

Inamura et al.14

Kawasaki et al.26

Nosho et al.25

Ogino et al.47

Tanaka et al.27

Song et al.8

2·94 (1·96, 4·41)

4·17 (2·68, 6·48)

4·20 (2·71, 6·51)

2·90 (1·60, 5·25)

2·94 (1·03, 8·35)

5·65 (1·38, 23·12)

3·56 (2·85, 4·43)

5·202

6·327

6·402

3·504

2·023

2·407

11·285

< 0·001

< 0·001

< 0·001

< 0·001

0·043

0·016

< 0·001Overall

5 10

Z P

Odds ratios are shown with 95 per cent confidence intervals. The analysis included 3433 patients (P < 0⋅001; Cochran Q 2⋅9, 5 d.f., P = 0⋅717; I2 = 0 per
cent).
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Fig. 6 Forest plots for p53 and p27

Odds ratioReference

a  p53

b  p27

Odds ratio

0·1 0·2 0·5 1 2

Non-mucinousMucinous

Wang et al.22

Ines et al.39

Lam et al.42

Leopoldo et al.43

Lan et al.46

Tozawa et al.44

Georgescu et al.58

Park et al.50

Ogino et al.29

Song et al.8

Zhang et al.54

Hanski et al.37

0·24 (0·07, 0·83)

0·39 (0·18, 0·83)

0·77 (0·33, 1·81)

1·77 (0·92, 3·41)

0·64 (0·26, 1·61)

0·43 (0·18, 1·04)

0·06 (0·00, 1·19)

0·40 (0·22, 0·72)

0·40 (0·20, 0·78)

0·28 (0·08, 0·94)

0·40 (0·17, 0·93)

0·20 (0·07, 0·58)

0·46 (0·31, 0·67)

–2·262

–2·441

–0·598

1·715

–0·941

–1·867

–1·847

–3·046

–2·660

–2·068

–2·123

–2·974

–3·984

0·024

0·015

0·550

0·086

0·347

0·062

0·065

0·002

0·008

0·039

0·034

0·003

< 0·001Overall

5 10

Z P

Odds ratioReference Odds ratio

0·1 0·2 0·5 1 2

Non-mucinousMucinous

Wang et al.22

Leopoldo et al.43

Sarli et al.45

0·41 (0·15, 1·11)

6·07 (2·94, 12·53)

0·11 (0·04, 0·28)

0·66 (0·05, 8·02)

–1·750

4·872

–4·575

–0·331

0·080

0·000

0·000

0·741Overall

5 10

Z P

Odds ratios are shown with 95 per cent confidence intervals. a The analysis of p53 included 2234 patients (P < 0⋅001; Cochran Q 24⋅5, 11 d.f., P = 0⋅011;
I2 = 55⋅1 per cent). b The analysis of p27 included 442 patients (P = 0⋅741; Cochran Q 54⋅2, 2 d.f., P < 0⋅001; I2 = 95⋅8 per cent).

associated with CIMP – high status (OR 3⋅56, 95 per cent
c.i. 2⋅85 to 4⋅43; P < 0⋅001) (95 per cent PI 2⋅60 to 4⋅86)
(Fig. 5). There was no significant heterogeneity (Cochran
Q, P = 0⋅717, I2 = 0 per cent).

p53 and p27 status

Twelve studies8,22,29,37,39,42–44,46,50,54,58 with 2234 patients
(449 mucinous, 1785 non-mucinous) were included in the
analysis of p53 status. Mucinous tumours were less likely
to be associated with altered p53 expression (OR 0⋅46,
95 per cent c.i. 0⋅31 to 0⋅67; P < 0⋅001) (95 per cent PI
0⋅14 to 1⋅47) (Fig. 6a). There was significant heterogeneity
(Cochran Q, P = 0⋅011; I2 = 55⋅1 per cent).

Three studies22,43,45, which included 442 patients (124
mucinous, 318 non-mucinous), were included in the ana-
lysis of p27 status. Mucinous tumours were not associated
with altered p27 expression (OR 0⋅66, 95 per cent c.i.

0⋅05 to 8⋅02; P= 0⋅741) (Fig. 6b). There was significant
heterogeneity (Cochran Q, P < 0⋅001, I2 = 95⋅8 per cent).

Discussion

The present study found that mucinous colorectal adeno-
carcinoma was associated positively with BRAF mutation,
MSI and CIMP, and negatively associated with altered p53
expression. It was also weakly associated with KRAS muta-
tion although there was significant statistical heterogeneity
associated with this result.

Sporadic colorectal cancer is thought to develop through
one of two distinct mechanisms. The first, chromosomal
instability, results from loss of heterozygosity at multiple
tumour suppressor loci. This accounts for 80–85 per cent
of colorectal cancers. p53 mutations are frequently found
in tumours with chromosomal instability61. The second
mechanism is MSI. These tumours have MMR deficiency,
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resulting in an inability to repair single-nucleotide DNA
mismatches. MLH1 silencing is characteristic of spor-
adic MSI tumours62. This group of tumours frequently
has associated BRAF mutations. Mucinous adenocarci-
noma tends to demonstrate the characteristics of MSI
tumours. Recently a third mechanism has been described,
known as epigenetic instability. This pathway results in
aberrant methylation and silencing of tumour suppressor
genes63. The findings from the present meta-analysis show
that mucinous tumours are more likely to display MMR
deficiency, BRAF mutations and epigenetic instability as
demonstrated by the association with the CIMP. This sug-
gests that mucinous tumours develop and progress through
different molecular pathways compared with sporadic colo-
rectal cancers. Mucinous tumours appear to be right-sided
more frequently, and are associated with higher tumour
stage and histological grade64–66, a feature shared with
BRAF-associated colorectal cancer67.

Guinney and colleagues2 have described the consensus
molecular subtypes (CMSs) of colorectal cancer, compris-
ing four different types, each with distinguishing features.
Based on the present findings, it appears that mucinous
colorectal tumours would be classified as CMS1. This sub-
type is hypermutated, with MSI and has strong immune
activation; there is frequent occurrence of BRAF muta-
tions in the CMS1 group. Classifying tumours in this man-
ner provides insight into prognosis, and it is known that
CMS1 tumours tend to present with a higher histopatho-
logical grade and are associated with poor survival after
relapse2.

The mechanism underlying the poor response of mu-
cinous colorectal cancers to traditional chemotherapy
regimens is poorly understood, but the demonstrated
association with MSI may in part provide an explan-
ation. Retrospective studies have shown that the clinical
behaviour of MSI-H tumours is different. Studies exam-
ining adjuvant chemotherapy for patients with stage III
MSI-H tumours have shown that they do not benefit
from regimens containing fluorouracil, unlike patients
whose tumours demonstrate chromosomal instability68.
In mucinous rectal cancer, the lack of response to chemo-
radiotherapy may be attributed to decreased sensitization
of tumour cells to radiotherapy owing to the reduced
efficacy of 5-fluorouracil in mucinous tumours that are
MSI-H. The use of chemotherapy regimens containing
irinotecan has shown promise in MSI-H tumours62, and
novel immunotherapy agents such as ipilimumab have
already been shown to be beneficial69. The increased rate
of KRAS mutations in patients with mucinous adenocarci-
noma means that this group is less likely to benefit from
EGFR inhibitors if they develop metastatic disease.

It is important to recognize the limitations of this
meta-analysis, including the significant statistical het-
erogeneity found in the KRAS, BRAF and p53 analyses.
This heterogeneity may reflect methodological differ-
ences between studies included in the analysis, unknown
study characteristics and publication bias. Also of note
were the different methods used across studies to detect
altered expression of p53 and p27. These differences reflect
real-life clinical practice, with different laboratories using
different assays. With regard to the heterogeneity in the
BRAF and p53 analyses, it is noteworthy that the rate of
BRAF mutations was higher in the mucinous groups in
all included studies, and the rate of p53 alterations was
lower in the mucinous groups in all but one study. Het-
erogeneity may have been underestimated in the CIMP
analysis, given the difficulties reported in determining and
assigning CIMP status owing to the variety of markers
currently used70,71. The majority of studies included in
the analysis were retrospective, which may increase the
risk of sampling bias and data collection bias. The results
are reported as ORs; however, it is important to recognize
that ORs can often overestimate the effect compared with
relative risks72.

The progression of mucinous colorectal cancer along
alternative genetic pathways may account partly for the
resistance to treatment and worse prognosis of mucinous
adenocarcinomas. In-depth research into the genetics of
mucinous adenocarcinoma may identify potential thera-
peutic targets.
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