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Abstract
Mucinous colorectal adenocarcinoma is a distinct subtype of colorectal cancer (CRC) characterized by the presence of abundant extracellular mucin which accounts for at least 50% of the tumor volume. Mucinous colorectal
adenocarcinoma is found in 10%–20% of CRC patients and occurs more commonly in female and younger patients.
Moreover, mucinous colorectal adenocarcinoma is more frequently located in the proximal colon and diagnosed at
an advanced stage. Based on its molecular context, mucinous colorectal adenocarcinoma is associated with the overexpression of mucin 2 (MUC2) and mucin 5AC (MUC5AC) proteins. At the same time, it shows higher mutation rates
in the fundamental genes of the RAS/MAPK and PI3K/Akt/mTOR pathways. Mucinous colorectal adenocarcinoma
also shows higher rates of microsatellite instability (MSI) than non-mucinous colorectal adenocarcinoma which might
correlate it with Lynch syndrome and the CpG island methylator phenotype. The prognosis of mucinous colorectal
adenocarcinoma as to non-mucinous colorectal adenocarcinoma is debatable. Further, the impaired responses of
mucinous colorectal adenocarcinoma to palliative or adjuvant chemotherapy warrant more studies to be performed
for a specialized treatment for these patients. In this review, we discuss the molecular background and histopathology of mucinous colorectal adenocarcinoma, and provide an update on its prognosis and therapeutics from recent
literatures.
Keywords: Adenocarcinoma, Mucinous carcinoma, Colorectal cancer, MUC2, MUC5AC, Microsatellite instability,
Lynch syndrome, Targeted molecular therapy, Hyperthermic intraperitoneal chemotherapy, Immunotherapy
Introduction
Colorectal cancer (CRC) is one of the leading causes of
cancer-related death worldwide [1]. The improvement in
individualized treatments calls for refinement of the subtypes’ classification of cancers based on their histological
characteristics and genetic features. The most common
histologic subtype of CRC is adenocarcinoma, of which
mucinous adenocarcinoma is a distinct subtype and is
characterized by abundant mucinous components that
comprise of at least 50% of the tumor volume [2]. Statistics suggest that 10%–20% of CRC patients are of the
mucinous subtype [3, 4], but this rate has been observed
to be lower in Asian countries and higher in Western
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countries [5–8]. In regard to the clinical pathology,
mucinous colorectal adenocarcinoma is found more frequently in the proximal colon than in the rectal or distal
colon [4, 9, 10]. The ratios of female and younger patients
with mucinous colorectal adenocarcinoma are both
higher compared to non-mucinous colorectal adenocarcinoma [11–13]. Moreover, mucinous colorectal adenocarcinomas are more frequently diagnosed when they are
already in advanced stages and they usually have poorer
responses to chemotherapies as compared to their nonmucinous counterparts [14, 15].
Molecular assessments have revealed significant differences between mucinous and non-mucinous colorectal
adenocarcinoma, suggesting a different mechanism of
oncogenesis. Overexpression of the MUC2 protein is one
of the most evident molecular aberrations that distinct
mucinous colorectal adenocarcinoma from its non-mucinous counterpart [16–19]. Mucinous colorectal adenocarcinoma is also associated with a high frequency of

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Luo et al. Cancer Commun

(2019) 39:13

microsatellite instability (MSI-H), which correlates with
Lynch syndrome [5] and mutations that pass through the
Ras-Raf-MEK-ERK pathway (RAS/MAPK pathway) [18].
However, the factors involved in the development of the
mucinous colorectal adenocarcinoma and their prognostic implications are not yet well understood.
Conflicting results are found in the literatures regarding the prognosis and overall survival (OS) of mucinous
colorectal adenocarcinoma patients. Patients with mucinous colorectal adenocarcinoma currently receive treatments based on the same standard guidelines as for CRC.
However, considering their impaired response to current chemotherapies, treatments specialized for patients
with mucinous colorectal adenocarcinoma histology are
urgently needed. In this review, we aimed at discussing
the molecular background and histopathology of mucinous colorectal adenocarcinoma, and to evaluate the
effects of different treatments provided to these patients
at different stages.

Molecular background of mucinous colorectal
adenocarcinoma
Compared with the non-mucinous subtype, mucinous
colorectal adenocarcinoma is characterized by a higher
ratio of lymph node infiltration and peritoneal implant,
often occurring in the proximal colon, and has a significantly larger maximal size [20, 21].
Further, there is a persisting debate in regard to the
prognosis of mucinous colorectal adenocarcinoma as
compared to its non-mucinous counterpart. Some studies have found that patients with mucinous colorectal
adenocarcinoma have a lower progression-free survival
(PFS) rate (3-year PFS rate, 79.2% vs. 56.9%, respectively)
and a shorter median OS (60.2 months vs. 48.4 months,
respectively) [22, 23]. However, others have shown that
the mucinous colorectal adenocarcinoma histology itself
had no correlation with prognosis. For instance, a population-based analysis consisting of over 120,000 colon
cancer patients in Europe demonstrated that mucinous
colorectal adenocarcinoma histology had no negative
impact on survival [24]. In contrast, Japanese investigators found that mucinous colorectal adenocarcinoma
was associated with poorer survival compared to nonmucinous for patients with stage III and IV diseases [25].
Hugen et al. [9] suggested that poor prognosis for mucinous carcinoma only existed in rectal cancer but not in
colon cancer. Furthermore, a meta-analysis consisting of
44 studies comprising of over 220,000 patients indicated
a poorer prognosis for patients with mucinous colorectal
adenocarcinoma histology when the stage at presentation was adjusted [7]. Till present, the prognostic value
of mucinous colorectal adenocarcinoma remains undetermined when the locations of the tumor, molecular
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alterations, population characteristics, or different treatment plans are taken into account. However, it is worth
noting that signet-ring cell carcinoma, another subtype
of adenocarcinoma characterized by abundant intracellular mucin such that their nucleus is displaced aside,
has shared molecular features with mucinous colorectal adenocarcinoma, including the presence of MSI-H,
CpG island methylator phenotype-high (CIMP-H), and
frequent BRAF mutations [26]. It has been reported that
compared with colorectal adenocarcinoma and mucinous colorectal adenocarcinoma, patients with signetring cell carcinoma were more frequently associated with
metastatic disease, metastases at multiple sites, and had
a poorer survival than mucinous colorectal adenocarcinoma patients [27–29]. A study by Inamura et al. [26]
showed that even when less than 50% component of signet-ring cells were present in the tumor, they could still
serve as a poor prognostic indicator in CRC, independent
of other clinicopathological features. Several molecular
alterations as described below, are related to the occurrence and prognoses of mucinous colorectal tumors.
MUC2 and MUC5AC expression in mucinous colorectal
adenocarcinoma

The human mucin family consists of secreted mucins
(such as mucin2 [MUC2], MUC5AC, MUC5B, and
MUC6) and transmembrane mucins (such as MUC1,
MUC4, MUC13, and MUC16). Mucins form a mucous
barrier to protect the epithelia under normal conditions.
Epithelial cells of the gastrointestinal tract usually synthesize more than one type of mucin, but the expression
of one particular type of mucin may predominate in one
specific organ. For instance, MUC2 is more commonly
observed in the goblet cells of the small and large intestinal mucosa while MUC6 is predominately found in the
gastric epithelium as compared to normal colon [30].
During oncogenesis, the expression of specific mucins
may decrease or may even lead to a loss of organ specificity, while the new mucins are aberrantly expressed. The
aberrant expression of the mucins is paradoxically associated with inflammation and epithelial cancers. For example, the upregulation of MUC1 was found in response to
chronic inflammation while the overexpression of other
transmembrane mucins contributes to oncogenesis
through the promotion of receptor tyrosine kinase signaling, loss of epithelial cell polarity, constitutive activation
of growth and survival pathways, and downregulation of
stress-induced death pathways [31]. Mutational analysis
of mucin genes performed on five major cancers have
revealed an unequal incidence of mutations throughout
cancer-associated mucins [32].
It was discovered that MUC2 and MUC5AC, two
of the secreted mucin-encoded genes in a cluster on
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chromosome 11p15.3, correlate with the occurrence of
mucinous colorectal carcinoma [33]. Mucinous colorectal adenocarcinoma is associated with higher positivity rate of MUC2 which produces mucin-2 (MUC2),
a secreted protein that functions in the physiological
processes of the gastrointestinal tract as a physical protection barrier [16, 18, 31, 34]. MUC2 is predominantly
found in the colorectal goblet cells and proximal colon
[17, 34]. Observations on the extent of disease in patients
have found that the MUC2 expression is associated with
the extent of ulcerative colitis and increases the risk of
colon cancer [31]. While mucin has recently been used
as a target for molecular therapy, the overexpression of
MUC2 could form a mucous layer that protects itself
against antitumor immune factors, and thus promoting
the development of tumors [35, 36]. However, studies in
the literature have also indicated that MUC2 could suppress inflammation and inhibit the development of intestinal tumors, and that the loss of MUC2 expression was
a predictor of adverse outcomes [30, 31]. The contradictory role of MUC2 as an inflammation suppressor and
a promoter for tumor initiation in gastrointestinal tract
cancers might suggest that gastrointestinal tract cancers originate from cells that express MUC2 rather than
MUC2 itself as playing a role in the malignant process
[31].
Another secreted mucin, MUC5AC, which is encoded
by the MUC5AC gene, is mainly expressed in gastric
and tracheal-bronchial mucosa but shows overexpression in over half of the cases of CRC [16]. Clinical studies have shown that the absence of MUC5AC expression
could serve as an indicator of a more aggressive colorectal tumor and that patients with MUC5AC-negative
expression had lower survival rates [37]. A study in 2008
concluded that SRY (sex determining region Y)-box 2
(SOX2) was important in the upregulation of MUC5AC
in mucinous colorectal adenocarcinoma [38] while
Raghoebir et al. [39] showed that the aberrant expression of SOX2 did not correlate with mucinous colorectal adenocarcinoma histology or MUC5AC expression.
To date, the oncogenic mechanisms underlying MUC2
and MUC5AC have not yet been determined. However,
concerning the differences between the gene expression levels in mucinous and non-mucinous colorectal
adenocarcinomas, recent literatures suggest that MUC2
and MUC5AC could serve as potential targets for future
treatments for mucinous colorectal adenocarcinoma.
Microsatellite instability (MSI)

MSI is also a critical factor that contributes to the
pathology and prognosis of mucinous colorectal adenocarcinoma. Compared to non-mucinous colorectal adenocarcinoma, mucinous colorectal adenocarcinoma is
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associated with MSI-H [4, 18]. The development of about
70% of CRC cases is associated with chromosomal instability and MSI is detected in the other 15% CRC cases.
Among the 15% CRC cases, 12% are sporadic cancers
while 3% are caused by Lynch syndrome, an inherited
colorectal disorder that increases the risk for many cancers [40]. Hugen et al. [5] concluded that 22%–40% of
cases of Lynch syndrome-related CRC were mucinous
colorectal adenocarcinoma, suggesting a close relationship between Lynch syndrome and the mucinous
occurrence in CRC. It has been reported that mucinous
colorectal adenocarcinoma patients with MSI have better survival rates than those with microsatellite stability
(MSS) since MSI-H is associated with a decreased risk of
metastasis to either the regional lymph nodes or distant
organs in CRC as compared to low-frequency microsatellite instability (MSI-L), and similar results were found
in terms of recurrence rates [41]. A long-term study by
Andrici et al. [42] suggested that the 5-year OS of mucinous MSI/mismatch repair (MMR)-deficient CRC was
similar to non-mucinous low-grade colorectal adenocarcinoma. They also found that patients with mucinous
MSI/MMR-deficient colorectal adenocarcinoma had significantly better survival rates than non-mucinous highgrade colorectal adenocarcinoma patients (5-year OS,
73% vs. 53%, respectively, P < 0.001) or mucinous MSS/
MMR-proficient colorectal adenocarcinoma patients
(5-year OS, 73% vs. 57%, respectively, P = 0.023) [42].
There are three possible molecular changes that have
been identified to result in MSI. First, a deficient mismatch repair (MMR) system that result from mutations
in MMR genes (MutL homolog 1 [MLH1]), MutS protein
homolog 2 [MSH2], MutS protein homolog 6 [MSH6],
PMS2) could lead to MSI. Impaired DNA MMR leads to
genetic hypermutability and the presence of MSI, thus
bring about tumors that grow through MMR/MSI, such
as Lynch syndrome-correlated CRC [43, 44].
Second, MSI can occur in sporadic CRC with CIMP,
which is a molecular subgroup of CRC and the CpG
islands are often located in the promoter regions of many
tumor suppressors, including MLH1 [45]. Hypermethylation of the promoter CpG islands, which leads to the
silencing of several tumor suppressor genes, may prohibit
the suppression of potential oncogenesis [46]. Promoter
hypermethylation of MLH1 commonly occurs in CRC
with CIMP since the CIMP group encompassed almost
all cases of sporadic MSI cancers [40, 45].
The third molecular change that results in MSI
involves mutations in the fundamental genes of the
RAS/MAPK pathway, such as B-Raf proto-oncogene
(BRAF) and v-Ki-ras2 (KRAS) mutations. BRAF and
KRAS are both components of the RAS/MAPK pathway, and activation of this pathway promotes cell
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division and reduces cell apoptosis [45]. Compared
with wild-type KRAS carcinomas, KRAS-mutated
tumors were more frequently located in proximal
colon and have shown an increased frequency in mucinous differentiation [47–49]. Tumors with high mucin
production have greater frequencies (65%) of KRAS
mutation than tumors without mucin production [48].
Further, approximately 75% of BRAF mutation tumors
contain a mucinous adenocarcinoma histology, which
is more frequent than BRAF wild-type and KRAS/BRAF
wild-type tumors. It has also been reported that BRAF
mutated patients were associated with adverse histological features and had a significantly shorter median
OS of 11.0 months compared to 40.6 months for BRAF
wild-type patients [49–51]. Recent researches have
focused on BRAF V600E for its role in MSI status and
its prognostic implication. The BRAF V600E mutation
is the most common BRAF mutation, of which accounts
for approximately 90% cases and it is reported to be
associated with features such as proximal location,
MSI, and mucinous adenocarcinoma components [52].
Moreover, the BRAF V600E mutation is strongly associated with sporadic origin in MSI-H cases and poor
prognosis in advanced CRC [52, 53]. Thus, alterations
in the fundamental genes of RAS/MAPK pathway could
lead to MSI and are more likely to associate with mucin
production, proximal location, and mucinous adenocarcinoma histology than wild-type patients.
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Vascular endothelial growth factor (VEGF)

Early in the year 1995, Takahashi et al. [54] determined
that VEGF is a critical angiogenetic factor in primary and
metastatic CRC, and may be used as a prognostic factor for predicting metastasis risk in colon cancer. VEGF
is frequently expressed in poorly differentiated or mucinous adenocarcinoma of CRC. However, the expression
of VEGF as a prognostic factor has been debatable. Ochs
et al. [55] suggested that the overexpression of VEGF was
associated with poorer survival, while Berk et al. [56]
observed an improved PFS and OS in patients with high
VEGF expression. In this regard, antiangiogenic treatments deserve further research.
VEGF-targeted therapy has been used more widely
in patients with mucinous colorectal adenocarcinoma.
Bevacizumab combined with chemotherapy is commonly
used as first or second line therapy, and regorafenib or
fruquintinib monotherapy is used as third line treatment.

Imaging of mucinous colorectal adenocarcinoma
Due to the abundant amount of extracellular mucin,
mucinous colorectal adenocarcinoma can be distinguished from non-mucinous colorectal adenocarcinoma
under light microscopy (Fig. 1). Further, magnetic resonance imaging (MRI) and computed tomography (CT)
are other two common means that are frequently used
for diagnosing various subtypes of carcinoma. MRI is
helpful for detecting mucinous adenocarcinoma components and it is commonly used for differential diagnosis.

Fig. 1 Histopathology of mucinous colorectal adenocarcinoma. H&E stained tissue section from a 53-year-old female patient initially diagnosed
with mucinous colorectal adenocarcinoma showing abundant extracellular mucin (red arrows) within the tumor complex. Original magnification,
×20
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Mucinous colorectal adenocarcinoma is characterized
by a low signal intensity in T1-weighted images and a
significant hyperintense signal in T2-weighted images
(Fig. 2), while non-mucinous colorectal adenocarcinoma
displays an intermediate signal intensity in T2-weighted
images [57, 58]. CT is also used for the diagnosis. Mucinous colorectal adenocarcinoma are distinguished by
a thickened intestinal wall, a thickened gut mucosa and
low-density cystic lesions (Fig. 3), and the non-significant
enhancement in arterial phase, compared with normal
muscle, is one of the characteristics of mucinous colorectal adenocarcinoma on CT scan [59].

Comparison of the current treatments
and prognosis for mucinous and non‑mucinous
colorectal adenocarcinoma
Multiple clinical trials have been performed to evaluate the prognostic value of mucinous colorectal adenocarcinoma histology. Although mucinous colorectal
adenocarcinoma is different from non-mucinous colorectal adenocarcinoma in terms of gene expression
and histology, the standard treatments for colorectal
adenocarcinoma are recommended to mucinous colorectal adenocarcinoma patients since no clinical guidelines have been developed specifically for this group of
patients. It was reported that patients with mucinous
colorectal adenocarcinoma was less responsive to neoadjuvant and adjuvant chemotherapy as compared to those
with non-mucinous colorectal adenocarcinoma, due
to the mucinous colorectal adenocarcinoma histology

Fig. 3 Computer tomography image obtained from a 53-year-old
female patient with a mucinous colorectal adenocarcinoma
(5.5 × 3.0 × 2.5 cm) located in the transverse colon 55 cm from the
anus. No significant enhancement compared with normal muscle
in the arterial phase was observed. The patient was diagnosed as
mucinous colorectal adenocarcinoma staged T4N2M1 with liver and
abdominal metastases. She received 3 cycles of XELOX (capecitabine
plus oxaliplatin) chemotherapy, a palliative surgery, 5 cycles of XELOX
chemotherapy, and capecitabine maintenance therapy for 5 months
till present

[60–62]. As elaborated, mucinous colorectal adenocarcinoma patients had lower OS rates when they received
the same therapies as non-mucinous colorectal adenocarcinoma patients. Consequently, specialized treatment

Fig. 2 Magnetic resonance images showed an ulcerative mucinous colorectal adenocarcinoma (5.5 × 3.0 × 2.5 cm) located in the transverse colon
55 cm from the anus in a 53-year-old female patient. The patient was diagnosed as mucinous colorectal adenocarcinoma staged T4N2M1 with liver
and abdominal metastases. She received 3 cycles of XELOX (capecitabine plus oxaliplatin) chemotherapy, a palliative surgery, 5 cycles of XELOX
chemotherapy and capecitabine maintenance therapy for 5 months till present. a The axial T2-weighted imaging showed a significantly more
intense signal on mucin pools (red arrow) than normal muscle. b In the axial T1-weighted image, the mucinous component (red arrow) showed
similar signal intensity as to normal muscle
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plans for patients with mucinous colorectal adenocarcinoma histology are necessary.
Since mucinous colorectal adenocarcinoma is more
commonly diagnosed at a more advanced stage, clinical
studies on the treatments of mucinous colorectal adenocarcinoma mainly focused on stage II, stage III, and stage
IV. Table 1 summarizes 14 clinical studies which compared the median OS and survival rates of mucinous and
non-mucinous colorectal adenocarcinoma patients based
on their tumor locations, with details in treatment types,
chemotherapy regimen, tumor stages, and number of
patients recorded.
Five studies have investigated the chemotherapy effects
on CRC patients, and each of them concluded that mucinous colorectal adenocarcinoma patients had a shorter
median OS than non-mucinous colorectal adenocarcinoma patients despite different chemotherapy regimens
being used in these trials. Negri et al. [63] administered
5-fluorouracil (5-FU)-based first-line chemotherapy to
stage IV mucinous and non-mucinous colorectal adenocarcinoma patients as palliative care and found a median
OS of 11.8 and 17.9 months, respectively [hazard ratio
(HR), 1.50; 95% confidence interval (CI), 1.02–2.19;
P = 0.037]. Catalano et al. [8] prescribed 5-FU with oxaliplatin (OXA) and/or irinotecan (CPT-11)-based first-line
combination chemotherapy to stage IV mucinous and
non-mucinous colorectal adenocarcinoma patients and
found a median OS of 14.0 and 23.4 months, respectively
(HR, 1.59; 95% CI 1.05–2.40; P = 0.027). Mekenkamp
et al. [64] first applied first-line sequential or combination treatment with capecitabine (CAP), CPT-11 and
OXA to 485 patients and found that the median OS
was 13.2 and 19.2 months for patients with and without
mucinous colorectal adenocarcinoma histology, respectively (HR, 1.80; 95% CI 1.24–2.62; P = 0.003). In patients
receiving CAP, OXA and bevacizumab (BEV) with or
without cetuximab (CET), the median OS was 13.1 and
21.5 months, respectively (HR, 1.76; 95% CI 1.16–2.67;
P = 0.008) [64]. Further, Park et al. [65] showed that the
5-year OS was significantly lower (81.4%) for stage I, II,
and III mucinous colorectal adenocarcinoma patients as
compared to non-mucinous colorectal adenocarcinoma
patients (87.4%, P = 0.005) when both groups were given
adjuvant 5-FU based chemotherapy.
The treatment of colonic mucinous cancer was also
investigated in one palliative study and two adjuvant
studies. Maisano et al. [60] treated stage IV colonic cancer patients with the FOLFOX-4 (folinic acid, 5-FU and
oxaliplatin) regimen and observed a median OS of 8.0
and 18.0 months in patients with and without mucinous colorectal adenocarcinoma histology, respectively
(HR, 1.99; 95% CI 1.26–1.70; P = 0.03). In the study conducted by Catalano et al. [22], fluoropyrimidine-based or
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OXA-based chemotherapy was used as adjuvant chemotherapy in stage II/III colonic adenocarcinoma patients.
The 5-year OS was 78.6% and 72.3% for the mucinous
and non-mucinous colorectal carcinoma, respectively
(HR, 0.89; 95% CI 0.59–1.69; P = 0.532). Kim et al. [14]
administered the FOLFOX-4 regimen to stage III patients
as adjuvant chemotherapy, and a 3-year disease-free
survival (DFS) of 56.9% and 79.2% were observed in
mucinous and non-mucinous colonic adenocarcinoma
patients, respectively (HR, 1.82; 95% CI 1.03–3.23;
P = 0.040). These findings show that the prognosis for
mucinous colonic adenocarcinoma patients was generally poorer as compared to the patients with non-mucinous colonic adenocarcinoma.
Researches that focus on rectal mucinous cancer
mainly studied the effect of preoperative chemoradiotherapy (PCRT). Four out of five studies showed that in
rectal mucinous adenocarcinoma, the mucinous rectal
adenocarcinoma histology served as a biomarker for poor
prognosis after PCRT. Patients with rectal mucinous
adenocarcinoma were more prone to have lower survival
rates and poorer downstaging. Sengul et al. [66] demonstrated that after receiving preoperative irradiation and
infusion with 5-FU, mucinous rectal adenocarcinoma
patients at stage III and IV had a higher tumor regression grade and a smaller transrectal ultrasound score
than non-mucinous cancer patients. Similar results were
found by Simha et al. [67] in studies where mucinous
and non-mucinous rectal adenocarcinoma patients were
treated with preoperative radiation and 5-FU plus leucovorin chemotherapy. It was further shown that adjuvant
chemotherapy after total mesorectal excision (TME) surgery served as an independent factor for improving prognosis for patients with mucinous rectal adenocarcinoma.
Thus, it is advised that adjuvant chemotherapy should be
offered to patients with rectal mucinous adenocarcinoma
histology who have undergone TME surgery [68]. Further, a study by Hugen et al. [69], in which PCRT treatments or adjuvant chemotherapies were prescribed to
patients with rectal adenocarcinoma, found that the gap
in survival rates between mucinous and non-mucinous
rectal adenocarcinoma could be narrowed when modern
preoperative treatments such as preoperative short-term
radiotherapy, preoperative chemoradiotherapy and TME
surgery.
Chemotherapies including the FOLFOX-4, XELOX
(capecitabine and oxaliplatin), and FOLFIRI (folinic acid,
fluorouracil and irinotecan) regimen are considered as
regular treatment options for mucinous colorectal adenocarcinoma patients. Monotherapy with 5-FU is also
recommended for relatively frail patients (Eastern Cooperative Oncology Group Performance Status (ECOG PS)
score 2–3) who are unable to continue combined therapy.
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Table 1 Differences and comparison between mucinous and non-mucinous patients with colorectal cancer in 14 clinical
trials
Clinical trial

Type
of hemotherapy

Stage Chemotherapy
regimen

Patients (n, MC/
NMC)

Median
OS
(months)
MC

OS rate (%)

NMC MC

HR

NMC

Tumor location: colorectal
Negri 2005 [63]

Palliative

IV

5-FU based firstline chemotherapy

135 (45/90)

11.8 17.9

–

–

1.50

Catalano 2009 [8]

Palliative

IV

5-FU with OXA
and/or CPT-11
based first-line
combination
chemotherapy

255 (49/206)

14.0 23.4

53.1% (1-year)

77.4% (1-year)

1.59

Mekenkamp Study Palliative
1 2012 [64]

IV

First-line sequen485 (50/435)
tial or combination treatment
with CAP, CPT-11
and OXA.

13.2 19.2

–

–

1.80

Mekenkamp Study Palliative
2 2012 [64]

IV

CAP, OXA and BEV
with or without
CET

525 (49/476)

13.1 21.5

–

–

1.76

Park 2015 [65]

Adjuvant

I–III

5-FU based
chemotherapy

6475 (274/6201)

–

–

81.4% (5-year)

87.4% (5-year)

1.58

Maisano 2012 [60]

Palliative

IV

FOLFOX-4 regimen 63 (21/42)
[OXA, LV, 5-FU]

8.0

18.0

–

–

1.99

Catalano 2012 [23]

Adjuvant

II–III

Fluoropyrimidinebased or
OXA-based
chemotherapy

–

–

78.6% (5-year)

72.3% (5-year)

0.89

Kim 2013 [14]

Adjuvant chemotherapy

III

FOLFOX chemo394
therapy [LV, 5-FU,
OXA]

–

–

56.9% (3-year DFS) 79.2% (3-year DFS) 1.82

Sengul 2006 [66]

PCRT

III–IV

45–60 Gy and an
infusion of 5-FU

46 (11/35)

–

–

–

–

–

Grillo-Ruggieri
2007 [98]

PCRT

II–IV

50.4 Gy and
5-FU-based
chemotherapy

136 (25/111)

–

–

89.0% (5-year)

83.9% (5-year)

0.35

Shin 2011 [99]

PCRT

III–IV

45–50.4 Gy and
5-FU- or CAPbased chemotherapy

368 (23/345)

–

–

64.8% (5-year)

79.8% (5-year)

2.36

Simha 2014 [67]

PCRT

I–IV

45 Gy and 5-FU
and LV

162 (34,128)

–

–

–

–

–

Hugen 2015 [69]

PCRT

II–III

45–50.4 Gy and
CAP with or
without OXA/
BEV or 5-FU

540 (58/482)

–

–

53.1% (5-year)

54.1% (5-year)

–

Hugen 2013 [9]

Adjuvant

I–IV

5-FU or CAP with
or without OXA

9045 (744/8301)

–

–

41.0% (5-year)

51.2% (5-year)

1.22

Tumor location: colon

1025

Tumor location: rectal

MC mucinous colorectal adenocarcinoma, NMC non-mucinous colorectal adenocarcinoma, PRCT preoperative chemoradiotherapy, OS overall survival, HR hazard ratio,
5-FU 5-fluorouracil, OXA oxaliplatin, CAP capecitabine, BEV bevacizumab, CET cetuximab, LV leucovorin, CPT-11 irinotecan
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Liu et al. [70] found that the FOLFIRI regimen could prolong PFS by 5 months compared with the FOLFOX-4 regimen for mucinous colorectal adenocarcinoma patients
(P = 0.038), suggesting that the FOLFIRI regimen could
be first considered for this group of patients.
Targeted molecular therapy

Bevacizumab and cetuximab are two drugs that are commonly used in targeted molecular therapy for advanced
CRC patients. Cetuximab is an anti-epidermal growth
factor receptor (anti-EGFR) antibody and is often used
in combination with chemotherapy. Currently, a small
number of studies have investigated the treatment prognosis for cetuximab in mucinous and non-mucinous
colorectal carcinoma patients with wild-type KRAS. Evidence suggested that for CRC patients with left-sided
tumors, chemotherapy plus anti-EGFR antibody therapy
demonstrated an enhanced outcome (HR, 0.75; 95% CI
0.67–0.84; P < 0.001), while the same regimen exhibited
no significant benefit for CRC patients with right-sided
tumors (HR, 1.12; 95% CI 0.87–1.45; P = 0.381) [71].
Venook et al. [72] showed that when the target tumor
was located in the right colon, which is commonly found
in mucinous colorectal adenocarcinoma, patients in the
bevacizumab-chemotherapy group had a median OS of
24.5 months, while patients who received cetuximabchemotherapy had a median OS of 16.4 months. Further, a nationwide population-based study indicated
that the addition of bevacizumab to chemotherapy was
associated with longer OS than palliative chemotherapy
alone (HR, 0.7; 95% CI 0.64–0.83) in CRC patients with
peritoneal metastasis [73]. However, no significant difference in OS was found in KRAS wild-type advanced or
metastatic CRC patients between the addition of cetuximab versus bevacizumab to chemotherapy as a first-line
treatment (HR, 0.88; 95% CI 0.77–1.01; P = 0.08) [74]. A
study on ovarian mucinous adenocarcinoma showed that
cetuximab inhibited the growth of tumor cell lines lacking KRAS mutation, but could not inhibit the growth of
mucinous tumor cells carrying a mutation in KRAS gene
[75]. Few comprehensive clinical studies have investigated the effects of targeted molecular therapy in patients
with mucinous adenocarcinoma histology, but there were
some which have been reported in mucinous ovarian
carcinoma [75–79]. It was shown that a woman with a
locally advanced mucinous colorectal adenocarcinoma in
the transverse colon who was treated with 4 months of
palliative metronomic capecitabine with bevacizumab,
subsequently underwent radical surgery and the treatment intention was changed from palliative to curative.
This evidence suggesting the potential use of targeted
molecular therapy for mucinous colorectal adenocarcinoma patients [80]. In this regard, targeted molecular
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therapy is only recommended for stage IV metastatic
CRC patients but not stage I/II/III postoperative patients,
due to insufficient evidence in literature. Bevacizumab
is advised for patients with right-sided tumors or RASmutations. For mucinous colorectal adenocarcinoma
patients with left-sided tumors, bevacizumab could
be used as a first-line of treatment, and cetuximab as a
second-line of treatment but if the treatment fails, then
regorafenib could be used as a third-line of treatment.
Bevacizumab could also be considered as first-line treatment for CRC patients with peritoneal metastasis. As the
tumors with mucinous colorectal adenocarcinoma histology are more likely to be located on the right side of the
colon in patients with KRAS mutations, we suggest using
bevacizumab as the first choice for mucinous colorectal
adenocarcinoma.
Hyperthermic intraperitoneal chemotherapy (HIPEC)

HIPEC is often used to eradicate microscopic residual
disease, especially peritoneal dissemination of cancers.
As previously mentioned, since a higher ratio of mucinous colorectal adenocarcinoma patients have peritoneal metastases as compared to non-mucinous colorectal
adenocarcinoma patients, HIPEC can become an essential treatment option for such patients. A recommendation on a standardized delivery of HIPEC in patients
with CRC was proposed in 2014 [81], which aimed to
maximize the efficacy of seven key HIPEC parameters
including method, inflow temperature, perfusate volume,
drug, dosage, timing of delivery, and total perfusion time.
Although a detailed plan for mucinous colorectal adenocarcinoma has not yet been well studied, the standard
therapy which was delivered intraoperatively at the time
of cytoreduction using a closed technique for peritoneal
dissemination from CRC was also reported to be used in
appendiceal primary tumors, and may be a potential therapeutic may further be explored for mucinous colorectal
adenocarcinoma [82]. In addition, early postoperative
intraperitoneal chemotherapy (EPIC) using floxuridine,
Mitomycin C (MMC) or 5-FU are recommended as well
[82]. HIPEC can thus recommended for mucinous colorectal adenocarcinoma patients with peritoneal metastases as a first-line therapy, although more comprehensive
evaluation of the overall response rate and OS is further
needed.
Nanoparticle drugs

New targeted drugs for mucinous adenocarcinoma are
under investigation [83, 84]. Mucus is a complex hydrogel covering the epithelial surfaces and forms a barrier
to protect the underlying tissues from the extracellular
environment, thereby adversely affecting the permeation and action of some drugs [85]. The pore size of the
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mucous layer is approximately 100 nm to 200 nm. Thus,
only nanoparticles could possibly penetrate these layers
and reach the targeted tissues [86]. Solubility and lipophilicity are both critical for drug absorption, since high
solubility ensures drugs to be dissolved in body fluids
while high lipophilicity ensures drugs to permeate the
biological membrane, thus, poorly water-soluble lipophilic drugs combined with cyclodextrins are the best
option for forming water-soluble complexes that possess
high permeability through lipophilic membranes [87].
Moreover, feasible strategies to improve drug oral bioavailability include the addition of a coating of polymer
molecules to help the nanoparticles sneak through the
net and a nanoparticle carrier for exploiting the mucolytic agents that are able to cleave the glycoprotein substructures of mucus [83, 88]. Albumin-bound paclitaxel
is commonly used as the regimen of nanodrug treatment
in breast, pancreatic, and lung cancer. Despite the promising effect of nanodrugs in mucinous adenocarcinoma
[35], no clinical trials have been conducted to evaluate
its safety, overall response rate, and OS. Such trials are
thus urgently needed before nanodrugs could be used for
mucinous adenocarcinoma patients.
Immunotherapy

The programmed cell death protein 1 (PD-1) is triggered
by its ligand, programmed cell death ligand 1 (PD-L1),
to inhibit T cell activation and consequently hampering
the host immune response against cancer cells. Blockade of this pathway by inhibitors of PD-1 or PD-L1 has
led to significantly improved clinical outcomes in many
types of cancer including melanoma, non-small-cell lung
cancer, and renal cell cancer [89]. Tumors displaying mismatch repair deficiency (dMMR) are distinguished from
mismatch repair-proficient ones for their high expression of checkpoint molecules, including PD-1, PD-L1,
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4),
lymphocyte activation gene 3 (LAG-3) and indoleamine
2,3-dioxygenase (IDO), whose immune microenvironment is targeted and balanced by inhibitors that resist
tumor elimination [90].
Mucinous colorectal adenocarcinoma is associated
with a higher rate of MSI-H. It has been proven that cancer patients with MMR/MSI-H tumors are more likely
to benefit from anti-PD-1 therapy, and similar results
were observed in MSI CRC patients with 31.3% patients
achieving an investigator-assessed objective response
and 69% patients having disease control for 12 weeks or
longer [90–92]. MSI CRC only accounts for about 15.0%
cases of all CRC, yet the fact that mucinous colorectal
adenocarcinoma is associated with higher rate of MSI-H
implied mucinous colorectal adenocarcinoma as a good
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candidate for PD-1 inhibitor treatment. However, Kim
et al. [93] suggested that in MSI-H CRC, the presence
of mucinous colorectal adenocarcinoma was associated
with a poorer response to PD-L1 as compared to patients
lacking the mucinous component.
Nevertheless, multiple combination therapies have
proven to enhance the clinical outcomes of CRC patients,
though specific data were lacking in the subgroup of
mucinous colorectal carcinoma patients. Among dMMR/
MSI-H CRC patients, 77% had reduced tumor burden
from baseline; 76% and 87% of the patients showed a
9-month PFS with nivolumab (NIVO) monotherapy and
NIVO in combination with ipilimumab (IPI) therapy,
respectively, suggesting an enhanced clinical benefit and
manageable safety for NIVO and IPI [94]. More recently,
NIVO and low-dose IPI was given to CRC patients with
MMR/MSI-H as a first-line therapy, which demonstrated
a robust and durable clinical benefit with the objective
response rate (ORR) of 60% and the disease control rate
of 84%; suggesting this immunotherapy regimen as a
first-line treatment option for CRC patients [95]. Furthermore, a median PFS of 11.7 months with atezolizumab in
combination with bevacizumab versus 8.4 months with
sunitinib was observed in renal cell carcinoma patients
[96]. The first study of a PD-1 inhibitor and VEGF blockade in MSI-H CRC also reported a 90% disease control
rate and 30% ORR with further follow-up ongoing, suggesting a possible role of anti-VEGF in enhancing antitumor activity in immune checkpoint blockade [97].

Conclusion
This review summarized the current research progress
in genetic alterations of mucinous colorectal adenocarcinoma and brought forward the current treatment options
for these patients. Although the exact mechanism that
leads to extensive mucin in tumors is not yet well understood, genetic aberrations could be the potential reasons
that determine the oncogenesis and survival differences
between mucinous colorectal adenocarcinoma and other
subtypes of CRC.
The effects of palliative chemotherapy in mucinous
and non-mucinous colorectal adenocarcinoma patients
were also reviewed. Clinical studies comparing the OS of
colonic cancer patients suggest that the mucinous colorectal adenocarcinoma histology was an adverse prognostic indicator. For rectal patients, on the other hand,
contradictive results were found in studies concerning
the effects of PCRT between these two groups of patients.
In this regard, the prognosis of mucinous as to non-mucinous colorectal adenocarcinoma is still controversial,
although the OS of mucinous colorectal adenocarcinoma
patients tended to be poorer than non-mucinous colorectal adenocarcinoma patients in the majority of studies.
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These further warrant more focus for therapies carefully
tailored to mucinous colorectal adenocarcinoma patients
based on their genetic alterations.
Moreover, future prospective clinical trials on the
effect of nanodrugs, targeted therapy, and immunotherapy should be conducted on mucinous colorectal
adenocarcinoma patients to evaluate their safety and
efficacy in this specific group of patients. In addition,
studies based on tumor location would help to address
why distinct responses to treatments have been found
in clinical practice. The development and implementation of treatment guidelines for mucinous colorectal adenocarcinoma patients would further lead
to improved survival and better outcomes for these
patients.
Abbreviations
CRC: colorectal cancer; MSI: microsatellite instability; PFS: progression-free
survival; CIMP: CpG island methylator phenotype; MUC2: mucin-2; MUC5AC:
mucin 5AC; MUC5B: mucin 5B; MUC6: mucin 6; SOX2: SRY (sex determining
region Y)-box 2; MLH1: MutL homolog 1; MSH2: MutS protein homolog 2;
MSH6: MutS protein homolog 6; KRAS: v-Ki-ras2; BRAF: B-Raf proto-oncogene;
OS: overall survival; MMR: mismatch repair; VEGF: vascular endothelial growth
factor; MRI: magnetic resonance imaging; CT: computed tomography; HR:
hazard ratio; CI: confidence interval; 5-FU: 5-fluorouracil; OXA: oxaliplatin;
CPT-11: irinotecan; BEV: bevacizumab; CET: cetuximab; FOLFOX: folinic acid,
5-FU and oxaliplatin; XELOX: capecitabine and oxaliplatin; FOLFIRI: folinic acid,
fluorouracil and irinotecan; ECOG PS score: Eastern Cooperative Oncology
Group Performance Status; PRCT: preoperative chemoradiotherapy; TME:
total mesorectal excision; anti-EGFR: anti-epidermal growth factor receptor;
HIPEC: hyperthermic intraperitoneal chemotherapy; EPIC: early postoperative intraperitoneal chemotherapy; MMC: mitomycin C; PD-1: programmed
cell death receptor; PD-L1: programmed death-ligand 1; CTLA-4: cytotoxic
T-lymphocyte-associated protein 4; LAG-3: lymphocyte activation gene 3;
IDO: indoleamine 2,3-dioxygenase; NIVO: nivolumab; IPI: ipilimumab; dMMR:
mismatch repair deficiency; ORR: objective response rate.
Authors’ contributions
CL designed the structure of the review. SC and WW prepared the manuscript.
CL and GD revised the manuscript. All authors read and approved the final
manuscript.
Author details
1
Department of Abdominal Oncology, Zhejiang Cancer Hospital, Hangzhou 310022, Zhejiang, P. R. China. 2 School of Medicine, Zhejiang University,
Hangzhou 310058, Zhejiang, P. R. China. 3 Department of Radiotherapy,
Zhejiang Cancer Hospital, Hangzhou 310022, Zhejiang, P. R. China. 4 Department of Pathology, Zhejiang Cancer Hospital, Hangzhou 310022, Zhejiang, P.
R. China.
Acknowledgements
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
Not applicable.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.

Page 10 of 13

Funding
This work was supported by the Natural Science Foundation of Zhejiang Province (Grant No. LY15H160003), which supported the research infrastructure.
Received: 16 July 2018 Accepted: 21 March 2019

References
1. Haggar FA, Boushey RP. Colorectal cancer epidemiology: incidence, mortality, survival, and risk factors. Clin Colon Rectal Surg. 2009;22(4):191–7.
https://doi.org/10.1055/s-0029-1242458.
2. Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO classification of
tumours of the digestive system. 4th ed. Geneva: World Health Organization Classification of Tumours; 2010.
3. Glasgow SC, Yu J, Carvalho LP, Shannon WD, Fleshman JW, McLeod
HL. Unfavourable expression of pharmacologic markers in mucinous
colorectal cancer. Br J Canc. 2005;92(2):259–64. https://doi.org/10.1038/
sj.bjc.6602330.
4. Leopoldo S, Lorena B, Cinzia A, Gabriella DC, Luciana BA, Renato C, et al.
Two subtypes of mucinous adenocarcinoma of the colorectum: clinicopathological and genetic features. Ann Surg Oncol. 2008;15(5):1429–39.
https://doi.org/10.1245/s10434-007-9757-1.
5. Hugen N, van Beek JJP, de Wilt JHW, Nagtegaal ID. Insight into mucinous colorectal carcinoma: clues from etiology. Ann Surg Oncol.
2014;21(9):2963–70. https://doi.org/10.1245/s10434-014-3706-6.
6. Börger ME, Gosens MJ, Jeuken JW, van Kempen LC, van de Velde CJ,
van Krieken JH, Nagtegaal ID, et al. Signet ring cell differentiation in
mucinous colorectal carcinoma. J Pathol. 2007;212(3):278–86. https://doi.
org/10.1002/path.2181.
7. Verhulst J, Ferdinande L, Demetter P, Ceelen W. Mucinous subtype as
prognostic factor in colorectal cancer: a systematic review and metaanalysis. J Clin Pathol. 2012;65(5):381–8. https://doi.org/10.1136/jclin
path-2011-200340.
8. Catalano V, Loupakis F, Graziano F, Torresi U, Bisonni R, Mari D, et al.
Mucinous histology predicts for poor response rate and overall survival
of patients with colorectal cancer and treated with first-line oxaliplatinand/or irinotecan-based chemotherapy. Br J Cancer. 2009;100(6):881–7.
https://doi.org/10.1038/sj.bjc.6604955.
9. Hugen N, Verhoeven RH, Radema SA, de Hingh IH, Pruijt JF, Nagtegaal ID,
et al. Prognosis and value of adjuvant chemotherapy in stage III mucinous colorectal carcinoma. Ann Oncol. 2013;24(11):2819–24. https://doi.
org/10.1093/annonc/mdt378.
10. Lupinacci RM, Mello ES, Coelho FF, Pirolla Kruger JA, Perini MV, Pinheiro
RS, et al. Prognostic implication of mucinous histology in resected colorectal cancer liver metastases. Surgery. 2014;155(6):1062–8. https://doi.
org/10.1016/j.surg.2014.01.011.
11. Ahnen DJ, Wade SW, Jones WF, Sifri R, Silveiras JM, Greenamyer J, et al. The
increasing incidence of young-onset colorectal cancer: a call to action.
Mayo Clin Proc. 2014;89(2):216–24. https://doi.org/10.1016/j.mayoc
p.2013.09.006.
12. Okuno M, Ikehara T, Nagayama M, Kato Y, Yui S, Umeyama K. Mucinous
colorectal carcinoma: clinical pathology and prognosis. Am Surg.
1988;54(11):681–5.
13. Chung MY, Park YS, Ryu SR, Ahn SB, Kim SH, Jo YJ, et al. A case of colonic
mucinous adenocarcinoma in 19-year-old male patient. Clin Endosc.
2012;45(1):103–7. https://doi.org/10.5946/ce.2012.45.1.103.
14. Kim SH, Shin SJ, Lee KY, Kim H, Kim TI, Kang DR, et al. Prognostic value
of mucinous histology depends on microsatellite instability status
in patients with stage III colon cancer treated with adjuvant FOLFOX chemotherapy: a retrospective cohort study. Ann Surg Oncol.
2013;20(11):3407–13. https://doi.org/10.1245/s10434-013-3169-1.
15. Green JB, Timmcke AE, Mitchell WT, Hicks TC, Gathright JB Jr, Ray JE.
Mucinous carcinoma—just another colon cancer? Dis Colon Rectum.
1993;36(1):49–54.
16. Imai Y, Yamagishi H, Fukuda K, Ono Y, Inoue T, Ueda Y. Differential mucin
phenotypes and their significance in a variation of colorectal carcinoma.

Luo et al. Cancer Commun

17.
18.

19.
20.
21.
22.

23.

24.

25.

26.

27.

28.
29.

30.

31.
32.
33.

34.

35.

(2019) 39:13

World J Gastroenterol. 2013;19(25):3957–68. https://doi.org/10.3748/wjg.
v19.i25.3957.
Weiss AA, Babyatsky MW, Ogata S, Chen A, Itzkowitz SH. Expression of
MUC2 and MUC3 mRNA in human normal, malignant, and inflammatory
intestinal tissues. J Histochem Cytochem. 1996;44(10):1161–6.
Hugen N, Simons M, Halilovic A, van der Post RS, Bogers AJ, Marijnissenvan Zanten MA, et al. The molecular background of mucinous carcinoma
beyond MUC2. J Pathol Clin Res. 2015;1(1):3–17. https://doi.org/10.1002/
cjp2.1.
Hanski C. Is mucinous carcinoma of the colorectum a distinct genetic
entity. Br J Cancer. 1995;72(6):1350–6. https://doi.org/10.1038/
bjc.1995.514.
Gruia C, Foarfa C, Streba L, Manescu P. Synchronous carcinoma
of the ascending colon and caecum. Rom J Morphol Embryol.
2011;52(4):1369–75.
Nozoe T, Anai H, Nasu S, Sugimachi K. Clinicopathological characteristics of mucinous carcinoma of the colon and rectum. J Surg Oncol.
2000;75(2):103–7.
Ott C, Gerken M, Hirsch D, Fest P, Fichtner-Feigl S, Munker S, et al.
Advanced mucinous colorectal cancer: epidemiology, prognosis and
efficacy of chemotherapeutic treatment. Digestion. 2018;98(3):143–52.
https://doi.org/10.1159/000487710.
Catalano V, Loupakis F, Graziano F, Bisonni R, Torresi U, Vincenzi B, et al.
Prognosis of mucinous histology for patients with radically resected
stage II and III colon cancer. Ann Oncol. 2012;23(1):135–41. https://doi.
org/10.1093/annonc/mdr062.
Warschkow R, Tarantino I, Huttner FJ, Schmied BM, Guller U, Diener
MK, et al. Predictive value of mucinous histology in colon cancer: a
population-based, propensity score matched analysis. Br J Cancer.
2016;114(9):1027–32. https://doi.org/10.1038/bjc.2016.57.
Numata M, Shiozawa M, Watanabe T, Tamagawa H, Yamamoto N,
Morinaga S, et al. The clinicopathological features of colorectal mucinous
adenocarcinoma and a therapeutic strategy for the disease. World J Surg
Oncol. 2012. https://doi.org/10.1186/1477-7819-10-109.
Inamura K, Yamauchi M, Nishihara R, Kim SA, Mima K, Sukawa Y, et al.
Prognostic significance and molecular features of signet-ring cell and
mucinous components in colorectal carcinoma. Ann Surg Oncol.
2015;22(4):1226–35. https://doi.org/10.1245/s10434-014-4159-7.
Hyngstrom JR, Hu C-Y, Xing Y, You YN, Feig BW, Skibber JM, et al. Clinicopathology and outcomes for mucinous and signet ring colorectal
adenocarcinoma: analysis from the national cancer data base. Ann Surg
Oncol. 2012;19(9):2814–21. https://doi.org/10.1245/s10434-012-2321-7.
Hugen N, van de Velde CJH, de Wilt JHW, Nagtegaal ID. Metastatic pattern
in colorectal cancer is strongly influenced by histological subtype. Ann
Oncol. 2014;25(3):651–7. https://doi.org/10.1093/annonc/mdt591.
Hugen N, Verhoeven RH, Lemmens VE, van Aart CJ, Elferink MA,
Radema SA, et al. Colorectal signet-ring cell carcinoma: benefit from
adjuvant chemotherapy but a poor prognostic factor. Int J Cancer.
2015;136(2):333–9. https://doi.org/10.1002/ijc.28981.
Betge J, Schneider NI, Harbaum L, Pollheimer MJ, Lindtner RA, Kornprat P,
et al. MUC1, MUC2, MUC5AC, and MUC6 in colorectal cancer: expression
profiles and clinical significance. Virchows Archiv. 2016;469(3):255–65.
https://doi.org/10.1007/s00428-016-1970-5.
Kufe DW. Mucins in cancer: function, prognosis and therapy. Nat Rev
Canc. 2009;9(12):874–85. https://doi.org/10.1038/nrc2761.
Kumar S, Cruz E, Joshi S, Patel A, Jahan R, Batra SK, et al. Genetic variants
of mucins: unexplored conundrum. Carcinogenesis. 2017;38(7):671–9.
https://doi.org/10.1093/carcin/bgw120.
Pigny P, Guyonnet-Duperat V, Hill AS, Pratt WS, Galiegue-Zouitina S,
Hooge MC, et al. Human mucin genes assigned to 11p15.5: identification
and organization of a cluster of genes. Genomics. 1996;38(3):340–52.
https://doi.org/10.1006/geno.1996.0637.
Li L, Huang P, Yu X, Bu X. Clinicopathological significance of mucin 2
immunohistochemical expression in colorectal cancer: a meta-analysis.
Chin J Canc Res. 2012;24(3):190–5. https://doi.org/10.1007/s1167
0-012-0190-z.
Hugen N, Brown G, Glynne-Jones R, de Wilt JH, Nagtegaal ID. Advances in
the care of patients with mucinous colorectal cancer. Nat Rev Clin Oncol.
2016;13(6):361–9. https://doi.org/10.1038/nrclinonc.2015.140.

Page 11 of 13

36. Debunne H, Ceelen W. Mucinous differentiation in colorectal cancer: molecular, histological and clinical aspects. Acta Chir Belg.
2013;113(6):385–90.
37. Kocer B, Soran A, Erdogan S, Karabeyoglu M, Yildirim O, Eroglu A, et al.
Expression of MUC5AC in colorectal carcinoma and relationship with
prognosis. Pathol Int. 2002;52(7):470–7.
38. Park ET, Gum JR, Kakar S, Kwon SW, Deng G, Kim YS. Aberrant expression of SOX2 upregulates MUC5AC gastric foveolar mucin in mucinous cancers of the colorectum and related lesions. Int J Cancer.
2008;122(6):1253–60. https://doi.org/10.1002/ijc.23225.
39. Raghoebir L, Biermann K, Buscop-van Kempen M, Dubbink HJ, Dinjens
WNM, Hersmus R, et al. Aberrant SOX2 expression in colorectal cancers
does not correlate with mucinous differentiation and gastric mucin
MUC5AC expression. Virchows Arch. 2014;465(4):395–400. https://doi.
org/10.1007/s00428-014-1638-y.
40. Boland CR, Goel A. Microsatellite instability in colorectal cancer.
Gastroenterology. 2010;138(6):2073–87. https://doi.org/10.1053/j.gastr
o.2009.12.064.
41. Kang J, Lee HW, Kim IK, Kim NK, Sohn SK, Lee KY. Clinical implications of microsatellite instability in T1 colorectal cancer. Yonsei Med J.
2015;56(1):175–81. https://doi.org/10.3349/ymj.2015.56.1.175.
42. Andrici J, Farzin M, Sioson L, Clarkson A, Watson N, Toon CW, et al.
Mismatch repair deficiency as a prognostic factor in mucinous colorectal
cancer. Mod Pathol. 2016;29(3):266–74. https://doi.org/10.1038/modpa
thol.2015.159.
43. Buecher B, Cacheux W, Rouleau E, Dieumegard B, Mitry E, Lievre A. Role
of microsatellite instability in the management of colorectal cancers. Dig
Liver Dis. 2013;45(6):441–9. https://doi.org/10.1016/j.dld.2012.10.006.
44. Kawakami H, Zaanan A, Sinicrope FA. Microsatellite instability testing and
its role in the management of colorectal cancer. Curr Treat Options Oncol.
2015;16(7):30. https://doi.org/10.1007/s11864-015-0348-2.
45. Bettington M, Walker N, Clouston A, Brown I, Leggett B, Whitehall V.
The serrated pathway to colorectal carcinoma: current concepts and
challenges. Histopathology. 2013;62(3):367–86. https://doi.org/10.1111/
his.12055.
46. Lao VV, Grady WM. Epigenetics and colorectal cancer. Nat Rev Gastroenterol Hepatol. 2011;8(12):686–700. https://doi.org/10.1038/nrgas
tro.2011.173.
47. Rosty C, Young JP, Walsh MD, Clendenning M, Walters RJ, Pearson S, et al.
Colorectal carcinomas with KRAS mutation are associated with distinctive
morphological and molecular features. Mod Pathol. 2013;26(6):825–34.
https://doi.org/10.1038/modpathol.2012.240.
48. Lin JK, Chang SC, Wang HS, Yang SH, Jiang JK, Chen WC, et al. Distinctive
clinicopathological features of Ki-ras mutated colorectal cancers. J Surg
Oncol. 2006;94(3):234–41. https://doi.org/10.1002/jso.20438.
49. Pai RK, Jayachandran P, Koong AC, Chang DT, Kwok S, Ma L, et al. BRAFmutated, microsatellite-stable adenocarcinoma of the proximal colon: an
aggressive adenocarcinoma with poor survival, mucinous differentiation,
and adverse morphologic features. Am J Surg Pathol. 2012;36(5):744–52.
https://doi.org/10.1097/PAS.0b013e31824430d7.
50. Yokota T, Ura T, Shibata N, Takahari D, Shitara K, Nomura M, et al. BRAF
mutation is a powerful prognostic factor in advanced and recurrent colorectal cancer. Br J Cancer. 2011;104(5):856–62. https://doi.org/10.1038/
bjc.2011.19.
51. Tol J, Nagtegaal ID, Punt CJA. BRAF mutation in metastatic colorectal
cancer. N Engl J Med. 2009;361(1):98–9. https://doi.org/10.1056/NEJMc
0904160.
52. Thiel A, Ristimaki A. Toward a molecular classification of colorectal
cancer: the role of BRAF. Front Oncol. 2013;3:281. https://doi.org/10.3389/
fonc.2013.00281.
53. Capper D, Voigt A, Bozukova G, Ahadova A, Kickingereder P, von
Deimling A, et al. BRAF V600E-specific immunohistochemistry for the
exclusion of Lynch syndrome in MSI-H colorectal cancer. Int J Cancer.
2013;133(7):1624–30. https://doi.org/10.1002/ijc.28183.
54. Takahashi Y, Kitadai Y, Bucana CD, Cleary KR, Ellis LM. Expression of
vascular endothelial growth factor and its receptor, KDR, correlates with
vascularity, metastasis, and proliferation of human colon cancer. Can Res.
1995;55(18):3964–8.
55. Ochs AM, Wong L, Kakani V, Neerukonda S, Gorske J, Rao A, et al.
Expression of vascular endothelial growth factor and HER2/neu in

Luo et al. Cancer Commun

56.

57.
58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

(2019) 39:13

stage II colon cancer and correlation with survival. Clin Colorect Cancer.
2004;4(4):262–7.
Berk V, Deniz K, Bozkurt O, Ozaslan E, Karaca H, Inanc M, et al. Predictive significance of VEGF and HIF-1alpha expression in patients with
metastatic colorectal cancer receiving chemotherapy combinations with
bevacizumab. APJCP. 2015;16(14):6149–54.
Chand M, Yu S, Swift RI, Brown G. Mucinous carcinoma of the rectum: a
distinct clinicopathological entity. Tech Coloproctol. 2014;18(4):335–44.
https://doi.org/10.1007/s10151-013-1099-3.
Kim MJ, Park JS, Park SI, Kim NK, Kim JH, Moon HJ, et al. Accuracy in
differentiation of mucinous and nonmucinous rectal carcinoma on
MR imaging. J Comput Assist Tomogr. 2003;27(1):48–55. https://doi.
org/10.1097/00004728-200301000-00010.
Fu Z, Huang J, Guo L. mucinous adenocarcinoma of the colon pathological characters and CT image analysis. Chin J Mod Drug Appl. 2012;04:24.
Maisano R, Azzarello D, Maisano M, Mafodda A, Bottari M, Egitto G, et al.
Mucinous histology of colon cancer predicts poor outcomes with FOLFOX regimen in metastatic colon cancer. J Chemother (Florence, Italy).
2012;24(4):212–6. https://doi.org/10.1179/1973947812y.0000000013.
McCawley N, Clancy C, O’Neill BD, Deasy J, McNamara DA, Burke JP.
Mucinous rectal adenocarcinoma is associated with a poor response to
neoadjuvant chemoradiotherapy: a systematic review and meta-analysis.
Dis Colon Rectum. 2016;59(12):1200–8. https://doi.org/10.1097/dcr.00000
00000000635.
Oberholzer K, Menig M, Pohlmann A, Junginger T, Heintz A, Kreft A,
et al. Rectal cancer: assessment of response to neoadjuvant chemoradiation by dynamic contrast-enhanced MRI. J Magn Reson Imaging.
2013;38(1):119–26. https://doi.org/10.1002/jmri.23952.
Negri FV, Wotherspoon A, Cunningham D, Norman AR, Chong G, Ross PJ.
Mucinous histology predicts for reduced fluorouracil responsiveness and
survival in advanced colorectal cancer. Ann Oncol. 2005;16(8):1305–10.
https://doi.org/10.1093/annonc/mdi244.
Mekenkamp LJM, Heesterbeek KJ, Koopman M, Tol J, Teerenstra S,
Venderbosch S, et al. Mucinous adenocarcinomas: poor prognosis in
metastatic colorectal cancer. Eur J Cancer. 2012;48(4):501–9. https://doi.
org/10.1016/j.ejca.2011.12.004.
Park JS, Huh JW, Park YA, Cho YB, Yun SH, Kim HC, et al. Prognostic
comparison between mucinous and nonmucinous adenocarcinoma in
colorectal cancer. Medicine. 2015;94(15):e658. https://doi.org/10.1097/
md.0000000000000658.
Sengul N, Wexner SD, Woodhouse S, Arrigain S, Xu M, Larach JA, et al.
Effects of radiotherapy on different histopathological types of rectal
carcinoma. Colorect Dis. 2006;8(4):283–8. https://doi.org/10.111
1/j.1463-1318.2005.00934.x.
Simha V, Kapoor R, Gupta R, Bahl A, Nada R. Mucinous adenocarcinoma of the rectum: a poor candidate for neo-adjuvant chemoradiation? J Gastrointest Oncol. 2014;5(4):276–9. https://doi.org/10.3978/j.
issn.2078-6891.2014.020.
Chand M, Rasheed S, Bhangu A, Stamp GW, Swift RI, Tekkis PP, et al.
Adjuvant chemotherapy improves overall survival after TME surgery in
mucinous carcinoma of the rectum. Eur J Surg Oncol. 2014;40(2):240–5.
https://doi.org/10.1016/j.ejso.2013.11.005.
Hugen N, van de Velde CJ, Bosch SL, Futterer JJ, Elferink MA, Marijnen
CA, et al. Modern treatment of rectal cancer closes the gap between
common adenocarcinoma and mucinous carcinoma. Ann Surg Oncol.
2015;22(8):2669–76. https://doi.org/10.1245/s10434-014-4339-5.
Liu Z, Meng L, Zhang K, Qin Z, Wang G, Meng Q, et al. Comparison of
FOLFOX and FOLFIRI adjuvant chemotherapy regimens in the treatment
of colorectal mucinous adenocarcinoma. Chin J Colorec Dis (Electronic
Edition). 2016;5(02):159–62.
Arnold D, Lueza B, Douillard JY, Peeters M, Lenz HJ, Venook A, et al.
Prognostic and predictive value of primary tumour side in patients with
RAS wild-type metastatic colorectal cancer treated with chemotherapy
and EGFR directed antibodies in six randomized trials. Ann Oncol.
2017;28(8):1713–29. https://doi.org/10.1093/annonc/mdx175.
Venook AP, Niedzwiecki D, Innocenti F, Fruth B, Greene C, O’Neil BH, et al.
Impact of primary (1 degrees) tumor location on overall survival (OS) and
progression-free survival (PFS) in patients (pts) with metastatic colorectal
cancer (mCRC): analysis of CALGB/SWOG 80405 (Alliance). J Clin Oncol.
2016. https://doi.org/10.1200/jco.2016.34.15_suppl.3504.

Page 12 of 13

73. Razenberg LG, van Gestel YR, Lemmens VE, de Hingh IH, Creemers GJ.
Bevacizumab in addition to palliative chemotherapy for patients with
peritoneal carcinomatosis of colorectal origin: a nationwide population-based study. Clin Colorect Cancer. 2016;15(2):e41–6. https://doi.
org/10.1016/j.clcc.2015.12.006.
74. Venook AP, Niedzwiecki D, Lenz HJ, Innocenti F, Fruth B, Meyerhardt
JA, et al. Effect of first-line chemotherapy combined with cetuximab
or bevacizumab on overall survival in patients with KRAS wild-type
advanced or metastatic colorectal cancer: a randomized clinical trial.
JAMA. 2017;317(23):2392–401. https://doi.org/10.1001/jama.2017.7105.
75. Sato N, Saga Y, Mizukami H, Wang D, Fujiwara H, Takei Y, et al. Cetuximab
inhibits the growth of mucinous ovarian carcinoma tumor cells lacking KRAS gene mutations. Oncol Rep. 2012;27(5):1336–40. https://doi.
org/10.3892/or.2012.1626.
76. Collinson F, Hutchinson M, Craven RA, Cairns DA, Zougman A, Wind TC,
et al. Predicting response to bevacizumab in ovarian cancer: a panel of
potential biomarkers informing treatment selection. Clin Cancer Res.
2013;19(18):5227–39. https://doi.org/10.1158/1078-0432.ccr-13-0489.
77. Rauh-Hain JA, Guseh SH, Esselen KM, Growdon WB, Schorge JO, Horowitz
NS, et al. Patterns of recurrence in patients treated with bevacizumab
in the primary treatment of advanced epithelial ovarian cancer. Int J
Gynecol Cancer. 2013;23(7):1219–25. https://doi.org/10.1097/IGC.0b013
e31829f17c9.
78. Lee JY, Kim K, Lee YS, Kim HY, Nam EJ, Kim S, et al. Treatment preferences
of advanced ovarian cancer patients for adding bevacizumab to first-line
therapy. Gynecol Oncol. 2016;143(3):622–7. https://doi.org/10.1016/j.
ygyno.2016.10.021.
79. Liu H, Shi Y, Zhang GN, Song SQ, Hu T. Addition of bevacizumab to neoadjuvant chemotherapy for stage IV ovarian serous adenocarcinoma with
multiple lymph node metastases: a case report. Eur J Gynaecol Oncol.
2015;36(3):341–5.
80. Vernmark K, Albertsson M, Bjornsson B, Gasslander T, Sandstrom P, Sun
XF, et al. From palliative to curative treatment—stage IV mucinous
adenocarcinoma, successfully treated with metronomic capecitabine in
combination with Bevacizumab and surgery—a case report. BMC cancer.
2015;15:884. https://doi.org/10.1186/s12885-015-1908-3.
81. Turaga K, Levine E, Barone R, Sticca R, Petrelli N, Lambert L, et al.
Consensus guidelines from The American Society of Peritoneal Surface
Malignancies on standardizing the delivery of hyperthermic intraperitoneal chemotherapy (HIPEC) in colorectal cancer patients in the United
States. Ann Surg Oncol. 2014;21(5):1501–5. https://doi.org/10.1245/s1043
4-013-3061-z.
82. Kelly KJ. Management of appendix cancer. Clin Colon Rectal Surg.
2015;28(4):247–55. https://doi.org/10.1055/s-0035-1564433.
83. Pereira de Sousa I, Cattoz B, Wilcox MD, Griffiths PC, Dalgliesh R, Rogers
S, et al. Nanoparticles decorated with proteolytic enzymes, a promising strategy to overcome the mucus barrier. Eur J Pharm Biopharm.
2015;97(Pt A):257–64. https://doi.org/10.1016/j.ejpb.2015.01.008.
84. Marxen E, Mosgaard MD, Pedersen AML, Jacobsen J. Mucin dispersions as a model for the oromucosal mucus layer in in vitro and ex vivo
buccal permeability studies of small molecules. Eur J Pharm Biopharm.
2017;121:121–8. https://doi.org/10.1016/j.ejpb.2017.09.016.
85. Sigurdsson HH, Kirch J, Lehr CM. Mucus as a barrier to lipophilic
drugs. Int J Pharm. 2013;453(1):56–64. https://doi.org/10.1016/j.ijpha
rm.2013.05.040.
86. Pearson JP, Chater PI, Wilcox MD. The properties of the mucus barrier, a
unique gel–how can nanoparticles cross it? Ther Deliv. 2016;7(4):229–44.
https://doi.org/10.4155/tde-2015-0002.
87. Loftsson T. Drug permeation through biomembranes: cyclodextrins and
the unstirred water layer. Pharmazie. 2012;67(5):363–70.
88. Cu Y, Saltzman WM. DRUG DELIVERY stealth particles give mucus the slip.
Nat Mater. 2009;8(1):11–3. https://doi.org/10.1038/nmat2347.
89. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott
DF, et al. Safety, activity, and immune correlates of anti-PD-1 antibody
in cancer. N Engl J Med. 2012;366(26):2443–54. https://doi.org/10.1056/
NEJMoa1200690.
90. Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al. PD-1
blockade in tumors with mismatch-repair deficiency. N Engl J Med.
2015;372(26):2509–20. https://doi.org/10.1056/NEJMoa1500596.
91. Xiao Y, Freeman GJ. The microsatellite instable subset of colorectal cancer is a particularly good candidate for checkpoint

Luo et al. Cancer Commun

92.

93.
94.

95.

(2019) 39:13

blockade immunotherapy. Cancer Discov. 2015;5(1):16–8. https://doi.
org/10.1158/2159-8290.cd-14-1397.
Overman MJ, McDermott R, Leach JL, Lonardi S, Lenz H-J, Morse MA, et al.
Nivolumab in patients with metastatic DNA mismatch repair-deficient
or microsatellite instability-high colorectal cancer (CheckMate 142): an
open-label, multicentre, phase 2 study. Lancet Oncol. 2017;18(9):1182–91.
Kim JH, Park HE, Cho NY, Lee HS, Kang GH. Characterisation of PD-L1-positive subsets of microsatellite-unstable colorectal cancers. Br J Cancer.
2016;115(4):490–6. https://doi.org/10.1038/bjc.2016.211.
Overman MJ, Lonardi S, Wong KYM, Lenz H-J, Gelsomino F, Aglietta M,
et al. Durable clinical benefit with nivolumab plus ipilimumab in DNA
mismatch repair–deficient/microsatellite instability-high metastatic
colorectal cancer. J Clin Oncol. 2018;36(8):773–9. https://doi.org/10.1200/
JCO.2017.76.9901.
Lenz HJ, Van Cutsem E, Limon M, Wong K, Hendlisz A, Aglietta M, et al.
Durable clinical benefit with nivolumab (NIVO) plus low-dose ipilimumab
(IPI) as first-line therapy in microsatellite instability-high/mismatch repair
deficient (MSI-H/dMMR) metastatic colorectal cancer (mCRC). Ann Oncol.
2018;29(suppl_8):mdy424. 019.

Page 13 of 13

96. McDermott DF, Huseni MA, Atkins MB, Motzer RJ, Rini BI, Escudier B, et al.
Clinical activity and molecular correlates of response to atezolizumab
alone or in combination with bevacizumab versus sunitinib in renal cell
carcinoma. Nat Med. 2018;24(6):749–57. https://doi.org/10.1038/s4159
1-018-0053-3.
97. Hochster HS, Bendell JC, Cleary JM, Foster P, Zhang W, He X, et al. Efficacy
and safety of atezolizumab (atezo) and bevacizumab (bev) in a phase Ib
study of microsatellite instability (MSI)-high metastatic colorectal cancer
(mCRC). J Clin Oncol. 2017;35(4_suppl):673. https://doi.org/10.1200/
jco.2017.35.4_suppl.673.
98. Grillo-Ruggieri F, Mantello G, Berardi R, Cardinali M, Fenu F, Iovini G,
et al. Mucinous rectal adenocarcinoma can be associated to tumor
downstaging after preoperative chemoradiotherapy. Dis Colon Rectum.
2007;50(10):1594–603. https://doi.org/10.1007/s10350-007-9026-1.
99. Shin US, Yu CS, Kim JH, Kim TW, Lim S-B, Yoon SN, et al. Mucinous rectal
cancer: effectiveness of preoperative chemoradiotherapy and prognosis.
Ann Surg Oncol. 2011;18(8):2232–9. https://doi.org/10.1245/s1043
4-011-1612-8.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

