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Abstract: Mucinous adenocarcinoma (MAC) is a histological subtype
of colorectal cancer. The oncologic behavior of MAC differs from
nonmucinous adenocarcinoma (non-MAC). Our aim in this study was to
characterize patients with colorectal MAC through evaluation of a large,
institutional-based cohort with long-term follow-up.

A total of 6475 patients with stages I to III colorectal cancer who
underwent radical surgery were enrolled from January 2000 to Decem-
ber 2010. Prognostic comparison between MAC (n=274, 4.2%) and
non-MAC was performed.

The median follow-up period was 48.0 months. Patients with MAC
were younger than those without MAC (P =0.012) and had larger tumor
size (P<0.001), higher preoperative carcinoembryonic antigen
(P <0.001), higher pathologic T stage (P < 0.001), more right-sided
colon cancer (49.3%, P <0.001), and more frequent high-frequency
microsatellite instability (10.2%, P <0.001). Five-year disease-free
survival (DFS) was 76.5% in the MAC group and 83.2% in the non-
MAC group (P =0.008), and 5-year overall survival was 81.4% versus
87.4%, respectively (P =0.005). Mucinous histology (MAC vs non-
MAC) in the entire cohort was not an independent prognostic factor of
DFS but had a statistical tendency (P =0.071). In subgroup analysis of
colon cancer without rectal cancer, mucinous histology was an inde-
pendent prognostic factor (P =0.026).
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MAC was found at more advanced stage, located mainly at the right
side and was an independent factor of survival in colon cancer. Because
of the unique biological behavior of MAC, patients with MAC require
special consideration during follow-up.

(Medicine 94(15):e658)

Abbreviations: CEA = carcinoembryonic antigen, CT = computed
tomography, DFS = disease-free survival, HNPCC = hereditary
nonpolyposis colorectal cancer, MAC = mucinous adenocarcinoma,
MSI = microsatellite instability, MSS = microsatellite stability, OS
= overall survival, PET = positron emission tomography.

INTRODUCTION
M ucinous adenocarcinoma (MAC) is a histological subtype
of colorectal cancer. Population-based studies have indi-
cated that MACs accounts for 3.9% to 19% of colorectal cancer
worldwide.'™ According to the World Health Organization,
MAC is ‘‘an adenocarcinoma in which a substantial amount of
mucin (>50% of the tumor) is retained within the tumor.”*®
The oncologic behavior of MAC differs from nonmuci-
nous adenocarcinoma (non-MAC).” In particular, MAC has a
worse prognosis than the non-MAC form. Several studies have
reported the characteristics of MAC, but these reports have
limitations. Because MAC is relatively rare among adeno-
carcinomas, few large-scale studies on it have been performed.
Even for a large-scale study, the period of data collection would
need to be as long as 30 years to compare the results with
hereditary nonpolyposis colorectal cancer (HNPCC) and spora-
dic cancer. Limited information is provided in retrospective
studies.>>® Postoperative survival for patients with MAC by
stage is unclear and factors related to the survival of patients
with MAC have not been well studied. Therefore, our aim in this
study was to characterize patients with colorectal MAC through
evaluation of a large, institution-based cohort with long-term
follow-up.

METHODS

Records of 10,413 consecutive patients who underwent
surgery for colorectal cancer from January 2000 to December
2010 were analyzed. Patients with palliative resection, emergent
surgery, familial adenomatous polyposis or HNPCC, nonproven
adenocarcinoma, signet ring cell type, and stage IV and recur-
rent or metachronous cancer were excluded. Patients who
underwent preoperative therapy such as concurrent chemora-
diotherapy, radiotherapy, or chemotherapy were also excluded.
A total of 6475 patients were enrolled. Demographic data
including age, sex, preoperative carcinoembryonic antigen
(CEA) level, clinical bowel obstruction, clinical bowel perfor-
ation, pathologic features (T stage, N stage, lymphovascular and
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perineural invasion, microsatellite instability [MSI] status), and
adjuvant therapy were collected and analyzed. MAC was
defined as a tumor containing more than half mucin by volume
on histologic examination with pools of extracellular mucin
containing malignant epithelium as acinar structure, strips of
cells, or single cells.* Colorectal cancer was staged according to
the seventh American Joint Committee on Cancer tumor node
metastasis staging system. All pathologic slides were examined
by 2 experienced colorectal pathologists. High-frequency MSI
(MSI-H) was defined as >2 of the 5 markers exhibiting
instability, and low-frequency MSI (MSI-L) was defined as
when only 1 of the 5 markers was unstable. Tumors with MSI-L.

belong to the category of microsatellite stability (MSS) tumors
because they have a common molecular background.” Tumors
that exhibited MSI-H were classified as MSI and other tumors
were classified as having MSS.'® All colorectal resection was
performed with curative intent. This study was approved by the
Institutional Review Board of Samsung Medical Center, Seoul,
Korea.

Postoperative adjuvant treatment depended on the patient’s
general condition and compliance and physician preference.
Postoperative 5-fluorouracil-based chemotherapy was con-
sidered for all patients with T3, T4, or node-positive disease.
Local recurrence, distant metastasis, 5-year disease-free

TABLE 1. Clinicopathological Features of Patients With Colorectal Nonmucinous and Mucinous Adenocarcinoma

Mucinous Adenocarcinoma (n=274) Nonmucinous Adenocarcinoma (n=6201) P Value
Median age, y (range) 59 (24-84) 60 (22-90) 0.012
Sex (%) 0.213
Female 119 (43.4%) 2460 (39.7%)
Male 155 (56.6%) 3741 (60.3%)
Size, cm (range) 6.1 (0.1-16.0) 4.5 (0.1-21.0) <0.001
Location of cancer (%) <0.001
Right 135 (49.3%) 1312 (21.2%)
Left 72 (26.3%) 2578 (41.6%)
Rectum 67 (24.5%) 2311 (37.3%)
Preoperative CEA (range), ng/mL <0.001
<5 159 (58.0%) 4669 (75.3%)
>5 88 (32.1%) 1098 (17.7%)
N/A 27 (9.9% 434 (7.0%)
Clinical bowel obstruction (%) 0.310
Negative 236 (86.1%) 5467 (88.2%)
Positive 38 (13.9%) 734 (11.8%)
Clinical bowel perforation (%) 0.341
Negative 270 (98.5%) 6142 (99.0%)
Positive 4 (1.5%) 59 (1.0%)
Pathologic T category (%) <0.001
Tis, T1, T2 25 (9.1%) 1797 (29.0%)
T3, T4 249 (90.9%) 4404 (71.0%)
Pathologic N category (%) 0.104
Negative 147 (53.6%) 3634 (58.6%)
Positive 127 (46.4%) 2567 (41.4%)
Lymphovascular invasion (%) 0.117
Negative 117 (42.7%) 2879 (46.4%)
Positive 54 (19.7%) 1726 (27.8%)
N/A 103 (37.6%) 1596 (25.8%)
Perineural invasion (%) 0.807
Negative 145 (52.9%) 3709 (59.8%)
Positive 16 (5.8%) 437 (7.1%)
N/A 113 (41.3%) 2055 (33.1%)
MSI status <0.001
MSS 132 (48.2%) 4078 (65.8%)
MSI-L 9 (3.3%) 94 (1.5%)
MSI-H 28 (10.2%) 215 (3.5%)
N/A 105 (38.3%) 1814 (29.1%)
Adjuvant therapy <0.001
No 55 (20.1%) 2246 (36.2%)
Yes 215 (78.5%) 3860 (62.2%)
N/A 4 (1.4%) 95 (1.6%)

CEA = carcinoembryonic antigen, MSI-H = high-frequency microsatellite instability, MSI-L =low-frequency microsatellite instability,

MSS = microsatellite stability, N/A =not assessed.
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survival (DFS), and 5-year overall survival (OS) were assessed.
Patients were followed at 3-month intervals for 2 years, at
6-month intervals for the next 3 years, and annually thereafter.
On a semiannual basis or on suspicion of recurrence, follow-up
examinations, including clinical history, physical examination,
serum CEA assay, chest x-ray, abdominopelvic computed tom-
ography (CT) or magnetic resonance imaging, colonoscopy, or
positron emission tomography (PET) scanning, were per-
formed. Recurrence was determined by clinical and radiologic
examination or histologic confirmation. The main pattern of
recurrence was recorded as the first site of detectable failure
during the follow-up period.

Statistical analyses were carried out using the Statistical
Package for the Social Sciences for Windows, version 18.0
(SPSS Inc, Chicago, IL). The significance of differences
between the groups was evaluated using a x> test or analysis
of variance, as appropriate. Survival rates were calculated using
the Kaplan—Meier method and prognostic factors and survival
curves were compared using log-rank test factors. Factors that
were significant (P < 0.05) on univariate analysis were entered
into multivariate analysis using the Cox model. Variables
potentially related to the risk of DFS or OS with P < 0.100
on univariate analysis were included in multivariate analysis. A
P value of <0.05 was considered statistically significant.

RESULTS

The demographic features of patients with MAC and non-
MAC are in Table 1. The 2 groups showed no differences in sex,
pathologic N category, bowel obstruction, bowel perforation, and
lymphovascular or perineural invasion. Patients with MAC were
younger than those with nonmucinous carcinoma (P = 0.012) and
had larger tumor sizes (P < 0.001), higher preoperative CEA
(P < 0.001) and higher pathologic T stage (P < 0.001). MAC was
mainly located in the right colon (49.3% MAC vs 21.2% non-
MAC, P <0.001). Patients with MSI-H were more often in the
mucinous group (Table 1). Adjuvant therapy such as concurrent
chemoradiotherapy, chemotherapy, or radiotherapy was admi-
nistered to 215 patients (78.5%) in the mucinous group and 3860
(62.2%) in the nonmucinous group. The median follow-up period
was 48.0 months (range: 0—165 months).

We analyzed 5-year DFS and 5-year OS between the 2
groups and found that 5-year DFS was 76.5% in the mucinous
group and 83.2% in the nonmucinous group (P =0.008). The
S-year OS results were significantly different at 81.3% for the
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mucinous group versus 87.4% for the nonmucinous group
(P=0.005) (Figure 1). In subgroup analysis for stage 3 color-
ectal cancer, there was difference in the 5-year DFS, 75.7% in
the mucinous group and 68.0% in the nonmucinous group
(P=0.018). Five-year OS of stage 3 was also different
(88.5% vs 71.0%, respectively) (P <0.001). But, 5-year DFS
and OS in stages 0, 1, and 2 revealed that there were no
significant differences between the 2 groups.

Univariate analyses demonstrated that age (P <0.001),
tumor size (P < 0.001), cancer location (P < 0.001), preopera-
tive CEA (>5 ng/mL) (P <0.001), pathologic T category
(P <0.001), pathologic N category (P < 0.001), bowel obstruc-
tion (P <0.001), lymphovascular invasion (P < 0.001), peri-
neural invasion (P<0.001), and mucinous histology
(P=0.001) were associated with DFS. Multivariate analysis
confirmed that age (P < 0.001), location of cancer (P < 0.001),
preoperative CEA (>5 ng/mL) (P <0.001), pathologic T
category (P < 0.001), pathologic N category (P < 0.001), bowel
obstruction (P =0.030), and perineural invasion (P < 0.001)
were independent prognostic factors for DFS. However, muci-
nous histology (MAC or non-MAC) was not an independent
factor for DFS (P=0.071) (Table 2).

The results of univariate analyses of the relationships
between tested factors and OS were not different from the
results for DFS. Multivariate analysis confirmed that age
(P <0.001), cancer location (P <0.001), preoperative CEA
(>5 ng/mL) (P <0.001), pathologic T category (P < 0.001),
pathologic N category (P <0.001), bowel obstruction
(P=0.009), and perineural invasion (P < 0.001) were indepen-
dent prognostic factors for OS (Table 3).

Multivariate subgroup analysis for colon location without
rectal cancer revealed that age (P < 0.001), preoperative CEA
(>5 ng/mL) (P <0.001), pathologic T category (P =0.013),
pathologic N category (P =0.001), perineural invasion
(P =0.020), and mucinous histology (P = 0.026) were indepen-
dent factors for DFS (Table 4). However, in multivariate
analysis, mucinous histology for rectal location was not an
independent prognostic factor (P=0.854). In addition, we
performed subgroup analysis according to cancer stage.
Multivariate analysis for stage III colorectal cancer revealed
that mucinous histology had no significance for DFS
(P=0.057).

Recurrence occurred in 58 of 274 patients (21.2%) in the
MAC group and in 919 of 6201 (14.8%) in the non-MAC group
(P =0.004). Locoregional recurrence was 17.2% (10/58) in the
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FIGURE 1. Disease-free survival rate and overall survival rate for the mucinous carcinoma and nonmucinous carcinoma groups.
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TABLE 2. Predictive Factors for Disease-Free Survival by Univariate and Multivariate Analyses of the Cohort (n=6475)

Univariate Analysis

Multivariate Analysis

HR 95% CI P HR 95% CI P

Age, y >60/<60 1.72 1.49-1.98 <0.001 1.83 1.43-2.34 <0.001
Sex Male/female 1.03 0.89-1.19 0.676

Size, cm >4.5/<4.5 1.87 1.62-2.16 <0.001 1.22 0.94-1.58 0.127
Location of cancer Rectum/colon 1.67 1.45-1.92 <0.001 2.03 1.59-2.60 <0.001
Preoperative CEA >5/<5 2.56 2.19-2.99 <0.001 1.87 1.45-2.40 <0.001
T category 3, 4/Tis, 1, 2 3.77 3.00-4.75 <0.001 3.05 1.91-4.86 <0.001
N category +/— 2.88 2.49-3.32 <0.001 2.13 1.63-2.80 <0.001
Bowel obstruction +/— 1.49 1.23-1.81 <0.001 1.42 1.03-1.94 0.030
Bowel perforation +/— 1.26 0.66—2.44 0.485

Lymphovascular invasion +/— 2.59 2.14-3.12 <0.001 1.17 0.89-1.54 0.275
Perineural invasion +/— 3.37 2.63-4.33 <0.001 1.76 1.30-2.38 <0.001
MSI status MSI-H/MSI-L, MSS 0.78 0.46—1.30 0.336

Adjuvant therapy +/— 1.12 0.96-1.30 0.145

Mucinous histology MAC/non-MAC 1.59 1.21-2.10 0.001 1.58 0.96-2.58 0.071

CEA = carcinoembryonic antigen, CI = confidence interval, HR = hazard ratio, MAC = mucinous adenocarcinoma, MSI-H = high-frequency
microsatellite instability, MSI-L = low-frequency microsatellite instability, MSS = microsatellite stability, Tis = carcinoma in situ.

MAC group and 13.7% (126/919) in the non-MAC group
(P=0.451). Distant recurrence was 75.9% (44/58) and
81.1% (745/919), respectively (P=0.329). In distant recur-
rence, lung metastasis occurred more often in the nonmucinous
group (20.5% vs 39.2%, P=0.013) but peritoneal metastasis
was found more often in the mucinous group (31.8% vs 5.8%,
P <0.001) (Table 5).

DISCUSSION
MAC is an uncommon and rare histopathological type of
colorectal cancer. In this study, patients with MAC were
younger, had larger tumor sizes, a majority of right-sided colon
cancer, and more advanced status and MSI-H compared with

patients with non-MAC. These results were in accordance with
other several studies.' > The proportion of MAC was 4.2% in
this study, in close agreement with other studies, which reported
results of 3.9% to 19%.'"> Although several similar studies
have been reported, they had a small sample size; our report was
a large-scale, long-term study.

Even though poorer DFS and OS were seen for the MAC
group compared with the non-MAC group, MAC histology was
not a significant prognostic factor for DFS or OS. These results
were in agreement with the previous studies.>>!! In subgroup
analysis according to primary cancer location, mucinous
histology was not a prognostic risk factor in subgroup analysis
of cancers of the rectum but was an independent prognostic
factor for cancers of the colon. The reason might be that MAC

TABLE 3. Predictive Factors for Overall Survival by Univariate and Multivariate Analyses of the Cohort (n=6475)

Univariate Analysis

Multivariate Analysis

HR 95% CI P HR 95% CI P

Age, y >60/<60 1.83 1.59-2.10 <0.001 2.01 1.57-2.57 <0.001
Sex Male/female 1.03 0.890-1.18 0.722

Size, cm >4.5/<4.5 1.75 1.52-2.02 <0.001 1.22 0.94-1.58 0.133
Location of cancer Rectum/colon 1.59 1.39-1.83 <0.001 1.90 1.48-2.44 <0.001
Preoperative CEA >5/<5 2.40 2.05-2.80 <0.001 1.82 1.42-2.34 <0.001
T category 3, 4/Tis, 1, 2 3.48 2.76-4.38 <0.001 2.92 1.83-4.66 <0.001
N category +/— 2.81 2.43-3.24 <0.001 2.06 1.57-2.71 <0.001
Bowel obstruction +/— 1.53 1.26-1.86 <0.001 1.53 1.11-2.09 0.009
Bowel perforation +/— 1.24 0.64-2.39 0.524

Lymphovascular invasion +/— 2.59 2.15-3.13 <0.001 1.26 0.96—-1.66 0.101
Perineural invasion +/— 3.15 2.46-4.05 <0.001 1.78 1.32-2.40 <0.001
MSI status MSI-H/MSI-L, MSS 0.75 0.45-1.26 0.276

Adjuvant therapy +/—= 1.02 0.88-1.19 0.796

Mucinous histology MAC/non-MAC 1.49 1.13-1.96 0.005 1.59 0.97-2.61 0.064

CEA = carcinoembryonic antigen, CI = confidence interval, HR = hazard ratio, MAC = mucinous adenocarcinoma, MSI-H = high-frequency
microsatellite instability, MSI-L = low-frequency microsatellite instability, MSS = microsatellite stability, Tis = carcinoma in situ.
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TABLE 4. Predictive Factors for Disease-Free Survival by Univariate and Multivariate Analyses for Cancers of the Colon (n =4097)

Univariate Analysis

Multivariate Analysis

HR 95% CI P HR 95% CI P

Age, y >60/<60 2.09 1.71-2.56 <0.001 2.52 1.73-3.69 <0.001
Sex Male/female 1.09 0.89-1.32 0.420

Size, cm >4.5/<4.5 2.04 1.67-2.50 <0.001 1.34 0.92-1.95 0.126
Preoperative CEA >5/<5 2.71 2.18-3.37 <0.001 1.83 1.27-2.64 0.001
T category 3, 4/Tis, 1, 2 4.45 3.09-6.42 <0.001 2.45 1.20-4.97 0.013
N category +/— 2.59 2.13-3.15 <0.001 1.94 1.34-2.83 0.001
Bowel obstruction +/— 1.83 1.45-2.30 <0.001 1.47 0.99-2.19 0.054
Bowel perforation +/— 1.44 0.64-3.23 0.373

Lymphovascular invasion +/— 2.28 1.76-2.95 <0.001 1.24 0.83-1.86 0.294
Perineural invasion +/— 2.72 1.87-3.96 <0.001 1.72 1.09-2.72 0.020
MSI status MSI-H/MSI-L, MSS 0.77 0.43-1.39 0.391

Adjuvant therapy +/— 0.88 0.72—-1.08 0.210

Mucinous histology MAC/non-MAC 1.60 1.12-2.29 0.009 1.99 1.08-3.63 0.026

CEA = carcinoembryonic antigen, CI = confidence interval, HR = hazard ratio, MAC = mucinous adenocarcinoma, MSI-H = high-frequency
microsatellite instability, MSI-L = low-frequency microsatellite instability, MSS = microsatellite stability, Tis = carcinoma in situ.

tended to be found more often in the colon. This was also a
characteristic of MAC in other reports.3’7’ll In addition, in
subgroup analysis according to stage, mucinous histology
had marginal significance for stage III (P =0.057). This result
corresponded to other results on stage III patients.'> Although
distinct clinical results were not shown, the worse prognosis
with MAC might be because metastatic regional lymph nodes
were involved. The patients with MAC underwent more adju-
vant therapy (78.5%) than patients with non-MAC (62.2%)
(P <0.001). It presumed that the patients with MAC had more
advanced cases than non-MAC. Although the patients with
stage 11l were not different (46.4% vs 41.4%, P=0.104), the
patients with stage I in MAC (48.2% vs 34.9%, P <0.001)
were more than non-MAC. Pathologic T category in MAC was
higher than non-MAC (90.0% vs 71.0%, P < 0.001). This result
is in close agreement with other study that the patients with
MAC had more advanced tumor stage and could profit from
closer follow-up or even intensified adjuvant therapy."'"

More local or distant recurrences after radical surgery
occurred in the mucinous group. Peritoneal metastasis was
common in the mucinous group, whereas lung metastasis
occurred more often in the nonmucinous group. Liver metastasis

TABLE 5. Recurrence Patterns

P

Mucinous Nonmucinous Value

Total 58/274 (21.2%) 919/6201 (14.8%) 0.004
Locoregional 10 (17.2%) 126 (13.7%)  0.451
Distant 44 (75.9%) 745 (81.1%)  0.329
Liver 9 (20.5%) 255 (34.2%)  0.060
Lung 9 (20.5%) 292 (39.2%)  0.013
Liver and lung 0 (0.0%) 33 (4.4%) 0.250
Peritoneum 14 (31.8%) 43 (5.8%)  <0.001
Distant lymph 6 (13.6%) 75 (10.1%)  0.441

node

Other site 6 (13.6%) 47 (6.3%) 0.110
Both 4 (6.9%) 48 (5.2%) 0.543

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

had marginal significance in the nonmucinous group. Several
studies suggest that a high rate of peritoneal metastases
(36%—48.2%) is observed in patients with MAC."* !> The reason
for the peritoneal metastasis is not clear, but 1 study hypothesized
that the production of mucus under pressure allows cancers to
separate tissue planes in the bowel wall and gain access to the
peritoneal cavity. In addition, the fluid produced by these tumors
is taken up by the lymphatic system, which helps to push the
tumor into regional lymph nodes.'® Peritoneal metastases are
associated with poor prognosis. Survival is even worse if metas-
tases to other organs are present.!” Therefore, in patients with
MAC, imaging techniques such as PET-CT should be employed
carefully during follow-up for early detection of peritoneal
metastases.

More MSI-H is found in MAC than non-MAC
patients.'*'® MSI status was not a significant prognostic factor
in our results, even in subgroup analysis according to stage (data
not shown). This result was in close agreement with a previous
study.'? CRC patients with MSI-H have a significantly better
prognosis compared to patients with intact mismatch repair.' >
Well-planned studies are required to resolve this issue.

The limitations of this study were that it was from a single
institution and the retrospective study design might result in
biases. The 2 groups had different clinicopathologic character-
istics. However, our report did not intend to compare and
analyze equivalent groups, but to determine the characteristics
of MAC and non-MAC.

In conclusion, MAC was found at more advanced stage and
was mainly located at the right side of the colon. MAC indicated
a worse prognosis for colon cancer. Our data suggested that
patients with MAC could benefit from closer follow-up because
their high rates of peritoneal metastasis are a known factor for
poor prognosis. The biological behavior of MAC differs from
non-MAC, so patients with MAC require special awareness
during follow-up.
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