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Purpose: Mucinous adenocarcinomas account for about 10% of all colorectal cancers. This study aimed to investigate the 
prognostic impact of mucinous histologic subtype on oncologic outcomes in patients with colorectal cancer. 
Methods: This retrospective study was performed at two large tertiary university hospitals. We analyzed the characteristics, 
prognostic factors, and survival of patients with colorectal cancer who were treated and followed up between 2000 and 
2013. 
Results: Totally, 144 of 1,268 patients with a colorectal adenocarcinoma (11.4%) had mucinous histologic subtype. Statisti-
cally significant results found in this research are as follows: Mucinous histologic subtype tended to present in younger pa-
tients and to have larger tumor size, higher histologic grade, higher node stage, larger number of positive nodes, and higher 
rate of perineural invasion compared to nonmucinous histologic subtype. On the univariate analysis, mucinous subtype 
was a prognostic factor for disease-free and overall survival. On the multivariate analysis, primary tumor location, node 
stage and lymphatic-vascular invasion were independent prognostic factors for the local control rate. Rectal tumor location, 
higher disease stage, tumor grade II, and presence of lymphatic-vascular invasion had negative influences on disease-free 
survival, as did rectal tumor location, higher disease stage and presence of lymphatic-vascular invasion on overall survival. 
Conclusion: Mucinous histologic subtype was associated with some adverse pathologic features in patients with colorectal 
cancer; however, it was not an independent prognostic factor for oncologic outcome.
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INTRODUCTION

Colorectal cancer is the third most common cancer in the world 
[1]. In Iran, colorectal cancer is the fifth common cancer among 
men and the third among women [2]. A mucinous colorectal car-
cinoma (MCC) is histologically defined as a tumor with more 
than 50% extracellular mucin. This pathologic subtype comprises 

10%–15% of all colorectal cancers [3, 4]. Although the prognostic 
significances of several characteristics, including the TNM stage, 
tumor grade, preoperative carcinoembryonic antigen (CEA) level, 
lymphovascular invasion, and surgical margin status, have been 
clearly established in patients with colorectal cancer, the effect of 
mucinous histology on tumor local control (LC) and overall sur-
vival (OS) is still under debate [5-7]. In most series, a predilection 
exists for the MCC to occur in the right colon; however, some re-
ports indicate the sigmoid colon and the rectum as being com-
mon locations for a MCC, as well [8, 9]. Furthermore, an associa-
tion exists between the mucinous subtype and adverse pathologi-
cal features in patients with colorectal cancer. MCCs tend to have 
larger tumor size, higher histologic grade, higher primary tumor 
and node stage, higher number of positive nodes, higher rate of 
perineural invasion, and more frequent high-frequency microsat-
ellite instability compared to nonmucinous colorectal carcinomas 
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(NMCCs) [4, 10]. Currently, mucinous histology does not influ-
ence treatment decision-making for this cancer [11]. However, 
evidence has suggested that a MCC is a biologically distinct dis-
ease requiring special clinical consideration and treatment strat-
egy [12-14]. This study aims to investigate the clinicopathological 
features of MCCs and to identify the relationship between this 
histology and patients’ oncologic outcomes. 

METHODS

This retrospective study was performed at two large tertiary aca-
demic hospitals. We analyzed the characteristics, prognostic fac-
tors, and survival of patients with colorectal cancer who were 
treated and followed up between January 2000 and December 
2013. This study was approved by the local university’s ethics 
committee in accordance with the ethical standards laid down in 
the 1964 Declaration of Helsinki. The median follow-up was 62 
months for the surviving patients. Tumor staging was performed 
using the seventh edition of the American Joint Committee on 
Cancer (AJCC) TNM  staging system [1]. In this study, mucinous 
histologic subtype was defined as being composed of more than 
50% extracellular mucin. All tumors were graded according to the 
World Health Organization standard for tumors of the digestive 
system. Tumor grading was determined using the content and the 
appearance of glandular structures between histologic subtypes. 
Preliminary evaluation included comprehensive history and 
physical examination, colonoscopy, complete blood cell count, 
liver and renal function studies, CEA level, and chest, abdominal, 
and pelvic computed tomography scans. Moreover, a standard 
open or laparoscopic surgery was performed for the colectomy, 
low anterior resection, or abdominoperineal resection in 1,126 
patients (88%).  

Chemotherapy consisted of intravenous bolus 5-fluorouracil 
(425 mg/m2/day) and leucovorin (20 mg/m2/day) on days 1 to 5 
every 3 weeks. Monotherapy with oral capecitabine (825 mg/m2) 
was administered twice daily for 14 days every 3 weeks, and 
capecitabine (1,000 mg/m2) was administered twice daily for 14 
days every 3 weeks plus oxaliplatin (130 mg/m2) intravenously on 
day 1 ([capecitabine + oxaliplatin (CAPEOX) regimen]) or oxali-
platin (5 mg/m2) on day 1 plus a 2-hour infusion of leucovorin 
(200 mg/m2) on days 1 and 2, followed by bolus 5-FU (400 mg/
m2) and then 5-FU (600 mg/m2) over a 22-hour infusion on days 
1 and 2 every 2 weeks ([oxaliplatin + 5-fluorouracil + folinic acid 
(FOLFOX) regimen]). Additionally, capecitabine monotherapy or 
bolus 5-FU/ leucovorin was used for concurrent chemotherapy in 
cases that received neoadjuvant or adjuvant chemoradiation.

Clinical and pathologic variables were analyzed using the IBM 
SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY, USA). Categori-
cal variables of patients’ demographics (such as sex and catego-
rized age), tumor characteristics (such as stage, grade, surgical 
marine status, lymphatic vascular invasion, perineural invasion, 
and categorized tumor size), and treatment modalities (such as 

adjuvant radiotherapy) were compared using the chi-square test. 
On the other hand, the Student t-test was used for continuous 
variables, such as patients’ ages and tumor sizes. Proportions were 
also compared through Fisher exact test for unordered or ordered 
categorical variables. Moreover, univariate analyses for LC, dis-
ease-free survival (DFS), and OS rates were carried out using the 
Kaplan-Meier method, and prognostic factors were compared us-
ing the log-rank test. Furthermore, multiple-covariate analyses 
were performed using the stepwise regression hazards regression 
model. The hazard ratio for death with a 95% confidence interval 
was calculated for the variable groups. The log-rank test was also 
employed to compare the treatment results in each variable group. 
All the statistical tests were 2-sided, and P-values less than 0.05 
were considered to be statistically significant.

RESULTS

The study subjects included 540 female and 728 male subjects 
with an age range from 17 to 90 years. The median age at diagno-
sis was 56 years for all the patients. Among the 1,268 patients with 
a colorectal adenocarcinoma, 144 (11.4%) had a mucinous histo-
logic subtype. The peak frequency was observed between the 
sixth and the seventh decades of life in both genders. In the MCC 
group were 85 male and 59 female subjects with a mean age of 
52.5 years (range, 22–84 years). In the NMCC group were 643 
male and 481 female subjects with a median age of 56.3 years 
(range, 17–90 years). The results showed a significant difference 
between the MCC and the NMCC groups regarding the patients’ 
mean age (52.5 ± 15.1 years vs. 56.3 ± 14.0 years, P = 0.002). 
However, no significant difference was found between the 2 
groups concerning the male/female ratio (1.4 vs. 1.3, P = 0.721).

A comparison of the clinicopathologic characteristics of the 144 
patients with a MCC to those of the 1,124 patients with a NMCC 
is presented in Table 1. Compared to the patients in the NMCC 
group, those in the MCC showed a predilection for the tumor’s 
location to be in the right colon and the sigmoid colon (P = 
0.005). In addition, in the MCC group, the tumors tended to have 
larger size (P = 0.004), higher histologic grade (P = 0.001), higher 
node stage (P = 0.009), larger number of positive nodes (P < 
0.001), and higher rate of perineural invasion (P = 0.038). How-
ever, no statistically significant differences were observed between 
the MCC and the NMCC groups in terms of surgical margin sta-
tus, pathologic tumor stage (T-stage), AJCC stage, and presence 
of lymphatic vascular invasion. 

The 5- and the 10-year LC rates for the patients in the MCC 
group were 78.4% and 76.4%, respectively. On the univariate 
analysis, the primary tumor location (P = 0.001), lymphatic-vas-
cular invasion (P < 0.001), and perineural invasion (P = 0.047) 
were found to be prognostic factors for LC. On the multivariate 
analysis, the primary tumor location, node stage and lymphatic-
vascular invasion were found to be independent prognostic fac-
tors for LC. Rectal tumor location (P < 0.001), N2 node stage (P = 
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0.001) and presence of lymphatic-vascular invasion (P < 0.001) 
had negative impacts on LC. 

The 5- and the 10-year DFS rates for all the patients with 
colorectal cancer were 56.1% and 53.0%, respectively. On the uni-
variate analysis, tumor stage (P < 0.001), node stage (P < 0.001), 
disease stage (P < 0.001), surgical margin status (P = 0.016), lym-
phatic-vascular invasion (P < 0.001), mucinous subtype (P = 
0.001) (Fig. 1), and perineural invasion (P < 0.001) were found to 
be prognostic factors for DFS (Table 2). On the multivariate anal-
ysis, on the other hand, rectal tumor location (P = 0.004), higher 
disease stage (P < 0.001), tumor grade II (P = 0.044), and presence 
of lymphatic-vascular invasion (P < 0.001) had negative influ-
ences on DFS.

Table 1. Clinical and pathological characteristics of 1,268 patients 
with colorectal cancer

Variable
Histologic subtype

P-value
Mucinous Nonmucinous

No. of patients 144 (11.5) 1,124 (88.5)

Sex   0.721a

   Male 85 (59) 643 (57)

   Female 59 (41) 481 (43)

Age (yr) 52.5 ± 15.1 56.3 ± 14.0 0.002

Tumor size (cm) 6.1 ± 3.1 4.9 ± 4.3 0.001

Tumor location 0.001

   Right colon 50 (35) 233 (21)

   Left colon 33 (23) 338 (30)

   Rectum 61 (42) 553 (49)

Tumor stage   0.868

   T1 1 (1) 15 (2)

   T2 26 (21) 179 (19)

   T3 87 (69) 676 (71)

   T4 11 (9) 81 (8)

Node stage 0.009

   N0 72 (61) 578 (62)

   N1 23 (19) 246 (27)

   N2 24 (20) 102 (11)

Disease stage 0.137

   I 24 (18) 156 (15)

   II 51(38) 474 (47)

   III 44 (33) 329 (33)

   IV 17 (11) 81 (5)

Tumor grade 0.001

   I 62 (46) 599 (59)

   II 51 (38) 345 (34)

   III 21 (16) 76 (7)

Surgical margin status 0.301

   Free 140 (97) 1,067 (95)

   Involved 4 (3) 57 (5)

Lymphatic-vascular invasion 0.669

   Negative       115 (80) 248 (22)

   Positive 29 (20) 876 (88)

Perineural invasion 0.038

   Negative 113 (78) 958 (85)

   Positive 31 (22) 166 (15)

No. of evaluated LNs 10.0 ± 9.0 8.6 ± 7.9 0.064

No. of involved LNs 2.2 ± 4.9 1.1 ± 2.9 <0.001

Values are presented as number (%) or mean ± standard deviation.
LN, lymph node.
aFisher exact test.

Fig. 1. Kaplan-Meier survival curves for overall survival categorized 
according to histologic subtype.
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Fig. 2. Kaplan-Meier survival curves for disease-free survival catego-
rized according to histologic subtype.
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Table 2. Univariate analysis of prognostic factors for disease-free 
survival in 1,268 patients with colorectal cancer

Variable 5-Year DFS (%) P-value HR 95% CI

No. of patients 56.1

Sex   0.428 1.08 0.897–1.301

   Male 54.8

   Female 56.9

Age (yr) 0.048 1.20 1.002–1.446

   ≤55 57.6

   >55 54.4

Tumor size (cm) 0.043 1.23 1.002–1.516

   ≤5 58.8

   >5 52.9

Tumor location 0.404

   Right colon 59.0 1.00

   Left colon 56.8 1.03 0.802–1.331

   Rectum 52.0 1.14 0.910–1.441

Tumor stage   <0.001

   T1 80.2 1.00

   T2 77.5 1.42 0.069–1.189

   T3 49.1 3.52 0.261–0.637

   T4 53.5 3.42 0.712–1.430

Node stage <0.001

   N0 62.1 1.00

   N1 46.2 1.57 1.247–1.975

   N2 26.8 2.58 1.995–3.344

Disease stage <0.001

   I 80.1 1.00

   II 57.9 2.15 1.487–3.123

   III 44.2 3.25 2.244–4.731

   IV 21.9 5.60 3.689–8.520

Tumor grade 0.055

   I 58.3 1.00

   II 51.2 1.22 0.997–1.496

   III 45.0 1.36 0.978–1.912

Surgical margin status 0.016 2.08 1.469–2.956

   Free 79.0

   Involved 64.2

Lymphatic-vascular invasion <0.001 2.41 1.999–2.922

   Negative 86.6

   Positive 48.7

Perineural invasion <0.001 2.28 1.867–2.806

   Negative 84.0

   Positive 47.9

Mucinous subtype 0.001 1.69 1.330–2.163

   Yes 39.7

   No 57.6

DFS, disease-free survival; HR, hazard ratio; CI, confidence interval. 

Table 3. Univariate analysis of prognostic factors for overall survival 
in 1,268 patients with colorectal cancer

Variable 5-Year OS (%) P-value HR 95% CI

No. of patients 59.3

Sex   0.102 1.18 0.966–1.448

   Male 56.2

   Female 62.5

Age (yr) 0.001 1.38 1.136–1.694

   ≤55 63.5

   >55 54.3

Tumor size (cm) 0.227 1.14 0.917–1.432

   ≤5 60.0

   >5 57.9

Tumor location 0.086

   Right colon 60.0 1.00

   Left colon 57.6 1.02 0.773–1.346

   Rectum 55.6 1.24 0.971–1.603

Tumor stage   <0.001

   T1 88.9 1.00

   T2 76.5 2.09 0.021–1.119

   T3 53.1 5.94 0.195–0.524

   T4 49.6 6.54 0.626–1.316

Node stage <0.001

   N0 66.2 1.00

   N1 54.0 1.55 1.210–1.009

   N2 21.5 2.75 2.098–3.627

Disease stage <0.001

   I 83.8 1.00

   II 61.3 2.70 1.743–4.182

   III 47.4 3.91 2.518–6.074

   IV 16.6 7.79 4.804–12.545

Tumor grade 0.019

   I 61.8 1.00

   II 52.4 1.30 1.053–1.629

   III 46.3 1.43 0.996–2.081

Surgical margin status 0.008 1.68 1.142–2.498

   Free 60.3

   Involved 40.9

Lymphatic-vascular invasion < 0.001 2.20 1.792–2.702

   Negative 65.9

   Positive 38.1

Perineural invasion <0.001 2.17 1.752–2.705

   Negative 65.2

   Positive 34.2

Mucinous subtype 0.002 1.47 1.154–1.879

   Yes 46.6

   No 58.9

OS, Overall survival; HR, hazard ratio; CI, confidence interval. 
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Table 4. Multivariate analysis of prognostic factors for 5-year local control rate, disease-free survival and overall survival in 1,268 patients with 
colorectal cancer

Variable
LCR DFS OS

HR P-value HR P-value HR P-value

Sex

   Female (reference) 1 1 1

   Male 1.13 0.367 0.99 0.929 1.03 0.722

Age (yr)

   ≤55 (reference) 1 1 1

   >55 1.14 0.337 1.04 0.660 1.01 0.903

Tumor size (cm)

   ≤5 (reference) 1 1 1

   >5 0.79 0.119 0.95 0.690 1.09 0.406

Tumor location

   Right colon (reference) 1 1 1

   Left colon 1.31 0.195 1.24 0.121 1.23 0.139

   Rectum 2.02 <0.001 1.46 0.004 1.42 0.008

Tumor stage

   T1 (reference) 1 1 1

   T2 0.68 0.717 0.94 0.933 1.05 0.945

   T3 1.89 0.526 1.31 0.717 1.52 0.576

   T4 2.09 0.479 2.48 0.229 2.77 0.178

Node stage

   N0 (reference) 1 1 1

   N1 1.13 0.471 0.71 0.208 0.68 0.127

   N2 1.91 0.001 1.16 0.566 1.20 0.466

Disease stage

   I (reference) 1 1 1

   II 1.08 0.875 1.87 0.040 1.94 0.027

   III 1.33 0.652 3.50 <0.001 3.76 < 0.001

   IV 1.91 0.352 6.96 <0.001 7.12 < 0.001

Tumor grade

   I (reference) 1 1 1

   II 1.08 0.583 1.23 0.044 1.15 0.176

   III 1.37 0.240 1.34 0.092 1.23 0.217

Surgical margin status

   Free (reference) 1 1 1

   Involved 1.25 0.277 1.24 0.212 1.33 0.090

Lymphatic-vascular invasion

   Negative (reference) 1 1 1

   Positive 2.34 <0.001 1.50 <0.001 1.60 < 0.001

Perineural invasion

   Negative (reference) 1 1 1

   Positive 1.42 0.066 1.04 0.791 1.10 0.475

Mucinous subtype  

   No (reference) 1 1 1

   Yes 1.22 0.329 1.18 0.222 1.27 0.072

LCR, local control rate; DFS, disease-free survival; OS, overall survival; HR, hazard ratio.
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The 5- and 10-year OS rates for all the patients with colorectal 
cancer were 59.2% and 54.5%, respectively. On the univariate 
analysis, age (P = 0.001), tumor stage (P < 0.001), node stage (P < 
0.001), disease stage (P < 0.001), lymphatic-vascular invasion (P < 
0.001), perineural invasion (P < 0.001), tumor grade (P = 0.019), 
mucinous subtype (P = 0.002) (Fig. 2), and surgical margin status 
(P = 0.008) were found to be prognostic factors for OS (Table 3). 
On the multivariate analysis, primary tumor location, disease 
stage and lymphatic-vascular invasion were also found to be inde-
pendent prognostic factors. Indeed, rectal tumor location (P = 
0.008), higher disease stage (P = 0.001), and the presence of lym-
phatic-vascular invasion (P < 0.001) negatively influenced the OS 
(Table 4).

DISCUSSION

This study aimed to analyze the data on 1,286 patients with a 
colorectal adenocarcinoma at 2 large tertiary centers in Iran. The 
incidence rate of mucin histology was 11.4%, which is higher the 
incidence rates in the majority of reports from Asia (generally be-
tween 3% and 9%) [6, 15-17] and corresponds to the incidence 
rates reported in Western countries (from 11% to 20%) [18-20]. 
This finding may reflect a biological change in colon cancer, prob-
ably caused by a change in dietary habits and lifestyle [21].

In contrast to the predominance of MCC in females reported in 
several studies [22-24], the male-to-female ratio was 1.4 in the 
present study. This result was similar to that obtained in another 
Iranian report by Safaee et al. [9]. According to previous studies, a 
MCC is usually found in populations of younger age and origi-
nates from the proximal colon. Moreover, MCCs often present 
with large size, high nuclear grade, high rate of lymph-node me-
tastasis, and advanced stage [4, 13, 20, 25]. These characteristics 
were mostly in agreement with the results for our patients. In this 
study, the most consistent prognostic factors for the patients’ LC, 
DFS, and OS were TNM stage and lymphatic-vascular invasion. 
Also, based on multiple powerful trials, the College of American 
Pathologists identified, with a high level of confidence based on 
ample evidence, the TNM stage and lymphovascular invasion in 
category I, as prognostic factors [26]. In addition, this study found 
primary tumor location to be an independent prognostic factor 
for LC, DFS and OS. Prior studies showed that the difference in 
oncologic outcomes between patients with a MCC and those with 
a NMCC is mostly related to tumors with a rectal location. In fact, 
patients with a MCC tend to have more frequent local recurrence, 
which supports our present results [25]. 

When the patients’ survival was considered, the presence of a 
MCC was not an independent prognostic factor in our cohort. 
Nevertheless, contradictory results have been obtained from the 
literature regarding the impact of mucinous histology on patients’ 
survival. Similar to our results, Purdie and Piris [19] and Xie et al. 
[27] did not find the presence of a mucinous adenocarcinoma to 
be an independent prognostic factor for patients with colorectal 

cancer. However, some studies have reported a lower survival rate 
in patients with a MCC [15, 22, 24]. Surprisingly, Hogan et al. [28] 
showed an improved survival in patients with a mucinous carci-
noma of the colon. These discrepancies may reflect heterogeneity 
in the population of patients, lack of stratification by stage, exclu-
sion of rectal primary tumors in some studies, and different num-
bers of patients accrued.

Nitsche et al. [12] and Numata et al. [25] reported the adverse 
effect of mucin production on LC, which was confirmed in our 
study. Our findings demonstrated an increased risk of local recur-
rence in patients with tumors located in the rectum. This finding 
may be due to the lymphatic drainage of the pelvis being more 
extensive than that of the colon [29]. Whether patients with a 
MCC should be managed with a specific treatment strategy dif-
ferent from the strategies used to treat patients with a classical ad-
enocarcinoma is not known. Recent trials have suggested a lower 
response to neoadjuvant chemoradiation for patients with a mu-
cinous carcinoma [30, 31]. Numata et al. [25] concluded that as 
MCCs are more likely to be locally recurrent, intensified manage-
ment of LC in patients with a MCC should result in improved OS. 

The limitations of this study are important to note. The first 
limitation is its retrospective nature, which may be intrinsically 
associated with an imbalance of patients and tumor characteris-
tics. The second limitation is the modest number of patients in 
the mucinous subtype arm, which may preclude detection of very 
small differences. Hence, further well-designed, multicentered, 
prospective trials should evaluate any need for histology-based 
treatment modulation in patients with colorectal cancer.
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