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Abstract. The aim of the present study was to use a 
competing risk model to analyze the prognostic value of 
mucinous adenocarcinoma (MAC) in patients with colorectal 
cancer (CRC). An additional aim was to construct nomo-
grams for estimating the 3‑ and 5‑year overall survival (OS) 
and cancer specific survival (CSS) rates of patients with 
primary CRC with MAC. The data were extracted from the 
Surveillance, Epidemiology, and End Results database, and 
a Multivariate Cox model and competing risk model were 
applied to assess the OS and CSS. Cox‑based and competing 
risk‑based nomograms were constructed and internally 
validated by discrimination and calibration, using the 
bootstrapping method with 1,000 times replicates. A total 
of 13,035 MAC and 61,958 non‑mucinous adenocarcinoma 
(NMAC) CRC patients were enrolled in the present study. 
Compared with NMAC, MAC patients had a poorer OS and 
CSS time in the overall population, and in subgroups that 
comprised metastatic, non‑metastatic, male, site of sigmoid 
colon, rectosigmoid junction and rectal CRC cases (HR>1; 
P<0.05). The Cox and competing risk‑based nomograms 
showed effective discrimination and calibration. In conclu-
sion, MAC was associated with poor OS and CSS in patients 
with CRC of the distal colon and rectum. The nomograms of 
primary CRC patients with MAC may aid the identification 

of individual patients with a high risk of overall mortality 
and cancer‑associated mortality within 3 or 5 years.

Introduction

Worldwide, colorectal cancer (CRC) is the second and third 
most commonly occurring cancer in women and men, respec-
tively, and the number of cancer‑associated mortalities due 
to CRC ranked fourth among all cancer patients in 2012 (1). 
Mucinous adenocarcinoma (MAC) is a specific histological 
subtype of CRC, which occurs in 1.6‑25.4% of all CRC 
cases (2). MAC is defined by the World Health Organization 
as ‘an adenocarcinoma in which a substantial amount of mucin 
(>50% of the tumor) is retained within the tumor’ (3).

When compared with non‑mucinous adenocarcinoma 
(NMAC), the prognostic significance of MAC remains uncer-
tain. Previous studies have reported that MAC has a worse 
overall survival (OS) rate than NMAC (4,5). In addition, MAC 
was identified to be associated with chemotherapy (6,7) and 
chemo‑radiotherapy resistance  (8). However, other studies 
have stated that there was no prognostic difference between 
MAC and NMAC (9,10). Population‑based studies revealed 
that MAC resulted in a poorer outcome in rectal, but not colon 
cancer (11,12). Of note, despite being an aggressive disease, 
the median age at diagnosis for colon cancer is 68 in men and 
72 in women, and for rectal cancer, 63 years in males and 
females (13). It was therefore established that the competing 
risk model should be used as part of the aged‑patient assess-
ment, as these patients may succumb to other non‑cancerous 
diseases, such as cardiovascular disease (14). However, no 
competing risk‑based analysis was conducted for the prognosis 
of MAC of CRC in this particular referenced study.

The nomogram is a valuable quantitative tool that utilizes 
biological or clinical variables to determine a statistical 
prognostic model, which could indicate the probability of the 
clinical outcome for a particular individual (15). Nomograms 
have been reported to compare favorably to the TNM staging 
systems in a variety of cancers such as renal cell cancer and 
bladder cancer (16,17). To the best of our knowledge, until 
now, there was no competing risk‑based nomogram for the 
prognosis of CRC patients of the MAC subtype.

The present population‑based study was performed to 
evaluate the prognostic significance of MAC when compared 
with NMAC in patients with CRC, using Cox and Fine‑Gray 
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regression for proportional hazards modeling of subdistri-
bution hazard  (SH) models  (18). The prognostic values of 
different clinical variables for MAC and NMAC CRC patients 
were also determined. Finally, nomograms were constructed 
for the prognostic prediction of CRC patients with the MAC 
subtype within 3 or 5 years.

Materials and methods

Cohort selection. The cohort was obtained from 18 registries of 
Surveillance, Epidemiology, and End Results (SEER) program, 
using SEER*Stat 8.3.5 software (SEER ID: daid). Patients 
who registered on or after the year 2004 were included in the 
present study if they met the following criteria: i) A primary 
patient with CRC who had received surgery; ii)  a patient 
with >3 months of follow‑up to exclude the bias of periopera-
tive death; iii) an MAC or NMAC patient, where MAC and 
NMAC were defined by the third edition of the International 
Classification of Diseases for Oncology (ICD‑O‑3). The 
histology codes for MAC were 8480 and 8481, and the codes 
for NMAC were 8140, 8144, 8210, 8211, 8221, 8261, 8262 and 
8263; and iv) a sufficient follow‑up time (in the present study, 
the group with a similar median survival time was selected 
as the single 2004 group) which to capture enough events to 
reveal meaningful analysis patterns.

Study variables and endpoints. The following patient vari-
ables were extracted: Age at diagnosis, sex, race (Caucasian, 
African‑American, other races or unknown), tumor location 
(cecum, appendix, ascending colon, hepatic flexure, trans-
verse colon, splenic flexure, descending colon, sigmoid colon, 
rectosigmoid junction, rectum and unknown site), tumor size, 
6th American Joint Committee on Cancer (AJCC) tumor 
stage (19), grade (well‑differentiated, moderately differenti-
ated, poorly differentiated and undifferentiated or anaplastic, 
and unknown), number of positive regional nodes, radio-
therapy and chemotherapy experience, marital status, and 
carcinoembryonic antigen (CEA) status (positive/elevated, 
negative/normal and unknown/borderline). The widowed 
or single (never married or having a domestic partner), or 
divorced or separated patients were defined as unmarried. The 
value of age at diagnosis, tumor size and number of positive 
regional nodes was classified into small categorical variables 
to fit the linear assumption. The median observed survival 
time was referred to as ‘median follow‑up’.

Statistical analysis. The differences between each clinical 
factor and MAC or NMAC of CRC were analyzed using 
the χ2  test. The Kaplan‑Meier (KM) method was used to 
construct the survival curves, and the log‑rank P‑value was 
calculated. Cumulative incidences of death (CID) was esti-
mated for mortalities caused by cancer or any other reason. 
The multivariate Cox proportional hazards regression model 
and multivariate SH model were used to assess patient OS and 
CSS, respectively. All of the aforementioned clinical factors 
were considered during the multivariate analyses. The hazard 
ratio (HR) and 95% confidence interval (95% CI) were also 
calculated.

Cox and SH model‑based nomograms were constructed 
using a multivariate logistic regression model to predict 

the 3‑ and 5‑year survival or cancer specific death rates of 
patients with MAC, respectively. The internal validation of 
the nomograms was performed by discrimination and cali-
bration, using the bootstrapping method with 1,000 times 
replicates  (15). The area under the curve (AUC) of the 
receiver operating characteristic curve (which is also referred 
to as C‑statistics) was assessed to evaluate the discrimina-
tion of nomograms, which ranged from 0.5‑1.0; 0.5 indicated 
that the outcome was completely random, and 1.0 indicated 
perfect discrimination. Calibration curves were also drawn 
in order to assess how close the nomogram‑estimated risk 
was to the observed risk.

All statistical analyses were performed using R software 
(version  3.5.1; https://cran.r‑project.org/bin/windows/ 
base/old/3.5.1). The R package ‘MASS’ was used to perform 
the χ2 test. The KM analysis and log‑rank P‑value were tested 
using the R package ‘survival’. The R package ‘cmprsk’ was 
used to perform the CIF test and multivariate SH analysis. The 
competing risk nomogram was plotted by R packages ‘mstate’ 
and ‘regplot’. The AUC and calibration curve were plotted by 
R package ‘riskRegression’. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Cohort selection. The detailed selection procedure is illus-
trated in Fig. 1. To ensure that the obtained data also included 
a sufficient follow‑up time, data were obtained from patients 
diagnosed with MAC between 2004 and 2009, and NMAC 
between 2004 and 2006, with had similar median survival 
times as the single 2004 group. Collectively, 13,035 MAC 
patients and 61,958 NMAC patients were recruited. The 
median age of MAC and NMAC was 68 and 67 years, respec-
tively. The median survival time of MAC and NMAC were 
75 months and 105 months, respectively. The death rates from 
cancer and any other reason were 35.08 and 20.14% for MAC, 
and 28.81 and 23.18% for NMAC. It was also observed that 
the MAC CRC patients were of an older age with an increased 
number of female patients, were predominantly Caucasian 
with right‑side colon incidence, a larger tumor size, higher 
AJCC 6th stage and grade, and a higher rate of positive CEA 
status (P<0.001; Table I).

Patients with MAC exhibit poorer outcomes than patients with 
NMAC. KM analysis revealed that MAC patients possessed 
poorer OS times than those with NMAC (P<0.001; Fig. 2A). 
The CID plot also identified an increased risk of cancer‑associ-
ated mortality for MAC patients (P<0.001; Fig. 2B). However, 
no significant competing risk was observed when comparing 
the prognosis between MAC and NMAC patients (P=0.85; 
Fig. 2B). Indeed, few differences were identified between the 
results of the multivariate Cox and SH models. As listed in 
Table II, multivariate Cox model and SH model analysis of the 
entirety of both patient groups revealed that MAC patients had 
poorer OS (HR=1.07; 95% CI=1.05‑1.10) and CSS (HR=1.07, 
95% CI=1.03‑1.11) times than patients with NMAC, respec-
tively. Further subgroup analysis revealed that the MAC cohort 
had worse OS and CSS than those in the NMAC groups, in 
both metastatic or non‑metastatic or male patients with CRC 
(HR>1, P<0.05). The results indicated that MAC resulted 
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in poorer OS (HR>1, P<0.05), but not CSS (P>0.05) when 
compared with NMAC in females. In addition, when assessing 
the location differences, the results indicated that patients with 
MAC had shorter OS and CSS times than NMAC patients 
when cancer occurred in the sigmoid colon, rectosigmoid junc-
tion or rectum (HR>1, P<0.05), and that MAC patients also 
exhibited poorer OS times than NMAC patients with cancer in 
the descending colon (HR>1, P<0.05). Collectively, the results 
suggest that the MAC cohort possessed worse outcomes than 
the NMAC cohort when the cancer was located in the distal 
colon or rectum, but not the proximal colon.

Independent prognostic factors of OS and CSS for MAC and 
NMAC. The independent prognostic value of the selected 
variables for MAC and NMAC patients are listed in Table III. 
Multivariate Cox and SH models were used. With both Cox 
and SH models, the results indicated that increased age, 
male sex, African‑American race, higher tumor stage and 
grade, a greater number of positive regional lymph nodes, 
unmarried status and CEA‑positive status were risk factors 
for MAC and NMAC patients (HR>1; P<0.05). Tumor size 
was revealed to be a risk factor for NMAC (HR>1; P<0.05), 
but not MAC (P>0.05). The use of chemotherapy was associ-
ated with a longer OS time in both MAC and NMAC patients 
(HR<1; P<0.05). However, there was no association between 
chemotherapy and CSS in MAC and NMAC patients using 
the SH model (P>0.05). The use of radiotherapy was associ-
ated with a worse OS in MAC and NMAC patients (HR>1; 
P<0.05). Additionally, radiotherapy decreased the CSS of 
NMAC patients (HR>1; P<0.05), yet not those with MAC 
CRC (P>0.05). Interestingly, it was found that primary CRC 
of the appendix was associated with longer OS and CSS in 

MAC patients (other parts vs. appendix; HR>1; P<0.05); 
however, not NMAC patients (P>0.05). To further confirm 
the role that tumor location served in the prognosis of MAC 
and NMAC, the locations were divided into four groups that 
included the right colon (Cecum, appendix, ascending colon, 
hepatic flexure and transverse colon), left colon (splenic 
flexure, descending colon, sigmoid colon and rectosigmoid 
junction), rectum and unknown locations. The results 
revealed that cancer of the left colon resulted in a worse OS 
and CSS than that of the right colon in MAC patients (HR>1; 
P<0.05; Table  IV), and conversely, that CRC in the left 
colon resulted in an improved OS and CSS in patients with 
NMAC (HR<1, P<0.05; Table IV). The analysis also indi-
cated that rectal cancer had an inferior CSS than right‑sided 
colon cancer among patients with MAC and NMAC (HR>1, 
P<0.05; Table IV).

Nomogram development and validation. The nomograms 
were constructed using multivariate Cox‑based and SH‑based 
models. A weighted total score calculated from each variable 
was used to estimate the 3‑ and 5‑year OS and cancer‑specific 
mortality prediction (Figs. 3 and 4). Time dependent AUC plots 
suggested effective discrimination (AUC>0.75; Fig. 5A‑B). 
The calibration plots illustrated a positive correlation between 
the observed OS and CSS and the nomogram‑predicted OS 
and CSS (Fig. 5C‑F).

Discussion

Conventional prognostic methods, such as the KM method and 
standard Cox proportional hazard regression may be inappro-
priate in the presence of competing risks (20). To the best of 

Figure 1. Data selection process for the present study. (A) Selection process. (B) Median survival time of different groups (by year) in MAC, following 
selection. (C) Median survival time of different groups (by year) in NMAC, following selection. MAC, mucinous adenocarcinoma; NMAC, non‑mucinous 
adenocarcinoma. 
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our knowledge, the present study was the first competing risk 
analysis‑based investigation on the prognosis of patients with 
primary CRC with MAC. An increasing concern regarding 
competing risk resulted in the development of competing‑risk 
nomograms for a group of cancers such as renal cell cancer 
and melanoma  (21‑25). The present study established the first 
competing‑risk nomogram for patients with primary CRC 
with the MAC subtype, who had undergone surgery.

The results obtained herein indicated that MAC may reduce 
the OS and CSS times of CRC patients, which was supported 
by previous studies (4,5). Further subgroup analysis revealed 
that patients with MAC had worse OS and CSS times than 
NMAC patients in either metastatic CRC or non‑metastatic 
CRC, or in male patients. Of note, it was observed that MAC 
had an inferior outcome only when located in the distal colon 
(the descending and the sigmoid colon) and rectum. In addi-
tion, the results indicated that left‑sided colon cancer resulted 
in reduced OS and CSS times compared with right‑sided 
cancer in patients with MAC, yet improved the OS and CSS in 
left‑sided colon cancer patients with NMAC (compared with 
right‑sided cancer patients).

Age was previously identified as a risk factor for the OS of 
patients with CRC (26,27), which was supported by the results 
of the present study; the competing risk model also identified 
increased age as a detrimental factor for MAC and NMAC 
patients. Over 20% of patients succumbed to pathologies than 
cancers (which may have been age‑related) in the present 
study. The results revealed that age was indeed a risk factor for 
the cancer‑associated mortality of patients with CRC.

It was observed that male CRC patients had poorer 
prognoses in MAC and NMAC, which was consistent with 
the results of previous studies  (28,29). The results herein 

Table I. Characteristic of the selected variables.

	 MAC	 NMAC
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Characteristics	 Patients, n (%)	 Patients, n (%)	 P‑value

Age (years)			   <0.001
  <50	 1,744 (13.38)	 6,864 (11.08)	
  50‑59	 2,359 (18.10)	 12,719 (20.53)	
  60‑69	 2,984 (22.89)	 15,221 (24.57)	
  70‑79	 3,293 (25.26)	 15,874 (25.62)	
  ≥80	 2,655 (20.37)	 11,280 (18.21)	
Sex			   <0.001
  Female	 6,738 (51.69)	 30,108 (48.59)	
  Male	 6,297 (48.31)	 31,850 (51.41)	
Race			   <0.001
  Caucasian	 10,705 (82.13)	 49,913 (80.56)	
  African American	 1,473 (11.30)	 6,623 (10.69)	
  Others or unknown	 857 (6.57)	 5,422 (8.75)	
Location			   <0.001
  Cecum	 3,045 (23.36)	 9,740 (15.72)	
  Appendix	 824 (6.32)	 241 (0.39)	
  Ascending colon	 2,544 (19.52)	 8,018 (12.94)	
  Hepatic flexure	 707 (5.42)	 2,191 (3.54)	
Transverse colon	 1,018 (7.81)	 3,882 (6.27)	
  Splenic flexure	 377 (2.89)	 1,654 (2.67)	
  Descending colon	 503 (3.86)	 2,835 (4.58)	
  Sigmoid colon	 1,695 (13.00)	 15,104 (24.38)	
  Rectosigmoid	 645 (4.95)	 5,716 (9.23)	
  Junction
  Rectum	 1,464 (11.23)	 11,738 (18.95)	
  Unknown	 213 (1.63)	 839 (1.35)	
Tumor size (cm)			   <0.001
  ≤2	 1,817 (13.94)	 9,167 (14.80)	
  >6	 3,036 (23.29)	 7,393 (11.93)	
  2‑4	 3,105 (23.82)	 19,393 (31.30)	
  4‑6	 3,756 (28.81)	 14,707 (23.74)	
  Unknown	 1,321 (10.13)	 11,298 (18.23)	
AJCC 6th stage (19)			   <0.001
  0/(Tis)	 51 (0.39)	 2,823 (4.56)	
  I	 1,677 (12.87)	 16,873 (27.23)	
  IIA	 3,792 (29.09)	 14,999 (24.21)	
  IIB	 862 (6.61)	 1,960 (3.16)	
  IIIA	 318 (2.44)	 2,177 (3.51)	
  IIIB	 2,315 (17.76)	 9,378 (15.14)	
  IIIC	 1,629 (12.50)	 5,326 (8.60)	
  IV	 2,148 (16.48)	 7,141 (11.53)	
  Unknown	 243 (1.86)	 1,281 (2.07)	
Grade			   <0.001
  Low grade (I and II)	9,283 (71.22)	 47,290 (76.33)	
  High grade	 2,612 (20.04)	 10,176 (16.42)	
  (III and IV)
  Unknown	 1,140 (8.75)	 4,492 (7.25)	
Regional nodes			   <0.001
positive
  ≥10	 6600 (50.63)	 33151 (53.51)	
  0	 3015 (23.13)	 12971 (20.94)	
  1‑3	 1824 (13.99)	 6545 (10.56)	
  4‑9	 1596 (12.24)	 9291 (15.00)	

Table I. Continued.

	 MAC	 NMAC
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Characteristics	 Patients, n (%)	Patients, n (%)	 P‑value

Chemotherapy			   <0.001
  No	 7,352 (56.40)	 39,410 (63.61)	
  Yes	 5,683 (43.60)	 22,548 (36.39)	
Radiotherapy			   <0.001
  No	 11,474 (88.02)	 53,499 (86.35)	
  Yes	 1,520 (11.66)	 8,241 (13.30)	
  Unknown	 41 (0.31)	 218 (0.35)	
Marital status			   <0.001
  Married	 7,242 (55.56)	 35,752 (57.70)	
  Unmarried	 5,413 (41.53)	 23,799 (38.41)	
  Unknown	 380 (2.92)	 2,407 (3.88)	
CEA status			   <0.001
  Negative/normal	 3,776 (28.97)	 18,665 (30.13)	
  Positive/elevated	 3,619 (27.76)	 12,903 (20.83)	
  Unknown/borderline	 5,640 (43.27)	 30,390 (49.05)	

MAC, mucinous adenocarcinoma; NMAC, non‑mucinous adenocarci-
noma; CEA, carcinoembryonic antigen. Significant results are in bold.
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demonstrated that African‑Americans subjects had worse 
outcomes than Caucasians, and that African‑American patients 
with CRC were observed to have higher frequencies of somatic 
genetic alterations such as those in the KRAS proto‑oncogene, 
GTPase (KRAS), B‑Raf proto‑oncogene, serine/threonine 
kinase (BRAF), and phosphatidylinositol‑4,5‑bisphosphate 
3‑kinase catalytic subunit α, which may contribute to these 
outcomes (30).

A notable result of the present study was the prognostic 
differences of patients with MAC and NMAC at different 

locations. MAC CRC in the appendix bestowed an improved 
outcome compared with mucinous cancers in any other part of 
the colon and rectum. The incidence of appendiceal cancer has 
increased in recent years (31), and a previous study reported 
that mucinous appendiceal cancer exhibited an improved 
survival rate compared with other histological types of appen-
diceal cancer  (31). Mucinous appendiceal cancer was also 
observed to have a considerably promising outcome, even in 
disseminated disease (32). The present study provides novel 
information for the prognosis of mucinous appendiceal cancer.

Table II. Multivariate analysis of the prognostic value of MAC and NMAC status and the prognosis of patients with CRC.

	 MAC vs. NMAC
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
		  Cox model	 SH model
Variable	 Patients amount	 HR (95% CI)	 HR (95% CI)

All	 74,993	 1.07 (1.05‑1.10)	 1.07 (1.03‑1.11)
Non‑metastatic CRC	 9,289	 1.11 (1.08‑1.14)	 1.16 (1.11‑1.21)
Metastatic CRC	 64,180	 1.11 (1.05‑1.18)	 1.11 (1.04‑1.18)
Female	 36,846	 1.07 (1.03‑1.11)	 1.03 (0.98‑1.08)
Male	 38,147	 1.09 (1.05‑1.13)	 1.12 (1.06‑1.18)
Cecum	 12,785	 1.02 (0.97‑1.08)	 1.00 (0.93‑1.08)
Appendix	 1,065	 0.87 (0.68‑1.10)	 0.98 (0.74‑1.29)
Ascending colon	 10,562	 1.06 (0.99‑1.13)	 1.06 (0.97‑1.16)
Hepatic flexure	 2,898	 1.02 (0.91‑1.15)	 0.91 (0.77‑1.08)
Transverse colon	 4,900	 0.99 (0.90‑1.09)	 0.89 (0.77‑1.02)
Splenic flexure	 2,031	 1.02 (0.87‑1.20)	 1.10 (0.89‑1.35)
Descending colon	 3,338	 1.20 (1.05‑1.37)	 1.01 (0.84‑1.22)
Sigmoid colon	 16,799	 1.19 (1.11‑1.27)	 1.25 (1.14‑1.37)
Rectosigmoid junction	 6,361	 1.23 (1.10‑1.38)	 1.20 (1.04‑1.39)
Rectum	 13,202	 1.18 (1.09‑1.27)	 1.22 (1.11‑1.34)

HR; hazard ratio; CI, confidence interval; MAC, mucinous adenocarcinoma; NMAC, non‑mucinous adenocarcinoma; SH, subdistribution 
hazard. Bold results indicate stasitical significance P<0.05.

Figure 2. KM and CID plots of patients with MAC and NMAC CRC. (A) KM and (B) CIF plots of MAC and NMAC CRC patients. KM, Kaplan‑Meier; 
MAC, mucinous adenocarcinoma; NMAC, non‑mucinous adenocarcinoma; CRC, colorectal cancer; CID, cumulative incidence of death.
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Table III. Multivariate Cox and SH analyses of each variable in MAC and NMAC CRC patients.

	 MAC	 NMAC
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
	 COX model	 SH model	 COX model	 SH model
Characteristics	 HR (95% CI)	 HR (95% CI)	 HR (95% CI)	 HR (95% CI)

Age (years)
  <50	 References	 References	 References	 References
  50‑59	 1.08 (0.98‑1.18)	 1.04 (0.94‑1.14)	 1.09 (1.04‑1.14)	 1.01 (0.96‑1.07)
  60‑69	 1.17 (1.07‑1.28)	 1.03 (0.94‑1.14)	 1.46 (1.39‑1.53)	 1.12 (1.06‑1.18)
  70‑79	 1.94 (1.78‑2.12)	 1.28 (1.16‑1.42)	 2.47 (2.36‑2.58)	 1.38 (1.31‑1.46)
  ≥80	 3.34 (3.05‑3.66)	 1.54 (1.37‑1.72)	 4.58 (4.37‑4.80)	 1.69 (1.59‑1.80)
Sex
  Female	 References	 References	 References	 References
  Male	 1.26 (1.20‑1.32)	 1.20 (1.13‑1.28)	 1.29 (1.26‑1.32)	 1.14 (1.11‑1.18)
Race
  Caucasian	 References	 References	 References	 References
  Black	 1.07 (1.00‑1.16)	 1.15 (1.05‑1.26)	 1.19 (1.15‑1.23)	 1.25 (1.19‑1.31)
  Others or unknown	 0.90 (0.82‑1.00)	 1.06 (0.94‑1.19)	 0.82 (0.78‑0.85)	 0.95 (0.90‑1.01)
Location
  Appendix	 References	 References	 References	 References
  Cecum	 2.18 (1.92‑2.49)	 1.87 (1.59‑2.20)	 1.06 (0.89‑1.28)	 0.89 (0.72‑1.10)
  Ascending colon	 2.11 (1.85‑2.41)	 1.69 (1.43‑1.99)	 1.01 (0.84‑1.21)	 0.76 (0.61‑0.94)
  Hepatic flexure	 2.18 (1.86‑2.55)	 1.69 (1.38‑2.07)	 1.06 (0.88‑1.28)	 0.88 (0.70‑1.10)
  Transverse colon	 2.07 (1.79‑2.40)	 1.62 (1.34‑1.95)	 1.05 (0.87‑1.27)	 0.85 (0.68‑1.06)
  Splenic flexure	 2.05 (1.71‑2.46)	 1.92 (1.53‑2.40)	 0.99 (0.82‑1.20)	 0.84 (0.67‑1.06)
  Descending colon	 2.22 (1.88‑2.63)	 1.75 (1.42‑2.16)	 0.96 (0.80‑1.16)	 0.83 (0.66‑1.03)
  Sigmoid colon	 2.26 (1.98‑2.59)	 2.00 (1.70‑2.36)	 0.96 (0.80‑1.15)	 0.79 (0.63‑0.97)
  Rectosigmoid junction	 2.29 (1.95‑2.70)	 1.93 (1.58‑2.35)	 0.98 (0.82‑1.18)	 0.84 (0.67‑1.04)
  Rectum	 2.30 (1.97‑2.68)	 2.04 (1.68‑2.47)	 1.06 (0.88‑1.28)	 0.93 (0.75‑1.16)
  Unknown	 2.65 (2.17‑3.25)	 2.24 (1.76‑2.85)	 1.10 (0.90‑1.35)	 0.97 (0.76‑1.23)
Tumor size (cm)
  ≤2	 References	 References	 References	 References
  >6	 1.00 (0.92‑1.08)	 0.96 (0.86‑1.07)	 1.02 (0.98‑1.07)	 1.02 (0.96‑1.09)
  2‑4	 1.08 (0.99‑1.17)	 0.98 (0.88‑1.09)	 1.05 (1.01‑1.09)	 1.05 (0.99‑1.11)
  4‑6	 1.06 (0.98‑1.14)	 1.01 (0.91‑1.12)	 1.06 (1.01‑1.10)	 1.06 (1.01‑1.13)
  Unknown	 1.02 (0.92‑1.13)	 1.02 (0.89‑1.17)	 0.98 (0.94‑1.03)	 1.04 (0.97‑1.11)
Stage
  0/(Tis)	 References	 References	 References	 References
  I	 1.20 (0.76‑1.90)	 0.98 (0.45‑2.14)	 1.33 (1.23‑1.43)	 2.24 (1.89‑2.65)
  IIA	 1.51 (0.96‑2.37)	 1.85 (0.86‑4.01)	 1.78 (1.65‑1.93)	 4.68 (3.93‑5.58)
  IIB	 2.35 (1.48‑3.73)	 4.68 (2.15‑10.17)	 2.72 (2.47‑2.99)	 9.98 (8.27‑12.05)
  IIIA	 1.05 (0.64‑1.73)	 1.21 (0.53‑2.77)	 1.37 (1.23‑1.53)	 3.58 (2.93‑4.37)
  IIIB	 1.85 (1.16‑2.95)	 3.12 (1.43‑6.81)	 2.21 (2.02‑2.42)	 7.46 (6.24‑8.91)
  IIIC	 2.17 (1.37‑3.44)	 4.17 (1.92‑9.05)	 2.70 (2.46‑2.96)	 10.18 (8.51‑12.17)
  IV	 7.13 (4.51‑11.28)	 13.07 (6.03‑28.31)	 9.35 (8.62‑10.16)	 34.27 (28.82‑40.75)
  Unknown	 2.21 (1.37‑3.58)	 3.90 (1.77‑8.60)	 1.97 (1.78‑2.18)	 6.17 (5.11‑7.45)
Grade
  Low grade (I and II)	 References	 References	 References	 References
  High grade (III and IV)	 1.20 (1.14‑1.27)	 1.18 (1.09‑1.27)	 1.13 (1.10‑1.16)	 1.22 (1.17‑1.27)
  Unknown	 1.01 (0.93‑1.10)	 1.02 (0.92‑1.14)	 0.98 (0.93‑1.04)	 1.03 (0.95‑1.11)
Regional nodes positive
  0	 References	 References	 References	 References
  1‑3	 1.31 (1.16‑1.47)	 1.53 (1.33‑1.76)	 1.24 (1.18‑1.30)	 1.39 (1.30‑1.48)
  4‑9	 1.73 (1.55‑1.93)	 1.89 (1.65‑2.16)	 1.41 (1.34‑1.49)	 1.56 (1.46‑1.67)
  ≥10	 2.14 (1.95‑2.36)	 2.32 (2.05‑2.63)	 1.56 (1.50‑1.63)	 1.84 (1.74‑1.95)
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A previous study reported that left‑sided colon cancer 
was more sensitive to anti‑ epidermal growth factor receptor 
(EGFR)‑targeted therapy than right‑sided colon cancer (33). 
In addition, patients with right‑sided colon cancer were 
observed to have an increased number of BRAF mutations 
than those with left‑sided colon cancer, which may contribute 
to anti‑EGFR therapy‑associated resistance (34) and therefore, 
poor prognosis (35). The results of the present study indicated 
that left‑sided colon cancer resulted in a worse outcome than 
right‑sided colon cancer in patients with MAC. However, 
left‑sided cancer exhibited better outcomes than right‑sided 
cancer in patients with NMAC. This may have been caused by 
the improved prognosis of the mucinous appendiceal cancer in 
right‑sided colon MAC. Nevertheless, following the exclusion 
of mucinous appendiceal cancer patients in the MAC group, 
there was no significant difference between left‑ and right‑side 
colon MAC patients (Data not shown); this suggested that 
location‑based prognostic differences exist in MAC and 
NMAC. In addition, MAC patients were also found to have 
worse outcomes than those with NMAC in left‑side colon 
cancers.

Interestingly, AJCC 6th IIB CRC patients had worse OS 
and CSS time than those with IIIA and IIIB CRC (MAC and 
NMAC patients). In patients with MAC, IIB CRC resulted in a 
worse OS and CSS time than IIIC CRC. Additionally IIB CRC 
patients were observed to have worse OS times than IIIC CRC 
patients. Previous studies revealed that colorectal cancer patients 
with stage II often exhibited a worse prognosis than stage III 
patients  (36‑38). Patients with stage  IIA rectal cancer were 
identified to have poorer CSS times than patients with stage IIIA 
rectal cancer (36). A previous study also reported that patients 

with stage IIB/C colon cancer had a worse OS time than those 
with stage IIIA colon cancer, even after adjusting for adequate 
lymph nodes retrieved and receipt of adjuvant chemotherapy (37). 
Another SEER‑based study revealed that patients with stage IIB 
CRC had a poorer OS time than those with stage IIIA and IIIB 
colorectal cancer (38). These results indicated that the local factors 
may be as important as local lymph node metastasis, as AJCC 
6th stage IIB colorectal cancers directly invade other organs or 
structures and/or perforate the visceral peritoneum, while many 
III stage colorectal cancers remain within the bowel wall, but also 
spread to the lymph nodes (19). The results of the present study 
partially confirmed the findings of these previous studies.

The present study had several strengths. Firstly, it was a 
larger population‑based study, and large‑scale samples of 
patients with MAC were involved. Secondly, compared with 
former population‑based studies (11,12), an appropriate follow 
up time was decided when selecting the cohort to achieve 
more reliable results  (Fig.  1). Thirdly, to the best of our 
knowledge, no nomograms for patients with MAC have been 
constructed in previous studies. Additionally the Cox and SH 
models‑based nomograms were well validated by discrimina-
tion and calibration. Finally, the predictive factors used to 
construct these nomograms were easily obtained, allowing a 
feasible translation into clinical use.

There were also a number of limitations to the present study. 
Firstly, CRC is a heterogeneous disease with frequent genetic 
variations, including KRAS and BRAF mutations, and micro-
satellite instability, which are associated with prognosis (39,40). 
Unfortunately, these were not taken into consideration in the 
present study. Secondly, the detailed therapy data for patients 
with CRC in the current study were limited, such as anti‑EGFR 

Table III. Continued.

	 MAC	 NMAC
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
	 COX model	 SH model	 COX model	 SH model
Characteristics	 HR (95% CI)	 HR (95% CI)	 HR (95% CI)	 HR (95% CI)

Chemotherapy
  No	 References	 References	 References	 References
  Yes	 0.83 (0.78‑0.88)	 1.00 (0.92‑1.07)	 0.84 (0.81‑0.86)	 0.98 (0.94‑1.02)
Radiotherapy
  No	 References	 References	 References	 References
  Yes	 1.13 (1.02‑1.26)	 1.14 (1.00‑1.30)	 1.15 (1.10‑1.20)	 1.15 (1.08‑1.22)
  Unknown	 1.24 (0.84‑1.84)	 1.18 (0.66‑2.11)	 1.08 (0.91‑1.29)	 1.16 (0.91‑1.48)
Marital status
  Married	 References	 References	 References	 References
  Unmarried	 1.22 (1.16‑1.28)	 1.12 (1.05‑1.20)	 1.28 (1.25‑1.31)	 1.15 (1.12‑1.19)
  Unknown	 1.11 (0.96‑1.27)	 1.00 (0.82‑1.20)	 0.99 (0.94‑1.06)	 0.93 (0.85‑1.02)
CEA status
  Negative/normal	 References	 References	 References	 References
  Positive/elevated	 1.41 (1.32‑1.50)	 1.43 (1.31‑1.55)	 1.50 (1.46‑1.55)	 1.53 (1.47‑1.60)
Unknown/borderline	 1.19 (1.12‑1.26)	 1.19 (1.10‑1.29)	 1.17 (1.14‑1.20)	 1.20 (1.15‑1.25)

‘References’ refers to this group being the variable with which the other age groups were compared. Hazard ratio (HR) and 95% confidence 
index (95% CI) were calculated; MAC, mucinous adenocarcinoma; NMAC, non‑mucinous adenocarcinoma; CEA, carcinoembryonic antigen. 
Bold results indicate statistical significance P<0.05.
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therapy, immunotherapy and detailed strategies of chemo-
therapy. Thirdly, despite the nomograms being well validated 
by internal validation of discrimination and calibration, the 
external validation from other cohorts is required in the future, 
in order to test their accuracy.

In conclusion, to the best of our knowledge, the present 
study is the first population‑based study to use a competing 
risk model to estimate the CSS of primary CRC patients with 
MAC. It was observed that patients with MAC exhibited worse 
OS and CSS times than patients with NMAC. This is the first 

Table IV. Additional subgroup prognostic analysis for MAC and NMAC patients by different location.

	 MAC	 NMAC
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
	 Cox model	 SH model	 Cox model	 SH model
Location	 HR (95% CI)	 HR (95% CI)	 HR (95% CI)	 HR (95% CI)

Right	 References	 References	 References	 References
Left	 1.13 (1.07‑1.19)	 1.18 (1.10‑1.27)	 0.93 (0.90‑0.95)	 0.96 (0.92‑0.99)
Rectum	 1.16 (1.05‑1.29)	 1.25 (1.09‑1.43)	 1.02 (0.98‑1.06)	 1.10 (1.04‑1.17)
Unknown	 1.37 (1.15‑1.62)	 1.40 (1.15‑1.72)	 1.06 (0.97‑1.16)	 1.15 (1.03‑1.30)

‘References’ means this group is the variable with which the other age groups were compared. Hazard ratio (HR) and 95% confidence index (95% CI) 
were calculated; MAC, mucinous adenocarcinoma; NMAC, non‑mucinous adenocarcinoma. Bold results indicate stasitical significant P<0.05.

Figure 3. Nomogram for predicting 3‑ and 5‑year OS of patients with MAC CRC. The nomogram is used by summing the points identified on the top scale for 
each independent variable and drawing a vertical line from the total points scale to the 3‑ and 5‑year OS to obtain the probability of survival. The total points 
projected to the bottom scale indicate the % probability of the 3‑ and 5‑year survival. Sex: M = male, F = female; race: C = caucasian, A = African‑American, 
N = other race or unknown race; location, 0, cecum; 1, appendix; 2, ascending colon; 3, hepatic flexure; 4, transverse colon; 5, splenic flexure; 6, descending 
colon; 7, sigmoid colon; 8, rectosigmoid junction; 9, rectum; and N, unknown; tumor size: 1, 0‑2 cm; 2, 2‑4 cm; 3, 4‑6 cm; 4, >6 cm; and 5, unknown size; tumor 
stage, N, unknown stage; grade: 1, well differentiated; grade I and moderately differentiated; grade II; 2, poorly differentiated; grade III and undifferentiated; 
anaplastic; grade IV, and N, unknown grade; NO. Nodes, the number of positive regional lymph nodes; chemotherapy, 0, none/unknown and 1, yes; radio-
therapy, 0, none/unknown or refused,; 1, beam radiation or a combination of beam with implants or isotopes or radiation with method or source not specified 
or radioactive implants or radioisotopes, and N, recommended, unknown if administered; marital status, 0, married; 1, widowed or single (never married 
or having a domestic partner) or divorced or separated; CEA status, 0, negative/normal; 1, positive/elevated; and N, unknown/borderline. MAC, mucinous 
adenocarcinoma; CRC, colorectal cancer; OS, overall survival; CEA, carcinoembryonic antigen. *P<0.05, **P<0.01, ***P<0.001.
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Figure 4. Nomogram for predicting 3‑ and 5‑year cancer specific mortality of MAC CRC patients. The nomogram is used by summing the points identified 
on the top scale for each independent variable and drawing a vertical line from the total points scale to the 3‑ and 5‑year OS to obtain the probability of 
survival. The total points projected to the bottom scale indicate the % probability of the 3‑ and 5‑year survival. Sex: M, male; F, female; race: C, Caucasian; 
A, African-American; N, other race or unknown race; location, 0, cecum; 1, appendix; 2, ascending colon; 3, hepatic flexure; 4, transverse colon; 5, splenic 
flexure; 6, descending colon; 7, sigmoid colon; 8, rectosigmoid junction; 9, rectum; and N, unknown; tumor size: 1, 0‑2 cm; 2, 2‑4 cm; 3, 4-6 cm; 4, >6 cm; 
and 5, unknown size; tumor stage; N, unknown stage; grade: 1, well differentiated; grade I and moderately differentiated; grade II, 2, poorly differenti-
ated; grade III and undifferentiated; anaplastic; grade IV, and N, unknown grade; NO. nodes, the number of positive regional lymph nodes; chemotherapy, 
0, none/unknown and 1, yes; radiotherapy, 0, none/unknown or refused; 1, beam radiation or combination of beam with implants or isotopes or radiation with 
method or source not specified or radioactive implants or radioisotopes and N, recommended, unknown if administered; marital status, 0, married; 1, widowed 
or single (never married or having a domestic partner) or divorced or separated; CEA status, 0 = negative/normal, 1, positive/elevated, and N, unknown/border-
line. MAC, mucinous adenocarcinoma; CRC, colorectal cancer; OS, overall survival; CEA, carcinoembryonic antigen. *P<0.05, **P<0.01, ***P<0.001.

Figure 5. Calibration curves and AUC plots. Calibration for internal validation of Cox‑based and SH based nomograms. Time‑dependent AUC plots of 
(A) Cox‑based and (B) SH‑based nomograms. Calibration plots for 3‑year (C) and 5‑year (D) Cox‑based nomograms. Calibration plots for 3‑year (E) and 5‑year 
(F) SH‑based nomograms. AUC, area under the curve; SH, subdistribution hazard.
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study to construct OS‑ and CSS‑based nomograms for esti-
mating the prognosis of CRC patients with MAC.
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