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Purpose: The purpose of this study was to analyze the 
impact of tumor size on cancer-specific survival (CSS) in 
patients with mucinous adenocarcinoma (MAC) of the co-
lon, showing heavy intestinal wall invasion without distant 
metastasis (T4 N0-2 M0).

Methods: Patients with T4N0-2M0 MAC of colon were 
analyzed based on data from the US Surveillance, Epidemi-
ology, and End Results (SEER) database. Survival was ana-
lyzed using the Kaplan-Meier method, and the log-rank test 
was used to identify differences. Risk factors were analyzed 
using the Cox proportional hazard model. A preliminary 
analysis of T4N0-2M0 adenocarcinoma of colon patients 
from the SEER database is also presented.

Results: A total of 585 patients from the SEER database 
were included in the analysis. The cutoff value (5.0 cm) was 
determined using the X-tile program. Kaplan-Meier analy-

sis showed that tumors ≤5.0 cm had a poorer CSS compared 
to tumors >5.0 cm (p=0.034). Multivariate analysis indi-
cated that tumor size is an independent prognostic factor 
for these patients, and compared to tumors ≤5.0 cm, tumors 
>5.0 cm were more likely to have better CSS (HR 0.658, 95% 
CI 0.506-0.854, p=0.002). Tumor size was also analyzed as 
a continuous variable in multivariate analysis, and CSS 
decreased with decreasing tumor size (HR 0.919, 95% CI 
0.873–0.968, p<0.001). No significant association between 
tumor size and CSS was observed in patients with T4N0-
2M0 MAC of the colon.

Conclusion: Smaller tumor size is associated with poorer 
CSS in patients with T4N0-2M0 MAC of the colon.

Key words: colon cancer, mucinous adenocarcinoma, sur-
vival, T4 stage, tumor size 

Summary

Introduction 

The association between small tumor size and poor survival 
in T4 mucinous adenocarcinoma of colon without distant 
metastasis
Ben Huang*, Chen Chen*, Mengdong Ni, Xiaomin Xue, Guoxiang Cai, Sanjun Cai
Department of Colorectal Surgery, Fudan University Shanghai Cancer Center, Shanghai, People’s Republic of China

*These authors contributed equally to this work

Correspondence to: Sanjun Cai, MD, PhD. Department of Colorectal Surgery, Fudan University Shanghai Cancer Center, 270 Dong’an Road, 
Shanghai 20032, People’s Republic of China. Tel: +86 13661824237, Fax: +86 21 6417 4774, E-mail: csjfuscc@163.com
Received: 12/05/2016; Accepted: 26/05/2016

Colon cancer, one of the most commonly di-
agnosed cancers worldwide, affects approximate-
ly 1.4 million people and results in more than 
693,000 deaths worldwide each year [1,2]. Of all 
the histological subtypes of colon cancer, MAC 
accounts for 10-15% and is the second most fre-
quent, next only to adenocarcinoma [3]. 

MAC of the colon, characterized by large 
pools of extracellular mucin in more than 50% 
of the tumor [4], is a distinct biological entity in 
terms of tumor progression and metastasis [5-7]. 

Many studies have indicated that MAC of the co-
lon and rectum is correlated with poor biological 
behavior, including large tumor size [8,9], lymph 
node involvement, serosal infiltration, and adja-
cent organ invasion [10,11]. In addition, MAC of 
the colon and rectum is also reported in more 
cases of advanced TNM stage [8,10] and responds 
poorly to first-line chemotherapy [12,13]. In a 
large population-based study [14], a significantly 
poorer survival was reported for MAC of rectum 
than for adenocarcinoma of rectum. Although the 
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depth of primary tumor invasion is an important 
prognostic factor in colon cancer, it may be dif-
ficult to identify the depth of tumor invasion in 
MAC when a mucin pool is present without tu-
mor cells. Therefore, the prognostic role of tumor 
size, which is significantly associated with MAC, 
should be further discussed in MAC of the colon.

Smaller tumor size is generally associated 
with better CSS in patients with colon cancer [15-
17]. In several studies, it has been proposed that 
tumor size can be a useful addition to the TNM 
staging system for the sake of higher prognostic 
accuracy in colorectal cancer (CRC) [17-19]. Anal-
yses of different subgroups of colon cancer data, 
however, have produced some interesting results. 
In a study of 610 Japanese colon cancer patients, 
researchers found CSS to be lower with smaller 
tumors: patients with tumors between 4 and 8 
cm in size showed an HR of 0.45 (95% CI 0.293-
0.696, p<0.001) relative to patients with tumors 
<4 cm [20]. Some investigators found that small-
er tumors (median 30 mm) did not entail better 
survival outcomes compared with medium-sized 
tumors (median 45 mm) or larger tumors (medi-
an 60 mm) in patients with non-metastatic CRC 
(p=0.998) [21].

We hypothesized that small tumor size 
would reflect a biologically more aggressive 
phenotype and thus poorer CSS in patients with 
MAC of the colon with heavy depth of tumor in-
vasion (T4N0-2) without distal metastasis (M0). 
To test this hypothesis, we analyzed a subset of 
patients with MAC of the colon with T4N0-2M0 
disease from the US Surveillance, Epidemiology, 
and End Results (SEER) database. We also car-
ried out a preliminary analysis of patients with 
T4N0-2M0 adenocarcinoma of the colon from 
the SEER database.

 
Methods

Selection of T4N0-2M0 MAC of colon patients

The SEER program (http://seer.cancer.gov/), spon-
sored by the National Cancer Institute, is a popula-
tion-based cancer registry collecting and publishing 
cancer incidence and survival data. It comprises 18 
population-based cancer registries that cover approx-
imately 26% of the US population. Cases of invasive 
MAC of the colon from January 1988 to December 2003 
were extracted from the database (http://seer.cancer.
gov, April 2013 release). Cases that met the following 
criteria were included: mucinous adenocarcinoma of 
the colon, age at diagnosis between 18 and 75 years, 
Caucasian, known depth of invasion and lymph node 
status, at least 12 retrieved lymph nodes, colon cancer 

surgically resected with a pathology specimen, patho-
logically confirmed diagnosis, AJCC stage T4, non-met-
astatic, known survival time and cause of death, and co-
lon cancer as the only malignant tumor. Patients were 
excluded if they had undergone neoadjuvant chemora-
diotherapy or had only local tumor excision. The Fudan 
University Shanghai Cancer Center Ethics Committee 
and Institutional Review Board reviewed and approved 
the research protocol.

Selection of patients with T4N0-2M0 adenocarcinoma of 
the colon

We also extracted patients with invasive adeno-
carcinoma of the colon from the SEER database. The 
inclusion and exclusion criteria were identical to those 
in the data selection of T4N0-2M0 MAC of the colon 
patients.

Outcome measures

The following data were collected from the SEER 
database: sex, race, age at diagnosis (with 60 years ap-
plied as the cutoff in analyses), year of diagnosis, tu-
mor size, pathology grade, histological type, number 
of primaries, number of lymph nodes harvested (with 
18 applied as the cutoff in analyses), number of posi-
tive lymph nodes (N0, N1 or N2), depth of local tumor 
invasion, AJCC TNM stage, radiation sequence with 
surgery, follow-up time, and SEER cause-specific death 
classification. All cases were restaged according to the 
latest AJCC cancer staging manual (7th edition, 2010) 
[16]. Tumor size was defined as the maximal tumor di-
ameter obtained from pathology reports on resected 
cancer specimens. The cutoff point for tumor size to 
differentiate the high- and low-risk groups was iden-
tified using X-tile software [22]. In the X-tile software, 
data are displayed in the x-axis where each point re-
flects a potential cutoff point. The intensity of the color 
of the grid represents the strength of the association 
between tumor size and CSS. The primary end point 
for our study was CSS, which was calculated from the 
time of diagnosis to the time of colon cancer-specific 
death. Deaths attributed to colon cancer were treated 
as events, and deaths from other causes or being alive 
at the last follow-up were treated as censored observa-
tions.

Statistics

The cutoff value for tumor size was identified 
based on the X-tile software (http://www.tissuearray.
org/rimmlab/) by the minimum p values from log-rank 
chi-square statistics. Clinicopathological data based on 
tumor size (using the cutoff value determined with the 
X-tile software) were summarized using cross-tabula-
tion, and the distributions were compared using chi-
square tests. Survival curves were constructed using 
Kaplan-Meier analysis, and the log-rank test was used 
to identify differences. Multivariate Cox proportional 
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hazards models were performed to analyze risk factors 
for survival outcome. Tumor size was also analyzed as 
a continuous variable in multivariate analysis. All com-
puted p values were two-sided, and statistical signifi-
cance was accepted at p<0.05. All statistical analyses 
were performed with the SPSS 20.0 statistical package 
for Windows.

 

Results

Descriptive statistics in T4 MAC of the colon

A total of 585 patients (301 men and 284 
women) in the SEER database were included in 
the final analysis, of whom 280 (47.9%) were re-
corded as having died from colon cancer. Patient 

demographics and pathologic features based on 
tumor size are shown in Table 1. The median fol-
low-up time was 70 months (interquartile range, 
21–121 months). Among all cases, 434 (74.2%) 
were primarily located in the right colon, and 151 
(25.8%) were in the left colon. There were 426 
(72.6%) patients pathologically diagnosed with 
high or moderate differentiation and 161 (27.4%) 
with poor differentiation or undifferentiation. As 
for lymph node status, stage N0 cases were the 
most common, accounting for 44.6% (261), with 
stage N1 accounting for 25.6% (150) and stage N2 
for 29.7% (174). Compared to patients with tumors 
>5.0 cm, patients with tumors ≤5.0 cm were more 
likely to have lymph node metastasis, i.e., N1 or 

Table 1. Demographic characteristics of patients with T4N0-2M0 mucinous adenocarcinoma of 
colon, stratified by tumor size

Tumor size (cm) 

Characteristics Total ≤5 cm >5 cm p value

(N=585) (N=193) (N=392)

N (%) N (%) N (%)

Median follow-up (mo) 70 55 82  

Sex    0.144

 Male 301 (51.5) 91 (47.2) 210 (53.6)  

 Female 284 (48.5) 102 (52.8) 182 (46.4)  

Age at diagnosis (years)    0.609

 ≤60 261 (44.6) 89 (46.1) 172 (43.9)  

 >60 324 (55.4) 104 (53.9) 220 (56.1)  

Year of diagnosis    0.804

 1988-1996 193 (33.0) 65 (33.7) 128 (32.7)  

 1997-2003 392 (67.0) 128 (66.3) 264 (67.3)  

Primary site    0.971

 Right colon 434 (74.2) 143 (74.1) 291 (74.2)  

 Left colon 151 (25.8) 50 (25.9) 101 (25.8)  

Pathology grade    0.355

 High 57 (9.7) 14 (7.0) 43 (11.1)  

 Moderate 369 (62.9) 132 (66.3) 237 (61.1)  

 Poor 156 (26.5) 52 (26.2) 104 (26.8)  

 Undifferentiated 5 (0.9) 1 (0.5) 4 (1.0)  

LNH    0.279

 ≤18 327 (55.9) 114 (59.1) 213 (54.3)  

 >18 258 (44.1) 79 (40.9) 179 (45.7)  

T stage    <0.001

 T4a 294 (50.3) 120 (62.2) 174 (44.4)  

 T4b 291 (49.7) 73 (37.8) 218 (55.6)  

N stage    0.007

 N0 261 (44.6) 72 (37.3) 189 (48.2)  

 N1 150 (25.6) 64 (33.2) 86 (21.9)  

 N2 174 (29.7) 57 (29.5) 117 (29.8)  
LNH: number of lymph nodes harvested
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N2 (62.7 vs 51.7%, p=0.007). The distribution of 
T4N0-2M0 MAC of colon patients according to 
tumor size is shown in Figure 1.

Tumor size vs CSS in T4 MAC of the colon 

Analysis using the X-tile program showed a 
continuous direct association between increas-
ing tumor size and superior CSS and identified 
5.0 cm as the optimal cutoff value (Figure 2). Ka-
plan-Meier analysis showed that tumors ≤5.0 cm 
had a poorer CSS than tumors >5.0 cm (p=0.034; 
Figure 3), and the 5-year CSS rates were 51.6 and 
60.5% in patients with tumors ≤5.0 cm and >5.0 
cm. Univariate analysis of the entire sample in-
dicated that the year of diagnosis (p=0.007), pa-
thology grade (p=0.003), tumor size (p=0.034), N 
stage (p<0.001), and T stage (p<0.001) were risk 
factors for CSS (Table 2). An analysis using the 
multivariate Cox proportional model identified 
the following independent prognostic factors: tu-
mor size (p=0.002), N stage (p<0.001), and T stage 
(p<0.001). Compared to patients with tumors ≤5.0 

cm, patients with tumors >5.0 cm were more like-
ly to have better CSS (HR 0.658, 95% CI 0.506-
0.854, p=0.002, Table 3). To avoid the potential 
influence of selected cutoff values, we further an-
alyzed tumor size as a continuous variable using 
the multivariate Cox proportional hazards model. 
CSS decreased with decreasing tumor size (HR 
0.919, 95% CI 0.873–0.968, p<0.001). With each 
centimeter increase in tumor size, the patient’s 
mortality risk would decrease by 8.1%.

Preliminary analyses in T4 adenocarcinoma of colon

We also included patients with T4N0-2M0 
adenocarcinoma of the colon from the SEER data-
base (Table 4). Preliminary analysis showed that 
there was no significant association between tu-
mor size and CSS (Table 5).

Discussion

In general, large tumor size is associated with 
heavy tumor burden, lymph node involvement 
and poor survival outcome in colon cancer [23]. 
However, analyses of particular subgroups have 
yielded the opposite findings. In a SEER-based 
study, Wang et al. found that smaller tumors (≤2.5 
cm) entailed worse survival outcome compared 
with medium-sized tumors (2.5-6.0 cm) or larger 
tumors (>6.0 cm) in patients with stage IIA colon 
cancer (p=0.014) [24]. Vinayak et al. reported that 
in stage III colon cancer, patients with the small-
est tumors (<5 mm) had higher 10-year colon can-
cer-specific mortality compared with those with 
tumors 5-19 mm, 20-39 mm, 40-59 mm, or ≥60 
mm in size (53.3% vs 30.1, 37.5, 39.2, and 39.7% ; 
p<0.05 in all cases) [25].

The results from the current study indicate 

Figure 1. Frequency distribution of T4N0-2M0 MAC 
of colon patients according to tumor size.

Table 2. Univariate survival analyses of T4N0-2M0 
mucinous adenocarcinoma of the colon according to 
clinicopathological variables

Variables  No.  5-year CSS (%)  p value
Sex      0.199

 Male  301  54.4  
 Female  284  60.9  

Age at diagnosis (years)      0.117
 ≤60  261  60.7  
 >60  324  54.9  

Year of diagnosis      0.007
 1988-1996  193  63.7  
 1997-2003  392  54.6  

Primary site      0.130
 Right colon  434  59.8  
 Left colon  151  51.0  

Pathology grade      0.003
 High  57  78.7  
 Moderate  369  58.9  
 Poor  156  48.5  
 Undifferentiated  5  20.0  

LNH      0.390
 ≤18  327  55.2  
 >18  258  60.4  

T4      <0.001
 T4a  294  65.7  
 T4b  291  49.5  

N stage      <0.001
 N0  261  78.7  
 N1a  66  58.4  
 N1b  84  56.1  
 N2a  67  28.6  
 N2b  107  23.4  

Tumor size (cm)      0.034
 ≤5  193  51.6  
 >5  392  60.5  

LNH: number of lymph nodes harvested, CSS: cancer-specific 
survival
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that in patients with T4N0-2M0 MAC of the colon, 
small tumor size is associated with poor survival, 
as well as with lymph node metastasis. As some 
researchers have suggested, tumors that reach the 
serosa and beyond with small size may reflect a 
vertical growth pattern and early-acquired met-
astatic potential, whereas tumors that grow to a 
larger size without distant metastasis may rep-
resent a biologically indolent nature and limited 
metastatic ability [24,26]. These results may sup-
port our hypothesis that patients with small tu-
mor size in MAC of the colon with heavy intesti-
nal wall invasion likely reflect a biologically more 
aggressive phenotype. The fact that surgeons are 
more likely to treat large tumors more aggres-
sively may help explain our observed associa-
tions. A study showed that multivisceral resection 
is associated with increased tumor size in locally 
advanced CRC [21]. In addition, Sugarbaker et al. 
indicated that extracellular mucin would help the 
tumor cells penetrate into the peritoneal cavity 
or propel into the lymphatic system in mucinous 
CRC [27]. This may explain why we failed to iden-
tify a significant association between tumor size 
and CSS in patients with T4N0-2M0 adenocarci-
noma of the colon. 

Based on our findings, we recommend more 

Table 4. Demographics of patients with T4N0-2M0 
adenocarcinoma of the colon
Demographics  N %
Median follow-up (mo)  76  
Sex    

 Male  1219  48.3
 Female  1305  51.7

Age at diagnosis (years)    
 ≤60  1023  40.5
 >60  1501  59.5

Year of diagnosis    
 1988-1996  1011  40.1
 1997-2003  1513  59.9

Primary site    
 Right colon  1593  63.1
 Left colon  931  36.9

Pathology grade    
 High  150  5.9
 Moderate  1595  63.2
 Poor  751  29.8
 Undifferentiated  28  1.1

LNH    
 ≤18  1440  57.1
 >18  1084  42.9

T stage    
 T4a  1466  58.1
 T4b  1058  41.9

N stage    
 N0  1123  44.5
 N1  678  26.9
 N2  723  28.6

LNH: number of lymph nodes harvested  
 

Table 3. Multivariate survival analysis to evaluate the influence of tumor size on CSS in patients with T4N0-
2M0 mucinous adenocarcinoma of the colon

Variables Multivariate analysis a Multivariate analysis b

HR (95% CI) p value HR (95% CI) p value
Year of diagnosis  0.145  0.134

 1988-1996 reference  reference  
 1997-2003 1.231 (0.931-1.628)  1.239 (0.937-1.638)  

Pathology grade  0.102  0.104
 High reference  reference  
 Moderate 1.549 (0.978-2.452)  1.511 (0.954-2.392)  
 Poor 1.565 (0.947-2.588)  1.521 (0.919-2.516)  
 Undifferentiated 3.534 (1.163-10.738)  3.640 (1.201-11.034)  

T stage  <0.001  <0.001
 T4a reference  reference  
 T4b 1.711 (1.323-2.214)  1.758 (1.356-2.280)  

N stage  <0.001  <0.001
 N0 reference  reference  
 N1a 2.003 (1.293-3.102)  2.066 (1.334-3.199)  
 N1b 1.940 (1.323-2.214)  1.956 (1.308-2.925)  

 N2a 4.345 (2.952-6.394)  4.343 (2.950-6.394)  

 N2b 5.415 (3.810-7.696) 5.358 (3.770-7.614) 
Tumor size (cm)a 0.002

≤5 reference ─
 >5 0.658 (0.506-0.854)

Tumor size (cm)b ─ 0.919 (0.873-0.968) 0.001
CSS: cancer-specific survival, HR: hazard ratio, CI: confidence interval, a Tumor size as a categorical variable, b Tumor size as a contin-
uous variable
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aggressive excision in MAC of the colon patients 
with T4N0-2M0 disease whose tumors are small. 
Especially when the tumor directly invades or is 
adherent to other organs or structures (T4b), a 
multivisceral resection is suggested, even though 
this procedure is correlated with increased inci-

dence of a wide variety of complications [28-30]. 
Although a minimum of 12 lymph nodes exam-
ined in CRC is currently recommended by AJCC 
[31], many studies suggested a higher threshold 
for number of retrieved lymph nodes [32,33]. The 
association between more lymph nodes harvested 
and greater survival was observed in both stage II 
[34] and stage III [35] colon cancer. Considering 
the association between lymph node metastasis 
and small tumor size, an increase in the number 
and extent of the retrieved lymph nodes may be 
recommended for those patients with small tumor 
size. Intraoperative radiotherapy (IORT), defined 
as the direct administration of radiation to the tu-
mor bed during surgery, was recommended in the 
National Comprehensive Cancer Network (NCCN) 
guidelines as an additional boost for patients with 
T4 CRC [36]. This type of highly concentrated and 
precisely targeted radiation not only maximizes 
the therapeutic effect on microscopic tumor cells 
but also spares healthy tissues and organs. A sys-
tematic review and a meta-analysis confirmed that 
IORT, as a part of multimodal therapy for locally 
advanced CRC, could reduce the incidence of local 
recurrence by over 10% and improve disease-free 
survival (DFS) and overall survival (OS), when 
compared to conventional treatment (surgery plus 
pre-/post-operative therapy) [37,38]. The associa-
tion between small tumor size and poor survival 

Table 5. Univariate analyses to explore the influence 
of different tumor size cutoffs on CSS in patients with 
T4N0-2M0 adenocarcinoma of the colon

Tumor size (cm) N 5-year CSS (%) p value

≤2 80 63.3 0.722

>2 2444 59.6  

≤3 271 58.9 0.803

>3 2253 59.9  

≤4 717 56.9 0.382

>4 1807 60.5  

≤5 1213 58.1 0.282

>5 1311 61.3  

≤6 1615 58.8 0.295

>6 909 61.4  

≤7 1897 59.5 0.867

>7 627 60.6  

≤8 2110 59.7 0.741

>8 414 59.7  

≤9 2252 59.9 0.237

>9 272 58.2  

≤10 2363 59.7 0.666

>10 161 59.5  

CSS: cancer-specific survival 

Figure 2. X-tile plots of tumor size in patients with 
T4N0-2M0 MAC of the colon. The x-axis represents all 
potential tumor size cutoffs from left to right (low to 
high) that could be used to define the high and low sub-
sets. Brighter pixels indicate a stronger association be-
tween tumor size and CSS. The plot shows the bright-
est pixels (marked by the black circle) when the entire 
sample was divided into high and low subsets using a 
cutoff point of 5.0 cm. Green coloration suggests a con-
tinuous direct association between increasing tumor 
size and greater CSS. 

Figure 3. Kaplan-Meier survival curve for patients 
with T4N0-2M0 MAC of the colon stratified by tumor 
size (p=0.034).
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has led us to recommend IORT in patients with 
MAC of the colon with T4N0-2M0 disease whose 
tumors are small despite the wound-associated 
complications reported in post-IORT patients [38]. 

To our knowledge, this is the only study to date 
that focuses on the association between tumor size 
and CSS in patients with T4N0-2M0 MAC of the 
colon. The large sample of 585 patients from the 
SEER database ensures adequate power in the re-
lationship between tumor size and CSS, and there-
fore, our findings have good reliability. We also 
analyzed tumor size as a continuous variable and 
thus circumvented issues that may arise in cate-
gorization, such as loss of information, decreased 
statistical power and poorly controlled confound-
ing effects [39,40]. However, there are still several 
limitations in our study. Some important patient- 
and disease-related information cannot be obtained 
from the SEER database, such as intestinal obstruc-
tion or penetration, comorbidities, surgical margin 
status, lymphovascular or perineural invasion, and 
data on adjuvant chemotherapy. This clinicopatho-
logical information may be a valuable addition to 
our current analysis. Moreover, our analysis only 
included patients who had undergone surgical re-

section, and thus, our findings may not apply to 
cases with unresectable tumors or those who re-
fuse surgical intervention.

 

Conclusion

In conclusion, our results provide the first ev-
idence that in patients with T4N0-2M0 MAC of 
the colon, small tumor size is associated with an 
unfavorable survival compared with large tumor 
size. Further studies on MAC of the colon patients 
with T4N0-2M0 disease are expected to uncover 
potential molecular and genetic mechanisms for 
our findings.
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