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Abstract
AIM: To hypothesize that in patients with colon cancer 
showing heavy intestinal wall invasion without distant 
metastasis (T4bN0-2M0), small tumor size would 
correlate with more aggressive tumor behaviors and 
therefore poorer cancer-specific survival (CSS).

METHODS: We analyzed T4bN0-2M0 colon cancer 
patients in the Surveillance, Epidemiology and End 
Results (SEER) database. A preliminary analysis 
of T4bN0-2M0 colon cancer patients at the Fudan 
University Shanghai Cancer Center is also presented.

RESULTS: A total of 1734 T4bN0-2M0 colon cancer 
patients from the SEER database were included. 
Kaplan-Meier analysis revealed decreasing CSS with 
decreasing tumor size (P  < 0.001). Subgroup analysis 
showed a significant association between poorer CSS 
with smaller tumor size in T4bN0 patients (P  = 0.024), 
and a trend of association in T4bN1 (P  = 0.182) and 
T4bN2 patients (P  = 0.191). Multivariate analysis 
identified tumor size as an independent prognostic 
factor for CSS in T4bN0-2M0 patients (P  = 0.024). 
Preliminary analysis of Fudan University Shanghai 
Cancer Center samples suggested the 5-year CSS was 
50.0%, 72.9% and 77.1% in patients with tumors ≤ 4.0 
cm, 4.0-7.0 cm and ≥ 7.0 cm.

CONCLUSION: Smaller tumor size is associated with 
poorer CSS in the T4bN0-2M0 subset of colon cancer, 
particularly in the T4bN0M0 subgroup.

Key words: Survival; Colon cancer; Tumor size; T4b 
colon cancer; Locally advanced colon cancer
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Smaller tumor size is associated with poor survival in T4b 
colon cancer



colon cancer in the US Surveillance, Epidemiology 
and End Results (SEER) database. Subgroup analysis 
was conducted separately for patients in the T4bN0, 
T4bN1, and T4bN2 stages. We also carried out a 
preliminary analysis of the 101 patients with T4bN0-
2M0 colon cancer receiving surgical treatment at the 
Fudan University Shanghai Cancer Center (FUSCC).

MATERIALS AND METHODS
Selection of patients from the SEER database
The SEER database is a population-based cancer 
registry that collects and publishes cancer incidence 
and survival data from 18 population-based cancer 
registries covering approximately 26% of the US 
population. Cases of invasive colon cancer from 
January 1988 to December 2003 were extracted 
from the database (http://seer.cancer.gov, April 
2013 release). For inclusion in our study, subjects 
had to meet the following criteria: (1) age between 
18 and 75 years at time of diagnosis; (2) diagnosis 
of adenocarcinoma, mucinous adenocarcinoma or 
signet-ring carcinoma of the colon in AJCC stages 
T4bN0-2; (3) known maximum tumor diameter, depth 
of invasion, and lymph node status; (4) at least 12 
harvested lymph nodes; (5) colon cancer surgically 
resected; (6) confirmation of diagnosis based on 
pathology of a surgical specimen, rather than based 
on death certificate or autopsy; (7) non-metastatic 
(AJCC stage M0); (8) known survival time and cause 
of death; and (9) colon cancer as the only malignant 
tumor. Subjects who underwent neoadjuvant 
chemoradiotherapy (CRT) or only local tumor excision 
were excluded.  

Selection of patients from the FUSCC
The FUSCC colorectal cancer database was established 
in January 2006, and prospectively collects data of 
colorectal cancer patients receiving treatment at 
FUSCC. Data were extracted for T4bN0-2M0 colon 
cancer patients treated between 2006 and 2012 with 
radical surgery and 6 mo of adjuvant chemotherapy 
involving either the combination of oxaliplatin and 
fluorouracil/folinic acid or the combination of oxaliplatin 
and oral capecitabine. The inclusion and exclusion 
criteria were identical to that in the data selection from 
the SEER database. The FUSCC Ethical Committee 
and Institutional Review Board approved the research 
protocol, and all subjects provided written informed 
consent. 

Outcome measures
We collected data on the following variables from the 
SEER database: gender, race, patient age at diagnosis 
(with 60 years applied as a cut-off in analyses), 
primary site, number of primary tumors, year of 
diagnosis, histological type, pathology grade, tumor 
size, TNM stage, number of lymph nodes harvested 
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Core tip: In contrast to the association of larger tumor 
size with poor cancer-specific survival (CSS) in colon 
cancer patients overall, this study suggested that 
smaller tumor size was associated with poor CSS in the 
T4bN0-2M0 subpopulation, particularly in the T4bN0M0 
subgroup.
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INTRODUCTION
Locally advanced colorectal cancer, including T4b 
colorectal cancer, accounts for 5%-22% of all colorectal 
cancer cases[1]. Several prognostic factors have been 
identified for locally advanced colorectal cancer, 
including pN+[1,2], pT4[1-3], poor tumor differentiation[2], 
high serum CEA[2,4], and lymphovascular or perineural 
invasion[1,5]. T4b lesions (previously classified as T4) 
are associated with poorer prognosis when they are 
invasive or when they adhere to other organs or 
structures[3,6,7].

Standard surgical treatment for such patients 
is multivisceral resection (MVR), which refers to en 
bloc removal of the tumor and infiltrated organs in 
order to achieve margin-negative (R0) resection[8,9]. 
This procedure is associated with increased incidence 
of a wide variety of complication[9-11], and it is often 
impossible to distinguish malignant invasion from 
inflammatory adhesions intraoperatively[12]. Thus, 
identifying novel risk factors in such patients might 
allow a more appropriate adjuvant treatment planning 
and a better assessment of the long-term prognosis 
after the MVR. 

Smaller tumor size is generally associated with 
greater cancer-specific survival (CSS) in patients with 
colon cancer[13-15]. However, analysis of subgroups of 
colon cancer patients has produced surprising results. 
In a study of 610 Japanese colon cancer patients, 
Takahashi et al[16] found CSS to be lower with smaller 
tumors: patients with tumors 4-8 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. Similarly, a 
study of stage ⅡA colon cancer[17] found decreased 
CSS with smaller tumor size. 

We hypothesized that small tumor size would 
be associated with more aggressive tumor behavior 
and thus lower CSS in the subgroup of colon cancer 
patients with heavy intestinal wall invasion (T4bN0-2) 
without distal metastasis (M0). To address this 
hypothesis, we analyzed patients with T4bN0-2M0 



(with 18 applied as the cut-off in analyses), number 
of metastatic lymph nodes (N0, N1, or N2), radiation 
sequence with surgery, survival time and cause of 
death. The same data were collected from the FUSCC 
dataset, from which we also collected information on 
lymphovascular invasion and perineural invasion. All 
cases were restaged according to the 7th edition of the 
AJCC Cancer Staging Manual. 

Tumor size was defined as the maximal tumor 
diameter obtained from pathology reports on resected 
cancer specimens. Tumor size cut-off points to assign 
patients to high-, medium-, or low-risk groups were 
identified using X-tile software (www.tissuearray.org/
rimmlab)[18]. In X-tile, data are shown in a triangular 
grid, with each point in the grid representing a 
potential cut-off point. The intensity of the color in the 
grid represents the strength of the association between 
tumor size and CSS. The primary study outcome was 
CSS. CSS was calculated from the date of diagnosis 
to the date of colon cancer-specific death. Cases were 
censored if patients died from other causes or were 
alive at the time of last follow-up. 

Statistical analysis
Cut-off points for CSS were determined based on 
minimal P values from log-rank χ 2 statistics using X-tile. 
Groups with different tumor sizes, defined using the 
cut-off points determined by X-tile, were compared in 
terms of patient- and disease-related characteristics 
using χ 2 tests. Survival data were plotted as Kaplan-
Meier curves and compared using log-rank tests. A 
multivariate Cox regression model was used to analyze 
risk factors for survival outcomes. All computed P 
values were 2-tailed, and statistical significance was 
accepted at P < 0.05. All analyses were performed 
using SPSS 20.0.

RESULTS
Descriptive statistics in the SEER dataset
A total of 1734 patients (857 men and 877 women) in 
the SEER database were included in the final analysis, 
of whom 978 (56.4%) were recorded as having died 
from colon cancer. Patient demographics and pathology 
features stratified by tumor size are shown in Table 
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Table 1  Demographics of patients from the Surveillance, Epidemiology and End Results database with T4bN0-2M0 colon cancer, 
stratified by tumor size  n  (%)

Characteristic Tumor size (cm) P  value

Total (n  = 1734) ≤ 4.0 (n  = 274) 4.0-7.0 (n  = 653) ≥ 7.0 (n  = 807)

Median follow-up (mo) 43 33 43 50
IQR 15-107 12-92 17-105 14-114
Sex 0.395
   Male 857 (49.4) 131 (47.8) 313 (47.9) 413 (51.2)
   Female 877 (50.6) 143 (52.2) 340 (52.1) 394 (48.8)
Year of diagnosis 0.867
   1988-1999 856 (49.4) 137 (50.0) 317 (48.5) 402 (49.8)
   2000-2003 878 (50.6) 137 (50.0) 336 (51.5) 405 (50.2)
Age at diagnosis (yr) 0.330
   ≤ 60 785 (45.3) 130 (47.4) 281 (43.0) 374 (46.3)
   > 60 949 (54.7) 144 (52.6) 372 (57.0) 433 (53.7)
Primary site 0.187
   Right colon 1103 (63.6) 176 (64.2) 398 (60.9) 529 (65.6)
   Left colon   631 (36.4)   98 (35.8) 255 (39.1) 278 (34.4)
Race 0.145
   White 1386 (80.0) 212 (77.4) 530 (81.2) 644 (79.8)
   Black   195 (11.2)   41 (15.0) 61 (9.3)   93 (11.5)
   Other1 153 (8.8) 21 (7.6) 63 (9.5) 69 (8.7)
Histological type 0.016
   Adenocarcinoma 1351 (77.9) 223 (81.4) 525 (80.4) 603 (74.7)
   Mucinous adenocarcinoma   341 (19.7)   42 (15.3) 118 (18.1) 181 (22.4)
   Signet-ring cell carcinoma   42 (2.4)   9 (3.3) 10 (1.5) 23 (2.9)
Pathology grade 0.001
   High/Moderate 1158 (66.8) 189 (69.0) 466 (71.4) 503 (62.3)
   Poor/Undifferentiated   576 (33.2)   85 (31.0) 187 (28.6) 304 (37.7)
N stage 0.001
   N0 725 (41.8)   93 (34.0) 255 (39.0) 377 (46.7)
   N1 460 (26.5)   74 (27.0) 188 (28.8) 198 (24.5)
   N2 549 (31.7) 107 (39.0) 210 (32.2) 232 (28.8)
LNH 0.013
   ≤ 18 938 (54.1) 157 (57.3) 375 (57.4) 406 (50.3)
   > 18 796 (45.9) 117 (42.6) 278 (42.6) 401 (49.7)

1Includes Native American, Asian, Pacific Islander and Unknown. IQR: Interquartile range; LNH: Number of lymph nodes harvested.
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tumor size showed poorer CSS than those with larger 
tumor size at each cut-off point tested. As the cut-
off point increased, so did the survival rate of patients 
with tumors smaller than that cut-off (Table 2). X-tile 
analysis identified 4.0 and 7.0 cm as optimal cut-off 
values (Figure 2).

Using 4.0 and 7.0 cm as cut-off values, Kaplan-
Meier analysis showed decreasing CSS with decreasing 
tumor size (P < 0.001): 5-year CSS was 37.1% in 
patients with tumors ≤ 4.0 cm, 47.0% in patients with 
tumors 4.0-7.0 cm and 52.5% in those with tumors ≥ 
7.0 cm (Figure 3a). Univariate analysis of all subjects 
suggested the following risk factors: age at diagnosis 
(P < 0.001), histology type (P < 0.001), pathology 
grade (P < 0.001), primary site (P = 0.001), tumor 

1. Median follow-up time was 43 mo (interquartile 
range, 15-107 mo). Most subjects were Caucasian 
(80.0%), followed by African-Americans (11.2%). 
Histology types included adenocarcinoma (77.9%), 
mucinous cancer (19.7%), and signet ring cell cancer 
(2.4%). Lymph node status included N0 (no lymph 
node involvement), 41.8%; N1 (1-3 metastasized 
lymph nodes), 26.5%; and N2 (> 3 metastasized 
lymph nodes), 31.7%. The proportions of patients 
with lymph node metastasis (N1 or N2) were 66.0% 
in the subgroup with tumors ≤ 4.0 cm, 61.0% in the 
subgroup with tumors 4.0-7.0 cm, and 53.3% in the 
subgroup with tumors ≥ 7.0 cm (P = 0.001). The 
distribution of patients with T4bN0-2M0 colon cancer 
among the tumor size subgroups is shown in Figure 1.

Tumor size vs CSS in the SEER dataset
Several Kaplan-Meier analyses of T4bN0-2M0 patients 
were conducted using tumor size cut-off points ranging 
from 3 to 10 cm. In all analyses, patients with smaller 
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Figure 1  Frequency distribution of T4bN0-2M0 colon cancer patients from the Surveillance, Epidemiology and End Results database, according to tumor 
size. The most frequent tumor size was 6 cm.

Table 2  Univariate analyses of patients from the Surveillance, 
Epidemiology and End Results database with T4bN0-2M0 
colon cancer, stratified by tumor size

Cut-off n 5-yr CSS Log-rank χ 2 P  value

≤ 3     94 35.9%   3.710    0.054
> 3 1640 48.7%
≤ 4   274 37.1% 15.214 < 0.001
> 4 1460 50.0%
≤ 5   542 40.8% 18.235 < 0.001
> 5 1192 51.2%
≤ 6   845 43.3% 14.118 < 0.001
> 6   889 52.4%
≤ 7 1066 45.1%   7.303    0.007
>7   668 52.5%
≤ 8 1284 46.3%   3.877    0.049
> 8   450 52.5%
≤ 9 1422 46.9%   2.270    0.132
> 9   312 52.8%
≤ 10 1541 47.0%   5.061    0.024
> 10   193 55.8%
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Figure 2  X-tile plots of tumor size in the Surveillance, Epidemiology and 
End Results cohort of patients with T4bN0-2M0 colon cancer. The x-axis 
represents all potential tumor size cut-off values from low to high (left to right) 
that could be used to define the low subset, while the y-axis represents all 
potential cut-off values from high to low (top to bottom) that could be used to 
define the high subset. Brighter pixels indicate stronger association between 
tumor size and CSS. The plot showed the brightest pixel (marked by the black 
circle) when the study cohort was divided into high, middle, and low subsets 
using cut-off points of 4.0 and 7.0 cm. Green coloration indicates continuous 
direct association between increasing tumor size and higher CSS. CSS: 
CANCER-specific survival.
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size (P < 0.001), number of lymph nodes harvested 
(P = 0.001) and N stage (P < 0.001). Multivariate 
Cox proportional modeling identified the following 
independent prognostic factors: age at diagnosis (P 
< 0.001), pathology grade (P = 0.002), tumor size 
(P = 0.024), number of lymph nodes harvested (P = 
0.009), and N stage (P < 0.001). Relative to patients 
with tumors ≤ 4.0 cm, patients with tumors 4.0-7.0 
cm were more likely to show greater CSS (HR = 
0.820, 95%CI: 0.683-0.985, P = 0.034), as were 
patients with tumors ≥ 7.0 cm (HR = 0.775, 95%CI: 
0.645-0.932, P = 0.007) (Table 3).

Kaplan-Meier analysis based on N stage showed 
decreasing CSS with increasing N stage (P < 0.001), 
the 5-year CSS was 69.5% in T4bN0 patients, 43.7% 
in T4bN1 patients and 22.6% in T4bN2 patients. 
Subgroup analysis confirmed the inverse relationship 
between tumor size and CSS in T4bN0 patients (P 
= 0.024; Figure 3b). The 5-year CSS was 58.4% in 
patients with tumors ≤ 4.0 cm, 69.3% in patients with 
tumors 4.0-7.0 cm and 72.4% in those with tumors 

≥ 7.0 cm. In contrast, the corresponding 5-year CSS 
rates were 35.8%, 42.5% and 47.9% in the subgroup 
of T4bN1 patients, suggesting that tumor size was not 
significantly associated with CSS (P = 0.182; Figure 
3c). Similar results were obtained in the subgroup of 
T4bN2 patients, for which the corresponding 5-year 
CSS rates were 19.1%, 23.7% and 23.3% (P = 0.191; 
Figure 3d). 

Univariate analysis of data from the subgroup of 
T4bN0M0 subjects identified the following factors as 
associated with CSS: tumor size (P = 0.024), number 
of lymph nodes harvested (P = 0.029) and age at 
diagnosis (P = 0.002). Multivariate analysis identified 
tumor size (P = 0.048) and age at diagnosis (P = 0.004) 
as independent prognostic factors. Relative to patients 
with tumors ≤ 4.0 cm, patients with tumors 4.0-7.0 
cm were not likely to have a significantly different CSS 
(HR = 0.790, 95%CI: 0.554-1.127; P = 0.194), while 
patients with tumors ≥ 7.0 cm were more likely to 
show higher CSS (HR = 0.656, 95%CI: 0.464-0.926; 
P = 0.017) (Table 4). 
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Figure 3  Kaplan-Meier curves for colon cancer patients from the Surveillance, Epidemiology and End Results database, stratified by tumor size. A: T4bN0-
2M0 group; B: T4bN0M0 subgroup; C: T4bN1M0 subgroup; D: T4bN2M0 subgroup. Survival rate decreased significantly with decreasing tumor size in the case of 
T4bN0-2 patients (P < 0.001). In subgroup analysis, survival rate decreased significantly with decreasing tumor size in T4bN0 patients (P = 0.024), but this association 
was not significant for T4bN1 (P = 0.182) or T4bN2 (P = 0.191) patients.
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FUSCC dataset
This analysis included 101 patients (59 men and 42 
women; Table 5). Median follow-up time was 47 mo 
(interquartile range, 33-62 mo). The distribution 
of histology types was adenocarcinoma, 87.1%; 
mucinous cancer, 9.9%; and signet ring cell cancer, 
3.0%. The distribution of lymph node status was 
N0, 42.6%; N1, 33.7%; and N2, 23.8%. The rate of 
lymphovascular invasion was 55.6% for tumor at ≤ 4.0 
cm, 30.8% and 34.1% for tumor at 4.0-7.0 cm and ≥ 
7.0 cm.

The 5-year CSS across all N subtypes was 50.0% 
for patients with tumors ≤ 4.0 cm, 72.9% for those 
with tumors 4.0-7.0 cm and 77.1% for those with 
tumors ≥ 7.0 cm (Figure 4a). The 5-year CSS for 

patients was 83.0% in the T4bN0 subgroup, 60.8% 
in the T4bN1 subgroup and 56.8% in the T4bN2 
subgroup (Figure 4b). Across all N subtypes and 
tumor sizes, 5-year CSS was lower in the presence of 
lymphovascular invasion (57.3%) than in its absence 
(77.5%), and it was lower in the presence of perineural 
invasion (55.5%) than in its absence (73.9%) (Figure 
4c and d).

DISCUSSION
The TNM staging system, as recommended by the 
American Joint Committee on Cancer (AJCC), is 
instrumental in the diagnosis and prognosis prediction 
in many malignancies. In colorectal cancer, “T” in the 
TNM staging is distinct and reflects the depth of local 
invasion rather than absolute tumor size. In several 
studies, it has been proposed that tumor size can be a 
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Table 3  Univariate and multivariate survival analyses of 
patients from the Surveillance, Epidemiology and End Results 
database with T4bN0-2M0 colon cancer

Variable Univariate 
analysis

Multivariate 
analysis

5-yr CSS P  value HR 95%CI P  value

Sex    0.404 NI
   Male 46.7%
   Female 49.1%
Year of diagnosis    0.339 NI
   1988-1999 49.4%
   2000-2003 46.6%
Race    0.184 NI
   White 48.9%
   Black 41.1%
   Other1 48.6%
Age at diagnosis (yr) < 0.001 < 0.001
   ≤ 60 51.7% 1.000 reference
   > 60 44.8% 1.309 1.148-1.492
Primary site    0.001    0.061
  Right colon 45.1% 1.000 reference
  Left colon 52.9% 0.875 0.761-1.006
Histological type < 0.001    0.100
   Adenocarcinoma 48.5% 1.000 reference
   Mucinous 
   adenocarcinoma

49.7% 1.008 0.848-1.197

   Signet-ring cell 
   carcinoma

17.2% 1.518 1.037-2.222

Pathology grade < 0.001    0.002
   High 67.8% 1.000 reference
   Moderate 51.4% 1.530 1.127-2.077
   Poor 38.6% 1.729 1.258-2.376
   Undifferentiated 25.0% 2.526 1.389-4.596
N stage < 0.001 < 0.001
   N0 69.5% 1.000 reference
   N1 43.7% 1.857 1.559-2.212
   N2 22.5% 3.600 3.056-4.239
LNH    0.001    0.009
   ≤ 18 43.5% 1.000 reference
   > 18 53.2% 0.841 0.738-0.959
Tumor size, cm < 0.001    0.024
   ≤ 4.0 37.1% 1.000 reference
   4.0-7.0 47.0% 0.820 0.683-0.985    0.034
   ≥ 7.0 52.5% 0.775 0.645-0.932    0.007

1Includes Native American, Asian, Pacific Islander and Unknown. CSS: 
Cancer-specific survival; LNH: Number of lymph nodes harvested; NI: 
Not included in the multivariate survival analysis. 

Table 4  Univariate and multivariate survival analyses of 
patients in the Surveillance, Epidemiology and End Results 
database with T4bN0M0 colon cancer

Variable Univariate 
analysis

Multivariate 
analysis

5-yr CSS P  value HR 95%CI P  value

Sex 0.443 NI
   Male 67.7%
   Female 71.2%
Year of diagnosis 0.473 NI
   1988-1999 71.9%
   2000-2003 66.7%
Race 0.388 NI
   White 70.0%
   Black 62.2%
   Other1 73.0%
Primary site 0.819 NI
   Right colon 70.1%
   Left colon 68.6%
Histological type 0.401 NI
   Adenocarcinoma 69.0%
   Mucinous 
adenocarcinoma

72.1%

   Signet-ring cell 
carcinoma

40.0%

Pathology grade 0.552 NI
   High 80.6%
   Moderate 68.5%
   Poor 66.0%
   Undifferentiated 66.7%
Age at diagnosis (yr) 0.002 0.004
   ≤ 60 74.1% 1.000 reference
   > 60 65.5% 1.441 1.127-1.841
LNH 0.029 0.063
   ≤ 18 64.3% 1.000 reference
   > 18 75.1% 0.795 0.624-1.013
Tumor size, cm 0.024 0.048
   ≤ 4.0 58.4% 1.000 reference
   4.0-7.0 69.3% 0.790 0.554-1.127 0.194
   ≥ 7.0 72.4% 0.656 0.464-0.926 0.017

1Includes Native American, Asian, Pacific Islander and Unknown. CSS: 
CANCER-specific survival; LNH: NUMBER of lymph nodes harvested; 
NI: NOT included in the multivariate survival analysis. 
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useful addition to the TNM staging system for the sake 
of higher prognostic accuracy in colorectal cancer[19,20].

In the cohort of patients with T4bN0-2M0 colon 
cancer, small tumor size was associated with poor 
prognosis, particularly in T4bN0M0 patients, as well as 
with lymph node metastasis. Analysis of the FUSCC 
dataset suggested a possible link between small 
tumor size and lymphovascular invasion. Since lymph 
node involvement and lymphovascular invasion were 
associated with poor survival, our results suggest that 
small tumor size in T4b patients may reflect a more 
biologically aggressive phenotype. The association 
between tumor size and CSS appeared as a non-
significant trend in the subgroup of T4bN1 patients, 
which may reflect the small sample size. Similarly, 
this association was not significant in the subgroup 
of T4bN2 patients, which may reflect the extensive 
involvement of lymph nodes, which likely influences 
patient survival to a greater extent than tumor 
size. Another factor that may explain our observed 
associations is that clinicians may be more likely to 
treat large tumors more aggressively: multivisceral 
resection is associated with increased tumor size[10]. 
This more aggressive treatment may result in greater 

survival. 
Multivisceral resection can improve survival, but 

a recent population-based study revealed that most 
United States patients with locally advanced adherent 
CRC do not undergo this procedure[21]. Our present 
results lead us to recommend more aggressive 
excision in patients with T4bN0-2M0 colon cancer 
whose tumors are small. We also recommend the use 
of multimodality therapy in patients with T4b colon 
cancer involving small tumors. Multimodality therapy 
which comprises neoadjuvant CRT, total mesorectal 
excision surgery, and adjuvant chemotherapy is now 
widely used to treat patients with locally advanced 
rectal cancer[22-25]. Studies suggest that neoadjuvant 
CRT can downstage locally advanced rectal cancer, 
resulting in increased resectability, improved sphincter 
preservation, reduced local recurrence rates, and 
improved survival[26,27]. Even though official guidelines 
do not currently recommend neoadjuvant CRT for 
colon cancer. Nevertheless, studies suggest that 
neoadjuvant CRT followed by multivisceral resection 
can be used to treat selected patients with locally 
advanced adherent colon cancer[28,29]. We advocate 
more extensive surgery and multimodality therapy to 

6732 August 7, 2016|Volume 22|Issue 29|WJG|www.wjgnet.com

Table 5  Demographics of patients from the Fudan University Shanghai Cancer Center database with T4bN0-2M0 colon cancer, 
according to tumor size  n  (%)

Characteristic Tumor size (cm) P  value

Total (n  = 101) ≤ 4.0 (n  = 18) 4.0-7.0 (n  = 39) ≥ 7.0 (n  = 44)

Median follow-up (mo) 49 46 51 44
IQR 33-62 27-72 31-61 33-62
Sex 0.582
   Male 59 (58.4)   9 (50.0) 22 (56.4) 28 (63.6)
   Female 42 (41.6)   9 (50.0) 17 (43.6) 16 (36.4)
Age at diagnosis (yr) 0.245
   ≤ 60 33 (32.7)   3 (16.7) 13 (33.3) 17 (38.6)
   > 60 68 (67.3) 15 (83.3) 26 (66.7) 27 (61.4)
Primary site 0.668
   Right colon 50 (49.5)   8 (44.4) 18 (46.2) 24 (54.5)
   Left colon 51 (50.5) 10 (55.6) 21 (53.8) 20 (45.5)
Histology type 0.262
   Adenocarcinoma   88 (87.1) 16 (88.9) 35 (89.7) 37 (84.1)
   Mucinous adenocarcinoma 10 (9.9) 1 (5.6) 2 (5.1)   7 (15.9)
   Signet-ring cell carcinoma   3 (3.0) 1 (5.6) 2 (5.1) 0 (0.0)
Pathology grade 0.567
   High/Moderate 72 (71.3) 11 (61.1) 29 (74.4) 32 (72.7)
   Poor/Undifferentiated 29 (28.7)   7 (38.9) 10 (25.6) 12 (27.3)
N stage 0.210
   N0 43 (42.6)   4 (22.2) 20 (51.3) 19 (43.2)
   N1 34 (33.7) 10 (55.6) 10 (25.6) 14 (31.8)
   N2 24 (23.8)   4 (22.2)   9 (23.1) 11 (25.0)
LNH 0.109
   ≤ 18 56 (55.4) 14 (77.8) 20 (51.3) 22 (50.0)
   > 18 45 (44.6)   4 (22.2) 19 (48.7) 22 (50.0)
Lymphovascular invasion 0.176
   Positive 37 (36.6) 10 (55.6) 12 (30.8) 15 (34.1)
   Negative 64 (63.4)   8 (44.4) 27 (69.2) 29 (65.9)
Perineural invasion 0.906
   Positive 24 (23.8)   5 (27.8)   9 (23.1) 10 (22.7)
   Negative 77 (76.2) 13 (72.2) 30 (76.9) 34 (77.3)

IQR: Interquartile range; LNH: Number of lymph nodes harvested; FUSCC: Fudan University Shanghai Cancer Centre.
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improve the poor survival currently associated with 
T4b colon cancer involving small tumors. 

To our knowledge, this is the first published study 
to focus on the relationship between tumor size and 
CSS in T4bN0-2M0 colon cancer patients. Primary 
data came from the large SEER database, and they 
gave similar results as our own data from the FUSCC 
database. The fact that our results for a heterogeneous 
cohort of US patients drawn from populations covering 
a quarter of the country were similar to those for a 
much smaller cohort of Chinese patients from a single 
large cancer hospital suggests that our findings are 
likely to be reliable. 

At the same time, our study has several limitations. 
Despite the large size of SEER, our stratification 
by tumor size and N stage led to relatively small 
subgroups, reducing statistical power to detect small 
differences. This may help explain why we failed to 
detect significant associations between tumor size 
and CSS in the subgroups of T4bN1 patients. Second, 
the SEER database does not include information 
on adjuvant therapy, comorbidities, performance 
status, surgical margins or pathology techniques. 
This limited our ability to correlate tumor size with 

other patient and disease characteristics. Third, our 
analysis did not include T4b colon cancer patients 
who had unresectable tumors or who refused surgical 
intervention, so our results may not be generalizable 
to those groups.

Our results provide the first evidence that small 
tumor size in patients with T4bN0-2M0 colon cancer, 
particularly T4bN0M0 cancer, is associated with worse 
prognosis than large tumor size. Further colon cancer 
studies should look specifically at T4bN0-2M0 patients 
to understand the underlying genetic and molecular 
mechanisms that may make small tumors more 
dangerous in this subgroup than in other subgroups of 
colon cancer patients. 
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Figure 4  Survival curves for T4bN0-2M0 colon cancer patients from the Fudan University Shanghai Cancer Centre database. A: Stratified by tumor size; B: 
Stratified by N stage; C: Stratified by lymphovascular invasion; D: Stratified by perineural invasion.
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survival (CSS) in patients with colon cancer, but this association may not hold 
for specific subgroups of colon cancer patients. The authors hypothesized 
that in patients with cancer showing heavy intestinal wall invasion without 
distant metastasis (T4bN0-2M0), small tumor size would correlate with more 
aggressive tumor behavior and therefore lower CSS.

Research frontiers
Some researchers found CSS to be lower with smaller tumors, patients with 
tumors 4-8 cm in size showed greater CSS relative to patients with tumors < 
4 cm. Similarly, a study of stage IIA colon cancer found decreased CSS with 
smaller tumor size.

Innovations and breakthroughs
These results provide the first evidence that small tumor size in patients with 
T4bN0-2M0 colon cancer, particularly T4bN0M0 cancer, is associated with 
worse prognosis than large tumor size.

Applications
The association between small tumor size and poor prognosis in T4bN0-2M0 
patients might improve decision-making about the potential harms and benefits 
of the multivisceral resection.
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