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Background: Primary colorectal sarcoma is an extremely rare malignancy that is associated with poor 
patient outcomes. The aim of this study was to identify the prognostic factors of primary colorectal sarcoma 
and evaluate the clinical outcomes associated with these prognostic factors.
Methods: Between January 1, 2000 and December 31, 2016, the clinical data of 315 patients with primary 
colorectal sarcoma were obtained from the Surveillance, Epidemiology, and End Results (SEER) database. 
Cancer-specific survival (CSS) was analyzed by the Kaplan-Meier method and by log-rank test. The 
prognostic factors were identified by univariate and multivariate Cox regression analysis and hazard ratio (HR) 
and 95% confidence interval (CI) of covariates were also estimated. The optimal cutoff value for NLN count 
at dissection was identified using X-tile software and validated by univariate Cox regression analysis.
Results: Of the 315 patients with primary colorectal sarcoma identified, 88.6% received surgery. The 
median follow-up time was 34 months with an interquartile range (IQR) of 9–79 months. The 5-year rate 
of CSS was 76.73% and 27.8% for the surgery group and the non-surgery group, respectively (P<0.0001). 
Univariate and multivariate Cox regression analysis performed on the data of nonmetastatic patients 
demonstrated that sex, race, radiotherapy, and chemotherapy had no effect on patient CSS, with age, tumor 
site, tumor grade, and NLN dissection being independent prognostic factors. A significant correlation was 
found between advanced age (>80 years old) and poor CSS (HR 1.964; 95% CI: 1.005–3.839; P=0.048). 
There were also significant correlations between colonic tumors and poor CSS (HR 2.903; 95% CI: 1.348–
6.250; P=0.006) and grade IV tumors and poor CSS (HR 3.431; 95% CI: 1.725–6.823; P<0.001), while NLN 
dissection was associated with improved CSS (HR 0.946; 95% CI: 0.911–0.983; P=0.004). X-tile software 
analysis was used to determine that the optimal cutoff value for NLN count was 13. Patients who received 
NLN dissection with a cutoff value of 13 or more displayed better CSS than those who did not (P=0.016).
Conclusions: Primary colorectal sarcoma patients can benefit significantly from primary tumor surgery. 
Age, tumor site, grade and NLN dissection are independent prognostic factors for CSS in nonmetastatic 
patients. Importantly, nonmetastatic patients treated with NLN dissection with an NLN count of 13 or more 
have significantly better CSS.
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Introduction

Primary colorectal sarcoma is an extremely rare disease 
which accounts for approximately 0.1% of all colorectal 
malignancies (1). Even among soft tissue sarcoma (STS) 
cases, this disease constitutes less than 1% of all adult 
maligancies of this type (2). More than 50 histological 
subtypes of STS exist,  and of these, pleomorphic 
undifferentiated sarcoma is the most common subtype found 
in the extremities, while liposarcoma is the most common 
subtype found in the retroperitoneum (2). However, 
previous studies have demonstrated that leiomyosarcoma is 
the most common histologic type of colorectal sarcoma (3).  
Although excising tissue may damage some bodily 
functions (4), R0 surgery is still the most effective method 
for managing STS. Radiotherapy and chemotherapy are 
vital adjuvant management methods for incompletely 
resected sarcomas or for postoperative residual sarcomas 
(5-7). However, surgery is still the preferred treatment for 
colorectal sarcoma, while the use of chemoradiotherapy for 
this malignancy remains controversial (8). 

 Pr imary  colorecta l  sarcoma i s  a  subgroup of 
gastrointestinal tumors. While the incidence of primary 
colorectal sarcoma is lower than that of colorectal 
adenocarcinoma, it has higher mortality, regardless of 
tumor location, tumor grade, lymph node invasion, or other 
factors (8). Interestingly, as gastrointestinal stromal tumors 
(GISTs) originate in Cajal cells, they are not considered 
to be colorectal sarcomas, which generally originate in 
smooth muscle and adipose cells present in mesenchymal 
tissue (9,10). Because the tyrosine kinase receptor, cKIT, is 
overexpressed in GISTs, it is possible to target this disease 
with chemotherapy drugs such as imatinib. However, it is 
unclear what genetic mutations occur in colorectal sarcoma, 
and this disease is resistant to chemotherapy (11,12). 

Studies have shown that age, tumor location, histologic 
subtype, grade and lymph node status are associated with 
the presence and persistence of other sarcomas, such as 
retroperitoneal sarcoma (13,14). Similarly, age, tumor 
location and surgery are also significantly associated with 
overall survival (OS) and cancer-specific survival (CSS) in 
patients with GISTs (15). Negative lymph node (NLN) 
resection is associated with improved survival in colorectal 

cancer patients of all stages (16). Additionally, extended 
negative lymphadenectomy can improve disease-free 
survival (DFS), CSS, and OS in node-positive colorectal 
cancer patients. However, the relationship between these 
prognostic factors and colorectal sarcomas is unclear. 
Furthermore, research into colorectal sarcoma is limited 
due to the rarity of this malignancy, as only a small number 
of patients present in medical centers, and the case reports 
that do exist contain limited data.

The aim of the current study was thus to identify 
the prognostic factors of primary colorectal sarcoma 
and evaluate the clinical outcomes associated with these 
prognostic factors using multicenter data obtained from 
the Surveillance, Epidemiology, and End Results (SEER) 
database.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4286).

Methods

Patient cohort

The clinical data of patients with pathological primary 
colorectal sarcoma between January 1, 2000 and December 
31, 2016 were downloaded from the SEER database 
using SEER*Stat software (version 8.3.6). Data were 
obtained from 16 SEER registries [Atlanta (Metropolitan), 
California excluding SF/SJM/LA, Connecticut, Detroit 
(Metropolitan), Greater Georgia, Hawaii, Iowa, Kentucky, 
Los Angeles, Louisiana, New Jersey, New Mexico, San 
Francisco-Oakland SMSA, San Jose-Monterey, Seattle 
(Puget Sound), and Utah]. These data were located within 
the SEER dataset by using site codes C18.0, C18.2-C18.9, 
C19.9, C20.9, and C26.0, and histology codes 8800-8806, 
8810-8815, 8830, 8850-8858, 8890-8896, 8900-8921, and 
9120 (International Classification of Disease for Oncology, 
3rd edition, ICD-O-3). The exclusion criteria included the 
following: (I) patients younger than 18; (II) patients whose 
survival or surgery status was unknown; (III) patients with 
a distinct pattern of metastasis; and (IV) patients whose 
lymph node dissection status was unknown. The study was 
conducted in accordance with the Declaration of Helsinki (as 
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revised in 2013). 

Clinical and demographic variables 

Data collected from eligible patients included the following: 
age at diagnosis (median and range), sex (female and male), 
year of diagnosis (2000–2005, 2006–2010, and 2011–2016), 
race(white, black, other or unknown), primary tumor site 
[colon (code 180, 182-189, 260) and rectum (code 199, 
209)], histologic subtype, tumor grade (grade I-IV or 
unknown), lymph node status [N0 (code 0) and N1 (code 
1)], negative lymph node (NLN) count, radiotherapy, 
chemotherapy, surgery and the length of follow-up time. 
CSS was defined according to SEER cause-specific death 
classification. Frequency analyses and descriptive statistics 
were performed on the collected data. 

Statistical analysis

Continuous data are presented as median and interquartile 
range (IQR), and categorical data are presented as frequency 
and percentage. Chi-square tests were used to compare the 
statistical significance of samples between different variables. 
CSS was analyzed using the Kaplan-Meier method and log-
rank tests were used for comparisons between two groups. 
Univariate Cox proportional hazards regression analysis was 
performed for various risk factors using the above methods. 
Only variables shown to be statistically different through 
univariate Cox regression analysis were included in multivariate 
Cox regression analysis to identify the independent prognostic 

factors and estimate the hazard ratio (HR) and 95% confidence 
interval (CI) of covariates. The effect of independent factors 
on survival were further analyzed. Then, data were analyzed 
using X-tile software (version 3.6.1) to identify the cutoff 
value for NLN count, and the cohort was then divided into 
high and low survival groups. The cutoff value was validated 
by univariate Cox regression analysis. A P value of <0.05 was 
considered to indicate statistical significance. All statistical 
analyses were performed using IBM SPSS Statistics 22.0 for R 
(version 3.6.2).

Results

Patient characteristics

After the exclusion of patients who did not meet the 
criteria, 315 patients with primary colorectal sarcoma 
between 2000 and 2016 were identified from 16 registries 
within the SEER database (Figure 1). Of these patients, 
279 (88.6%) received surgery, and their median age was 
64 with an IQR of 53–75. The median follow-up time 
in the surgery group was 34 months with an IQR of  
9–79 months. Univariate Cox proportional hazards 
regression analysis demonstrated that CSS improved with 
surgery (HR 0.199; 95% CI: 0.117–0.337; P<0.001). The 
5-year CSS rates were 76.73% and 27.8% for the surgery 
group and the non-surgery group, respectively (Figure 2A). 
The baseline characteristics of all eligible patients are listed 
in Table 1. Over half the patients (76.3%) in the surgery 
group had colonic tumors and the remainder (23.7%) 
had rectal tumors. Leiomyosarcoma (68.6% of tumors in 

Patients with primary colorectal sarcoma
n=369

Patients with unknown survival time or surgery
n=7

Patients with age <18 years old 
n=7

Patients with distinct metastasis
n=23

315 patients included in the analysis

Patients with unknown lymph node dissection 
n=17

Figure 1 Flow diagram of the selection of patients with primary colorectal sarcoma from the Surveillance, Epidemiology, and End Results 
database.
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Figure 2 Kaplan-Meier cancer-specific survival curve of surgery (A) and lymph node status (B) for all patients with primary colorectal 
sarcoma.

the surgery group) and grade IV were the most common 
histologic type and grade of tumor, respectively. Among 
the 279 patients who received surgery, 28 patients (10.0%) 
were diagnosed with positive lymph nodes. No statistical 
difference in CSS rate was found between positive and 
negative lymph node status (Figure 2B). 

Prognostic factors of nonmetastatic patients

Univariate and multivariate analyses were conducted to 
identify the prognostic factors of CSS in 251 nonmetastatic 
patients  with colorectal  sarcoma. Univariate and 
multivariate Cox regression analysis demonstrated that age, 
tumor site, and tumor grade were significantly correlated 
with CSS. An age of 80 or greater (HR 1.964; 95% CI: 
1.005–3.839; P=0.048), colonic tumors (HR 2.903; 95% 
CI: 1.348–6.250; P=0.006), and grade IV tumors (HR 
3.431; 95% CI: 1.725–6.823; P<0.001) were significantly 
correlated with worse CSS. Conversely, an NLN count of 
one or more (HR 0.946; 95% CI: 0.911–0.983; P=0.004) 
was associated with better CSS outcomes. Sex, race, 
radiotherapy, and chemotherapy did not affect CSS in 
patients (Table 2). There was no statistical difference in CSS 
rates for patient weather to receive radiotherapy (Figure 3A) 
or chemotherapy (Figure 3B).

Optimal cutoff value for NLN count

The optimal cutoff value for NLN count in nonmetastatic 
patients was analyzed. Using X-tile software, the cohort was 
divided into high and low survival subgroups with a cutoff 
value of 13 (Figure 4A,B,C). The optimal cutoff value for 
NLN count was then validated by univariate Cox regression 
analysis, and a value of 13 or greater was shown to be 
correlated with better CSS outcomes (HR 0.353, 95% CI: 

0.152–0.821; P=0.016) (Figure 4D).

Discussion

Primary colorectal sarcoma is a rare malignancy. Its features 
and heterogeneity have yet to be fully described, and it is 
vital to identify those factors associated with better survival 
outcomes in order to reduce its mortality rate. In the current 
study, patients were found to have primary colorectal 
sarcomas of various histologic types, with leiomyosarcoma 
being predominant and accounting for over 50% of the 
cases. In contrast, liposarcoma has been shown to be the 
predominant type of retroperitoneal sarcoma, followed by 
leiomyosarcoma (17). The SEER database does not have 
data on the stage of colorectal sarcoma as determined by 
the American Joint Committee on Cancer (AJCC) or by 
any other authority; therefore, the patients’ lymph node 
and metastatic status were determined by regional nodes 
examined and metastatic organs, which are available from 
the SEER database. Similarly, previous literature has not 
typically reported AJCC tumor-node-metastasis (TNM) 
staging for primary colorectal sarcoma, which is the most 
prevalent staging system used for STS but is not widely 
used for non-extremity sarcomas (3,8,18). However, a recent 
study has reported new TNM classifications (AJCC 8th 
edition) for STS of visceral sites (19,20). Therefore, detailed 
information to describe the histological stages of sarcomas 
should be recorded to improve follow-up treatment and to 
benefit future research.

Surgery is the predominant and most effective therapy 
for primary colorectal sarcoma; examples of these 
surgeries include radical resection and local excision or  
destruction (21). One study that analyzed a primary 
colorectal sarcoma dataset from the National Cancer 
Database (NCDB) that was collected between 1998 and 
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Table 1 Characteristics of 315 patients with primary colorectal 
sarcoma from SEER database, 2000–2016

Variables

Surgery 

PYes [n=279 
(88.6%)]

No [n=36 
(11.4%)]

Age (years) 0.001

Median 64 71.5

Range (IQR) 53–75 63.5–83

Sex 0.482

Female 143 (51.3) 16 (44.4)

Male 136 (48.7) 20 (55.6)

Year of diagnosis 0.660

2000–2005 109 (39.1) 17 (47.2)

2006–2010 77 (27.6) 9 (25.0)

2011–2016 93 (33.3) 10 (27.8)

Race 1.000

White 220 (78.9) 29 (80.6)

Black 35 (12.5) 4 (11.1)

Others† 21 (7.5) 3 (8.3)

Unknown 3 (1.1) 0

Tumor site <0.001

Rectum 66 (23.7) 20 (55.6)

Colon 213 (76.3) 16 (44.4)

Histologic type 0.031

Spindle cell sarcoma 15 (5.4) 2 (5.6)

Giant cell sarcoma 11 (3.9) 2 (5.6)

Epithelioid sarcoma 1 (0.4) 1 (2.8)

Undifferentiated 
sarcoma

3 (1.1) 1 (2.8)

Desmoplastic small 
round cell tumor

2 (0.7) 2 (5.6)

Fibrosarcoma 4 (1.4) 0

MFH 9 (3.2) 1 (2.8)

Liposarcoma 16 (5.7) 0

Leiomyosarcoma 164 (58.8) 14 (38.9)

Rhabdomyosarcoma 2 (0.7) 0

Hemangiosarcoma 11 (3.9) 3 (8.3)

Sarcoma, NOS 41 (14.7) 10 (27.8)

Table 1 (continued)

Table 1 (continued)

Variables

Surgery 

PYes [n=279 
(88.6%)]

No [n=36 
(11.4%)]

Histological grade 0.007

Grade I 15 (5.4) 0

Grade II 36 (12.9) 0

Grade III 55 (19.7) 8 (22.2)

Grade IV 93 (33.3) 9 (25.0)

Unknown 80 (28.7) 19 (52.8)

Lymph node status –

N+ 28 (10.0) 0

N0 251 (90.0) 0

Negative lymph node dissection –

Yes 193 (69.2) 0

No 86 (30.8) 0

Radiation 0.090

Yes 24 (8.6) 0

No 255 (91.4) 36 (100)

Chemotherapy 0.611

Yes 38 (13.6) 6 (16.7)

No 241 (86.4) 30 (83.3)

Follow-up time (months) <0.001

Median 34 3

Range (IQR) 9–79 1–13
†Others: American Indian/AK Native, Asian/Pacific Islander. 
SEER, Surveillance, Epidemiology and End Results; IQR, 
interquartile range; MFH, malignant fibrous histiocytoma; NOS, 
not otherwise specified.

2012 showed that the 5-year overall survival (OS) was 
43.8%, and this figure included a 10.6% portion of patients 
who did not undergo surgery (8). The 5-year CSS rate 
for patients in this study who received surgery was over 
70%, which was far greater than that of the non-surgery 
patients. Surgery was therefore shown to be an effective 
treatment that significantly improved CSS. Regional 
lymph node metastasis of sarcomas such as embryonal 
rhabdomyosarcoma, angiosarcoma, epithelioid sarcoma, 
and clear cell sarcoma occurs in a significant proportion of 
cases (22). Unfortunately, few examples of these histological 
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Figure 3 Survival curves for cancer-specific survival in nonmetastatic patients with primary colorectal sarcoma, as stratified by (A) 
radiotherapy, (B) chemotherapy.

Table 2 Identification of prognostic factors of 251 nonmetastatic patients with primary colorectal sarcoma from the surgery group

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age (years)

≤80 1 1

>80 2.141 (1.111–4.128) 0.023 1.964 (1.005–3.839) 0.048

Sex 

Male 1

Female 0.643 (0.385–1.075) 0.092

Race

White 1

Black 0.837 (0.379–1.846) 0.659

Others† 0.524 (0.163–1.681) 0.277

Tumor site

Rectum 1 1

Colon 2.177 (1.034–4.585) 0.041 2.903 (1.348–6.250) 0.006

Histological grade

Grade I 1 1

Grade II 0.550 (0.126–2.392) 0.425 0.550 (0.126–2.395) 0.426

Grade III 0.246 (0.057–1.070) 0.061 0.273 (0.063–1.191) 0.084

Grade IV 2.821 (1.435–5.546) 0.003 3.431 (1.725–6.823) <0.001

Negative lymph node dissection

0 1

≥1 0.961 (0.930–0.994) 0.020 0.946 (0.911–0.983) 0.004

Radiation 

Yes 1

No 1.488 (0.539–4.106) 0.443

Chemotherapy

Yes 1

No 0.648 (0.319–1.319) 0.232
†Others: American Indian/AK Native, Asian/Pacific Islander. HR, hazard ratio; CI, confidence intervals.
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Figure 4 The optimal value of removed negative lymph node (NLN). X-tile software was used to calculate the cutoff value of NLN count 
(A and B). The cohort was divided into low (green) and high (grey) survival groups according to the cutoff value for NLN count (C). The 
cutoff value for NLN count was validated by Kaplan-Meier curve and univariate Cox regression analysis (D).

types were included in the current study of colorectal 
sarcoma. In another study, patients with undifferentiated 
sarcomas had a high rate of positive regional lymph nodes 
and poor clinical prognosis (23). However, our study found 
no difference in CSS between patients with positive lymph 
nodes and those with negative lymph nodes. The result 
was possibly impacted by the low proportion (only 10%) of 
participating patients with positive lymph nodes and high 
proportion (more than 60%) of patients receiving an NLN 
dissection. Therefore, we speculate that patient survival 
may be affected by NLN dissection.

The current study further investigated the association 
between NLN dissection and prognosis. Our findings 
indicate that age, tumor site, tumor grade, and NLN 
dissection were independent prognostic factors for CSS in 

nonmetastatic patients. Colonic sarcoma patients had worse 
survival outcomes than patients with rectal sarcoma. Colon 
and rectal cancer are well known to be related but distinct, 
with disease affecting the right side of the colon even 
producing different clinical outcomes to left-sided disease. 
Some reports have indicated that patients with colon cancer 
have a worse prognosis than those with rectal cancer, and 
that patients with right-sided colon cancer have a worse 
prognosis compared to those with left-sided colon cancer 
(24,25). These discrepancies may be caused by the different 
embryonic origins and genetic profiles that account for 
distinct carcinogenesis and biological behavior (26-28). The 
results of our study indicated that nonmetastatic patients 
can benefit from lymphadenectomy of the NLN following 
primary tumor surgery. According to previous research, 
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NLN count at the time of lymphadenectomy may have a 
distinct effect on patient survival (27-29). Therefore, in 
the current study, the optimal cutoff value for NLN count 
was identified using X-tile software, which has been used in 
other studies (29,30). These results found the optimal cutoff 
value for NLN count to be 13 in nonmetastatic patients, 
with patients with a count of 13 or more than 13 at NLN 
dissection had significantly better CSS than those with 
less than 13. However, NLNs cannot be removed in every 
situation, as an increase in lymphadenectomies can result 
in an increase in complications, including lymphorrhea, 
chylous ascites, and nerve injury (31,32). 

Conversely, sex and race have no association with 
survival. A previous study has reported that differences 
in the incidence of colorectal cancer according to sex are 
associated with estrogen and progesterone receptors (33).  
However, whether sex differences in survival among colorectal 
sarcoma patients are associated with estrogenic receptors is 
unknown. Additionally, radiotherapy and chemotherapy do 
not improve CSS in nonmetastatic patients, but there is still 
variational tendency in our study. Few studies have investigated 
chemoradiotherapy for STS, let alone colorectal sarcoma. One 
study demonstrated that preoperative radiotherapy improved 
overall survival in patients with STS (34), while doxorubicin-
based chemotherapy has been recommended as the first-line 
treatment for advanced and metastatic STS (35). Previously, we 
reported that anlotinib also demonstrated antitumor activity in 
STS, with a progression-free rate at 12 weeks of 75%, median 
progression-free survival (PFS) and overall survival of 11 
months and 15 months for leiomyosarcoma, respectively (36).  
Finally, trabectedin has been approved for the treatment 
of patients with leiomyosarcoma and liposarcoma, because 
conventional chemotherapy is ineffective. Further study is 
therefore required to investigate the use of chemoradiotherapy 
in the treatment of colorectal sarcoma. 

The limitations to the current study include its 
retrospective design and a dataset limited by the rarity of 
this disease. However, Cox proportional hazards regression 
analysis was used to reduce the potential for confounding. 
Although the histological tumor grade of some patients 
was unknown, the effect of tumor grade on prognosis is 
acknowledged by the guidelines (2). Furthermore, some 
factors, including tumor size and TNM stage, could not be 
acquired from the SEER database. 

Conclusions

Primary colorectal sarcoma patients can benefit significantly 

from primary tumor surgery, and age, tumor site, grade 
and NLN dissection are independent prognostic factors for 
CSS in nonmetastatic patients. Importantly, nonmetastatic 
patients treated with NLN dissection with a cutoff value for 
NLN count of 13 or more have significantly better CSS. 
Radiotherapy and chemotherapy were found to have no 
effect on the survival of nonmetastatic patients while the 
current data are limited.
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