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Abstract 

Background This study aimed to investigate the combined pathological risk factors (PRFs) to stratify low‑risk (pT1‑
3N1) stage III colon cancer (CC), providing a basis for individualized treatment in the future.

Patients and methods PRFs for low‑risk stage III CC were identified using COX model. Low‑risk stage III CC was risk‑
grouped combining with PRFs, and survival analysis were performed using Kaplan–Meier. The Surveillance, Epidemiol‑
ogy, and End Results (SEER) databases was used for external validation.

Results Nine hundred sixty‑two stage III CC patients were included with 634 (65.9%) as low risk and 328 (34.1%) 
as high risk. Poor differentiation (OS: P = 0.048; DFS: P = 0.011), perineural invasion (OS: P = 0.003; DFS: P < 0.001) 
and tumor deposits (OS: P = 0.012; DFS: P = 0.003) were identified as PRFs. The prognosis of low‑risk CC combined 
with 2 PRFs (OS: HR = 3.871, 95%CI, 2.004–7.479, P < 0.001; DFS: HR = 3.479, 95%CI, 2.158–5.610, P < 0.001) or 3 PRFs 
(OS: HR = 5.915, 95%CI, 1.953–17.420, P = 0.002; DFS: HR = 5.915, 95%CI, 2.623–13.335, P < 0.001) was similar to that of 
high‑risk CC (OS: HR = 3.927, 95%CI, 2.317–6.656, P < 0.001; DFS: HR = 4.132, 95%CI, 2.858–5.974, P < 0.001). In the SEER 
database, 18,547 CC patients were enrolled with 10,023 (54.0%) as low risk and 8524 (46.0%) as high risk. Low‑risk CC 
combined with 2 PRFs (OS: HR = 1.857, 95%CI, 1.613–2.139, P < 0.001) was similar to that of high‑risk CC without PRFs 
(HR = 1.876, 95%CI, 1.731–2.033, P < 0.001).

Conclusion Combined PRFs improved the risk stratification of low‑risk stage III CC, which could reduce the incidence 
of undertreatment and guide adjuvant chemotherapy.
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Introduction
Colon cancer (CC) is one of the most common human 
malignancies worldwide [1, 2]. There was significant 
heterogeneity in prognosis of stage III CC patients, with 
30–40% of patients develop recurrence or metachronous 
metastasis after radical surgery [3]. Treatment options 
for stage III CC patients are still being refined to further 
improve the long-term prognosis of these patients.

The International Duration Evaluation of Adjuvant 
Chemotherapy (IDEA) study proposed that stage III CC 
could be divided into low-risk group (T1-3N1) and high-
risk group (T4 and/or N2) based on T and N stages [4]. 
Based on data from the IDEA study, National Compre-
hensive Cancer Network (NCCN) guidelines have rec-
ommended that stage III CC patients should be stratified 
according to T/N stage to choose the regimen and dura-
tion of adjuvant chemotherapy [5]. For patients with low-
risk stage III CC, 3 months of CAPEOX therapy or 3–6 
months of FOLFOX therapy should be preferred [4, 5]. 
Pathological risk factors (PRFs) are the basis of stratifi-
cation for prognosis and treatment guidance in stage III 
CC patients. In addition to T and N stages, PRFs includ-
ing lymphovascular invasion (LVI), perineural invasion 
(PNI), and tumor deposit (TD) are associated with poor 
prognosis for stage III CC patients [6–9]. The prognosis 
of low-risk (T1-3N1) stage III CC patients with PRFs may 
not be “low-risk.” Risk stratification just based on T and 
N stages may lead to insufficient treatment for the selec-
tion of adjuvant chemotherapy duration in some stage III 
low-risk CC patients.

In this study, the prognosis of low-risk stage III CC 
patients was further evaluated combining with PRFs, 
and the risk stratification was optimized. The optimized 
risk stratification can provide reference for the selection 
of postoperative adjuvant therapy, which may reduce the 
incidence of insufficient adjuvant therapy in some low-
risk stage III CC patients.

Methods
Patients and data collection
The data of stage III CC patients from 2010 to 2019 at the 
Sixth Affiliated Hospital of Sun Yat-sen University were 
retrospectively retrieved. Patients enrolled were diag-
nosed with colon adenocarcinoma, who received cura-
tive resection with postoperative pathological stage as 
III (Fig. 1). Exclusion criteria were as follows: (i) patients 
receiving surgery due to severe complications, (ii) mul-
tiple primary colorectal tumor or familial adenomatous 
polyposis, (iii) history of other neoplasms, (iv) patients 
received neoadjuvant therapy, (v) patients with missing 
data or lost visits, (vi) patients without adjuvant chemo-
therapy or adjuvant chemotherapy < 3 months, and (vii) 
follow-up period less than 6 months or metachronous 
recurrence and metastasis occurred within 6 months. 
Excluding patients with recurrence and metastasis within 
a 6-month time frame is justified due to research findings 
indicating that the definition of metachronous recur-
rence and metastasis should be established at least 6 
months after the initial diagnosis of CC [10]. The study 
protocol was approved by the Ethics Review Committee 

Fig. 1 Flow chart of patient enrollment for this study (MPCRC, multiple primary colorectal cancer)
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of the Sixth Affiliated Hospital of Sun Yat-sen University 
(2022ZSLYEC-229).

In this study, a retrospective analysis was conducted 
based on data from the SEER databases (http:// seer. 
cancer. gov/) to verify our hypothesis. Data of stage III 
CC patients from 2010 to 2015 were retrieved using 
SEER*Stat version 8.3.6. The selection criteria and 
screening process are illustrated in Supplementary Fig. 1.

Clinicopathologic variables and objectives
Clinicopathologic variables extracted in this study were 
listed as follows: age, sex, pathological T stage, pathologi-
cal N stage, tumor primary site, number of lymph nodes 
(LNs) harvested, tumor differentiation grade, tumor his-
tological type, LVI, PNI, DNA mismatch repair (MMR) 
status, TD, and treatment method (including surgery 
method and adjuvant chemotherapy regiment). The out-
comes included disease-free survival (DFS) and overall 
survival (OS). DFS was defined as the time from surgery 
until disease recurrence or death due to any cause, while 
OS was defined as the time from surgery to death of any 
cause. A second primary colorectal cancer was not con-
sidered as a DFS event.

Statistical analysis
Continuous variables are presented as mean (standard 
deviation) or number (%), and categorical variables are 
presented as percentages. Statistical differences between 
two groups were analyzed using chi-squared tests for cat-
egorical variables. As for numeric variables, parametric 
tests were performed for numeric data subjecting to nor-
mal distribution, while nonparametric tests were utilized 
for numeric data not subjecting to normal distribution. 
The survival analysis was estimated by the Kaplan–Meier 
method and log-rank test. For factors associated with 
DFS and OS, Cox proportional hazard models were used 
to estimate hazard ratio (HR) and 95% confidence inter-
vals (CI). A univariable Cox analysis was performed to 
assess the association between baseline characteristics 
and DFS/OS, and then, variables with P values < 0.1 were 
included in the multivariable Cox regression model.

For all statistical analysis, P value < 0.05 was consid-
ered as statistically significant. Data analysis and image 
plotting were performed using SPSS 26.0 software and 
GraphPad Prism 9 software.

Results
Patient characteristics
From 2010 to 2019, a total of 1971 stage III CC patients 
were screened in the Sixth Affiliated Hospital of Sun 
Yat-sen University. According to the exclusion criteria, 
a total of 974 patients were excluded, including 72 cases 
with non-radical surgery due to serious complications, 

75 cases with MPCRC or familial adenomatous polypo-
sis, 56 cases with other neoplasms, 159 cases with miss-
ing data or lost visits, 91 cases with neoadjuvant therapy, 
522 cases did not receive postoperative adjuvant chemo-
therapy, and 35 cases with metachronous recurrence and 
metastasis within 6 months after operation. Then, 962 
patients were found eligible for this study, of whom 634 
(65.9%) were distributed in the low-risk group and 328 
(34.1%) were divided into the high-risk group (Fig. 1).

There was no significant difference in age (P = 0.372) 
and sex (P = 0.629) distribution between stage III CC 
patients from a low-risk group and high-risk group. 
The incidence of mucinous or signet ring cell (23.8% vs. 
14.8%, P = 0.001), LVI (34.8% vs. 14.5%, P < 0.001), PNI 
(33.2% vs. 20.3%, P < 0.001), and TD (45.1% vs. 36.6%, 
P = 0.012) were found to be more frequent in high-risk 
stage III CC patients comparing with those in the low-
risk group. The proportion of patients in the high-risk 
group receiving adjuvant chemotherapy for more than 3 
months was significantly higher than that in the low-risk 
group (58.8% vs. 41.2%, P < 0.001). The timing of receiv-
ing adjuvant chemotherapy after radical surgery in high-
risk and low-risk groups was mostly within 6 weeks, and 
there was no significant difference (P = 0.184). The base-
line characteristics of stage III CC patients between low-
risk and high-risk groups were summarized in Table 1.

PRFs for OS and DFS in low‑risk stage III CC patients
After univariate and multivariable Cox regression analy-
sis for OS and DFS, we found that poorly histological 
grade (OS: HR = 1.723, 95% CI, 1.005 to 2.951, P = 0.048; 
DFS: HR = 1.634, 95% CI, 1.121 to 2.406, P = 0.011), the 
presence of PNI (OS: HR = 2.273, 95%CI, 1.328 to 3.888, 
P = 0.003; DFS: HR = 2.177, 95% CI, 1.506 to 3.146, 
P < 0.001), and TD (OS: HR = 1.900, 95%CI, 1.151 to 
3.136, P = 0.012; DFS: HR = 1.683, 95% CI, 1.193 to 2.376, 
P = 0.003) were independent PRFs in low-risk stage III 
CC patients (Table 2).

With data from SEER database, 18,547 stage III CC 
patients were enrolled, including 10,023 (54.0%) with 
low-risk and 8524 (46.0%) with high-risk (Supplemen-
tary Fig.  1). Baseline characteristics of CC patients in 
the SEER database were listed in Supplementary Table 1. 
Consistent with results from our institution, poor tumor 
differentiation, PNI and TD were identified as independ-
ent PRFs for OS of CC patients from SEER database 
(Supplementary Table 2).

Survival analysis results between low‑risk stage III CC 
patients combined with PRFs and high‑risk stage III CC 
patients
PRFs were used to stratify the low-risk stage III CC 
patients. In this retrospective cohort study, 246 (38.8%) 

http://seer.cancer.gov/
http://seer.cancer.gov/
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Table 1 Characteristics of stage III CC patients with low risk (T1‑3 and N1) and high risk (T4 and/or N2) from our institution

No. LNs Number of Lymph nodes; P < 0.05 is considered statistically significant

Variable Low‑risk
N = 634 (65.9)

High‑risk
N = 328 (34.1)

Total
N = 962

P

Sex, N%

 Man 376 (59.3) 189 (57.6) 565 (58.7) 0.629

 Woman 258 (40.7) 139 (42.4) 397 (41.3)

Age, N%

 < 60 353 (55.7) 193 (58.8) 546 (56.8) 0.372

 ≥ 60 281 (44.3) 135 (41.2) 416 (43.2)

Laparoscopic surgery, N%

 No 80 (12.6) 62 (18.9) 142 (14.8) 0.012

 Yes 554 (87.4) 266 (81.1) 820 (85.2)

Tumor location, N%

 Right 170 (26.8) 99 (30.2) 269 (28.0) 0.289

 Left 464 (73.2) 229 (69.8) 693 (72.0)

pT stage, N%

 T1‑3 634 (100.0) 188 (57.3) 822 (85.4)  < 0.001

 T4 0 (0) 140 (42.7) 140 (14.6)

pN stage, N%

 N1 634 (100.0) 94 (28.7) 728 (75.7)  < 0.001

 N2 0 (0) 234 (71.3) 234 (24.3)

No. LNs harvested, N%

 < 12 65 (10.3) 19 (5.8) 84 (8.7) 0.022

 ≥ 12 569 (89.7) 309 (94.2) 878 (91.3)

Histologic grade, N%

 Well/moderately 496 (78.2) 213 (64.9) 709 (73.7) 0.540

 Poorly 138 (21.8) 115 (35.1) 253 (26.3)

Histological type, N (%)

 Adenocarcinoma 540 (85.2) 250 (76.2) 790 (82.1) 0.001

 Mucinous or Signet ring cell 94 (14.8) 78 (23.8) 172 (17.9)

Lymphovascular Invasion, N%

 No 542 (85.5) 214 (65.2) 756 (78.6)  < 0.001

 Yes 92 (14.5) 114 (34.8) 206 (21.4)

Perineural Invasion, N%

 No 505 (79.7) 219 (66.8) 724 (75.3)  < 0.001

 Yes 129 (20.3) 109 (33.2) 238 (24.7)

CDX2, N%

 Positive 619 (97.6) 318 (97.0) 937 (97.4) 0.527

 Negative 15 (2.4) 10 (3.0) 25 (2.6)

MMR status, N%

 dMMR 54 (8.5) 33 (10.1) 87 (9.0) 0.477

 pMMR 580 (91.5) 295 (89.9) 875 (91.0)

Tumor deposits, N%

 No 402 (63.4) 180 (54.9) 582 (60.5) 0.012

 Yes 232 (36.6) 148 (45.1) 380 (39.5)

Timing of adjuvant therapy

 ≤ 6 weeks 610 (96.2) 321 (97.9) 931 (96.8) 0.184

 > 6 weeks 24 (3.8) 7 (2.1) 31 (3.2)

Adjuvant chemotherapy, N%

 3 months 373 (58.8) 135 (41.2) 508 (52.8)  < 0.001

 3 to 6 months 261 (41.2) 193 (58.8) 454 (47.2)
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Table 2 Univariate and multivariate analysis of prognostic factors for OS and DFS in low‑risk stage III CC patients from our institution

No. LNs Number of Lymph nodes; P < 0.05 is considered statistically significant

Variable OS

Univariate analysis Multivariate analysis

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

Sex
(Woman vs. Man)

0.461 (0.262–0.812) 0.007 0.527 (0.297–0.933) 0.028

Age
(≥ 60 vs. < 60)

2.352 (1.420–3.898) 0.001 2.668 (1.591–4.474) P < 0.001

Laparoscopic surgery
(Yes vs. No)

0.499 (0.284–0.879) 0.016 0.528 (0.294–0.948) 0.033

Tumor location
(Left vs. Right)

0.706 (0.420–1.188) 0.190 ‑ ‑

No. LNs harvested
(< 12 vs. ≥ 12)

0.678 (0.345–1.332) 0.259 ‑ ‑

Histologic grade
(Poorly vs. Well/moderately)

1.583 (0.934–2.681) 0.088 1.723 (1.005–2.951) 0.048

Histological type
(Mucinous or Signet ring cell vs. Adenocarcinoma)

1.235 (0.660–2.312) 0.509 ‑ ‑

Lymphovascular Invasion
(Yes vs. No)

1.537 (0.821–2.879) 0.179 ‑ ‑

Perineural invasion
(Yes vs. No)

2.169 (1.288–3.652) 0.004 2.273 (1.328–3.888) 0.003

CDX2
(Negative vs. Positive)

2.135 (0.670–6.805) 0.199 ‑ ‑

MMR status
(pMMR vs. dMMR)

3.300 (0.806–13.507) 0.097 ‑ 0.057

Tumor deposits
(Yes vs. No)

1.837 (1.129–2.990) 0.014 1.900 (1.151–3.136) 0.012

Timing of adjuvant therapy
(> 6 weeks vs. ≤ 6 weeks)

2.965 (1.281–6.861) 0.011 0.062

Adjuvant chemotherapy
(3 to 6 months vs. 3 months)

1.073 (0.658–1.751) 0.777 ‑ ‑

Variable DFS

Univariate analysis Multivariate analysis

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

Sex
(Woman vs. Man)

0.716 (0.498–1.028) 0.070 ‑ 0.075

Age
(≥ 60 vs. < 60)

1.309 (0.930–1.841) 0.122 ‑ ‑

Laparoscopic surgery
(Yes vs. No)

0.756 (0.474–1.206) 0.241 ‑ ‑

Tumor location
(Left vs. Right)

0.855 (0.588–1.243) 0.411 ‑ ‑

No. LNs harvested
(< 12 vs. ≥ 12)

0.770 (0.463–1.282) 0.316 ‑ ‑

Histologic grade
(Poorly vs. Well/moderately)

1.469 (1.005–2.148) 0.047 1.642 (1.121–2.406) 0.011

Histological type
(Mucinous or Signet ring cell vs. Adenocarcinoma)

1.378 (0.892–2.130) 0.149 ‑ ‑

Lymphovascular Invasion
(Yes vs. No)

1.371 (0.874–2.150) 0.170 ‑ ‑

Perineural invasion
(Yes vs. No)

2.218 (1.540–3.195) P < 0.001 2.177 (1.506–3.146) P < 0.001

CDX2
(Negative vs. Positive)

1.361 (0.503–3.683) 0.544 ‑ ‑

MMR status
(pMMR vs. dMMR)

1.533 (0.750–3.133) 0.242 ‑ ‑

Tumor deposits
(Yes vs. No)

1.731 (1.230–2.435) 0.002 1.683 (1.193–2.376) 0.003

Timing of adjuvant therapy
(> 6 weeks vs. ≤ 6 weeks)

1.710 (0.799–3.661) 0.167

Adjuvant chemotherapy
(3 to 6 months vs. 3 months)

1.071 (0.759–1.512) 0.697 ‑ ‑
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patients had none of the PRFs, while 290 (45.7%) had 1 
PRFs, 85 (13.4%) had 2 PRFs, and 13 (2.1%) had 3 PRFs. 
The Kaplan–Meier survival curves for OS and DFS 
stratified by PRFs were shown in Fig.  2. No significant 
survival difference was observed between low-risk and 
high-risk stage III CC patients, when their PRFs num-
ber was ≥ 2. Then, stratified OS and DFS were calculated 
using multivariate Cox regression analysis with correc-
tion for age and sex. As shown in Table  3, there were 
significant difference observed between low-risk stage 
III CC patients with no PRFs and low-risk stage III CC 
patients with 2 PRFs (OS: HR = 3.871, 95%CI, 2.004–
7.479, P < 0.001; DFS: HR = 3.479, 95%CI, 2.158–5.610, 
P < 0.001), as well as 3 PRFs (OS: HR = 5.915, 95%CI, 
2.623–13.335, P < 0.001; DFS: HR = 5.915, 95%CI, 2.623–
13.335, P < 0.001), and high-risk stage III CC patients 
(OS: HR = 3.927, 95%CI, 2.317–6.656, P < 0.001; DFS: 
HR = 4.132, 95%CI, 2.858–5.974, P < 0.001). These data 
indicated that prognosis of 15.5% (98/634) low-risk stage 
III CC patients was similar to that of high-risk stage III 
CC patients. Therefore, choosing postoperative adjuvant 
chemotherapy for low-risk stage III CC patients only 
based on T, N staging system may be inadequate.

After statistical analysis of data from SEER database, 
low-risk stage III CC patients were stratified into four 
groups based on number of PRFs: patients with no PRFs 
(6247, 62.3%), with 1 PRF (2998, 29.9%), with 2 PRFs (700, 
6.9%) and those with 3 PRFs (78, 0.7%). The Kaplan–
Meier survival curve analysis demonstrated that the 
prognosis of low-risk stage III CC patients with 3 PRFs 
was close to that of high-risk stage III CC patients, and 
patients with less PRFs had a better prognosis than those 
with more PRFs (Supplementary Fig. 2). Multivariate Cox 
regression analysis results were illustrated in Supplemen-
tary Table 3, there was no significant difference between 
low-risk stage III CC patients with 3 PRFs (HR = 2.669, 
95%CI, 1.898–3.752, P < 0.001) and high-risk stage III CC 
patients (HR = 2.669, 95%CI, 2.503–2.846, P < 0.001).

Moreover, we also stratified high-risk stage III CC 
patients based on the number of PRFs. Similar to the 
results obtained from low-risk stage III CC patients, the 
stratified survival analysis results revealed that high-risk 
stage III CC patients with less PRFs had a better progno-
sis than those with more PRFs. There was no significant 
difference for OS between low-risk stage III CC patients 
with two PRFs and high-risk stage III CC patients with no 
PRFs, which was better than that of low-risk stage III CC 
patients with three PRFs (Supplementary Fig. 3). The mul-
tivariate Cox regression analysis showed that the HR of 
low-risk stage III CC patients with two PRFs (HR = 1.857, 
95%CI, 1.613–2.139, P < 0.001) was similar to that of 
high-risk stage III CC patients with no PRFs (HR = 1.876, 
95%CI, 1.731–2.033, P < 0.001) (Supplementary Table 4).

Discussion
This single-center retrospective cohort study revealed 
that the presence of PRFs was associated with poor sur-
vival of stage III CC patients. The prognosis between 
low-risk stage III CC patients with no less than 2 PRFs 
(17.6%, 111/634) and high-risk stage III CC patients was 
found without significant difference. To further confirm 
our findings, we collected data of stage III CC patients 
who received adjuvant chemotherapy from the SEER 
database. The results suggested that prognosis of some 
certain low-risk stage III CC patients was underesti-
mated, which was similar to that of high-risk stage III CC 
patients. Our findings suggest that the selection (both 
regimen and period) of postoperative adjuvant chemo-
therapy for low-risk stage III CC patients only based on 
T/N staging may not be enough.

The IDEA study proposed that stage III CC patients 
were divided into low-risk (T1-3N1) and high-risk 
(T4 and/or N2) groups, which suggested that low-risk 
patients could receive 3 months of adjuvant treatment 
to reduce chemotherapy-related toxicity [4]. The results 
from IDEA study revealed that low-risk patients did not 
benefit from adjuvant chemotherapy for 6 months, and 
adjuvant CapeOX for 3 months exhibited non-inferior-
ity in DFS from low-risk but not high-risk stage III CC 
patients. Stage III CC patients are heterogeneous with 
varied prognosis, which may not be adequately differ-
entiated by the TNM staging system [3]. Previous stud-
ies suggested that the 5-year survival rate of stage II CC 
patients with high-risk (T3N0) was similar to stage III 
patients with low-risk (T1-2N1) [3]. Besides the T and N 
stages, pathological features also affect the prognosis of 
stage III CC patients. The NCCN guidelines recommend 
adjuvant chemotherapy for high-risk stage II CC patients 
with PRFs, which were also important for stage III CC 
patients. Therefore, we aimed to further evaluate the 
prognosis of stage III CC patients with combined PRFs 
and optimize risk stratification for low-risk stage III CC 
patients.

Pathological feature remains essential for post-surgical 
prognosis, which guides risk stratification and treatment 
strategy selection for CC patients. Previous studies pro-
posed that tumor-infiltrating lymphocytes (TILs) density 
and tumor budding were important prognostic variables 
for stage III CC patients [11–13]. Moreover, the combi-
nation of TILs density and tumor budding provided reli-
able prognostic stratification for T and N risk groups, 
which was the strongest predictors of DFS in high-risk 
stage III CC patients [14]. However, comparing with 
tumor microenvironment characteristics, routine post-
operative pathological characteristics are relatively easier 
to obtain from clinical facilities. Huh et  al. [7] reported 
that LVI and PNI were correlated with worse OS and 
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Fig. 2 Kaplan–Meier curves comparing OS (a) and DFS (b) between stage III colon cancer patients with low‑risk and high‑risk (No., number; PRFs, 
pathological risk factors. All calculated p values are pairwise comparisons with high‑risk groups as controls. P < 0.05 is considered as statistically 
significant)
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DFS in stage III CC patients, and patients with positive 
LVI and PNI were three times more likely to recur than 
those with negative LVI/PNI. In the study from Liebig 
et al. [6], PNI was correlated with poorer survival and dif-
ferentiation as well as higher stage in CRC patients [15]. 
TD was associated with worse prognosis, as evidenced 
by the results from the IDEA France study [8]. Further-
more, a study from systematic review and meta-analysis 
including stage I to IV CRC patients supported the same 
conclusion [9]. A number of studies also indicated that 
the number of TD could improve the prognostic pre-
diction accuracy in CRC patients [8, 16, 17]. In the 8th 
AJCC/TNM staging system [18], although TD was cor-
related with a poorer prognosis, the number of TD was 
not included in the TNM staging system. And so far, the 
origin of TD is unclear. Some studies suggest that there 
may be three different sources of TD: nerves, blood ves-
sels, and lymph nodes [19–22]. Ignoring the origin of 
TD and directly adding the number of TD to number of 
positive lymph nodes may require further investigations. 
Herein, we considered TD as a qualitative value (i.e., only 
the presence or absence of TD was considered).

Low-risk stage III CC patients with PRFs may not have 
a better prognosis than high-risk stage III CC patients. In 
this study, we identified poor differentiation, PNI and TD 
as independent unfavorable prognostic factors for DFS and 
OS in low-risk stage III CC patients. By stratifying by the 
number of PRFs, low-risk stage III CC patients with two 
or more PRFs had similar prognosis comparing with high-
risk stage III CC patients. We therefore concluded that 
staging only based on T/N alone is inadequate to guide the 
therapy selection in stage III CC patients. Due to the rela-
tively small sample size from our center, we retrieved data 
from the SEER database to further verify our findings.

The analysis results from SEER database revealed that, 
the prognosis of high-risk stage III CC patients was com-
parable to that of low-risk stage III CC patients with 3 
PRFs. Then two questions were posed: whether there was 

also difference in prognosis between subgroups among 
high-risk stage III CC patients and whether the prog-
nosis of low-risk stage III CC patients with 2 PRFs was 
similar to that of high-risk stage III CC patients with no 
PRFs. We stratified low-risk and high-risk stage III CC 
patients separately based on the number of PRFs, and 
the OS was close between low-risk stage III CC patients 
with two PRFs and high-risk stage III CC patients with no 
PRFs. The multivariate Cox regression analysis showed 
that the HR in low-risk stage III CC patients with 2 PRFs 
(HR = 1.857, 95%CI, 1.613–2.139, P < 0.001) was similar 
to the HR of high-risk stage III CC patients with no PRFs 
(HR = 1.876, 95%CI, 1.731–2.033, P < 0.001). Based on the 
analysis results from the SEER database, we consider that 
at least 7.6% (778/10,023) low-risk stage III CC patients 
have a similar prognosis comparing with high-risk stage 
III CC patients. Analysis results from the SEER database 
further confirmed that selection of postoperative adju-
vant chemotherapy for low-risk stage III CC patients only 
based on T/N stage might not be adequate.

The present study has some limitations. The first is that 
this study was conducted as a retrospective single-center 
study and the second is that data from the SEER database 
lacks some information for DFS analysis. It is necessary to 
perform a large-scale prospective study to further validate 
the current conclusion. Since the follow-up period of this 
study is not long enough, the long-term results may be 
limited. However, the validation analysis from the SEER 
database could further supports our finding, and the long-
term results need to be updated in future studies.

Conclusion
In summary, it is not sufficient to guide the selection of 
postoperative adjuvant chemotherapy for low-risk stage 
III CC patients only based on T and N stages, and com-
bining PRFs for stratification is necessary. Further large-
scale, multicenter studies are needed to determine the 
PRFs as a reliable factor for prognostic stratification.

Table 3 Multivariate analysis of prognostic factors for OS and DFS in low‑risk stage III CC patients from our institution

PRFs Pathological risk factors; P < 0.05 is considered statistically significant

Variable Multivariate analysis

OS DFS

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

Age (≥ 60 vs. < 60) 2.060 (1.469–2.888) p < 0.001 1.360 (1.076–1.719) 0.010
Sex (Woman vs. Man) 0.810 (0.573–1.144) 0.231 0.868 (0.682–1.104) 0.249
Risk group (T1‑3N1 + one PRFs vs. T1‑3N1 + no PRFs) 1.287 (0.694–2.386) 0.423 1.439 (0.945–2.193) 0.090
Risk group (T1‑3N1 + two PRFs vs. T1‑3N1 + no PRFs) 3.871 (2.004–7.479) p < 0.001 3.479 (2.158–5.610) p < 0.001
Risk group (T1‑3N1 + three PRFs vs. T1‑3N1 + no PRFs) 5.833 (1.953–17.420) 0.002 5.915 (2.623–13.335) p < 0.001
Risk group (T4 and/or N2 vs. T1‑3N1 + no PRFs) 3.927 (2.317–6.656) p < 0.001 4.132 (2.858–5.974) p < 0.001



Page 9 of 10Xian et al. World Journal of Surgical Oncology           (2024) 22:10  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12957‑ 023‑ 03299‑w.

Additional file 1: Supplementary Fig. 1. Flow chart of patient recruit‑
ment from the SEER database in this study.

Additional file 2: Supplementary Fig. 2. Kaplan–Meier curves compar‑
ing OS between stage III CC patients with low‑risk and high‑risk from the 
SEER database (No., number; PRFs, pathological risk factors. All calculated 
p‑values are pairwise comparisons with high‑risk groups as controls. 
P < 0.05 is considered statistically significant).

Additional file 3: Supplementary Fig. 3. Kaplan–Meier curves compar‑
ing OS between strata of stage III CC patients from the SEER database after 
addition of PRFs numbers (No., number; PRFs, pathological risk factors. 
All calculated p‑values were pairwise comparisons with high‑risk groups 
without PRFs as controls. P < 0.05 is considered statistically significant).

Additional file 4: Supplementary Table 1. Characteristics of stage III CC 
patients with low risk (pT1‑3N1) and high risk (pT4 and/or pN2) from the 
SEER database.

Additional file 5: Supplementary Table 2. Univariate and multivariate 
analysis of prognostic factors for OS in stage III CC patients from the SEER 
database.

Additional file 6: Supplementary Table 3. Multivariate analysis of 
prognostic factors for OS and DFS in low‑risk stage III CC patients from the 
SEER database.

Additional file 7: Supplementary Table 4. Multivariate analysis of 
prognostic factors for OS and DFS in low‑risk stage III CC patients from the 
SEER database.

Acknowledgements
This paper was supported by the National Key Clinical Discipline and sup‑
ported by the program of Guangdong Provincial Clinical Research Center for 
Digestive Diseases (2020B1111170004).

Authors’ contributions
(Zhen‑Yu Xian, Yi‑Wen Song): study design, patient screening, data collection, 
data analysis and interpretation, and manuscript writing; (Zong‑Jin Zhang, 
Ying‑Guo Gan, Yong‑Le Chen, Tuo Hu, Xiao‑Feng Wen): data collection; (Zong‑
Jin Zhang, Ying‑Guo Gan): data analysis; (Tuo Hu, Tai‑Wei Mo, Xiao‑Wen He): 
manuscript revision; (Tai‑Wei Mo, Xiao‑Wen He): study design, critical revision 
of the manuscript for important intellectual content and study supervision. All 
authors read and approved the final manuscript.

Funding
This study was supported by the Starting Funding of Faculty from Sun Yat‑sen 
Univer‑sity (No.2021276), Regional Joint Project for Guangdong Basic and 
Applied Basic Research Foundation (No. 2022A1515111043), Guangzhou Basic 
and Applied Basic Research Foundation (No. 2023A04J1820), and Fundamen‑
tal Research Funds for the Central Universities, Sun Yat‑sen University (No. 
23qnpy147), to Dr. Tuo Hu. This study was also supported by the National Key 
Clinical Discipline.

Availability of data and materials
The data generated during the current study are available from the corre‑
sponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Review Committee of the 
Sixth Affiliated Hospital of Sun Yat‑sen University (2022ZSLYEC‑229).

Consent for publication
This study is a retrospective cohort study, and the relevant privacy of patients 
is not disclosed in the manuscript. In addition, the application for exemp‑
tion of informed consent has been submitted to the Ethics Committee of 

the Sixth Affiliated Hospital of Sun Yat‑sen University and has been approved 
(2022ZSLYEC‑229).

Competing interests
The authors declare no competing interests.

Author details
1 Department of Colorectal Surgery, Department of General Surgery, The Sixth 
Affiliated Hospital, Sun Yat‑Sen University, Guangzhou, China. 2 Guangdong 
Provincial Key Laboratory of Colorectal and Pelvic Floor Diseases, The Sixth 
Affiliated Hospital, Sun Yat‑Sen University, Guangzhou, China. 3 Biomedical 
Innovation Center, The Sixth Affiliated Hospital, Sun Yat‑Sen University, Guang‑
zhou, China. 4 Department of Radiotherapy, The Sixth Affiliated Hospital, Sun 
Yat‑Sen University, Guangzhou, Guangdong, China. 5 Department of General 
Surgery, The First Affiliated Hospital of Jinan University, Jinan University, 613 
West Huangpu Avenue, Guangzhou 510630, Tianhe District, China. 6 Depart‑
ment of General Surgery, Guangzhou First People’s Hospital, No. 1 Panfu Road, 
Guangzhou 510180, Yuexiu District, China. 

Received: 31 August 2023   Accepted: 29 December 2023

References
 1. Auclin E, Zaanan A, Vernerey D, Douard R, Gallois C, Laurent‑Puig P, et al. 

Subgroups and prognostication in stage III colon cancer: future perspec‑
tives for adjuvant therapy. Ann Oncol. 2017;28(5):958–68. https:// doi. org/ 
10. 1093/ annonc/ mdx030. PMID:28453690.

 2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statis‑
tics in China, 2015. CA Cancer J Clin. 2016;66(2):115–32. https:// doi. org/ 
10. 3322/ caac. 21338. PMID:26808342.

 3. Gunderson LL, Jessup JM, Sargent DJ, Greene FL, Stewart AK. Revised 
TN categorization for colon cancer based on national survival outcomes 
data. J Clin Oncol. 2010;28(2):264–71. https:// doi. org/ 10. 1200/ JCO. 2009. 
24. 0952. PMID:19949014.

 4. Grothey A, Sobrero AF, Shields AF, Yoshino T, Paul J, Taieb J, et al. Dura‑
tion of adjuvant chemotherapy for stage III colon cancer. N Engl J 
Med. 2018;378(13):1177–88. https:// doi. org/ 10. 1056/ NEJMo a1713 709. 
PMID:29590544.

 5. Benson AB, Venook AP, Al‑Hawary MM, Arain MA, Chen Y‑J, Ciombor KK, 
et al. Colon cancer, version 2.2021, NCCN clinical practice guidelines in 
oncology. J Natl Compr Canc Netw. 2021;19(3):329–59. https:// doi. org/ 10. 
6004/ jnccn. 2021. 0012. PMID:33724754.

 6. Liebig C, Ayala G, Wilks J, Verstovsek G, Liu H, Agarwal N, et al. Perineural 
invasion is an independent predictor of outcome in colorectal cancer. 
J Clin Oncol. 2009;27(31):5131–7. https:// doi. org/ 10. 1200/ JCO. 2009. 22. 
4949. PMID:19738119.

 7. Huh JW, Lee JH, Kim HR, Kim YJ. Prognostic significance of lymphovas‑
cular or perineural invasion in patients with locally advanced colorectal 
cancer. Am J Surg. 2013;206(5):758–63. https:// doi. org/ 10. 1016/j. amjsu rg. 
2013. 02. 010. PMID:23835209.

 8. Delattre J‑F, Cohen R, Henriques J, Falcoz A, Emile J‑F, Fratte S, et al. Prog‑
nostic value of tumor deposits for disease‑free survival in patients with 
stage III colon cancer: a post hoc analysis of the IDEA France phase III trial 
(PRODIGE‑GERCOR). J Clin Oncol. 2020;38(15):1702–10. https:// doi. org/ 10. 
1200/ JCO. 19. 01960. PMID:32167864.

 9. Nagtegaal ID, Knijn N, Hugen N, Marshall HC, Sugihara K, Tot T, et al. Tumor 
deposits in colorectal cancer: improving the value of modern staging‑a 
systematic review and meta‑analysis. J Clin Oncol. 2017;35(10):1119–27. 
https:// doi. org/ 10. 1200/ JCO. 2016. 68. 9091. PMID:28029327.

 10. Le VH, Thornblade L, Ituarte PHG, Lai LL, Melstrom KA. Metachronous 
peritoneal metastases following curative resection for colon cancer: 
understanding risk factors and patterns of recurrence. J Surg Oncol. 
2021;123(2):622–9. https:// doi. org/ 10. 1002/ jso. 26322. PMID:33616972.

 11. Galon J, Costes A, Sanchez‑Cabo F, Kirilovsky A, Mlecnik B, Lagorce‑Pagès 
C, et al. Type, density, and location of immune cells within human colo‑
rectal tumors predict clinical outcome. Science. 2006;313(5795):1960–4 
PMID:17008531.

 12. Pagès F, Mlecnik B, Marliot F, Bindea G, Ou F‑S, Bifulco C, et al. Interna‑
tional validation of the consensus Immunoscore for the classification of 

https://doi.org/10.1186/s12957-023-03299-w
https://doi.org/10.1186/s12957-023-03299-w
https://doi.org/10.1093/annonc/mdx030
https://doi.org/10.1093/annonc/mdx030
https://doi.org/10.3322/caac.21338
https://doi.org/10.3322/caac.21338
https://doi.org/10.1200/JCO.2009.24.0952
https://doi.org/10.1200/JCO.2009.24.0952
https://doi.org/10.1056/NEJMoa1713709
https://doi.org/10.6004/jnccn.2021.0012
https://doi.org/10.6004/jnccn.2021.0012
https://doi.org/10.1200/JCO.2009.22.4949
https://doi.org/10.1200/JCO.2009.22.4949
https://doi.org/10.1016/j.amjsurg.2013.02.010
https://doi.org/10.1016/j.amjsurg.2013.02.010
https://doi.org/10.1200/JCO.19.01960
https://doi.org/10.1200/JCO.19.01960
https://doi.org/10.1200/JCO.2016.68.9091
https://doi.org/10.1002/jso.26322


Page 10 of 10Xian et al. World Journal of Surgical Oncology           (2024) 22:10 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

colon cancer: a prognostic and accuracy study. Lancet (London, England). 
2018;391(10135):2128–39. https:// doi. org/ 10. 1016/ S0140‑ 6736(18) 30789‑
X. PMID:29754777.

 13. Lugli A, Kirsch R, Ajioka Y, Bosman F, Cathomas G, Dawson H, et al. Recom‑
mendations for reporting tumor budding in colorectal cancer based on 
the International Tumor Budding Consensus Conference (ITBCC) 2016. 
Mod Pathol. 2017;30(9):1299–311. https:// doi. org/ 10. 1038/ modpa thol. 
2017. 46. PMID:28548122.

 14. Lee H, Sha D, Foster NR, Shi Q, Alberts SR, Smyrk TC, et al. Analysis of 
tumor microenvironmental features to refine prognosis by T, N risk group 
in patients with stage III colon cancer (NCCTG N0147) (Alliance). Ann 
Oncol. 2020;31(4):487–94. https:// doi. org/ 10. 1016/j. annonc. 2020. 01. 011. 
PMID:32165096.

 15. Knijn N, Mogk SC, Teerenstra S, Simmer F, Nagtegaal ID. Perineural 
invasion is a strong prognostic factor in colorectal cancer: a systematic 
review. Am J Surg Pathol. 2016;40(1):103–12. https:// doi. org/ 10. 1097/ PAS. 
00000 00000 000518. PMID:26426380.

 16. Cohen R, Shi Q, Meyers J, Jin Z, Svrcek M, Fuchs C, et al. Combining 
tumor deposits with the number of lymph node metastases to improve 
the prognostic accuracy in stage III colon cancer: a post hoc analysis 
of the CALGB/SWOG 80702 phase III study (Alliance)☆. Ann Oncol. 
2021;32(10):1267–75. https:// doi. org/ 10. 1016/j. annonc. 2021. 07. 009. 
PMID:34293461.

 17. Pricolo VE, Steingrimsson J, McDuffie TJ, McHale JM, McMillen B, Shparber 
M. Tumor deposits in stage III colon cancer: correlation with other 
histopathologic variables, prognostic value, and risk stratification‑time 
to consider “N2c.” Am J Clin Oncol. 2020;43(2):133–8. https:// doi. org/ 10. 
1097/ COC. 00000 00000 000645. PMID:31764018.

 18. Kattan MW, Hess KR, Amin MB, Lu Y, Moons KGM, Gershenwald JE, et al. 
American Joint Committee on Cancer acceptance criteria for inclusion 
of risk models for individualized prognosis in the practice of precision 
medicine. CA Cancer J Clin. 2016;66(5):370–4. https:// doi. org/ 10. 3322/ 
caac. 21339. PMID:26784705.

 19. Ueno H, Mochizuki H. Clinical significance of extrabowel skipped cancer 
infiltration in rectal cancer. Surg Today. 1997;27(7):617–22 PMID:9306563.

 20. Goldstein NS, Turner JR. Pericolonic tumor deposits in patients with 
T3N+MO colon adenocarcinomas: markers of reduced disease free 
survival and intra‑abdominal metastases and their implications for TNM 
classification. Cancer. 2000;88(10):2228–38 PMID:10820343.

 21. Ratto C, Ricci R, Rossi C, Morelli U, Vecchio FM, Doglietto GB. Mesorectal 
microfoci adversely affect the prognosis of patients with rectal cancer. Dis 
Colon Rectum. 2002;45(6):733–42; discussion 742‑3. https:// doi. org/ 10. 
1007/ s10350‑ 004‑ 6288‑8.

 22. Shimada Y, Takii Y. Clinical impact of mesorectal extranodal cancer tissue 
in rectal cancer: detailed pathological assessment using whole‑mount 
sections. Dis Colon Rectum. 2010;53(5):771–8. https:// doi. org/ 10. 1007/ 
DCR. 0b013 e3181 cf7fd8. PMID:20389211.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/S0140-6736(18)30789-X
https://doi.org/10.1016/S0140-6736(18)30789-X
https://doi.org/10.1038/modpathol.2017.46
https://doi.org/10.1038/modpathol.2017.46
https://doi.org/10.1016/j.annonc.2020.01.011
https://doi.org/10.1097/PAS.0000000000000518
https://doi.org/10.1097/PAS.0000000000000518
https://doi.org/10.1016/j.annonc.2021.07.009
https://doi.org/10.1097/COC.0000000000000645
https://doi.org/10.1097/COC.0000000000000645
https://doi.org/10.3322/caac.21339
https://doi.org/10.3322/caac.21339
https://doi.org/10.1007/s10350-004-6288-8
https://doi.org/10.1007/s10350-004-6288-8
https://doi.org/10.1007/DCR.0b013e3181cf7fd8
https://doi.org/10.1007/DCR.0b013e3181cf7fd8

	Combining pathological risk factors and T, N staging to optimize the assessment for risk stratification and prognostication in low-risk stage III colon cancer
	Abstract 
	Background 
	Patients and methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patients and data collection
	Clinicopathologic variables and objectives
	Statistical analysis

	Results
	Patient characteristics
	PRFs for OS and DFS in low-risk stage III CC patients
	Survival analysis results between low-risk stage III CC patients combined with PRFs and high-risk stage III CC patients

	Discussion
	Conclusion
	Anchor 18
	Acknowledgements
	References


