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Abstract 

Background Recurrences are the main reasons for unfavorable outcomes for patients with stage II colorectal cancer 
(CRC). To obtain a clear understanding of the high‑risk factors, further investigation is warranted. The present study 
aimed to analyze the risk factors associated with postoperative recurrence in patients with stage II CRC.

Methods Eligible patients with pathologically confirmed stage II CRC were enrolled in the study retrospectively 
based on a prospectively maintained database from April 2008 to March 2019. The Kaplan–Meier method were used 
to calculate the overall survival (OS) rate and the cumulative recurrence rate. Univariate and multivariable Cox regres‑
sion analyses were performed to identify risk factors for recurrence.

Results There were 2515 patients included, of whom 233 (9.3%) developed local or distant recurrence. Recurrence 
was associated with a significantly worse 5‑year OS (45.4% vs. 95.5%, p < 0.0001). The 5‑year cumulative recurrence 
rate was 13.0% in patients with stage II CRC. On multivariable Cox analysis, tumor size (Hazard Ratio (HR) [95% con‑
fidence interval (CI)] = 1.79[1.38, 2.33]), preoperative carbohydrate antigen (CA) 125 level (HR [95% CI] = 1.78[1.17, 
2.70]), preoperative CA 199 level (HR [95% CI] = 1.56[1.09, 2.22]), and ulcerating tumor (HR [95% CI] = 1.61[1.19, 2.17]) 
were found to be associated with postoperative recurrence. Adjuvant chemotherapy was associated with a lower 
cumulative recurrence rate in patients with these risk factors (p = 0.00096).

Conclusion The tumor diameter, preoperative CA125 level, preoperative CA199 level, and an ulcerative tumor 
can predict postoperative recurrence in patients with stage II CRC, and postoperative chemotherapy could reduce 
the cumulative recurrence rate in patients with these high‑risk factors.
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Introduction
Colorectal cancer (CRC) has become the third most com-
mon cancer worldwide [1]. Stage II disease (T3N0M0 or 
T4N0M0) is diagnosed in approximately one-third of 
the patients with CRC [2] and the 5-year survival rate 
ranges from 44 to 93% [3]. Tumor local and distant recur-
rences are the main reasons for unfavorable outcomes for 
patients with CRC. Previous research showed that the 
distant recurrence rate was about 50% in patients under-
going oncologic resection for stage II and III CRC [4]. 
Although patients with stage II CRC are generally consid-
ered to have good prognoses after surgery, approximately 
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5–30% of these patients may develop local recurrence or 
metastasis after surgery [5, 6].

Adjuvant chemotherapy following surgery has been 
demonstrated to improve the overall survival (OS) and 
relapse free survival (RFS) in patients with stage III CRC. 
However, the role of adjuvant chemotherapy for stage II 
CRC remains controversial [7, 8]. At present, adjuvant 
chemotherapy is only recommended for stage II disease 
when high-risk factors are present. However, the defini-
tions of high-risk factors vary among different guidelines 
[9–12]. Moreover, two recent randomized controlled tri-
als in stage II CRC reported that there was no significant 
improvement in OS or RFS after adjuvant chemotherapy 
[13, 14]. All these evidences indicated that the present 
high-risk factors not always able to accurately predict the 
recurrence of stage II CRC patients [15].

Therefore, to obtain a clear understanding of the high-
risk factors and identify the optimal selection of adjuvant 
chemotherapy, further investigation is warranted. The 
aim of the study was to investigate risk factors associated 
with postoperative recurrence in patients with stage II 
CRC undergoing curative surgery.

Materials and methods
Ethics statement
This study was approved by the Medical Ethics Commit-
tee of the Sixth Affiliated Hospital of Sun Yat-sen Univer-
sity, Guangzhou, China (no. 2021ZSLYEC-006).

Inclusion and exclusion criteria
Patients who were diagnosed with pathologically con-
firmed stage II CRC according to the AJCC/UICC tumor-
node-metastasis (TNM) system were identified from a 
prospectively maintained database at the Sixth Affiliated 
Hospital of Sun Yat-sen University between April 2008 to 
March 2019. Patients were excluded if they received pre-
operative radiotherapy or chemotherapy, and those who 
had more than one primary lesion, a pervious history of 
colorectal surgery, or insufficient follow-up information 
were also excluded.

Demographic and clinical variables
Preoperative demographics and clinical records of all 
patients were reviewed to obtain information pertain-
ing to age at surgery, sex, body mass index (BMI), fam-
ily history, tumor diameter, pT-staging, lymphovascular 
invasion, perineural invasion, histological differentia-
tion, tumor location, and postoperative chemotherapy. 
The morphological types of CRC specimens were eval-
uated by two experienced pathologists according to 
the Chinese Standard for Diagnosis and Treatment of 
Colorectal Cancer (2020). Any tumors whose main 
body protrudes into the intestinal lumen belong to 

Expansive type. Tumors that form deep ulcers or pen-
etrate the muscle layer are classified as ulcerative type. 
The infiltrative type refers to the diffuse infiltration of 
the tumor into all layers of the intestinal wall, which 
thickens the local intestinal wall, but there is often no 
obvious ulcer or bulge on the surface. As one of the 
main clinical centers for CRC, the tumor marker levels 
(including carcinoembryonic antigen (CEA), carbohy-
drate antigen (CA) 199, CA125, and alpha fetoprotein 
(AFP)) were routinely tested within a month before the 
surgical intervention in our hospital. In additon, several 
studies have demostrated that these factors are closely 
related to the occurrence and development of gastroin-
testinal tumors [16–18]. So, these tumor marker levels 
were also collected in our study.

Postoperative follow-up was scheduled for surveillance 
every 3  months during the first year after the surgery, 
every 6 months during the next 2 years, and once a year 
thereafter. Recurrence was defined as the presence of 
radiologically confirmed or histologically proven tumor 
local or distant relapse in the follow-up period after sur-
gical resection. OS was defined as the time from the first 
surgical resection to death from any cause.

Standard and scheme of postoperative adjuvant 
chemotherapy
For patients with stage II colorectal cancer with tradi-
tional clinicopathological risk factors (pT4, lymphovascu-
lar invasion, high grade or poorly differentiated tumors, 
perforation or bowel obstruction, and < 12 lymph nodes 
examined), our center recommends postoperative neo-
adjuvant chemotherapy. Recommended chemotherapy 
regimens include: XELOX and mFOLFOX.

Statistics analysis
The results of the descriptive data are presented as fre-
quencies and percentages for categorical variables, or 
median and inter-quartile ranges for continuous vari-
ables. The two independent samples χ2 test or two-tailed 
Fisher’s exact test were used for categorical variables to 
compare the basic characteristics between patients with 
and without recurrence. The Kaplan–Meier method and 
log-rank test were performed to plot the survival curve 
and to compare the survival data. Univariate and multi-
variable Cox regression analyses were used to investigate 
the risk factors for recurrence. Differences were consid-
ered statistically significant when the p value was < 0.05. 
Variables with a p value of less than 0.05 in the univari-
ate analysis were included in multivariable model. All 
analyses were performed using R Language for Statistical 
Computing (version 3.6.3).
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Results
Patient characteristics
As shown in Fig.  1, a total of 2515 patients who were 
diagnosed pathologically with stage II CRC were included 
in this study. Their clinicopathological characteristics are 
summarized in Table 1. The median age was 62 (52–70) 
years, and there were 1541 (61.3%) males. There were 579 
(23.0%) patients with a BMI ≥ 25  kg/m2, and 74 (2.9%) 
patients had a family history of CRC. Tumor locations 
included right-sided colon cancer (n = 757, 30.1%), left-
sided colon cancer (n = 885, 35.2%), and rectal cancer (n 
= 873, 34.7%).

Postoperative pathological examination showed that 
the proportions of pT3 and pT4 were 91.3% and 8.7%. 
There were 772 (30.7%) patients with a tumor diameter 
≥ 5 cm, 125 (5.0%) patients with positive lymphovascular 
invasion, and 221 (8.8%) patients with positive perineural 
invasion.

Characteristics of recurrence
A total of 233 (9.3%) patients developed postoperative 
tumor recurrence with 42 (1.7%) were local recurrence 
and 191 (7.6%) were distant metastasis. Sites of distant 
metastatic included the liver (n = 93, 3.7%), lung, bone, 
and brain metastases accounted for 2.5% (n = 63), 0.3% 
(n = 8) and 0.1% (n = 3) of all cases. Compared with the 
patients without recurrence, the patients with recurrence 
were significantly associated with increased tumor diam-
eter (45.9% vs. 29.1%, p < 0.001), more pT4 tumors (12.4% 
vs. 8.4%, p = 0.048), and higher CA125 levels (10.7% vs. 
6.6%, p = 0.025) (Table 1).

Kaplan–Meier analyses of OS and the cumulative 
recurrence rate
Among all 2515 patients with stage II CRC, the Kaplan–
Meier curves revealed significantly worse prognosis in 
patients with recurrence compared with those without (p 
< 0.0001) (Fig.  2). The 1-, 3-, and 5-year OS rate of the 
patients without recurrence were 98.9, 97.5, and 95.5%, 
and the 1-, 3-, and 5-year OS rate of patients with recur-
rence were 96.9, 72.4, and 45.4% (Table  2). As shown 
in Fig.  3, the 5-year cumulative recurrence rate for the 
patients with stage II CRC was 13%.

Risk factors for postoperative recurrence
After univariate Cox analyses, tumor diameter, pT-stag-
ing, preoperative CA199 level, preoperative CA125 level, 
postoperative chemotherapy and tumor morphologi-
cal type were selected for multivariable Cox analysis (p 
< 0.05) (Table  3). Multivariable Cox analyses revealed 
that tumor diameter, preoperative CA125 level, preop-
erative CA199 level, and tumor morphological type were 
independent risk factors for postoperative recurrence 
in patients with stage II CRC (p < 0.05). As shown in 
Table 4, patients with a tumor diameter ≥ 5 cm, preoper-
ative CA125 > 35 ng/ml, preoperative CA199 > 5 ng/ml, 
and ulcerating tumor had 1.79, 1.78, 1.56, and 1.61-fold 
increase in the risk of recurrence, respectively, compared 
with patients without recurrence.

Influence of adjuvant chemotherapy on recurrence
As shown in the multivariable Cox regression analy-
ses, patients receiving adjuvant chemotherapy were 

Fig. 1 Flowchart of this study
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Table 1 Clinical and pathological characteristics of stage II CRC patients

Characteristic Overall
(n = 2515)

Non-recurrenc
(n = 2282)

recurrence
(n = 233)

P Value

Age 0.142

  < 60 1175 (46.7%) 1055 (46.2%) 120 (51.5%)

  ≥ 60 1340 (53.3%) 1227 (53.8%) 113 (48.5%)

Sex 0.418

 male 1541 (61.3%) 1392 (61.0%) 149 (63.9%)

 female 974 (38.7%) 890 (39.0%) 84 (36.1%)

BMI 0.608

  < 25 1936 (77.0%) 1753 (76.8%) 183 (78.5%)

  ≥ 25 579 (23.0%) 529 (23.2%) 50 (21.5%)

Tumor diameter  < 0.001
  < 5 cm 1743 (69.3%) 1617 (70.9%) 126 (54.1%)

  ≥ 5 cm 772 (30.7%) 665 (29.1%) 107 (45.9%)

pT-staging 0.048
 T3 2295 (91.3%) 2091 (91.6%) 204 (87.6%)

 T4 220 (8.7%) 191 (8.4%) 29 (12.4%)

Lymphovascular invasion 0.732

 Negative 2390 (95.0%) 2167 (95.0%) 223 (95.7%)

 Positive 125 (5.0%) 115 (5.0%) 10 (4.3%)

Perineural invasion 0.328

 Negative 2294 (91.2%) 2086 (91.4%) 208 (89.3%)

 Positive 221 (8.8%) 196 (8.6%) 25 (10.7%)

CEA 0.101

  ≤ 5 ng/ml 1620 (64.4%) 1458 (63.9%) 162 (69.5%)

  > 5 ng/ml 895 (35.6%) 824 (36.1%) 71 (30.5%)

CA199 0.065

  ≤ 37 ng/ml 2215 (88.1%) 2019 (88.5%) 196 (84.1%)

  > 37 ng/ml 300 (11.9%) 263 (11.5%) 37 (15.9%)

CA125 0.025
  ≤ 35 ng/ml 2340 (93.0%) 2132 (93.4%) 208 (89.3%)

  > 35 ng/ml 175 (7.0%) 150 (6.6%) 25 (10.7%)

AFP 0.108

  ≤ 25 ng/ml 2476 (98.4%) 2250 (98.6%) 226 (97.0%)

  > 25 ng/ml 39 (1.6%) 32 (1.4%) 7 (3.0%)

Family History 0.581

 Negative 2441 (97.1%) 2213 (97.0%) 228 (97.9%)

 Positive 74 (2.9%) 69 (3.0%) 5 (2.1%)

Adjuvant chemotherapy 0.002
 Negative 1740 (69.2%) 1558 (68.3%) 182 (78.1%)

 Positive 775 (30.8%) 724 (31.7%) 51 (21.9%)

Differentiation 0.115

 High 586 (23.3%) 522 (22.9%) 64 (27.5%)

 Moderate 1712 (68.1%) 1568 (68.7%) 144 (61.8%)

 Poor 52 (2.1%) 44 (1.9%) 8 (3.4%)

 Undifferentital 16 (0.6%) 13 (0.6%) 3 (1.3%)

 Unknown 149 (5.9%) 135 (5.9%) 14 (6.0%)

Morphological type 0.015
 Expansive 827 (32.9%) 770 (33.7%) 57 (24.5%)

 Infiltrative 54 (2.1%) 49 (2.1%) 5 (2.1%)

 Ulcerative 1634 (65.0%) 1463 (64.1%) 171 (73.4%)
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associated with a lower risk of recurrence (Hazard Ratio 
(HR): 0.71, 95% confidence interval (CI): 0.52–0.97). 
We performed a Kaplan–Meier stratified analysis of the 
cumulative recurrence rate with patients separated into 
four groups (group 1: Patients without risk factors and 
adjuvant chemotherapy; group 2: Patients with one or 
more risk factors and without adjuvant chemotherapy; 
group 3: Patients who received adjuvant chemotherapy 
but were without risk factors; group 4: Patients with one 

or more risk factors who underwent adjuvant chemother-
apy). As shown in Fig. 4, adjuvant chemotherapy reduced 
the cumulative recurrence rate significantly in patients 
with risk factors of recurrence (group 4 vs. group 2, p = 
0.00096). The 5-year cumulative recurrence rate was 9.8% 
in group 4, and 15.8% in group 2.

Discussion
Recurrence, including local and distant recurrence, is the 
main reason for unfavorable outcomes in patients with 
stage II CRC. As reported by previous studies, the cumu-
lative post-surgical recurrence rate was 5–30% in patients 
with stage II CRC [5, 6]. The current study analyzed 2515 
patients with stage II CRC and reported that the 5-year 
cumulative recurrence rate for these patients was 13%. 
Patients with recurrence had a significantly worse 5-year 
OS compared with that in patients without recurrence 
(45.4% vs. 95.5%, p < 0.0001). These results revealed that 
there was a high rate of recurrence in patients with stage 

Table 1 (continued)

Characteristic Overall
(n = 2515)

Non-recurrenc
(n = 2282)

recurrence
(n = 233)

P Value

Location 0.025
 Right colon 757 (30.1%) 691 (30.3%) 66 (28.3%)

 Left colon 885 (35.2%) 817 (35.8%) 68 (29.2%)

 Rectum 873 (34.7%) 774 (33.9%) 99 (42.5%)

Fig. 2 Kaplan–Meier analyses and risk table of OS. In stage II CRC patients, the OS was significant reduction in the recurrence patients compared 
with the non‑recurrence patients (p < 0.0001)

Table 2 The 1‑, 3‑, and 5‑year OS of patients with stage II CRC 

Non-recurrenc
(n = 2282)

Recurrence
(n = 233)

1‑year OS rate 98.9% 96.9%

3‑year OS rate 97.5% 72.4%

5‑year OS rate 95.5% 45.4%
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II CRC, despite the performance of radical surgery, and 
that recurrence was an important factor associated with 
poor prognosis. Therefore, subsequent treatment after 
surgery may be warranted in the patients with potential 
risk of recurrence.

To date, it has been difficult to identify exactly those 
patients at high-risk of recurrence. Thus, individual 

postoperative therapeutic strategies cannot be pro-
posed exactly. High-risk factors in stage II CRC tradi-
tionally included pT4, lymphovascular invasion, high 
grade or poorly differentiated tumors, perforation or 
bowel obstruction, and < 12 lymph nodes examined 
[19, 20]. Although the ASCO, NCCN, and ESMO pre-
sented these high-risk factors for stage II CRC and sug-
gested that clinicians consider adjuvant chemotherapy 
for patients with one or more of these high-risk factors 
[9, 10, 21], recent studies showed that survival outcome 
was influenced only by some of the known prognostic 
factors, and might be affected by other factors not sug-
gested in the guidelines [20, 22–24]. Recently, Bockel-
man et al. [25] reported that emergency surgery and the 

Fig. 3 The cumulative recurrence rate of stage II CRC patients

Table 3 Univariate Cox regression analyses of factors associated 
with recurrence

Variable HR (95% CI) P Value

Age 0.83 (0.64–1.07) 0.150

Sex 0.88 (0.67–1.15) 0.333

BMI 0.90 (0.66–1.23) 0.495

Tumor diameter 1.86 (1.44–2.41)  < 0.001
pT‑staging 1.50 (1.02–2.22) 0.039
Lymphovascular invasion 0.91 (0.48–1.71) 0.764

Perineural invasion 1.45 (0.96–2.20) 0.081

CEA 0.82 (0.62–1.09) 0.175

CA199 1.63 (1.15–2.32) 0.006
CA125 1.87 (1.2–2.8) 0.003
AFP 2.07 (0.98–4.39) 0.057

Family History 0.71 (0.29–1.73) 0.456

Adjuvant chemotherapy 0.72 (0.52–0.98) 0.034
Differentiation 1.02 (0.90–1.20) 0.540

Morphological type 1.2 (1.1–1.4) 0.005
Location 1.10 (0.90–1.21) 0.480

Table 4 Multivariable Cox regression analyses of factors 
influencing recurrence

Variable HR (95% CI) P Value

Tumor diameter (ref. =  < 5 cm) 1.79 (1.38, 2.33)  < 0.001
CA125 (ref. =  ≤ 35 ng/ml) 1.78 (1.17, 2.70) 0.007
CA199 (ref. =  ≤ 5 ng/ml) 1.56 (1.09, 2.22) 0.014
pT‑staging (ref. = T3) 1.25 (0.84, 1.86) 0.266

Morphological type (ref. = Expansive)

 Infiltrative 1.67 (0.66–4.21) 0.276

 Ulcerative 1.61 (1.19–2.17) 0.002
Adjuvant chemotherapy (ref. = Negative) 0.71 (0.52, 0.97) 0.029
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MMR status were confirmed as new risk factors. With 
a focus on tumor recurrence, we used univariate and 
multivariable Cox regression analyses to investigate 
the risk factors of recurrence and identified three new 
high-risk factors of recurrence in patients with stage 
II CRC, including a tumor diameter ≥ 5 cm, preopera-
tive CA125 > 35 ng/ml, preoperative CA199 > 5 ng/ml, 
and an ulcerative tumor. Several studies found tumor 
size was a strong independent risk prognosis factors 
for patients with CRC [26–28]. Compared with small 
tumors, tumors with large diameters have a relatively 
worse prognosis. CA125 plays a crucial role in tumor 
cell growth, advancing tumorigenesis and metastases 
[29]. Patients with high serum levels of CA125 are sig-
nificantly with a poor prognosis in colorectal peritoneal 
carcinomatosis. And compared with CEA, CA125 is a 
better predictive marker for predicting peritoneal dis-
semination of CRC [18, 30]. In addition, some research 

also found CA125 concentration has an association 
with liver metastasis of CRC [31, 32]. CA199 is a well-
known tumor marker that has been extensively studied 
in various types of cancer, including CRC. Several stud-
ies have suggested that elevated levels of CA199 are 
associated with poor prognosis in patients with CRC. 
Furthermore, CA199 has been shown to have potential 
predictive value for CRC recurrence and survival after 
surgery [32]. Thus these new factors might be benefi-
cial to further individualize postoperative therapeutic 
trategies. Lymphovascular invasion, although associ-
ated with tumor recurrence or metastasis, is considered 
a prognostic factor for breast and prostate cancer [33, 
34]. However, the effect of lymphovascular infiltration 
on the recurrence or prognosis of CRC remains contro-
versial. Masahiro Kataoka et  al. demostrated that the 
value of lymphovascular invasion as a prognostic factor 
for stage II CRC [35]. While other investigators have 

Fig. 4 The cumulative recurrence rates of subgroups patients. Group 1: patients without risk factors and adjuvant chemotherapy; group 2: patients 
with one or more risk factors and without adjuvant chemotherapy; group 3: patients underwent adjuvant chemotherapy and without risk factors; 
group 4: patients with one or more risk factors and underwent adjuvant chemotherapy. ***: p = 0.00096 (group 2 vs. group 4)
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not been able to determine any effect of vascular inva-
sion on prognosis [36, 37]. In this study, we also found 
that lymphovascular invasion was not an independent 
prognostic factor for stage II colorectal cancer. Such 
difference may be due to different population or analy-
sis methods.

Adjuvant chemotherapy is recommended in patients 
with stage III CRC because it can improve OS and RFS 
[38]. However, the role of adjuvant chemotherapy for 
patients with stage II CRC has been controversial [8, 39]. 
In patients with stage II CRC, there was a wide range of 
postoperative 5-year OS because heterogeneity existed 
among the patients with stage II CRC in terms of recur-
rence. Therefore, it is necessary to stratify at-risk patients 
according to possible risk factors to determine whether 
they might benefit from adjuvant chemotherapy [40]. In 
the present study, we separated patients into four groups 
based on above mentioned three high-risk factors and 
adjuvant chemotherapy. We found that adjuvant chemo-
therapy significantly reduced the cumulative recurrence 
rate in patients with these high-risk factors (p = 0.00096). 
In contrast, adjuvant chemotherapy showed no benefit 
for patients without these three risk factors. This indi-
cated that these three new risk factors could be used 
effectively to identify patients that might benefit from 
adjuvant chemotherapy in stage II CRC.

There were several limitations to the present study. 
First, the study was a single-center retrospective study 
and selection bias is inevitable. Second, some patients 
did not have enough follow-up time, which might affect 
the accuracy of the results. Third, because of insuffi-
cient information, there remain some clinicopathologi-
cal characteristics and genomic-based prognostic factors 
that were not included in this study. Therefore, longer 
follow-up and larger multi-center prospective studies are 
awaited to integrate more factors in a search for a more 
tailored prognostication of stage II CRC.

Conclusion
In conclusion, a tumor diameter ≥ 5  cm, preoperative 
CA125 > 35 ng/ml, preoperative CA199 > 5 ng/ml, and 
an ulcerative tumor were high-risk factors for postopera-
tive recurrence of stage II CRC. As a favorable prognostic 
factor of recurrence, adjuvant chemotherapy should be 
considered in patients with stage II CRC with these high-
risk factors.
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