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Introduction Colorectal cancer is the third most commonly diagnosed 
malignancy and the fourth leading cause of cancer deaths 

Risk factors for locoregional recurrence in patients with 
pathologic T3N0 rectal cancer with negative resection 

margin treated by surgery alone
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Purpose: This study aimed to identify prognostic factors for locoregional recurrence (LRR) in pT3N0 rectal cancer patients who were 
treated with surgery alone and had negative resection margin including circumferential resection margin (CRM) for optimal indication 
of adjuvant radiotherapy.
Materials and Methods: We reviewed patients with pT3N0 rectal cancer who were treated via upfront surgery and had no other 
adjuvant treatment from January 2003 to December 2012. In total, 122 patients who had negative resection margin including negative 
CRM were included in the analysis.
Results: The median follow-up period after surgery was 60 months (range, 3 to 161 months). During this time, 6 patients (4.9%) 
experienced LRR at the anastomotic site (4 patients), and regional lymphatic area (2 patients). The estimated 5-year rates of overall 
survival, recurrence-free survival, and LRR-free survival were 96.7%, 84.6%, and 94.0%, respectively. Multivariate analysis showed that 
level of tumor ≤5 cm was a significant prognostic factor for LRR-free survival (LRRFS) (p = 0.04; hazard ratio = 7.08; 95% confidence 
interval, 1.06–47.30). Patients with level of tumor ≤5 cm had an estimated 5-year LRRFS of 66.8%, which was much higher than 2.3% 
in patients with level of tumor >5 cm. There was no significant factor for recurrence-free survival or overall survival.
Conclusion: In T3N0 rectal cancer, adjuvant chemoradiotherapy should be recommended in patients with level of tumor ≤5 cm 
for better local control. However, in patients with pT3N0 disease, negative resection margin, and level of tumor >5 cm, adjuvant 
chemoradiotherapy should be carefully suggested.
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worldwide, accounting for about 1.4 million new cases per 
year. Surgical resection is a standard treatment modality for 
non-metastatic rectal cancer. However, in locally advanced 
rectal cancer, curative surgery alone resulted in high rates 
of locoregional recurrence (LRR) [1,2]. To reduce LRR, 
neoadjuvant or adjuvant radiotherapy (RT) was recommended 
in locally advanced rectal cancers (T3/T4 or N+ tumors) 
[3,4]. Although RT decreases LRR rates, it is also related with 
increased treatment-associated adverse events including fecal 
incontinence and sexual dysfunction [5].

After the introduction of total mesorectal excision (TME) 
which reduces LRR greatly compared to conventional surgery, 
there is controversy about the necessity of RT in patients with 
pathologic T3N0 (pT3N0) disease which has a relatively low 
LRR rate and good prognosis [6]. Several retrospective studies 
reported an LRR of <10% in patients with minimal pT3N0 
rectal cancer without adjuvant treatment after TME [7,8].

Currently, neoadjuvant chemoradiotherapy (CCRT) followed 
by TME in locally advanced rectal cancer is considered as 
standard management. In this era, it is much controversial 
that adjuvant RT is necessary, when clinically T2 or early T3N0 
rectal cancer is treated via upfront surgery with TME and the 
pathologic stage is T3N0M0 with sufficient circumferential 
resection margin (CRM) [7,9-12]. In those cases, adjuvant RT 
only for patients with high-risk features should be considered to 
reduce unnecessary exposure to RT and/or RT-related toxicities. 
Risk adaptive customized treatment decision according to the 
prognostic factors of LRR is essential in these patients. 

Against this background, we conducted the present study 
to identify optimal indications of adjuvant RT evaluating 
prognostic factors on LRR in pT3N0 rectal cancer patients who 
were treated with standardized surgery—low anterior resection 
(LAR) or abdominoperineal resection (APR)—with TME and had 
negative resection margin and negative CRM, defined as more 
than 1 mm distance between the tumor and CRM.

Materials and Methods

Patients who underwent surgery for rectal cancer at the 
Samsung Medical Center in Korea from January 2003 
to December 2012 were retrospectively reviewed. The 
inclusion criteria of the present study were as follows: (1) no 
preoperative therapy, (2) underwent LAR or APR with TME, (3) 
pathological T3N0 rectal cancer without distant metastasis 
(DM), (4) negative resection margin and negative CRM (>1 
mm), (5) no adjuvant chemotherapy or RT, and (6) no other 
malignancy. All data were based on electronic medical records. 

Of 416 patients with pT3N0 rectal cancer, 269 received 
adjuvant treatment such as chemotherapy alone or CCRT. 

Level of tumor was given as the distance from the anal 
verge, measured on digital rectal examination by the surgeon, 
colonoscopy, or computed tomography/magnetic resonance 
imaging (MRI) scan. Length of tumor was given as the 
maximum tumor diameter. CRM >1 mm was considered 
uninvolved.

During the follow-up period, all patients underwent regular 
follow-up including physical examination, tumor marker 
assessment, colonoscopy, and radiologic examination at 
intervals of 3 to 12 months. Lesions suspicious of recurrence 
were confirmed pathologically or by consecutive radiologic 
follow-up. Recurrence at the anastomotic site and tumor bed 
was defined as local recurrence, and recurrence at the regional 
lymphatic area as regional recurrence. LRR was defined as local 
recurrence or regional recurrence. Systemic disease spread 
outside the primary tumor basin was defined as DM.

Clinical outcomes analyzed were locoregional recurrence-
free survival (LRRFS), recurrence-free survival (RFS), and 
overall survival (OS). LRRFS, RFS, and OS were calculated from 
the date of the primary surgery to the date of event detection 
or last follow-up. LRRFS was defined as the time to LRR at the 
first recurrence site with or without simultaneous DM. RFS and 
OS were defined as the time to first recurrence and death from 
any causes, respectively.

Data regarding patients’ age, sex, operation, level of tumor, 
histology, tumor diameter, number of harvested lymph nodes, 
DRM, lymphovascular invasion (LVI), perineural invasion, 
preoperative carcinoembryonic antigen (CEA), and preoperative 
carbohydrate antigen 19-9 (CA19-9) were collected for analysis. 

Patients’ characteristics were described using frequency 
tables. The association between categorical factors was 
analyzed using Fisher exact test or Pearson χ2 test. Univariate 
survival trends were compared using Kaplan-Meier curves 
and significant differences determined via the log-rank test. 
For multivariate modeling and examining the prognostic 
significance of the variables identified in the models, Cox 
proportional hazards regression was used. Variables which had 
p < 0.10 on univariate analysis were forwardly selected for 
multivariate analyses. SPSS version 25 (IBM SPSS, Armonk, NY, 
USA) was used for all statistical analyses.

Results

1. Patients
Of 147 patients, there was no record about CRM in 11 patients, 
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and 8 patients had positive CRM. Six were lost to follow-up 
immediately after surgery. Finally, the records of 122 patients 
were carefully reviewed and analyzed in this study. 

The median age was 67 years (range, 38 to 89 years). The 
male to female ratio was 1.22:1. Preoperative serum CEA levels 
were recorded in 119 patients (97.5%) with elevated CEA (>5 
ng/mL) in 26 patients (21.3%). For the analysis, level of tumor 

was divided by 5 cm, which meant lower rectal cancer, and 
in 17 patients (13.9%), the level of tumor was 5 cm or lower. 
All patients had negative resection margins, but 57 patients 
(46.7%) had insufficient DRM (≤2 cm) and 15 patients (12.3%) 
had an insufficient number of harvested lymph nodes (<12) 
(Table 1). 

2. Clinical outcomes
The median follow-up period was 60 months (range, 3 to 
161 months). During the follow-up period, 6 patients (4.9%) 
developed LRR, 10 patients (9.1%) developed DM, and 3 
patients (2.5%) died. 

Among the 6 patients who showed LRR, 5 (83.3%) 
experienced LRR within 2 years after surgical resection. The 
location of the primary tumors in those patients were 1 cm in 
1 patient, 4 cm in 3 patients, 6 cm in 1 patient, and 9 cm in 
1 patient from the anal verge. The anastomotic site was the 
most common site of LRR (4 of 6 patients). Otherwise, in one 
patient, recurrence developed on the presacral area at the S2 
level, and in the other, on the presacral area of the coccyx and 
internal iliac lymph nodes at the S3 level.

Among the ten patients who showed DM, 6 patients (60%) 
experienced DM within 2 years after surgical resection. The 
lung was the most common area of DM (4 patients), followed 
by the common iliac LNs (2 patients), liver (2 patients), 
mediastinal LN (1 patient), and ovary (1 patient). 

The estimated 5-year LRRFS, RFS, and OS were 94.0%, 
84.6%, and 96.7%, respectively (Fig. 1).

Table 1. Baseline characteristics of study patients (n = 122)

Variable No. of patients (%)
Age (yr)

<75 90 (73.8)
≥75 32 (26.2)

Sex
Male 67 (54.9)
Female 55 (45.1)

Operation
LAR 120 (98.4)
APR 2 (1.6)

Level of tumor (cm)
≤5 17 (13.9)
>5 and ≤10 67 (54.9)
>10 and ≤15 38 (31.1)

Histology
ADC, well differentiated 20 (16.4)
ADC, moderately 
differentiated

99 (81.1)

Mucinous carcinoma 3 (2.5)
Tumor diameter (cm)

>4 43 (35.2)
≤4 79 (64.8)

No. of harvested LN
≤12 25 (20.5)
>12 97 (79.5)

DRM (cm)
≤2 57 (46.7)
>2 65 (53.3)

LVI
Yes 6 (4.9)
No 115 (94.3)
Unknown 1 (0.8)

PNI
Yes 8 (6.6)
No 103 (84.4)
Unknown 11 (9.0) 

CEA (ng/mL)
≤5 93 (76.2)
>5 26 (21.3)
Unknown 3 (2.5)

LAR, low anterior resection or Hartmann’s operation; APR, ab-
dominoperineal resection; ADC, adenocarcinoma; DRM, distal 
resection margin; LN, lymph node; LVI, lymphovascular invasion; 
PNI, perineural invasion; CEA, carcinoembryonic antigen. 

Fig. 1. Kaplan-Meier curves for locoregional recurrence-free 
survival (LRRFS), recurrence-free survival (RFS), overall survival 
(OS) for all included patients. The 5-year LRRFS, RFS, and OS were 
94.0%, 84.6%, and 96.7%, respectively. 
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3. Prognostic factors
All possible prognostic factors were evaluated by univariate 
analysis. Age ≥75 years, level of tumor ≤5 cm, DRM ≤2 cm 
were significant poor prognostic factors for LRRFS. Both CEA 
>5 ng/mL and CA19-9 >30 ng/mL had borderline significance 

(p = 0.05), and the number of harvested lymph nodes <12 was 
not a significant factor, but had a tendency of higher LRR (p = 
0.098). Level of tumor ≤5 cm also had a significant influence 
on RFS. For OS, age ≥75 years was the only significant 
prognostic factor (Table 2).

In the multivariate analysis, CA19-9 was not checked in 
>20% of patients, and so was not included. For LRRFS, level of 
tumor ≤5 cm was the only significant factor (p = 0.04; hazard 
ratio = 7.08; 95% confidence interval, 1.06–47.30). Seventeen 
patients (13.9%) with level of tumor ≤5 cm had an estimated 
5-year LRRFS of 66.8%. By contrast, the estimated 5-year 
LRRFS was only 2.3% in 105 patients (86.0%) who had level of 
tumor >5 cm (Fig. 2). 

For RFS and OS, there was no significant factor (Table 3).

Discussion and Conclusion

In this retrospective study evaluating 122 patients with 
pT3N0 rectal cancer who had negative CRM and no adjuvant 
treatment, 5-year LRRFS, 5-year RFS, and 5-year OS were 
94.0%, 84.6%, and 96.7%, respectively. For LRRFS, level of 
tumor ≤5 cm was found to be the only significant risk factor 

Fig. 2. Locoregional recurrence-free survival (LRRFS) according to 
level of tumor. The 5-year LRRFS was 66.8% in patients with level 
of tumor ≤5 cm and 97.7% in patients with level of tumor >5 cm (p 
≤ 0.001). 
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Table 2.  Prognostic factors of LRRFS, RFS, and OS in univariate analysis

Variable No. of 
patients

5-yr LRRFS 5-yr RFS 5-yr OS
% p-value % p-value % p-value

Age (yr)
<75 90 97.3 0.01* 87.6 0.096 98.7 0.04*
≥75 32 84.1 75.5 88.1

Level of tumor (cm)
≤5 17 66.8 <0.001* 55.7 0.01* 90.9 0.18
>5 105 97.7 88.1 97.5

No. of harvested LN
≤12 25 81.3 0.01* 71.8 0.097 100 0.39
>12 97 97.5 88.1 96.0

DRM (cm)
≤2 57 88.2 0.04* 87.6 0.25 94.3 0.32
>2 65 98.2 81.1 98.2

LVI
Yes 6 100 0.60 83.3 0.84 100 0.69
No 115 94.7 85.6 96.6

PNI
Yes 8 100 0.55 72.9 0.33 100 0.67
No 103 95.4 87.7 97.4

CEA (ng/mL)
≤5 93 96.0 0.05 87.4 0.16 98.5 0.24
>5 26 85.0 77.5 94.4

LRRFS, locoregional recurrence-free survival; RFS, recurrence-free survival; OS, overall survival; DRM, distal resection margin; LN, lymph 
node; LVI, lymphovascular invasion; PNI, perineural invasion; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; NLR, 
neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
*p < 0.05 .
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on multivariate analysis and patients with level of tumor ≤5 
cm had an 66.8% 5-year LRRFS. In contrast, the 5-year LRRFS 
of patients who had level of tumor >5 cm was only 97.7%. 
Most LRRs (5 of 6 patients) occurred within 2 years after 
surgical resection.

In locally advanced rectal cancer, the LRR rate was very high 
after surgical resection alone [1,2]. To improve local control, 
neoadjuvant or postoperative CCRT became the standard 
management in locally advanced rectal cancer [3,4]. However, 
with the introduction of TME, LRRs after surgery alone much 
decreased in locally advanced rectal cancer [6]. In the era 
of TME, pT3N0 rectal cancer which had the most favorable 
outcome within the group of locally advanced rectal cancer 
also showed much-improved outcomes. Several retrospective 
studies reported LRR rates of 4%–19% in patients with pT3N0 
disease treated with TME and not irradiated, which was 
quite lower than in the pre-TME era [8,9,12-14]. Although 
RT improves local control, RT-related toxicity, such as 
gastrointestinal toxicity, genitourinary toxicity, and sexual 
dysfunction, could occur [5]. Thus, it is controversial that 
postoperative CCRT is necessary for pT3N0 rectal cancer with 
low risk features [11].

According to the National Comprehensive Cancer Network 
(NCCN) guidelines, neoadjuvant CCRT followed by TME is 
the standard management in locally advanced rectal cancer. 
However, in the European Society for Medical Oncology 
guidelines, surgery without neoadjuvant CCRT could be 
performed in cT2—early T3 N0 rectal cancer due to low 
risk features of the disease or other reasons [17]. If stage 
is confirmed pathologically as T3N0 after upfront surgery, 
whether adjuvant CCRT is added or not is always a problem. To 
solve this problem, a selective strategy of adjuvant treatment 
is required, and several retrospective studies tried to identify 
risk factors for LRR.

In the era of TME, due to routine use of neoadjuvant or 
adjuvant treatment, there was limited data about pT3N0 

disease with no adjuvant treatment, and the risk factors 
associated with LRR were inconsistently reported probably due 
to the small number of patients and/or differences in various 
adjuvant treatment strategies of each institution. Merchant 
et al. [9] evaluated 95 patients with pT3N0 disease without 
adjuvant therapy. The clinical outcomes were 12% and 75% 
for 5-year LRR rate and 5-year OS, respectively. In that study, 
only LVI was a significant factor for LRR on univariate analysis. 
Nissan et al. [8] reviewed 94 patients with T2-3 N0 rectal 
cancer treated with surgery alone. The local recurrence rate 
was 4.1% for T3N0 disease. On univariate analysis, LVI, and 
preoperative CEA >5 ng/mL were significantly associated with 
LRR. In a study conducted by Zhu et al. [14], on the evaluation 
of 122 patients with pT3N0 disease treated with surgery alone, 
lower tumor location was identified as a risk factor for LRR, 
again. In the Norwegian rectal cancer study which evaluated 
1,676 patients with pT3 rectal cancer with TME only, 890 
patients had pT3N0 disease. Among these patients, the 5-year 
LRR rate was 19.4% with CRM ≤1 mm compared with 11.1% 
for patients with CRM >3 mm [13]. More recently, Wu et al. [12] 
evaluated 141 patients with pT3N0 rectal cancer who received 
adjuvant chemotherapy or CCRT. In that study, there was no 
surgery alone arm, but in the chemotherapy-only group, the 
5-year LRR rate was 18.3% and the 5-year OS was 83.3%. 
Preoperative CEA level, number of harvested lymph nodes, 
and perirectal fat infiltration were associated with RFS on 
multivariate analysis.

In our study, all included patients did not receive any 
adjuvant RT or chemotherapy as primary treatment. At the 
Samsung Medical Center, adjuvant treatment was delivered 
in patients with pT3N0 disease based on clinicians’ decision 
and patients’ opinion, considering recognized risk factors of 
recurrence, comorbidities, or old age. Thus, in this study, only 
a few patients had well-known risk factors like CEA >5 ng/mL 
(26 patients, 21.3%), number of harvested lymph nodes <12 (25 
patients, 20.5%), poorly differentiated carcinoma (0 patients, 

Table 3. Prognostic factors of LRRFS and RFS in multivariate analysis
LRRFS RFS

HR 95% CI p-value HR 95% CI p-value
Age ≥75 yr 2.84 0.36–22.68 NS 1.12 0.32–3.88 NS
Level of tumor ≤5 cm 7.08 1.06–47.30 0.04* 2.85 0.82–9.95 NS
DRM ≤2 cm 1.86 0.15–22.65 NS 1.36 0.42–4.33 NS
Harvested LN ≤12 3.75 0.56–25.02 NS 1.74 0.58–5.16 NS
CEA >5 ng/mL 3.25 0.45–23.37 NS 2.08 0.69–6.27 NS

LRRFS, locoregional recurrence-free survival; RFS, recurrence-free survival; HR, hazard ratio; CI, confidence interval; DRM, distal resec-
tion margin; LN, lymph node; CEA, carcinoembryonic antigen; NS, not significant. 
*p < 0.05 .
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0%), LVI (6 patients, 4.9%), and perineural invasion (8 patients, 
6.6%). Furthermore, patients with positive resection margin or 
CRM ≤1 mm, in which adjuvant CCRT is considered essential 
because obviously worse outcome is expected, were excluded 
[15,16]. As a result, in our study, the 5-year LRRFS and 5-year 
RFS were 94.0% and 84.6%, respectively, which were much 
better than in other studies.

Considering such low incidence of LRR, the result that on 
multivariate analysis all other factors except for level of tumor 
≤5 cm were not significant not anymore was not surprising. 
However, even with good local control, the estimated 5-year 
LRRFS in patients with level of tumor ≤5 cm was over 30% 
which was unacceptably high. In these patients, adjuvant 
CCRT should be strongly recommended. On the other hand, 
the estimated 5-year LRR rate was just 2.3% in 105 patients 
(86.0%) with level of tumor >5 cm. Therefore, in patients with 
CRM >1 mm, level of tumor >5 cm, adjuvant CCRT should be 
carefully considered.

Other factors like age ≥75 years, DRM ≤2 cm, number of 
harvested lymph nodes ≤12, CEA >5 ng/mL, and CA19-9 >30 
ng/mL also should be assessed again in a larger study.

The main limitation of this study is that all data were 
retrospectively collected at a single institution, which was a 
general tertiary hospital where highly experienced medical 
staff treated a large volume of patients. At our institution, MRI 
was routinely performed for diagnostic workup on advanced 
rectal cancer, so most patients who received upfront surgery 
without neoadjuvant treatment had T2 or T3a-b disease and 
were node negative. Furthermore, patients with pT3N0 rectal 
cancer, especially with pathologically high-risk features, 
received adjuvant treatment. Thus, the number of patients 
with pT3N0 rectal cancer treated with surgery alone was very 
limited, and these patients, as mentioned above, mostly had 
low risk features. There is the need to assess whether risk 
factors in this highly selected group of patients are equally 
useful in the general group in future studies.

Also, some of patients had restricted description about CRM 
like >1 mm or >10 mm. Considering that CRM is a well-known 
significant prognostic factor, more detailed information on 
CRM is required in future studies.

Despite limitations, we found that level of tumor ≤5 cm was 
associated with higher LRR rate in patients with pT3N0 rectal 
cancer treated via surgery alone and CRM(-). Considering that 
the 5-year LRR rate was over 30% in patients with level of 
tumor ≤5 cm, adjuvant CCRT should be strongly recommended 
in these patients. In contrast, the 5-year LRR rate was below 5% 
in patients with CRM(-), level of tumor >5 cm; thus, adjuvant 

CCRT should be carefully suggested at the clinician’s discretion.
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