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chemoradiotherapy
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INTRODUCTION
The rectum is located inside the pelvis and close to the 

adjacent organs; hence, it is important to perform appropriate 
radical resection of rectal cancer. Total mesorectal excision 
(TME) is a standard surgical treatment for rectal cancer [1-3], 
but the local recurrence rate after surgery is 10%–20% [4,5]. 

Preoperative chemoradiotherapy (CRT) has currently been 
recommended for patients with advanced rectal cancer to 
improve these outcomes [6,7].

The anterior mesorectum is thinner than the posterior 
mesorectum, and the anterior surface of the rectum is 
surrounded closely by structures such as the vagina, seminal 
vesical, and prostate [8-10]. Therefore, because of these 
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Purpose: Some studies have suggested that circumferential tumor location (CTL) of rectal cancer may affect oncological 
outcomes. However, studies after preoperative chemoradiotherapy (CRT) are rare. This study aimed to evaluate the impact 
of CTL on oncologic outcomes of patients with mid to low rectal cancer who received preoperative CRT.
Methods: Patients with mid to low rectal cancer who underwent total mesorectal excision after CRT from January 2013 to 
December 2018 were included in this retrospective study. The impact of CTL on the pathological circumferential resection 
margin (CRM) status, local recurrence-free survival (LRFS), disease-free survival (DFS), and overall survival (OS) was 
analyzed.
Results: Of the 381 patients, 98, 70, 127, and 86 patients were categorized into the anterior, posterior, lateral, and 
circumferential tumor groups, respectively. Tumor location was not significantly associated with the pathological CRM 
involvement (anterior, 12.2% vs. posterior, 14.3% vs. lateral, 11.0% vs. circumferential, 17.4%; P = 0.232). Univariate 
analyses revealed no correlation between CTL and 3-year LRFS (93.0% vs. 89.1% vs. 91.5% vs. 88%, P = 0.513), 3-year 
DFS (70.3% vs. 70.2% vs. 75.3% vs. 75.7%, P = 0.832), and 5-year OS (74.7% vs. 78.0% vs. 83.9% vs. 78.2%, P = 0.204). 
Multivariate analysis identified low rectal cancer and pathological CRM involvement as independent risk factors for all 
survival outcomes (all P < 0.05). 
Conclusion: CTL of rectal cancer after preoperative CRT was not significantly associated with the pathological CRM status, 
recurrence, and survival. 
[Ann Surg Treat Res 2022;103(2):87-95]
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differences, it has been suggested that circumferential tumor 
location (CTL) may influence the risk of circumferential 
resection margin (CRM) involvement, which may lead to 
differences in oncological outcomes [11-15]. Some studies have 
reported that anterior rectal cancer showed a significantly 
higher incidence of local recurrence and overall survival 
(OS) than non-anterior rectal cancer [11]; other reports have 
presented that the anterior location of rectal cancer was not 
associated with local recurrence and OS [13,14]. Nonetheless, 
all of these studies included patients who did not undergo CRT 
before surgery. Therefore, concerning the standard treatment 
currently being implemented, whether CTL is a significant 
factor in the oncological outcome has not yet been determined.

Thus, this study aimed to evaluate the impact of CTL on 
the CRM and oncologic outcomes in mid to low rectal cancer 
patients who underwent TME following CRT.

METHODS
This study was approved by the Institutional Review Board 

of Chonnam National University Hwasun Hospital (No. 
CNUHH-2021-243). Due to the retrospective nature of our 

study, the requirement for informed consent was waived. 
We retrospectively reviewed prospectively collected data of 
774 consecutive patients who underwent surgical treatment 
for mid to low rectal cancer (<10 cm from the anal verge) at 
our institution between January 2013 and December 2018 
were selected. Patients with stage IV disease, synchronous or 
recurred cancer, Lynch syndrome, who underwent transanal 
excision, palliative resection, or emergency surgery and died 
within 30 days after surgery were excluded. Patients who did 
not receive neoadjuvant CRT or cases in which MRI was not 
performed before CRT were also excluded.

We retrospectively reviewed the data of MRI findings 
performed before CRT to identify CTL. We classified CTL into 4 
groups: anterior, posterior, lateral, and circumferential. The first 
3 locations were determined based on whether the location 
of the deepest tumor infiltration was within the 11–1 o’clock, 
5–7 o’clock, and 2–4 or 8–10 o’clock intervals. Circumferential 
tumors were defined as those invading more than 75% of the 
rectal circumference (Fig. 1).

All included patients received 50.4 Gy of radiation 
throughout the pelvis with concurrent fluoropyrimidine-based 
chemotherapy [7]. Surgery was performed 6–10 weeks after CRT 
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Fig. 1. MRIs showing the location 
of the deepest tumor infiltration. 
(A) Anterior, (B) posterior, (C) 
lateral, and (D) circumferential.
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[7], and TME was performed routinely based on the principle of 
oncological radical resection [16].

The clinical and pathologic staging was determined using 
the classification system of the American Joint Committee 
on Cancer 8th edition [17]. Mid and low rectal cancers were 
defined as the tumors in which distal margins are located 
5–10 cm and <5 cm above the anal verge, respectively. Tumor 
regression grading (TRG) was classified into the following scales 
[18]: grade 1, minor regression (obvious fibrosis in ≤25% of the 
tumor mass); grade 2, moderate regression (obvious fibrosis in 
26%–50% of the tumor mass); grade 3, major regression (>50% 
tumor regression); and grade 4, complete regression (only 
fibrotic mass). Using the histopathological examination, tumors 
that infiltrated the CRM or were <1 mm from the CRM were 
defined as positive CRM [19].

Patients have been followed up every 6 months, and 
laboratory tests, chest CT, and abdominopelvic CT were 
conducted at each visit. Surveillance colonoscopy was 
performed at 1, 3, and 5 years after surgery. Recurrence was 
defined as the reappearance of the disease identified using 
clinical, radiologic, or pathologic examination. Local recurrence-
free survival (LRFS) was measured as the time from surgery to 
the date of local recurrence or death. Disease-free survival (DFS) 
was defined as the period from surgery to the date of local 
recurrence, distant metastasis, or death. OS was calculated as 
the time between surgery and all-cause death. 

The Student t-test or Mann-Whitney U test was performed to 
analyze continuous variables, and the chi-square test or Fisher 
exact test was performed for categorical variables. The Kaplan-
Meier method and logistic regression analysis were performed 
to identify survival outcomes and risk factors for LRFS, 
DFS, and OS. Variables with a P-value of <0.05 in univariate 
analyses and CTL were included in multivariate analyses. Cox 
proportional hazard regression analysis was performed to 
determine the independent risk factors for survival outcomes 
with the calculation of hazard ratios (HRs) and 95% confidence 
intervals. A P-value of <0.05 was considered statistically 
significant. Statistical analyses were performed using IBM SPSS 
Statistics ver. 25.0 (IBM Corp., Armonk, NY, USA).

RESULTS
A total of 381 patients were included in our study (Fig. 

2). Based on CTL, 98, 70, 127, and 86 patients had anterior, 
posterior, lateral, and circumferential tumors, respectively. 

The clinicopathologic characteristics of the patients based on 
CTL are shown in Table 1. In the circumferential tumor group, 
the ratio of tumor size of >5 cm was significantly higher than 
that in the other groups (anterior, 7.3% vs. posterior, 11.6% vs. 
lateral, 13.5% vs. circumferential, 24.4%; P = 0.003). The clinical 
T stage (clinical T stage 3/4; 85.7% vs. 90.0% vs. 88.2% vs. 98.9%; 
P = 0.003), clinical N stage (clinical N stage 1/2; 38.8% vs. 
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Fig. 2. Flow diagram for patient 
inclusion. TME, total mesorectal 
excision; CRT, chemoradio
therapy. 

Anterior (n = 98) Posterior (n = 70) Lateral (n = 127) Circumferential (n = 86)

381 Patients included

588 Patients underwent TME

774 Patients diagnosed with
mid to low rectal cancer

Stage IV (n = 66)
Synchronous cancer (n = 15)
Transanal excision only (n = 22)
Palliative resection (n = 3)
Emergency surgery (n = 1)
Not adenocarcinoma (n = 7)
CRM not applicable on biopsy report (n = 5)
No image or information (n = 15)
Follow-up loss (n = 39)
Recurred cancer (n = 3)
Lynch syndrome (n = 1)
Expire due to postoperative complication (n = 9)

Not underwent CRT before TME (n = 198)
Not performed MRI before CRT (n = 48)
(39 applied to both)
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Table 1. Clinicopathologic characteristics of the patients according to the circumferential tumor location

Characteristic Anterior Posterior Lateral Circumferential P-value

No. of patients 98 70 127 86
Sex

Male 71 (72.4) 45 (64.3) 85 (66.9) 67 (77.9) 0.493
Female 27 (27.6) 25 (35.7) 42 (33.1) 19 (22.1)

Age (yr) 63.6 ± 12.2 65.2 ± 11.3 65.8 ± 10.4 65.8 ± 10.4 0.246
Body mass index (kg/m2) 24.7 ± 15.2 23.5 ± 3.4 23.8 ± 3.3 23.8 ± 3.3 0.376
ASA PS classification

I/II 82 (83.7) 67 (95.7) 113 (91.1) 75 (89.3) 0.142
III/IV 16 (16.3) 3 (4.3) 11 (8.9) 9 (10.7)

Tumor size (cm)
<5 89 (92.7) 61 (88.4) 109 (86.5) 62 (75.6) 0.003
≥5 7 (7.3) 8 (11.6) 17 (13.5) 20 (24.4)

Tumor level
Mid 35 (35.7) 20 (28.6) 51 (40.2) 44 (51.2) 0.119
Low 63 (64.3) 50 (71.4) 76 (59.8) 42 (48.8)

Preoperative CEA level (ng/mL)
<5 84 (85.7) 57 (81.4) 103 (81.1) 70 (81.4) 0.486
≥5 14 (14.3) 13 (18.6) 24 (18.9) 16 (18.6)

Clinical T stage
1/2 14 (14.3) 7 (10.0) 15 (11.8) 1 (1.2) 0.003
3/4 84 (85.7) 63 (90.0) 112 (88.2) 85 (98.8)

Clinical N stage
0 60 (61.2) 36 (51.4) 74 (58.3) 33 (38.4) 0.001
1/2 38 (38.8) 34 (48.6) 53 (41.7) 53 (61.6)

Pathological CRM
Negative 86 (87.8) 60 (85.7) 113 (89.0) 71 (82.6) 0.232
Positive 12 (12.2) 10 (14.3) 14 (11.0) 15 (17.4)

Pathological T stage
1/2 45 (45.9) 33 (47.1) 66 (52.0) 22 (25.6) 0.004
3/4 53 (54.1) 37 (52.9) 61 (48.0) 64 (74.4)

Pathological N stage
0 61 (62.2) 47 (67.1) 86 (67.7) 60 (69.8) 0.322
1/2 37 (37.8) 23 (32.9) 41 (32.3) 26 (30.2)

Differentiation
WD, MD 98 (100) 66 (94.3) 121 (95.3) 85 (98.8) 0.607
PD, mucinous 0 (0) 4 (5.7) 6 (4.7) 1 (1.2)

Vascular invasion
Negative 86 (87.8) 64 (91.4) 118 (92.9) 77 (89.5) 0.798
Positive 12 (12.2) 6 (8.6) 9 (7.1) 9 (10.5)

Lymphatic invasion 
Negative 86 (87.8) 64 (91.4) 118 (92.9) 78 (90.7) 0.602
Positive 12 (12.2) 6 (8.6) 9 (7.1) 8 (9.3)

Perineural invasion
Negative 81 (82.7) 55 (78.6) 102 (80.3) 61 (70.9) 0.053
Positive 17 (17.3) 15 (21.4) 25 (19.7) 25 (29.1)

Tumor regression grade 
1 4 (4.1) 2 (2.9) 4 (3.1) 6 (7.0) 0.037
2 12 (12.2) 7 (10.0) 15 (11.8) 15 (17.4)
3 66 (67.3) 50 (71.4) 81 (63.8) 59 (68.6)
4 16 (16.3) 11 (15.7) 27 (21.3) 6 (7.0)

Values are presented as number only, number (%), or mean ± standard deviation. 
ASA, American Society of Anesthesiologists; PS, physical status; CRM, circumferential resection margin; WD, well differentiated; MD, 
moderately differentiated; PD, poorly differentiated.
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48.6% vs. 41.7% vs. 61.6%; P = 0.001), and pathological T stage 
(pathological T stage 3/4; 54.1% vs. 52.9% vs. 48.0% vs. 74.4%; P 
= 0.003) differed significantly between the 4 groups. Regarding 
TRG, the circumferential tumor group had a lower rate of 

complete regression than the other groups (16.3% vs. 15.7% vs. 
21.3% vs. 7.0%; P = 0.037). On the other hand, the pathological 
CRM status did not show a significant difference between the 
4 groups (12.2% vs. 14.3% vs. 11.0% vs. 17.4%; P = 0.232). Other 

Table 2. Univariate analysis of factors associated with LRFS, DFS, and OS

Characteristic
LRFS DFS OS

3-Yr (%) P-value 3-Yr (%) P-value 5-Yr (%) P-value

Age (yr)
<70 89.4 0.153 72.1 0.771 84.2 0.003
≥70 93.7 75.6 72.4

Sex 
Male 91.4 0.840 72.1 0.539 79.0 0.437
Female 89.9 75.6 81.6

Tumor size (cm)
<5 91.8 0.028 74.5 0.025 81.0 0.114
≥5 81.2 63.4 72.0

Tumor level
Mid 96.3 0.002 83.3 <0.001 85.8 0.004
Low 87.4 66.6 75.7

Clinical T stage
1/2 91.5 0.762 76.9 0.466 86.0 0.650

 3/4 90.9 72.8 79.1
Clinical N stage 

0 93.5 0.186 79.8 0.003 81.3 0.179
1/2 88.0 65.7 77.9

Circumferential tumor location 0.513 0.832 0.204
Anterior 93.0 70.3 74.7
Posterior 89.1 70.2 78.0
Lateral 91.5 75.3 83.9
Circumferential 88.0 75.7 78.2

Pathological CRM
Negative 93.4 <0.001 79.0 <0.001 83.9 <0.001
Positive 74.3 33.9 53.8

Pathological T stage
1/2 96.0 0.002 88.1 <0.001 90.9 <0.001
3/4 87.0 61.6 71.1

Pathological N stage
0 92.5 0.159 81.9 <0.001 85.7 <0.001
1/2 87.8 55.7 68.2

Vascular invasion
Negative 91.2 0.249 76.7 <0.001 82.7 <0.001
Positive 88.6 41.3 52.9

Lymphatic invasion
Negative 91.2 0.214 76.8 <0.001 82.7 <0.001
Positive 88.3 39.6 51.4

Perineural invasion
Negative 92.3 0.016 78.7 <0.001 85.4 <0.001
Positive 86.0 53.5 58.7

Tumor regression grade 0.061 0.009 0.007
1 80.8 60.9 56.3
2 91.3 66.1 78.2
3 89.9 71.3 79.5
4 98.3 91.1 90.1

LRFS, local recurrence-free survival; DFS, disease-free survival; OS, overall survival; CRM, circumferential resection margin. 
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clinicopathological characteristics were similar in all groups (all 
P > 0.05). 

Univariate analyses were performed to identify the risk 
factors for survival outcomes in Table 2. Low rectal cancer, 
positive CRM, pathological T stage 3/4, and perineural invasion 
were significant risk factors in all survival outcomes (P < 0.05). 
Tumor size of >5 cm was associated with LRFS and DFS, and 
the pathological N stage 1/2, vascular invasion, and lymphatic 
invasion were relevant factors for DFS and OS. In addition, ≥70 
years of age was relevant to OS and the clinical N stage 1/2 to 
DFS. CTL was not significantly associated with any survival 
outcome (LRFS, P = 0.513; DFS, P = 0.832; OS, P = 0.204) (Fig. 3).

The significant risk factors in univariate analyses and CTL were 
used as variables in multivariate analyses. Low rectal cancer (LRFS: 
HR = 3.809, P = 0.007; DFS: HR = 2.714, P < 0.001; OS: HR = 
2.071, P = 0.008) and positive CRM (LRFS: HR = 2.859, P = 0.011; 
DFS: HR = 2.306, P = 0.001; OS: HR = 2.099, P = 0.007) were 
independent risk factors for all survival outcomes. The pathological 
T stage 3/4 (DFS: HR = 2.089, P = 0.010; OS: HR = 1.937, P = 
0.022) and perineural invasion (DFS: HR = 1.737, P = 0.013; OS: 
HR = 2.121, P = 0.003) were significantly associated with DFS and 
OS. The pathological N stage 1/2 was an independent factor for 

DFS (HR = 1.850, P = 0.005), and ≥70 years of age significantly 
increased the risk of OS (HR = 2.362, P < 0.001). CTL was not an 
independent factor for survival outcomes (LRFS, P = 0.899; DFS,  
P = 0.635; OS, P = 0.072) (Table 3). 

DISCUSSION
We analyzed the impacts of CTL and the significant risk 

factors for recurrence and survival in patients with mid and low 
rectal cancer who received TME following CRT. CTL was neither 
significantly associated with positive CRM nor a significant risk 
factor for recurrence and survival outcomes.

Several studies have shown conflicting results of oncological 
outcomes based on CTL in patients with rectal cancer. Some 
studies have presented a significant difference in local 
recurrence regarding CTL [11,12]; however, other studies have 
shown that the anterior location of rectal cancer was not a 
significant factor in local recurrence [13,14]. In addition, one 
study revealed significant differences in OS depending on CTL 
[11], but most other studies showed no significant differences in 
OS [13-15]. These different oncologic outcomes may be attributed 
to differences in the proportions of patients who received 
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Fig. 3. Survival outcomes related to circumferential tumor 
location. (A) Local recurrence-free survival, (B) disease-free 
survival, and (C) overall survival.
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preoperative CRT, group classification criteria, and inclusion of 
the circumferential tumor. In our study, preoperative CRT was 
performed in all patients, and the circumferential tumors were 
included. Therefore, tumor regression was followed by CRT, 
which should influence CTL in the CRT state. Subsequently, 
there was no significant difference in both local recurrence and 
OS based on CTL. 

Because of the difference in thickness and area of the 
anterior and posterior mesorectum [9], it could be assumed that 
the proportion of positive CRM might be higher in the anterior 
group than in the posterior group, and the local recurrence 
rate might be high consequently. However, a significant 
difference in positive CRM depending on whether the tumor 
was located anteriorly or posteriorly and also in local recurrence 
and OS were not observed in this study. In multivariate 
analyses, peripheral infiltration, such as the pathological CRM 
involvement or perineural invasion, was a significant factor 
associated with oncologic outcomes. Moreover, low rectal 
cancer had a more significant impact on local recurrence and 
survival than mid rectal cancer. Despite structural differences 
based on the rectal tumor location, CRT might have reduced 
the impact on CTL; however, the impacts of tumor level and 
peripheral infiltration might still remain after CRT, leading to 
worse oncologic outcomes.

Since circumferential tumors have a larger tumor size and 
higher clinical or pathological T stage than other tumors, it was 
considered that TRG grade was affected showing a significant 

difference between tumor groups. As TRG has been suggested 
as a significant factor in local recurrence and systemic 
recurrence [20], it was assumed that the oncologic outcome in 
circumferential tumor might show a significant difference from 
other tumors. However, in our univariate analysis, TRG showed 
significant differences in either DFS or OS, but CTL was not a 
significant factor on oncologic outcomes.

The present study has several limitations. First, it was 
difficult to rule out selection bias because of its retrospective 
design. Second, the number of patients included in each group 
was small because the CTL was subdivided into 4 groups. Third, 
the location was classified using MRI before CRT; however, 
location classification might vary depending on the subjectivity 
of the reader. Tumor location classification was based on CTL 
recorded by a radiologist. However, in the absence of content 
corresponding to the radiology report, the location was 
determined through consultation. Fourth, the location of the 
deepest tumor infiltration identified using MRI, and that of the 
pathological CRM involvement, might not be corresponding. 
Biopsy reports documenting CTL identified for the CRM 
involvement, or prospective studies, would be required for 
accurately identifying the pathological CRM involvement site. 
However, although many studies have revealed the outcomes 
of rectal cancer based on CTL, the present study might be 
meaningful because studies in which all included patients who 
underwent CRT are rare. In addition, as circumferential tumor 
tended toward worse survival [13], it has been excluded from 

Table 3. Multivariate analysis for survival outcomes

Variable
Local recurrence-free survival Disease-free survival Overall survival

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age (yr), <70 vs. ≥70 2.362 (1.503–3.712) <0.001
Tumor size (cm), <5 vs. ≥5 1.439 (0.649–3.192) 0.370 1.335 (0.793–2.250) 0.277
Tumor level, mid vs. low 3.849 (1.481–9.998) 0.006 2.714 (1.669–4.414) <0.001 2.071 (1.214–3.532) 0.008
Clinical N stage, 0 vs. 1/2 1.301 (0.830–2.039) 0.252
Pathological CRM, negative vs. 

positive
3.042 (1.439–6.432) 0.004 2.306 (1.426–3.730) 0.001 2.088 (1.221–3.570) 0.007

Pathological T stage, 1/2 vs. 3/4 2.383 (0.959–5.924) 0.062 2.089 (1.196–3.649) 0.010 1.937 (1.099–3.414) 0.022
Pathological N stage, 0 vs. 1/2 1.850 (1.209–2.833) 0.005
Perineural invasion, negative vs. 

positive
1.311 (0.625–2.749) 0.473 1.737 (1.122–2.690) 0.013 2.121 (1.284–3.505) 0.003

Tumor regression grade 0.479 0.495
1 1 1
2 0.619 (0.237–1.618) 0.328 0.467 (0.175–1.245) 0.128
3 0.985 (0.410–2.365) 0.973 0.578 (0.253–1.320) 0.193
4 0.965 (0.268–3.478) 0.956 0.590 (0.170–2.049) 0.406

Circumferential tumor location 0.899 0.635 0.072
Anterior 1 1 1
Posterior 1.453 (0.498–4.239) 0.494 0.925 (0.512–1.671) 0.797 0.856 (0.470–1.559) 0.611
Lateral 1.285 (0.468–3.529) 0.626 0.781 (0.456–1.339) 0.369 0.506 (0.281–0.909) 0.023
Circumferential 1.442 (0.502–4.142) 0.496 0.698 (0.382–1.276) 0.243 0.537 (0.273–1.059) 0.073

HR, hazard ratio; CI, confidence interval; CRM, circumferential resection margin.

Hyeong-min Park, et al: Circumferential impact in rectal cancer after preoperative chemoradiotherapy



94

Annals of Surgical Treatment and Research 2022;103(2):87-95

the inclusion criteria in several studies [12,15]. To the best of 
our knowledge, studies analyzing local recurrence and survival 
outcomes, including circumferential tumor, in all subjects who 
underwent preoperative CRT, have not been published yet.

In conclusion, CTL of mid to low rectal cancer after CRT was 
not significantly associated with the pathological CRM status, 
local recurrence, and survival. Further large-scale prospective 
studies would be required to clearly confirm the impact of CTL 
in patients with rectal cancer treated by TME following CRT.
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