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Introduction

Colorectal cancer (CRC) is one of the most common causes 
of worldwide cancer death (1). According to the World 
Health Organization, CRC incidence in Korea is the second 
highest in the world, with an age-standardized incidence 
rate of 44.5/100,000 people (2). The standard treatment for 

locally advanced rectal cancer is neoadjuvant concurrent 
chemoradiotherapy (CCRT), followed by surgery (3). 
Neoadjuvant CCRT has proven to be to effective at 
reducing tumor volume and can facilitate resection with 
high rate of sphincter preservation (4-6). CCRT also has 
the potential to increase rates of complete pathologic  
response (6). A Cochrane review showed that neoadjuvant 
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CCRT in patients with locally advanced rectal cancer 
reduced local recurrence (7). In their systematic review, 
they analyzed six randomized controlled trials and found 
that local recurrence was lower in the CCRT group 
compared with the radiation-only group. Several studies 
also reported that neoadjuvant CCRT improves local 
control and enhances pathologic response but does not 
improve overall survival (OS) or disease-free survival (DFS) 
(8-10). Neoadjuvant CCRT is also associated with increased 
toxicity, including radiation-induced injury and hematologic 
abnormality, compared with surgery alone (10,11). Recent 
studies have suggested that the response to neoadjuvant 
CCRT is associated with long-term outcomes in patients 
with rectal cancer (12-14). In these studies, higher tumor 
regression grading after neoadjuvant CCRT was a predictor 
of favorable long-term outcomes; thus, tumor regression 
grading was suggested as a surrogate marker for DFS. 
Regarding prognostic factors, the EORTC 22921 trial 
suggested that patients whose tumors were down-staged to 
ypT0–2 were more likely benefit from neoadjuvant CCRT 
than patients with ypT3–4 staging (15), and several studies 
found that complete pathologic response was associated 
with favorable long-term outcomes in patients with 
locally advanced rectal cancer after neoadjuvant CCRT 
(6,16). However, few studies have assessed endoscopic 
findings after neoadjuvant CCRT for predicting long-
term outcomes. One study suggested that post-CCRT 
endoscopic findings were prognostic predictors in patients 
with rectal cancer; however, the classification of endoscopic 
findings is overly complicated for clinical application (17).

In this study, we defined a simple endoscopic scoring 
system to use after neoadjuvant CCRT and evaluated the 
clinical value of this scoring system for predicting primary-
tumor downstaging and the long-term outcomes of patients 
with rectal cancer after neoadjuvant CCRT.

Methods

Patients and data collection

Between July 2008 and October 2015, medical records 
from 94 patients with rectal cancer who received CCRT 
were retrospectively reviewed. Among these patients, 
those who underwent colonoscopy or sigmoidoscopy after 
neoadjuvant CCRT were included in the analysis. Patients 
whose medical records did not include clinicopathological 
and follow-up data were excluded. Detailed clinical data, 
including age, sex, tumor location, histopathology, tumor 

stage, laboratory findings, and endoscopic findings, were 
collected from medical charts. This study was approved by 
the Institutional Review Board of Kosin University Gospel 
Hospital (KUGH 2019-04-006).

Treatment

Neoadjuvant CCRT was determined via conference by 
a multidisciplinary team. Pre-surgery chemotherapy 
consisted of a continuous infusion of 5-fluorouracil  
(425 mg/m2) plus leucovorin (20 mg/m2) on days 1–5 every 
4 weeks or capecitabine (825 mg/m2) twice daily on days 
1–14 every 3 weeks. Radiotherapy consisted of 50.4 Gy in 
28 fractions (180 cGy daily, Monday–Friday), delivered 
with an energy of 10-MV photons to the primary tumor 
and to the mesorectal, presacral, and internal iliac lymph 
nodes via a three-field box technique. All patients were re-
staged with computed tomography (CT) prior to surgery, 
and they proceeded to surgery 5–12 weeks after CCRT. 
After surgery, all patients received additional chemotherapy 
consisting of capecitabine or intravenous 5-fluorouracil 
plus leucovorin or a FOLFOX regimen (combination of 
oxaliplatin, 5-fluorouracil, and leucovorin).

Classification of endoscopic findings

Among the 94 patients with rectal cancer who received 
CCRT, 41 underwent colonoscopy or sigmoidoscopy after 
CCRT to evaluate tumor regression. Two experienced 
gastroenterologists (JH Kim and SJ Park) reviewed all 
endoscopic findings before and after CCRT and classified 
the post-CCRT findings into four categories through 
agreement: score 0= scar without marginal elevation; score 
1= clean-based ulcer without marginal elevation; score 2= 
clean-based ulcer with marginal elevation; score 3= non-
clean-based ulcer (Figure 1).

Follow-up surveillance

After adjuvant chemotherapy, patients were seen at an 
outpatient clinic every 3 months for the first 2 years, then 
every 6 months for the next 3 years, and then every year 
after 5 years. Follow-up examination for the first 2 years 
included carcinoembryonic antigen (CEA) measurement 
every 3 months and chest and abdominal CT every  
6 months; these examinations were performed annually 
thereafter. Colonoscopy was also performed annually. 
When recurrence was suspected on radiologic imaging, 
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it was confirmed by endoscopic biopsy or surgery. Local 
recurrence was defined as any recurrence within the pelvic 
cavity, and distant recurrence was defined as any recurrence 
outside the pelvic cavity.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 
version 24.0 (IBM Co., Armonk, NY, USA). Student’s t-test 
and the chi-square test were performed for continuous and 
categorical variables, as appropriate. A logistic regression 
analysis was used to assess factors affecting transformation 
to T stage or N stage after CCRT. A Kaplan-Meier 
curve for comparing DFS according to scoring was 
generated, and a log-rank test was used to compare. A Cox 
proportional-hazards regression model was fit to evaluate 
factors affecting DFS. 

Results

Baseline characteristics

A total of 41 patients was included in the analysis. The 
median follow-up duration was 55 months (interquartile 
range: 35–76 months). Mean patient age was 60 years, and 
27 patients (65.9%) were male. The mean CEA level at 
diagnosis was 29.3 ng/mL (range, 0.6–298.7 ng/mL). At 
diagnosis, 32 patients were clinical stage 3, seven patients 
were stage 2, and two patients were stage 4. Baseline 
characteristics are summarized in Table 1.

Simple endoscopic scoring 

We classified post-CCRT endoscopic findings into four 
categories. Among the 41 patients: score 0, n=1; score 1, 
n=12; score 2, n=16, score 3, n=12. Initially, we tried to 
identify the clinical significance of each score’s effect on 
change to T stage or N stage, and long-term outcomes after 
CCRT. However, these analyses were not possible because 
our sample size was too small. Consequently, we divided 

Scar without marginal elevation

0 1 2 3

Clean based ulcer without 
marginal elevation

Clean based ulcer with 
marginal elevation

Non-clean based ulcer

Figure 1 Simple scoring of endoscopic findings after CCRT. CCRT, concurrent chemoradiotherapy.

Table 1 Baseline characteristics

Characteristics Patients (n=41)

Mean age, years 60 [41–86]

Sex

Male 27 (65.9)

Female 14 (34.1)

Location, cm from anal verge

Low [0–5] 23 (56.1)

Mid [6–10] 17 (41.5)

Upper [11–15] 1 (2.4)

Histology

Well differentiated 5 (12.2)

Moderate differentiated 34 (82.9)

Poorly differentiated 1 (2.4)

Undifferentiated 1 (2.4)

Mean CEA level at diagnosis, ng/mL 29.3 (0.6–298.7)

Tumor stage, cStage

I 0 (0.0)

II 7 (17.1)

III 32 (78.0)

IV 2 (4.9)

Values are presented as n (%) or mean (range). CEA, 
carcinoembryonic antigen; cStage, clinical stage.
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the patients into two groups: a low-score group (≤2) and a 
high-score group (3), and we subsequently analyzed clinical 
significance in both groups.

Post-operative T and N stages according to scoring

As shown in Figure 2A, 13 of 29 low-score patients (44.8%) 
had T3 or T4 stage, and 9 of 12 high-score patients 
(75.0%) had T3 or T4 stage, according to surgical specimen 
assessment; the difference between the two groups was not 
significant (P=0.098). As shown in Figure 2B, 7 of 29 low-

score patients (24.1%) and 6 of 12 high-score patients 
(50.0%) had remnant lymph node after CCRT; this 
difference was also not significant (P=0.146). 

Factors affecting DFS

During the follow-up period, 11 patients experienced 
recurrence: four patients were identified as having local 
recurrence at the anastomosis site, and seven patients 
were found to have distant metastasis to the liver, lung, 
bone, or distant lymph nodes. Five patients with low-score 
(17.2%) and 6 patients with high-score (50.0%) experienced 
recurrence during follow-up (Figure 3); this difference 
was statistically significant (P=0.031). Figure 4 shows the 
Kaplan-Meier curves for cumulative DFS values according 
to scoring. Cumulative DFS value was 86.2% for low-score 
patients and 64.8% for high-score patients 24 months after 
diagnosis, and cumulative DFS value was 82.3% for low-
score patients and 55.6% for high-score patients 48 months 
after diagnosis. In univariate Cox proportional-hazard 
regression models, a high score was the only significant 
factor affecting poor DFS [high score vs. low score: hazard 
ratio (HR) =3.55, 95% confidence interval (CI): 1.08–11.64, 
P=0.037]. In our multivariate model, high score was an 
independent risk factor for poor DFS (high score vs. low 
score: HR =4.89, 95% CI: 1.11–21.50, P=0.036; Table 2).

P=0.098 P=0.146
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Figure 2 Post-operative T and N stages according to scoring.
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Figure 3 Recurrence rate according to scoring.
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Discussion

In this study, we evaluated the clinical significance of 
endoscopic findings after CCRT in patients with rectal 
cancer using a simple scoring system. When analyzed long-
term outcomes according to endoscopic scoring which 
divided into two groups of low score (≤2) and high score (3), 
we found that a high post-CCRT endoscopic score was a 
significant predictor of poor long-term outcome. According 
to our results, simple post-CCRT endoscopic scoring 
could be helpful to predict prognosis in patients with rectal 
cancer.

Neoadjuvant CCRT is the standard treatment for 
patients with locally advanced rectal cancer (18). Patients 
who received CCRT also received subsequent surgery and 
additional chemotherapy. Neoadjuvant CCRT has proven 
effective at reducing local recurrence and is associated 
with increased rates of sphincter preservation (4,5). Recent 
studies showed that neoadjuvant CCRT could lead to 
reduced tumor volume and decreased lymph node yield 
(19,20). Herein, we evaluated simple endoscopic scoring 
to predict T and N staging after CCRT. The T3–4/T0–2 
and N1–2/N0 ratios were higher in the high-score patients 
compared with the low-score patients. The ratio differences 
between the score groups were not statistically significant, 
and scoring was not a significant factor affecting T or N 
stage after CCRT (data now shown). 

Previous studies have suggested that the response to 
neoadjuvant CCRT, including tumor regression grade as 
assessed by magnetic resonance imaging or pathology, was 
correlated with long-term outcomes in patients with rectal 

cancer (12,14,21). Herein, we aimed to evaluate tumor 
regression grade according to endoscopic findings and to 
assess the association between endoscopic findings and 
long-term outcomes in patients with rectal cancer. In an 
analysis of recurrence rate according to endoscopy score, 
patients with low score had significantly lower recurrence 
during follow-up than patients with high score (17.2% 
vs. 50.0%, P=0.031). According to Kaplan-Meier curves, 
DFS for low-score patients was significantly longer 
than for high-score patients (P=0.026). In multivariate 
Cox-hazard regression analysis, a high score was an 
independent risk factor for poor DFS (HR =4.89, 95% 
CI: 1.11–21.50, P=0.036). These results suggest that 
assessment of post-CCRT endoscopic findings can 
provide useful insights into long-term outcomes in 
patients with rectal cancer.

The Mayo endoscopic score is the most commonly used 
score for ulcerative colitis, and it involves four categories 
(score: 0–3) that comprise a disease activity index for 
ulcerative colitis patients (22). In this study, we aimed 
to create a simple scoring system similar to the Mayo 
endoscopic score, and we classified post-CCRT endoscopic 
findings of patients with rectal cancer into four categories 
(score: 0–3), as shown in Figure 1. However, endoscopic 
assessment is limited in that it involves the subjectivity of 
endoscopists. To minimize errors due to this limitation, two 
experienced gastroenterologists reviewed all endoscopic 
findings several times and determined endoscopic scores 
through agreement. Endoscopic findings categorized as 
high scores (3) are provided in Figure S1.  

This study has several limitations. First, this is a 
retrospective study performed in a single center, and 
we could not avoid selection bias in our patient sample. 
However, we tried to minimize any biases by repeatedly 
reviewing all medical records. Second, the number of 
patients in this study is small, which could reduce the 
reliability of our results. Third, as mentioned above, 
endoscopic image assessment depends on endoscopist 
subjectivity. To overcome these limitations, further 
prospective studies with larger patient groups are needed. 
Additionally, the simple endoscopic scoring system used in 
this study needs further validation.

In conclusion, our study showed that a high score in a 
simple post-CCRT endoscopic scoring system is a useful 
factor to predict poor long-term outcomes in patients with 
rectal cancer. Based on these study results, we suggest that 
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assessment of post-CCRT endoscopic findings in patients 
with rectal cancer is important for predicting long-term 
outcomes.
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Table 2 Prognostic factors affecting disease-free survival after CCRT

Predictor
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age – – –

<60 years 1.00 – –

≥60 years 1.72 0.50–5.89 0.389

Sex – – –

Female 1.00 – –

Male 1.38 0.37–5.20 0.636

Histology – – –

Well differentiated 1.00 – –

Moderately differentiated 0.49 0.10–2.32 0.370

Poorly differentiated/undifferentiated 1.41 0.13–15.61 0.780

Location – – –

Lower 1.00 – –

Mid/upper 1.21 0.37–3.96 0.756

Decreased CEA (after CCRT, compared to initial level) – – –

Less than 50% 1.00 – –

More than 50% 0.78 0.24–2.57 0.682

N stage – – –

N0 1.00 – –

N1–2 1.88 0.57–6.17 0.297

T stage – – –

T0–2 1.00 – –

T3–4 4.49 0.97–20.84 0.055

Scoring (after CCRT)

0–2 1.00 – – 1.00 – –

3 3.55 1.08–11.64 0.037 4.89 1.11–21.50 0.036

CEA, carcinoembryonic antigen; CCRT, concurrent chemoradiation therapy; HR, hazard ratio; CI, confidence interval.
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Figure S1 Endoscopic findings categorized as high scores (score 3, n=12).
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