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Purpose: The standard treatment for locally advanced rectal cancer (LARC) is neoadjuvant chemoradiation (nCRT) fol-
lowed by surgery. Several parameters are associated with patient survival in LARC. One of these parameters is tumor re-
gression grade (TRG); however, the significance of TRG remains controversial. In this study, we aimed to examine the 
correlations of TRG with 5-year overall (OS) and relapse-free survival (RFS) and identify other factors that influence the 
survival rates in LARC after nCRT followed by surgery.
Methods: This retrospective study included 104 patients diagnosed with LARC who underwent nCRT followed by sur-
gery at Songklanagarind Hospital from January 2010 to December 2015. All patients received fluoropyrimidine-based 
chemotherapy at a total dose of 45.0 to 50.4 Gy in 25 daily fractions. Tumor response was evaluated using the 5-tier Man-
dard TRG classification. TRG was categorized into good (TRG 1–2) and poor (TRG 3–5) responses. 
Results: TRG (classified by either the 5-tier classification system or the 2-group classification system) was not correlated 
with 5-year OS or RFS. The 5-year OS rates were 80.0%, 54.5%, 80.8%, and 67.4% in patients with TRG 1, 2, 3, and 4, re-
spectively (P = 0.22). Poorly differentiated rectal cancer and systemic metastasis were associated with poor 5-year OS. In-
traoperative tumor perforation, poor differentiation, and perineural invasion were correlated with inferior 5-year RFS.
Conclusion: TRG was probably not associated with either 5-year OS or RFS; however, poor differentiation and systemic 
metastasis were strongly associated with poor 5-year OS.
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INTRODUCTION

Colorectal cancer is the third most common cancer encountered 
worldwide in terms of incidence and mortality [1]. Rectal cancer 

is more difficult to treat than colon cancer, especially in the locally 
advanced stage. Due to its proximity to the pelvic organs in the 
narrow pelvic cavity and the absence of serosa surrounding the 
rectum, it is consequently prone to adjacent organ invasion, intra-
operative tumor perforation, and tumor cell spillage, thereby in-
creasing the possibility of local recurrence. There are several 
methods to improve oncologic outcomes in the treatment of lo-
cally advanced rectal cancer (LARC). First, a good understanding 
of the surgical planes could lead to successful total mesorectal ex-
cision (TME) [2]. Second, adjuvant treatment via postoperative 
chemoradiation (CRT), as well as the combination of TME and 
CRT, can reduce local recurrence and improve survival [3]. More-
over, in the last 2 decades, neoadjuvant CRT (nCRT) has been 
suggested to result in a better tumor response in a well-vascular-
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ized and oxygenated tumor environment during the preoperative 
period than radiation in the fibrotic surgical field after surgery; 
indeed, nCRT can decrease the local tumor volume, chances of 
viable tumor cell spillage, and number of circulating tumor cells 
[4]. A landmark study, the German CAO/ARO/AIO-94 [5] with 
a median follow-up of 11 years, showed a significant persistent 
improvement of preoperative CRT in terms of local control, al-
though it had no effect on overall survival (OS). These findings 
suggest that nCRT not only improves local recurrence but also is 
associated with increased anal sphincter preservation and mini-
mizes the side effects of CRT.

There are ongoing efforts to identify surrogate parameters or 
clinicopathological factors that are associated with OS and re-
lapse-free survival (RFS) after nCRT for the treatment of LARC. 
Tumor regression grade (TRG), one of the parameters used to 
evaluate tumor response after nCRT, may be related to long-term 
oncologic outcomes in LARC [6, 7], especially in pathological 
complete response (pCR). While pCR has been reported to be as-
sociated with better OS than non-pCR [8], different results have 
been reported in terms of partial tumor regression [9].

TRG has been classified using several classification systems such 
as the Mandard et al. [10], Dworak et al. [11], and American Joint 
Committee on Cancer classifications [12]. A previous study found 
that the Mandard TRG classification reported more accurate re-
sults than the Dworak classification when classifying tumor re-
sponse and prognosis in terms of local recurrence and OS [13]. 
Therefore, in the present study, we used the Mandard classifica-
tion to assess the degree of tumor response. Moreover, a previous 
study found other factors related to poor survival rates, including 
old age, high postoperative serum carcinoembryonic antigen 
(CEA), pathological stage T4 (or node-positive) results, poor tu-
mor differentiation, perineural invasion (PNI), and surgical mar-
gin positivity [14]. Accordingly, in this study, the primary objec-
tive was to determine the correlations between TRG and 5-year 
OS in LARC after nCRT followed by surgery, and the secondary 
objectives were to examine the correlation between TRG and 
5-year RFS and determine other factors influencing long-term 
oncologic outcomes in LARC.

METHODS

Ethical statements
This study was approved by the Ethics Committee of the Faculty 
of Medicine, Prince of Songkla University (No. 58-381-10-1). The 
requirement of obtaining informed consent was waived because 
of the retrospective nature of this study. We conducted this study 
in compliance with the principles of the Declaration of Helsinki.

Patients and treatments
This study was a retrospective review of patients with LARC who 
received nCRT followed by oncologic surgery from January 1, 
2010 to December 31, 2015, at Songklanagarind Hospital, the 

largest tertiary care center in southern Thailand. All patients aged 
> 18 years who were diagnosed with clinical T3/T4 (cT3/cT4) 
and/or N+ adenocarcinoma of the rectum were enrolled. Rectal 
cancer was defined by the location of the tumor being less than 15 
cm from the anal verge. Patients who had distant metastasis, con-
comitant malignancy, and/or previous history of pelvic irradia-
tion were excluded. All patients underwent preoperative staging 
based on computed tomography (CT) of the chest and abdomen, 
magnetic resonance imaging (MRI) of the rectum, colonoscopy 
with a biopsy, and the preoperative CEA level. All patients under-
went long-course nCRT with a fluoropyrimidine-based chemo-
therapy regimen with a total dose of 45.0–50.4 Gy in 25–28 daily 
fractions of radiation. Postneoadjuvant restaging was performed 
by CT scan of the chest and abdomen, and MRI of the rectum, 
followed by partial mesorectal excision for upper rectal cancer or 
TME for mid- or low-rectal cancers. The radiation therapy fields 
included the tumor or tumor bed with a 2–5-cm margin, the me-
sorectum, the presacral nodes, and the internal iliac nodes. There 
were 2 protocols of fluoropyrimidine-based chemotherapy, and 
the choice of the protocol was based on the age or medical condi-
tion of the patient: (1) 5-fluorouracil (5FU) 400 mg/m2 and leu-
covorin 20 mg/m2 delivered by intravenous injection in the first 
and last weeks of radiation therapy, or (2) capecitabine 825 mg/m2 
administered orally twice daily in combination with concurrent 
radiation for 5 weeks. Adjuvant chemotherapy was delivered for a 
total duration of 6 months perioperatively. 

Follow-up examinations
All patients were followed up with a clinical examination, includ-
ing analysis of the serum CEA level every 3 months for the first 2 
years, followed by analysis every 6 months for a total of 5 years. 
Chest and abdominopelvic CT were performed annually until 5 
years postoperatively. A colonoscopy was performed approxi-
mately 1 year after resection. If there was an advanced adenoma 
(defined as a villous adenoma), > 1-cm polyp, or high-grade dys-
plasia, the colonoscopy was repeated within 1 year. If there was no 
advanced adenoma, the colonoscopy was repeated after 3 years 
and then every 5 years. For patients with an incomplete colonos-
copy before the operation, the colonoscopy was performed again 
within 3 to 6 months postoperatively. In cases of clinical suspicion 
of recurrence or an elevated CEA serum level during follow-up, 
chest and whole abdominal CT and/or colonoscopy was per-
formed to confirm cancer recurrence or metastasis. 

Pathological examinations
Pathological results were reported by experienced pathologists 
based on the following parameters: cell type and degree of tumor 
differentiation, post-CRT pathological staging (ypT, ypN, and yp-
stage), TRG based on the Mandard classification, lymphovascular 
invasion (LVI) and PNI, tumor deposits, proximal and distal mar-
gins, and circumferential resection margin (CRM). Mandard et 
al. [10] proposed classifying TRG into 5 different groups: TRG 1, 
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the absence of residual cancer; TRG 2, the presence of residual 
cancer cells scattered throughout the fibrosis; TRG 3, increase in 
the number of residual cancer cells but fibrosis still being pre-
dominant; TRG 4, residual cancer outgrowing fibrosis; and TRG 
5, the absence of regressive changes. The dates and sites of local or 
systemic recurrences were recorded. Information regarding 
deaths was retrieved from death certificates issued by the govern-
ment civil registration office, which provide the date, location, 
and cause of death.

Statistical analyses 
Data collected included demographic data; the surgical waiting 
interval; and other preoperative, intraoperative, and postoperative 
variables. Information on the diagnosis date, operative date, recur-
rence date, and death date, if applicable, was collected. Continuous 
variables were compared using Student t-test or the Wilcoxon-
Mann-Whitney test. Categorical variables were compared using 
the Pearson chi-square test or Fisher exact test. The 5-year OS and 
RFS rates analyzed using Kaplan-Meier survival curves were com-
pared between the different TRG groups. A log-rank test was used 
to evaluate statistical significance. pCR and other factors influenc-
ing long-term oncologic outcomes were analyzed using Cox pro-
portional hazard models. P-values of ≤ 0.05 were considered sta-
tistically significant. The statistical analysis was performed using 
the R ver. 4.1.1 (R Foundation for Statistical Computing).

RESULTS 

Correlation of demographic data and clinicopathological 
parameters with tumor regression grade 
During the study period, a total of 580 patients with LARC were 

treated in our institute. Among these, 118 cases were treated with 
the nCRT, 14 cases were excluded. Finally, 104 LARC patients (61 
males, 58.7%) were evaluated in this study (Fig. 1), with an overall 
mean age of 58.2 years. The most common cancer was lower rec-
tal cancer in 55 patients (52.9%), followed by mid-rectal cancer in 
40 (38.5%) and upper rectal cancer in 9 (8.7%). The median tu-
mor distance from the anal verge was 5 cm. The median waiting 
interval between nCRT and surgery was 10 weeks. Regarding the 
2 treatment regimens, 79 patients (76.0%) received 5FU/leucovo-
rin and 25 (24.0%) received capecitabine. Sixty-eight patients 
(65.4%) underwent low anterior resection, and 36 (34.6%) under-
went abdominoperineal resection (APR). The most common sur-
gical approach was open surgery (60 patients, 57.7%). In total, 10 
patients (9.6%) were classified as having TRG 1 or pCR, 22 
(21.2%) as TRG 2, 26 (25.0%) as TRG 3, 46 (44.2%) as TRG 4, 
and none as TRG 5. The demographic and clinicopathological 
parameters and their correlations with TRG are shown in Tables 1 
and 2.

The degree of tumor differentiation, absence of LVI, and interval 
between CRT and surgery differed significantly among the 5 TRG 
groups classified based on the 5-tier classification system. How-
ever, when TRG was divided into 2 groups, i.e., good response 
(TRG 1–2) and poor response (TRG 3–5), only the absence of 
LVI was significantly different between the groups. Further analy-
sis revealed that the absence of LVI was strongly related to supe-
rior tumor response (odds ratio, 9; 95% CI, 1.99–40.69; P< 0.001) 
(Table 3).

No associations of tumor regression grade with oncologic 
outcomes
The 5-year OS and RFS in this study were 68.3% and 53.8%, re-

Fig. 1. Flow chart of patients in the study.

Received only postoperative chemoradiotherapy (n= 462)
(the most commonly used in our institute in 2010–2015)

Metastasis during restaging imaging
(n= 4)

The histopathological slices were lost or poor quality to interpret
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Locally advanced rectal cancer 
in our institute in 2010–2015 

(n= 580)

Received neoadjuvant chemoradiotherapy
(n= 118)

Oncologic resection
(n= 114)

Final enrolled patients
(n= 104)



Annals of

Coloproctology

www.coloproctol.org

An investigation into tumor regression grade as a parameter for locally advanced rectal cancer and 
5-year overall survival rate 

Supparerk Laohawiriyakamol, et al.

62

spectively (Fig. 2). TRG was not associated with 5-year OS, 5-year 
RFS, or local or systemic recurrence (Fig. 3). When TRG was di-
vided into the good and poor response groups, it was not found 
to be related to 5-year OS either (Fig. 4A). Moreover, pCR was not 
associated with 5-year OS (Fig. 4B).

Factors associated with oncologic outcomes 
Five-year overall survival
Univariate analysis showed that the type of surgical procedure, in-
traoperative tumor perforation, tumor differentiation, presence of 
PNI, local recurrence, and systemic metastasis were significantly 
correlated with 5-year OS (Table 4).

Multivariate analysis showed that poor differentiation (hazard 
ratio [HR], 6.53; 95% CI, 2.13–20.00) and systemic metastasis 
(HR, 11.21; 95% CI, 4.35–28.9) were strongly associated with infe-
rior 5-year OS (Fig. 5A). Only 25.0% of patients with poorly dif-
ferentiated tumors (2 of 8) had survived for 5 years, whereas 66.7% 
with moderate differentiated tumors (16 of 24) and 75.0% with 
well differentiated tumors (54 of 72) had survived for 5 years after 
their cancer diagnosis. In addition, 17.9% of patients with metas-
tases (5 of 28) had survived for 5 years, whereas 88.2% of those 
without metastases (67 of 76) had survived more than 5 years. 

Five-year relapse-free survival 
Multiple logistic regression analysis revealed that intraoperative 
tumor perforation (HR, 7.32; 95% CI, 2.63–20.40), poor differen-
tiation (HR, 4.21; 95% CI, 1.35–13.20), and PNI (HR, 4.13; 95% 
CI, 4.13–13.60) were correlated with inferior 5-year RFS (Fig. 5B).

Unexpectedly, we found that 22.7% of TRG 2 cases (5 of 22) had 
poorly differentiated tumors, and this incidence was much higher 
than that reported for other TRG subclassifications. Poorly differ-
entiated tumors were found in 0% of TRG 1 cases (0 of 10), 3.8% 
of TRG 3 cases (1 of 26), and 4.3% of TRG 4 cases (2 of 46). In ad-
dition, 45.5% of TRG 2 cases (10 of 22) had at least one poor 
prognostic factor (intraoperative tumor perforation, poor differ-
entiation, or PNI). 

DISCUSSION

This retrospective study assessed correlations between TRG and 
long-term oncologic outcomes in LARC after nCRT in 104 pa-
tients. The main findings of the study were as follows: (1) TRG 
was not associated with 5-year OS, 5-year RFS, or local or sys-
temic recurrence; (2) an absence of LVI was related to good tu-
mor response after nCRT; and (3) a poorly differentiated tumor 
and systemic recurrence, rather than TRG, were associated with 
inferior 5-year OS, and intraoperative tumor perforation, poor 
differentiation, and the presence of PNI were correlated with infe-
rior 5-year RFS.

Several studies have reported correlations between TRG and OS 
and disease-free survival [15, 16]. However, other studies have 
found that TRG was not associated with 5-year OS or RFS [17], as 

Table 1. Demographic and clinicopathological parameters 

Characteristic Data

No. of patients 104

Sex

   Male 61 (58.7)

   Female 43 (41.3)

Age (yr) 58.2 (29−85)

Charlson comorbidity index 4 (3−4)

Tumor location

   Lower rectum 55 (52.9)

   Middle rectum 40 (38.4)

   Lower rectum 9 (8.7)

Distance from tumor to anal verge (cm) 5 (4−8)

Clinical staging

   cT3–4N0M0 32 (30.8)

   cT1–4N+M0 72 (69.2)

Preoperative CEA (ng/mL) 5.7 (2.8−14.8)

Chemotherapy regimen (during chemoradiation)

   5-Fluorouracil 79 (76.0)

   Capecitabine 25 (24.0)

Surgical interval (wk)  10 (8-15)

Operative procedure

   Low anterior resection 68 (65.4)

   Abdominoperineal resection 36 (34.6)

Operative time (min) 405 (320−510)

Estimate blood loss (mL)  200 (100−450)

Intraoperative tumor perforation 9 (8.7)

Tumor differentiation

   Well 72 (69.2)

   Moderate 24 (23.1)

   Poor 8 (7.7)

Presence of lymphovascular invasion 29 (27.9)

Presence of perineural invasion 14 (13.5)

No. of lymph node retrieval 12 (8−15)

Pathological staging

   ypT0N0M0 10 (9.6)

   ypT1–2N0M0 18 (17.3)

   ypT3–4N0M0 40 (38.5)

   ypT1–4N+M0 36 (34.6)

5-Year overall survival (%) 68.3

5-Year relapse-free survival (%) 53.8

Values are presented as number only, number (%), median (range), or percentage 
only. 
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demonstrated in the present study. Further, a previous study re-
ported that TRG was related to oncologic outcomes based on 
univariate analyses, but it was not an independent factor associ-
ated with survival based on multivariate analyses [18]; several fac-

tors other than TRG, such as the patient’s age, tumor staging, or 
CRM, were related to survival [19]. There are many challenges in 
using TRG in clinical practice. First, TRG is classified based on 
various classification systems such as the American Joint Com-

Table 2. Correlations of demographic and clinicopathological parameters with TRGs based on the 5-tier classification system

Variable TRG 1 (n = 10) TRG 2 (n = 22) TRG 3 (n = 26) TRG 4 + 5a (n = 46) P-value

Age (yr) 56.0 ± 13.3 56.8 ± 14.3 58.6 ± 15.2 59.1 ± 11.6 0.86

Male sex 5 (50.0) 10 (45.5) 15 (57.7) 31 (67.4) 0.34

cT stage 0.22

   cT3 7 (70.0) 16 (72.7) 18 (69.2) 40 (87.0)

   cT4 3 (30.0) 6 (27.3) 8 (30.8) 6 (13.0)

cN stage 0.83

   cN0 3 (30.0) 6 (27.3) 11 (42.3) 12 (26.1)

   cN1 7 (70.0) 14 (63.6) 13 (50.0) 30 (65.2)

   cN2 0 (0) 2 (9.1) 2 (7.7) 4 (8.7)

Preoperative staging 0.53

   cT3–4N0M0 3 (30.0) 6 (27.3) 11 (42.3) 12 (26.1)

   cT1–4N1–2M0 7 (70.0) 16 (72.7) 15 (57.7) 34 (73.9)

Tumor location 0.65

   Lower 6 (60.0) 14 (63.6) 13 (50.0) 22 (47.8)

   Middle 3 (30.0) 8 (36.4) 11 (42.3) 18 (39.1)

   Upper 1 (10.0) 0 (0) 2 (7.7) 6 (13.0)

CRT CEA (ng/mL)

   Preoperative 4.0 (2.9–6.7) 5.1 (2.6–14.8) 5.9 (2.9–18.5) 6.1 (3.1–10.7) 0.86

   Postoperative 2.4 (1.6–3.4) 3.6 (2.4–3.8) 2.8 (1.6–3.8) 2.8 (1.8–5.5) 0.81

CRT regimen 0.61

   5FU/leucovorin 8 (80.0) 19 (86.4) 20 (76.9) 32 (69.6)

   Capecitabine 2 (20.0) 3 (13.6) 6 (23.1) 14 (30.4)

CRM positivity 0 (0) 0 (0) 1 (3.8) 5 (10.9) 0.27

Tumor perforation 0 (0) 5 (22.7) 1 (3.8) 3 (6.5) 0.17

Tumor differentiation 0.01*

   Well 10 (100) 10 (45.5) 16 (61.5) 36 (78.3)

   Moderate 0 (0) 7 (31.8) 9 (34.6) 8 (17.4)

   Poor 0 (0) 5 (22.7) 1 (3.8) 2 (4.3)

LNs positive 0 (0–0) 0 (0–1.8) 0 (0–1.8) 0 (0–1.0) 0.13

LVI 0 (0) 2 (9.1) 7 (26.9) 20 (43.5) 0.04*

PNI 0 (0) 2 (9.1) 4 (15.4) 8 (17.4) 0.59

Surgical interval (wk) 16.0 (9.2–17.0) 9.0 (8.0–11.5) 10.5 (7.2–12.0) 12.0 (8.2–15.0) 0.03*

5-Year OS 8 (80.0) 12 (54.5) 21 (80.8) 31 (67.4) 0.22

5-Year RFS 8 (80.0) 9 (40.9) 18 (69.2) 28 (60.9) 0.11

Values are presented as mean ± standard deviation, number (%), or median (interquartile range). 
TRG, tumor regression grade; CRT, chemoradiation; CEA, carcinoembryonic antigen; 5FU, 5-fluorouracil; CRM, circumferential resection margin; LN, lymph node; LVI, lym-
phovascular invasion; PNI, perineural invasion; OS, overall survival;  RFS, relapse-free survival.
aNo patients were classified as having TRG 5.
*P < 0.05.
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mittee on Cancer, Mandard, Dworak, or Becker classifications; to 
date, there is no agreement on which of these systems is superior 
because different studies have reported inconsistent results [20, 
21]. Second, TRG is indicated by the reporting pathologist; thus, 
the pathological report is subjective in nature with poor repro-
ducibility and low inter-observer concordance rates. Third, TRG 
is mainly interpreted in terms of the primary tumor response, not 
in terms of the lymph node status; thus, it could underestimate 
the presence of a residual tumor in the lymph nodes. Notably, one 
study used a combination of TRG and pathological staging (yp-
TRG stage) to predict survival in rectal cancer patients who re-
ceived nCRT and found that this combination was more accurate 
in predicting cancer prognosis [22]. Moreover, Park et al. [23] 
showed that an absence of LVI was significantly associated with 
good tumor response. Therefore, further studies are needed to 

Table 3. Correlations of demographic and clinicopathological pa-
rameters with a good or poor response

Variable
Good response 

(n = 32)
Poor response 

(n = 72)
P-value

Age (yr) 56.6 ± 13.8 58.9 ± 12.9 0.40

Male sex 15 (46.9) 46 (63.9) 0.16

cT stage 0.47

   cT3 23 (71.9) 58 (80.6)

   cT4 9 (28.1) 14 (19.4)

cN stage 0.84

   cN0 9 (28.1) 23 (31.9)

   cN1 21 (65.6) 43 (59.7)

   cN2 2 (6.2) 6 (8.3)

Preoperative staging 0.87

   cT3–4N0M0 9 (28.1) 23 (31.9)

   cT1–4N1–2M0 23 (71.9) 49 (68.1)

Tumor location 0.27

   Lower 20 (62.5) 35 (48.6)

   Middle 11 (34.4) 29 (40.3)

   Upper 1 (3.1) 8 (11.1)

CRT CEA (ng/mL)

   Preoperative 4.4 (2.6–14.4) 6 (2.9–16.7) 0.52

   Postoperative 3.4 (1.8–3.8) 2.8 (1.8–4.7) 0.95

Preoperative CRT regimen 0.22

   5FU/leucovorin 27 (84.4) 52 (72.2)

   Capecitabine 5 (15.6) 20 (27.8)

CRM positive 0 (0) 6 (8.3) 0.17

Tumor perforation 5 (15.6) 4 (5.6) 0.13

Tumor differentiation 0.13

   Well 20 (62.5) 52 (72.2)

   Moderate 7 (21.9) 17 (23.6)

   Poor 5 (15.6) 3 (4.2)

LNs positive 0 (0–1.0) 0 (0–1.2) 0.44

LVI 2 (6.3) 27 (37.5) 0.002*

PNI 2 (6.3) 12 (16.7) 0.22

Surgical interval (wk) 9.0 (8.0–15.2) 11.0 (8.0–14.0) 0.67

5-Year OS 20 (62.5) 52 (72.2) 0.45

5-Year RFS 17 (53.1) 46 (63.9) 0.41

Values are presented as mean ± standard deviation, number (%), or median (inter-
quartile range). 
TRG, tumor regression grade; CRT, chemoradiation; CEA, carcinoembryonic anti-
gen; 5FU, 5-fluorouracil; CRM, circumferential resection margin; LN, lymph nodes; 
LVI, lymphovascular invasion; PNI, perineural invasion; OS, overall survival; RFS, 
relapse-free survival.
*P < 0.05.

Fig. 2. Survival curves of the study population. (A) Five-year overall 
survival. (B) Five-year relapse-free survival.
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Fig. 3. Correlation of tumor regression grades (TRGs) with (A) 5-year overall survival, (B) 5-year relapse-free survival, (C) local recurrence, 
and (D) systemic recurrence.

Fig. 4. Correlations of tumor regression grades (TRGs) (A) TRG 1–2 and 3–4 with 5-year overall survival. (B) TRG 1 (pathological complete 
response) and 2–4 with 5-year overall survival.
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Table 4. Univariate analysis of correlations of variables with 5-year OS

Variable 5-Year survival (n = 72) 5-Year nonsurvival (n = 32) Total (n = 104) P-value

Sex 0.58

   Male 44 (61.1) 17 (53.1) 61 (58.7)

   Female 28 (38.9) 15 (46.9) 43 (41.3)

Age (yr) 58.6 ± 13.4 57.2 ± 12.7 58.2 ± 13.2 0.61

CCI 4 (3–4.2) 4 (3–4) 4 (3–4) 0.82

Clinical staging 0.45

   cT3–4N0M0 20 (27.8) 12 (37.5) 32 (30.8)

   cT1–4N1–2M0 52 (72.2) 20 (62.5) 72 (69.2)

Tumor location 0.70

   Lower 39 (54.2) 12 (37.5) 55 (52.9)

   Middle 26 (36.1) 14 (43.8) 40 (38.5)

   Upper 7 (9.7) 2 (6.3) 9 (8.7)

Preoperative CEA (µg/mL) 5.5 (2.9–11) 6.3 (2.6–20) 5.7 (2.8–14.8) 0.48

Surgical interval after nCRT (wk) 10 (8–13.2) 11 (8–15) 10 (8–15) 0.69

Operative time (min) 384 (298–502) 455 (349–540) 405 (321–510) 0.08

Estimate blood loss (mL) 200 (100–400) 250 (150–680) 200 (100–450) 0.15

Operation 0.02*

   APR 19 (26.4) 17 (53.1) 36 (34.6)

   LAR 53 (73.6) 15 (46.9) 68 (65.4)

Intraoperative tumor perforation < 0.001*

   No 71 (98.6) 24 (75.0) 95 (91.3)

   Yes 1 (1.4) 8 (25.0) 9 (8.7)

Circumferential margin 0.07

   Positive 2 (2.8) 4 (12.5) 6 (5.8)

   Negative 70 (97.2) 28 (87.5) 98 (94.2)

Tumor size (cm) 3.0 (1.5–4.0) 2.5 (0.7–4.3) 3.0 (1.0–4.1) 0.91

Tumor differentiation 0.01*

   Well 54 (75.0) 18 (56.3) 72 (69.2)

   Moderate 16 (2.2) 8 (25.0) 24 (23.1)

   Poor 2 (2.8) 6 (18.8) 8 (7.7)

LVI 0.79

   Absence 19 (26.4) 10 (31.2) 29 (27.9)

   Presence 53 (73.6) 22 (68.8) 75 (72.1)

PNI 0.03*

   Absence 66 (91.7) 24 (75.0) 90 (86.5)

   Presence 6 (8.3) 8 (25.0) 14 (13.5)

TRG 0.22

   TRG 1 8 (11.1) 2 (6.2) 10 (9.6)

   TRG 2 12 (16.7) 10 (31.2) 22 (21.2)

   TRG 3 21 (29.2) 5 (15.6) 26 (25.0)

   TRG 4 31 (43.1) 15 (46.9) 46 (44.2)

(Continued to the next page)
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identify useful predictive markers for survival in rectal cancer pa-
tients.

The present study found that a poorly differentiated tumor (HR, 
6.53; 95% CI, 2.13–20.00) and systemic metastasis (HR, 11.21; 
95% CI, 4.35–28.9) were independent factors strongly associated 
with 5-year OS; patients with poorly differentiated tumors had 
only a 5-year OS rate of 25%, whereas those with well- and mod-
erately differentiated tumors had a 5-year OS of 72.9%. The find-
ing is similar to that reported in a previous study by Huang et al. 
[24], which showed that patients with poorly differentiated tu-

mors had a 3-year OS rate of 74.6%, whereas those with well dif-
ferentiated tumors had a 3-year OS rate of 93.5%. Another study 
found that the HR of inferior OS for poorly differentiated adeno-
carcinoma was 3.43 [25]. Therefore, poorly differentiated rectal 
tumors have the worst prognosis, probably because of the aggres-
sive nature of immature tumor cells. Indeed, poorly or dedifferen-
tiated tumors have greater potential for epithelial to mesenchymal 
transition (EMT), an early step in systemic metastasis. EMT in-
volves the loss of cell-to-cell adhesion, cytoskeletal reorganization, 
and changes from epithelial morphology and physiology to mes-

Variable 5-Year survival (n = 72) 5-Year nonsurvival (n = 32) Total (n = 104) P-value

Pathological T stage 0.61

   ypT0 8 (11.1) 2 (6.2) 10 (9.6)

   ypT1 4 (5.6) 3 (9.4) 7 (6.7)

   ypT2 14 (19.4) 5 (15.6) 19 (18.3)

   ypT3 38 (52.8) 16 (50) 54 (51.9)

   ypT4 8 (11.1) 6 (18.8) 14 (13.5)

Pathological N stage 0.19

   ypN0 51 (70.8) 17 (53.1) 68 (65.4)

   ypN1 14 (19.4) 11 (34.4) 25 (24.0)

   ypN2 7 (9.7) 4 (12.5) 11 (10.6)

Pathological staging 0.34

   ypT0N0M0 8 (11.1) 2 (6.3) 10 (9.6)

   ypT1–2N0M0 14 (19.4) 4 (12.5) 18 (17.3)

   ypT3–4N0M0 29 (40.3) 11 (34.4) 40 (38.5)

   ypT1–4N1–2M0 21 (29.2) 15 (46.9) 36 (34.6)

Pathological complete response 0.72

   Yes 8 (11.1) 2 (6.2) 10 (9.6)

   No 64 (88.9) 30 (93.8) 94 (90.4)

Postoperative complication (CD grade) 0.48

   I 6 (35.3) 3 (37.5) 9 (36.0)

   II 4 (23.5) 4 (50.0) 8 (32.0)

   IIIA 3 (17.6) 0 (0) 3 (12.0)

   IIIB 4 (23.5) 1 (12.5) 5 (20.0)

Local recurrence < 0.001*

   Yes 6 (8.3) 14 (43.8) 20 (19.2)

   No 66 (91.7) 18 (56.2) 84 (80.8)

Systemic recurrence < 0.001*

   Yes 5 (6.9) 23 (71.9) 28 (26.9)

   No 67 (93.1) 9 (28.1) 76 (73.1)

Values are presented as number (%), mean ± standard deviation, or median (interquartile range). 
OS, overall survival; CCI, Charlson comorbidity index; CEA, carcinoembryonic antigen; nCRT, chemoradiation; APR, abdominoperineal resection; LAR, low anterior resec-
tion; LVI, lymphovascular invasion; PNI, perineural invasion; TRG, tumor regression grade; CD, Clavien-Dindo classification.
*P < 0.05.

Table 4. Continued
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enchymal characteristics. Mesenchymal cell behavior can increase 
the capability of tumor cells to invade and migrate through the 
extracellular matrix [26], leading to an increased chance of distant 
metastasis [26, 27]. EMT is also related to resistance to treatment 
and the capability of tumor cells to escape the immune system 
[28]. Moreover, micrometastasis can occur at the time of LARC 
diagnosis, especially in poorly differentiated tumor cells [29], even 
in tumors responsive to chemoradiotherapy, in which clusters of 
viable, poorly differentiated tumor cells can repopulate and then 

spread into the blood circulation and cause distant organ metas-
tasis. Additionally, tumor budding is a primordial step in cancer 
invasion and metastasis and has often been found coincidentally 
with poorly differentiated adenocarcinomas [30]. Tumor budding 
involves the detachment of tumor cells at the invasive front of rec-
tal cancer into single cells or clusters of up to 5 cells and is also a 
characteristic of the EMT process. However, we did not identify 
any occurrences of this phenomenon in our study. Future studies 
are needed to clarify the clinical significance of tumor budding. 

Fig. 5. Multivariate analysis demonstrating the factors associated with (A) 5-year overall survival and (B) 5-year relapse-free survival. PNI, peri-
neural invasion; CRM, circumferential resection margin; LN, lymph node; AIC, Akaike information criterion. *P < 0.05; **P < 0.01; ***P < 0.001.

A

B

Hazard ratio

Hazard ratio

Perforation

Perforation

Differentiation

Differentiation

PNI

PNI

Operation

Operation

CRM

CRM

LN

LN

Local recurrence

Systemic recurrence

No
(n = 95)

No
(n = 95)

No
(n = 90)

No
(n = 90)

Reference

Reference

2.38
(0.79 – 7.2)

7.32
(2.63 – 20.4)

Reference

Reference

1.74
(0.68 – 4.4)

1.31
(0.56 – 3.1)

6.53
(2.13 – 20.0)

4.21
(1.35 – 13.2)

Reference

Reference

1.51
(0.51 – 4.4)

4.13
(1.35 – 12.6)

Reference

Reference

1.29
(0.52 – 3.2) 

1.28
(0.56 – 3.0) 

Reference

Reference

1.18
(0.32 – 4.3)

0.87
(0.22 – 3.5)

0.80
(0.33 – 1.9)

Reference

Reference

0.74
(0.29 – 1.8)
Reference

0.95
(0.34 – 2.6)
Reference

11.21
(4.35 – 28.9)

# Events: 32; global P-value (log-rank): 2.3382e-09 
AIC: 245.44; concordance index: 0.8

# Events: 34; global P-value (log-rank): 0.0001557
AIC: 285.28; concordance index: 0.69

0.124

< 0.001

0.248 

0.532

0.001

0.013

**

***

*

*

0.456

0.013

0.578

0.559

0.806

0.838

0.613

0.516

0.916

0.5

0.5

1

1

2

2

5

5

10

10

20

200.2

< 0.001***

Yes
(n = 9)

Yes
(n = 9)

Yes
(n = 14)

Yes
(n = 14)

LAR  
(n = 68)

LAR  
(n = 68)

APR  
(n = 36)

APR  
(n = 36)

Negative 
(n = 98)

Negative 
(n = 98)

Positive 
(n = 6)

Positive 
(n = 6)

Positive 
(n = 36)

Negative
(n = 68) 

Negative
(n = 68) 

Positive 
(n = 36)
No
(n = 84)
Yes
(n = 20)
No
(n = 76)
Yes
(n = 28)

Well 
(n = 72)

Well 
(n = 72)

Moderate 
(n = 24)

Moderate 
(n = 24)

Poor 
(n = 8)

Poor 
(n = 8)



Annals of

Coloproctology

www.coloproctol.org

Volume 39, Number 1, 2023

Ann Coloproctol 2023;39(1):59-70

69

Regarding factors related to 5-year RFS, this study found that 
poor differentiation (HR, 4.21), intraoperative tumor perforation 
(HR, 7.32), and PNI (HR, 4.13) were associated with inferior RFS. 
Particularly, intraoperative tumor perforation was clearly associ-
ated with worse oncologic outcomes; this finding is similar to that 
reported in prior studies [31, 32]. Spilled tumor cells can regrow 
and recur and have a deleterious impact on survival. Most inad-
vertent perforations in this study were found in APR (7 of 9, 
77.8%), and 55.6% (5 of 9) occurred in clinical T4 lesions. Nota-
bly, PNI, which has been defined as the ability of cancer cells to 
invade in, around, and through nerves, has also been demon-
strated to be associated with diminished disease-free survival. In-
teractions between nerve and malignant tumor cells could en-
hance both neurogenesis and malignant cell growth. Indeed, 
some cellular and molecular mechanisms of tumor cells may pro-
mote neurotrophic factors, thereby leading to nerve cell growth 
and axon lengthening and thickening. In the same way, nerves 
provide a microenvironment that enhances tumor proliferation 
and progression [33]. Therefore, PNI is an ominous finding for 
various cancers [34]. In this era of precision medicine, further 
studies are needed to enhance our understanding of these factors 
for developing targeted treatments with an aim to improve the 
survival of cancer patients with PNI. 

An unexpected finding in this study was that TRG 2 tumors had 
the worst oncologic outcomes: 22.7% of TRG 2 patients (5 of 22) 
had poorly differentiated tumors, with a rate much higher than 
that of other TRGs, and 45.5% of TRG 2 patients (10 of 22) had at 
least 1 poor prognostic factor (intraoperative tumor perforation, 
poor differentiation, or PNI). Thus, TRG 2 was confounded by 
other unfavorable prognostic factors, which led to a worse sur-
vival rate. These findings suggest that other factors, especially 
poorly differentiated cancers, were strongly associated with OS 
and that long-term oncologic outcomes were not influenced by 
the tumor response grade.

The limitations of this study were as follows. First, it was a retro-
spective study; there were difficulties in controlling for various 
confounding factors. Second, the sample size was small; therefore, 
the conclusions drawn from this need to be substantiated with 
larger studies. The advantage of this study was the relatively long-
term follow-up. In conclusion, TRG was probably not associated 
with long-term oncologic outcomes, and the use of TRG to pre-
dict long-term oncologic outcomes had several limitations. Cer-
tain detrimental prognostic factors in cancer, such as poor differ-
entiation, intraoperative tumor perforation, and PNI, were related 
to inferior survival outcomes.
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