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INTRODUCTION

Over the past decade, improvement in local control and 
overall survival (OS) of rectal cancer has been achieved 
by the development of multimodality therapies such 
as neoadjuvant chemoradiotherapy (CRT), adjuvant 

CRT and surgery [1]. The development of surgical tech-
niques such as total mesorectal excision (TME) and 
laparoscopic surgery, and of radiologic techniques in-
cluding three-dimensional conformal radiotherapy, 
intensity-modulated radiotherapy, and dynamic inten-
sity-modulated radiotherapy, has resulted in reduced 
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Background/Aims: The objective of this study was to assess the prognostic roles 
of treatment response and tissue necrosis after chemoradiotherapy (CRT) in lo-
cally advanced rectal cancer.
Methods: A total of 243 patients with locally advanced rectal cancer who under-
went neoadjuvant CRT were included. Three treatment response groups were 
classified by their pathological stage results: complete treatment response (CTR), 
intermediate treatment response (ITR), and poor treatment response (PTR). 
Three tissue necrosis groups were classified based on tissue pathological results: 
complete necrosis response (CNR), intermediate necrosis response (INR), and 
poor necrosis response (PNR).
Results: Overall survival (OS) and recurrence-free survival (RFS) rate at three 
years were 74.5% and 61.3%, respectively. The 3-year OS rates of the CTR, ITR, 
and PTR groups were 83.7%, 75.9%, and 69.7%, respectively (p < 0.001); the 3-year 
RFS rates were 76.7%, 69.0%, and 52.1%, respectively (p < 0.001). The 3-year OS 
rates of the CNR, INR, and PNR groups were 83.7%, 80.6%, and 61.8%, respec-
tively (p < 0.001); the 3-year RFS rates were 76.7%, 68.9%, and 44.3%, respectively 
(p < 0.001). When compared to CTR/CNR, PTR/PNR was strongly related to an 
increased risk of recurrence (hazard ratio [HR], 5.53; 95% confidence interval [CI], 
2.01 to 15.23 vs. HR, 6.37; 95% CI, 2.29 to 17.74, respectively) in univariate Cox re-
gression. Both PTR and PNR were strongly associated with shorter RFS and OS 
when compared with CTR and CNR in the multivariate Cox regression.
Conclusions: Tissue necrosis is an equally important prognostic marker as treat-
ment response for oncologic outcomes in locally advanced rectal cancer.
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complications and increased effects of treatment for 
advanced rectal cancer [2-5]. Treatment of rectal cancer 
with neoadjuvant 5-fluorouracil (5-FU) CRT prevents lo-
cal recurrence and may increase the success of sphinc-
ter-conserving surgery. Recently oxaliplatin and irinote-
can were introduced as a new combination regimen of 
neoadjuvant CRT, in place of 5-FU, which has been the 
conventional treatment option; however, the benefits of 
this new regimen remain controversial [6-8]. 

The association between pathological response, which 
is evaluated after radical tumor resection, and patient 
prognosis has been well established. Emerging data sug-
gest that the complete response observed in approximate-
ly 15% to 20% of patients treated with neoadjuvant CRT is 
associated with local control and survival [9]. Additionally 
neoadjuvant treatment response can be an early progno-
sis indicator for patients with rectal cancer [10]. 

Many previous reports examining response indicators 
for rectal cancer used data from several institutes and 
various treatment strategies [11,12]. Multi-institutional 
bias and variation in treatment strategy may have affect-
ed data analysis. A single-institution experience with 
homogenous treatment and pathological evaluation 
can avoid some bias. Generally, initial clinical staging of 
rectal cancer patients determines the adjuvant chemo-
therapy regimen and treatment plan schedule according 
to guidelines and pathological staging of patients using 
determinants of cancer-related survival. In Korea, 5-FU 
plus leucovorin (FL) chemotherapy is reimbursed only 
for one regimen of adjuvant chemotherapy in rectal can-
cer. Therefore, improving the understanding of prog-
nostic factors and response to neoadjuvant CRT will 
help practitioners plan adjuvant treatment.

The aim of this study was to evaluate prognostic clin-
ical and pathological factors in locally advanced rectal 
cancer treated with neoadjuvant CRT. Additionally, we 
minimized bias by conducting the study at a single in-
stitution with standard treatments such as TME and 
laparoscopic surgery, and by ensuring all patients re-
ceived the same CRT.

METHODS

Patients and treatment
We used a retrospective cohort method in patients with 

biopsy-proven, locally advanced stage II and III rectal 
cancer. The study population consisted of 243 rectal 
cancer patients who underwent neoadjuvant CRT and 
laparoscopic surgery at St. Vincent’s Hospital between 
January 2001 and December 2008. Patient charts, radio-
graphic findings, and postoperative pathological slides 
were reviewed. Inclusion criteria were: available archi-
val paraffin-embedded tissue samples of initial colono-
scopic biopsy, neoadjuvant treatment with 50.4 Gy (1.8 
Gy/day in 28 fractions) over 5.5 weeks, plus 5-FU (400 mg/
m2/day) and leucovorin (20 mg/m2/day) bolus on days 1 
to 5 and 29 to 33, surgery performed 7 to 10 weeks af-
ter completion of all therapies for all patients, and fol-
low-up for at least 2 years for patients with clinical stage 
II–III rectal cancer. 

Clinical staging and pathological evaluation
All patients had an initial work-up before CRT that in-
cluded abdominal computed tomography (CT), chest 
CT, positron emission tomography-CT, pelvis magnetic 
resonance imaging (MRI), and endorectal ultrasound. 
The initial clinical stage was decided comprehensively 
using these data. Patients also had a presurgical work-
up that included pelvis MRI and endorectal ultrasound. 
A single surgical team, assisted by surgical residents in 
training, performed TME using laparoscopy. The quali-
ty of TME was classified as complete, near-complete, or 
incomplete. All patients had more than near-complete 
excision. Clinical stage and follow-up recurrence were 
performed in an independent review conducted by a 
radiologist. Pathological stage, grade, and other patho-
logical parameters were reviewed by two independent 
pathologists. Complete response was defined as the 
absence of viable tumor cells in the surgical specimen. 
Down-staging was defined as staging reduction from 
pretreatment stage (cStage) to pathological staging (yp-
Stage) (i.e., cIII to ypII, ypI or yp0, cII to ypI or yp0).

For treatment response factors, patients were classi-
fied into three treatment response groups based on their 
pathological results: ypT0N0 was classified as complete 
treatment response (CTR), ypT1-2N0 was classified as 
intermediate treatment response (ITR), and ypT3-4N0 
or ypTanyN+ were classified as poor treatment response 
(PTR).

For tissue necrosis factors, pathological tissue re-
sponse to CRT was reviewed and scored as follows: grade 
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0, no response; grade 1, necrosis or disappearance of tu-
mor cells less than 2/3; grade 2, necrosis or disappear-
ance of tumor cells more than 2/3; and grade 3, no viable 
cells (ypCR). Patients were classified into three tissue 
necrosis groups on the basis of their tissue pathologi-
cal results: grade 3 was classified as complete necrosis 
response (CNR), grade 2 was classified as intermediate 
necrosis response (INR), and grade 1 or 0 were classified 
as poor necrosis response (PNR). Tumor necrosis grad-
ing is shown in Fig. 1.

Statistical analysis
Response outcomes for each tumor-related variable as 
well as the pathological response rate following CRT 
were compared using the Wilcoxon rank-sum test. The 
Kruskal-Wallis test was used for multiple predictor and 
response groups. Categorical data were summarized by 
frequency within each cohort, and comparisons were 
performed using the chi-square test for proportions. 
The test for binary correlation was used to assess asso-
ciations between selected polynomial categorical vari-
ables. Correlation analysis was performed using Pearson 
chi-square or Fisher exact test. Recurrence-free survival 
(RFS) and OS were calculated using the Kaplan-Meier 
method. Simple variable analysis was performed using 
the log-rank method and multivariate analysis with the 
Cox regression model. Survival rates and odds ratios 

are presented with 95% confidence intervals (CIs). IBM 
SPSS version 21.0 (IBM Co., Armonk, NY, USA) was used 
for statistical analysis.

RESULTS

Patient characteristics and pathological responses 
This study included 149 male and 94 female patients 
with a median age of 62 years (interquartile range [IQR], 
52 to 69). Clinical stages II and III accounted for 116 
patients (47.7%) and 127 patients (52.3%). Most patients 
underwent laparoscopic abdominal transanal protosig-
midectomy with coloanal anastomosis (LATA), laparo-
scopic low anterior resection (LA LAR), and laparoscopic 
abdominoperineal resection (LA APR). At a median fol-
low-up period of 54 months (IQR, 36 to 77), 182 patients 
(74.9%) were alive. The overall recurrence rate was 30% 
(73 patients). Ten patients (4.1%) had loco-regional re-
currence, 52 patients (21.4%) had distant metastasis, and 
11 patients (4.5%) had both local and distant recurrence. 
The down-staging rate of this neoadjuvant therapy was 
57.6% (140 patients) and ypCR was 17.7% (43 patients). RFS 
and OS did not reach the median. Median carcinoem-
bryonic antigen (CEA) was 3.71 ng/mL (IQR, 2.0 to 10.6) 
and median lactate dehydrogenase (LDH) was 283 IU/L 
(IQR, 235 to 327). Patient characteristics and response to 
neoadjuvant treatment are summarized in Table 1.

Pathological results and patient characteristics 
according to treatment response group
Pathological stage was ypT0N0 in 43 patients (17.7%), 
ypT1-2N0 in 71 patients (29.3%), ypT3-4N0 in 76 patients 
(31.3%), and any ypT with N+ in 66 patients (27.2%). The 
ypN+ tumor accounted for two ypT1 tumors (3.0%), 
11 ypT2 tumors (16.7%), and 53 ypT3-4 tumors (80.3%). 
Treatment response was recorded as follows: CTR in 43 
patients (17.7%), ITR in 58 patients (23.9%), and PTR in 
142 patients (58.4%).

Age and sex were not significantly different between 
the three treatment response groups. However, lym-
phatic invasion and perineural invasion of tumor tissue 
were more frequently observed in the poor treatment 
group (p < 0.001). The detailed relationships between the 
clinicopathological features and treatment response are 
provided in Table 2.

Figure 1. Tumor necrosis grading. (A) Grade 0, no response 
(H&E, ×40). (B) Grade 1, necrosis or disappearance of less 
than 2/3 of tumor cells (H&E, ×40). (C) Grade 2, necrosis or 
disappearance of more than 2/3 of tumor cells (H&E, ×40). (D) 
Grade 3, no viable cells (H&E, × 40).

A

C

B

D
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Pathological results and patient characteristics 
according to tissue necrosis group
Tissue necrosis was recorded as follows: CNR in 43 pa-
tients (17.7%), INR in 103 patients (42.4%), and PNR in 
97 patients (39.9%). Age, sex, and clinical stage were not 
significantly different between the three tissue response 
groups. However, perineural and vascular invasion of 
tumor tissue were more frequently observed in the PNR 
group (p < 0.005). The detailed relationship between 
clinicopathological features and tissue response are 
provided in Table 3.

Recurrence and survival patterns in treatment and 
necrosis response groups
For the entire cohort, the OS and RFS rates at three 
years were 74.5% and 61.3%, respectively. Rates of local 
and systemic recurrences were related to the treatment 
response group, with a remarkably low recurrence rate 
associated with CTR and high recurrence rate related to 
PTR (Table 4). The 3-year OS rates of the CTR, ITR, and 
PTR groups were 83.7%, 75.9%, and 69.7%, respectively 
(p < 0.001); the 3-year RFS rates were 76.7%, 69.0%, and 
52.1%, respectively (p < 0.001) (Fig. 2A).

Rates of local and systemic recurrence were also relat-
ed to the tissue necrosis group, with a remarkably low 
recurrence rate associated with CNR and high recur-
rence rate related to PNR groups (Table 5). The 3-year 
OS rates of the CNR, INR, and PNR groups were 83.7%, 
80.6%, and 61.8%, respectively (p < 0.001); the 3-year 
RFS rates were 76.7%, 68.9%, and 44.3%, respectively (p 
< 0.001) (Fig. 2B).

The results of univariate Cox regression analysis for 
RFS and OS are listed in Table 6. Poor differentiation, 
lymphatic invasion, perineural invasion, and vascular 
invasion were associated with RFS and OS. RFS and OS 
were strongly related to PTR and PNR groups. Compared 
to CTR, PTR was strongly related to an increased risk of 
recurrence (hazard ratio [HR], 5.53; 95% CI, 2.01 to 15.23). 
Compared to CNR, PNR was strongly related to an in-
creased risk of recurrence (HR, 6.37; 95% CI, 2.29 to 17.74).

The results of the multivariate Cox regression analysis 
for RFS and OS are listed in Tables 7 and 8. Multivari-
ate analysis was performed using two models, separately, 
due to a high association between treatment response 
and tissue response group. Both PTR and PNR were 
more strongly associated with RFS and OS than were 

Table 1. Patient characteristics and response after neoadju-
vant chemoradiotherapy for advanced rectal cancer (n = 243)

Characteristic No. (%)

Age, median (IQR), yra 62 (52–69)

Sex

Male 149 (61.3)

Female 94 (38.7)

Operation name

Laparoscopic abdominal transanal 
 protosigmidectomy with coloanal
 anastomosis

103 (42.4)

Laparoscopic low anterior resection 85 (35.0)

Laparoscopic abdominoperineal
 resection

38 (15.6)

Other 17 (7.0)

Location of tumor (cm, from anal verge)

< 5 80 (32.9)

≥ 5 163 (67.1)

Differentiation

Well 45 (18.5)

Moderate 167 (68.7)

Poorly 31 (12.8)

Clinical stage

II 116 (47.7)

III 127 (52.3)

Tumor pathology

Lymphatic invasion 35 (14.4)

Perineural invasion 32 (13.2)

Vascular invasion 7 (2.9)

Tissue response evaluation

Grade 0: no change 15 (6.2)

Grade 1: necrosis in less than 2/3 tumor 82 (33.7)

Grade 2: necrosis in more than 2/3
 tumor

103 (42.4)

Grade 3: no viable cell 43 (17.7)

Treatment results

Down staging 140 (57.6)

Pathological complete response 43 (17.7)

Adjuvant treatment

Yes 215 (88.5)

No 28 (11.5)

Values are presented as number (%). 
IQR, interquartile range.
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CTR and CNR.

DISCUSSION

The results of this study show that the prognosis of pa-
tients after neoadjuvant CRT and radical resection for 
localized advanced rectal cancer are correlated with ne-
crosis response as well as treatment response. 

In both the treatment and necrosis response group, 
complete response had excellent outcomes with very 
low rates of local and distant recurrence. Intermediate 
response patients in both classifications had more im-
proved disease control rates, as compared to the poor 
response group. In terms of recurrence pattern, the 
complete and ITR groups had a remarkably low rate of 
local recurrence. Local recurrence did not show statisti-
cally significant differences among the three treatment 
response groups. A similar pattern was observed in the 

three necrosis response groups. Distant metastasis was 
the main type of recurrence pattern in our study; it was 
infrequent, occurring in only 7% of patients in the com-
plete response group. 

The difference in systemic recurrence rate between 
CTR and ITR in the classification of treatment response 
was not statistically significant. However, the difference 
in systemic recurrence between CNR and INR was sta-
tistically significant. Poor response patients also expe-
rienced improved prognosis, as compared to interme-
diate response patients, in both classifications. That is, 
distant metastasis showed a statistically significant dif-
ference in both response groups, with these differences 
becoming clearer in the necrosis response group than in 
the treatment response group. 

Recently, in a study of treatment response among 
patients with locally advanced rectal cancer who were 
treated with neoadjuvant CRT, pathological evaluation 
of tumor response to neoadjuvant CRT was found to 

Table 2. Patient and tumor characteristics and treatment response factors (n = 243)

Characteristic
Complete treatment 
response (ypT0N0)

Intermediate treatment 
response (ypT1-2N0)

Poor treatment
 response (ypT3-4 or N+)

p value

Total no. of patients 43 (17.7) 58 (23.9) 142 (58.4)

Age, yr, median (IQR)a 58 (48–71) 64 (54–71) 62 (52–68) 0.326

Sex 0.847

Male 25 (58.1) 37 (63.8) 87 (61.3)

Female 18 (41.9) 21 (36.2) 55 (38.7)

Clinical stage 0.021

II 22 (51.2) 36 (62.1) 58 (40.8)

III 21 (48.8) 22 (37.9) 84 (59.2)

Location of tumor (cm, from anal verge) 0.776

< 5 14 (32.6) 17 (29.3) 49 (34.5)

≥ 5 29 (67.4) 41 (70.7) 93 (65.5)

Differentiation 0.075

Well 6 (14.0) 18 (31.0) 21 (14.8)

Moderate 30 (69.8) 35 (60.3) 102 (71.8)

Poorly 7 (16.3) 5 (8.6) 19 (13.4)

Tumor pathology

Lymphatic invasion 0 1 (1.7) 34 (23.9) 0.000a

Perineural invasion 0 1 (1.7) 31 (21.8) 0.000a

Vascular invasion 0 0 7 (4.9) 0.085a

Values are presented as number (%). 
IQR, interquartile range.
aCompared between intermediate and poor response group.
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Table 4. Recurrence according to treatment response factors to preoperative chemoradiotherapy (n = 243)

Variable
Complete treatment 
response (ypT0N0)

Intermediate treatment 
response (ypT1-2N0)

Poor treatment 
response (ypT3-4 or N+)

No. (%) HR 95% CI No. (%) HR 95% CI No. (%) HR 95% CI

Total no. of patients 43 (17.7) 58 (23.9) 142 (58.4)

Recurrence

Local 1 (2.3) 0 9 (6.3)

Systemic 2 (4.7) 9 (15.5) 41 (28.9)

Both 1 (2.3) 1 (1.7) 9 (6.3)

Total 4 (9.3) 10 (17.2) 59 (41.5)

Cox regression model for
 risk of recurrence

Local 1 0.37 0.03–4.07 3.36 0.78–14.48

Systemic 1 2.46 0.68–8.93 6.26 1.95–20.06

Total 1 1.85 0.58–5.89 5.53 2.01–15.23

HR, hazard ratio; CI, confidence interval.

Table 3. Patient and tumor characteristics and necrosis response factors (n = 243)

Characteristic
Complete necrosis 
response (grade 3)

Intermediate necrosis 
response (grade 2)

Poor necrosis response
(grade 1 or 0)

p value

Total no. of patients 43 (17.7) 103 (42.4) 97 (39.9)

Age, yr, median (IQR) 58 (48–71) 63 (53–69) 62 (52–69) 0.763

Sex 0.894

Male 25 (58.1) 64 (62.1) 60 (61.9)

Female 18 (41.9) 39 (37.9) 37 (38.1)

Clinical stage 0.872

II 22 (51.2) 49 (47.6) 45 (46.4)

III 21 (48.8) 54 (52.4) 52 (53.6)

Location of tumor (cm, from anal verge) 0.320

< 5  14 (32.6) 39 (37.9) 27 (27.8)

≥ 5 29 (67.4) 64 (62.1) 70 (72.2)

Differentiation 0.016

Well 6 (14.0) 28 (27.2) 11 (11.3)

Moderate 30 (69.8) 60 (58.3) 77 (79.4)

Poorly 7 (16.3) 15 (14.6) 9 (9.3)

Tumor pathology

Lymphatic invasion 0 14 (13.6) 21 (21.6) 0.134a

Perineural invasion 0 10 (9.7) 22 (22.7) 0.012a

Vascular invasion 0 1 (1.0) 6 (6.2) 0.045a

Values are presented as number (%). 
IQR, interquartile range.
aCompared between intermediate and poor response group.
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be a powerful early response indicator [10]. In another 
study, Dworak tumor regression grading was catego-
rized in surgical tissue using a semiquantitative method 
comparing the amount of viable tumor with the amount 
of fibrosis [11]. They showed that the complete and inter-
mediate response group exhibited over 25% regression, 
suggesting improved disease-free survival after preoper-
ative CRT. However, semiquantitative measurement of 
tumor regression grade has limitations because it is dif-
ficult to generalize. Mandard tumor regression also has 

this limitation although Santos et al. [13] reported that 
the Mandard system is more accurate than the Dworak 
system. In our study, we used the tumor grading system 
according to percentage of necrosis of tumor cells. We 
attempted to generalize the tumor grading system but 
verification of this system in comparison to the Man-
dard and Dworak tumor regression grading systems will 
be required for further studies.

In locally advanced rectal cancer, pathological stage 
and grade of tumor necrosis are known to be prognostic 
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Figure 2. Recurrence-free survival according to treatment response and tissue necrosis groups. (A) Treatment response group, 
(B) tissue necrosis group.

Table 5. Recurrence according to necrosis response factors to preoperative chemoradiotherapy (n = 243)

Variable
Complete necrosis response 

(grade 3)
Intermediate necrosis response 

(grade 2)
Poor necrosis response 

(grade 1 or 0)

No. (%) HR 95% CI No. (%) HR 95% CI No. (%) HR 95% CI

Total no. of patients 43 (17.7) 103 (42.4) 97 (39.9)

Recurrence

Local 1 (2.3) 2 (1.9) 7 (7.2)

Systemic 2 (4.7) 19 (18.4) 31 (32.0)

Both 1 (2.3) 4 (3.9) 6 (6.2)

Total 4 (9.3) 25 (24.3) 44 (45.4)

Cox regression model
 for risk of recurrence

Local 1 1.92 0.26–6.41 3.79 0.85–16.83

Systemic 1 3.34 1.00–11.14 7.15 2.20–23.20

Total 1 2.73 0.95–7.84 6.37 2.29–17.74

HR, hazard ratio; CI, confidence interval.
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indicators of treatment response. However, there have 
been no studies directly comparing these two prognos-
tic indicators in the same cohort using the same statis-
tical method. In our study, we evaluated the two prog-
nostic indicators in one cohort of rectal cancer patients 
and compared the two indicators using two models in 
a multivariate analysis with the Cox regression model. 
The HR of the PTR group was 4.42 (95% CI, 1.57 to 12.44) 
and that of the PNR group was 5.56 (95% CI, 1.95 to 15.84) 
in the multivariate Cox proportional hazard model of 
RFS. For OS, the HR was 3.39 (95% CI, 1.18 to 9.70) in the 
PTR group and 6.20 (95% CI, 2.15 to 17.92) in the PNR 

group. This means that the PNR group had a high HR, 
as compared to the PTR group, for RFS and OS. There-
fore, survival curves for recurrence and for treatment 
response were separate in terms of necrosis response. 

Previous studies of prognosis associated with the re-
section of advanced rectal cancer have some limitations 
due to the data being pooled from multiple smaller se-
ries [12,14]. Our study is a single-institutional study in 
which the patients were all treated by the same surgi-
cal team and a single treatment strategy. Although our 
study may overlook potential limitations related to an 
8-year study period, the biases of these results were min-

Table 6. Univariate Cox proportional hazards regression models of clinical factors of RFS and OS

Factor
RFS OS

HR 95% CI HR 95% CI

Treatment response

Complete response 1 1

Intermediate response 1.85 0.58–5.89 2.02 0.64–6.36

Poor response 5.53 2.01–15.23 3.89 1.39–10.80

Necrosis response

Complete response 1 1

Intermediate response 2.73 0.95–7.84 1.78 0.60–5.27

Poor response 6.37 2.29–17.74 5.48 1.96–15.37

Clinical stage

II 1

III 1.55 0.97–2.47 1.68 1.00–2.82

Differentiation

Well 1

Moderate 0.97 0.53–1.80 1.13 0.55–2.33

Poorly 1.48 0.67–3.24 2.50 1.08–5.78

Lymphatic invasion

None 1

Present 2.65 1.55–4.52 1.61 0.86–3.03

Perineural invasion

None 1

Present 1.87 1.04–3.35 2.04 1.11–3.77

Vascular

None 1

Present 4.25 1.71–10.60 3.03 1.09–8.41

Location of tumor (cm, from anal verge)

< 5 1

≥ 5 1.45 0.91–2.31 0.74 0.44–1.23

RFS, recurrence free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval.
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imized by employing the same radiation dose, the same 
type of concurrent chemotherapy, and homogenous ad-
juvant chemotherapy.

One of the common issues in advanced rectal cancer 
treatment is adjuvant chemotherapy. The PROCTOR/
SCRIPT study did not show a significant difference in 
OS between adjuvant chemotherapy and the observation 
group in a multicenter randomized trial of 470 patients 
with stage II or III rectal cancer. An Italian trial also re-
ported no difference in 10-year OS between adjuvant 
chemotherapy and observation [15,16]. Recently, the EO-
RTC 22921 trial also reported that adjuvant fluoroura-
cil-based chemotherapy after neoadjuvant radiotherapy 
(with or without chemotherapy) did not demonstrate a 
significant effect on disease-free survival and OS in ad-
vanced rectal cancer patients [17]. Two previous trials 

have only been reported as abstracts and the results of 
the EORTC 22921 trial are controversial because of poor 
adherence to treatment protocols and a suboptimal 
schedule. Over half of the patients in the EORTC 22921 
trial did not receive the intended four cycles. Howev-
er, the high rate of distant metastasis in PTR and PNR 
shows the necessity for effective adjuvant chemotherapy 
in our study. Hong et al. [18] reported the effectiveness 
of FOLFOX adjuvant chemotherapy in postoperative 
pathological stage II or III rectal cancer. 

In our study, 88.5% of patients received adjuvant che-
motherapy after CRT and surgery. The most common 
reasons for not receiving adjuvant chemotherapy were 
poor performance status or surgical complications. 
Evaluation of the effect of adjuvant therapy is beyond 
the scope of our study because most patients received 

Table 7. Multivariate Cox proportional hazards regression models of clinical factors of recurrence free survival

Factor
Model 1 (treatment response) Model 2 (necrosis response)

HR 95% CI HR 95% CI

Treatment and necrosis response

Complete response 1 1

Intermediate response 1.87 0.58–6.00 2.21 0.76–6.45

Poor response 4.42 1.57–12.44 5.56 1.95–15.84

Clinical stage

II 1 1

III 1.29 0.77–2.16 1.62 0.96–2.74

Differentiation

Well 1 1

Moderate 0.82 0.44–1.54 0.71 0.37–1.36

Poorly 1.21 0.54–2.72 1.27 0.56–2.88

Lymphatic invasion

None 1 1

Present 1.58 0.89–2.81 1.76 0.98–3.13

Perineural invasion

None 1 1

Present 1.03 0.55–1.94 1.00 0.53–1.90

Vascular

None 1 1

Present 3.15 1.19–8.32 2.52 0.95–6.73

Location of tumor (cm, from anal verge)

< 5 1 1

≥ 5 0.65 0.40–1.07 0.56 0.34–0.92

HR, hazard ratio; CI, confidence interval.
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adjuvant chemotherapy. Generally, we think that com-
plete response patients receiving neoadjuvant CRT have 
a very favorable prognosis, while uncertainty remains 
about any additional gain from adjuvant chemotherapy 
in this group. However, a clinical trial of the poor re-
sponse group is needed to evaluate whether toxicity is 
increased along with treatment intensification. 

In conclusion, the treatment response factor and ne-
crosis response factor were compared using the same 
statistical method in the same cohort of advanced rectal 
cancer patients receiving neoadjuvant CRT and surgery. 
We found that the prognostic value of the necrosis re-
sponse factor was as important as that of treatment re-
sponse factor in rectal cancer patients treated with neo-
adjuvant CRT.

Table 8. Multivariate Cox proportional hazards regression models of clinical factors of overall survival

Factor
Model 1 (treatment response) Model 2 (necrosis response)

HR 95% CI HR 95% CI

Treatment and necrosis response

Complete response 1 1

Intermediate response 2.37 0.75–7.52 1.53 0.51–4.62

Poor response 3.39 1.18–9.70 6.20 2.15–17.92

Clinical stage

II 1 1

III 1.64 0.93–2.91 2.06 1.15–3.70

Differentiation

Well 1 1

Moderate 1.11 0.53–2.31 0.75 0.35–1.61

Poorly 2.58 1.08–6.15 2.62 1.11–6.21

Lymphatic invasion

None 1 1

Present 0.85 0.43–1.68 0.84 0.42–1.67

Perineural invasion

None 1 1

Present 1.38 0.70–2.71 1.18 0.60–2.31

Vascular

None 1 1

Present 2.68 0.90–7.92 2.05 0.70–6.04

Location of tumor (cm, from anal verge)

< 5 1 1

≥ 5 0.61 0.35–1.07 0.51 0.29–0.88

HR, hazard ratio; CI, confidence interval.

KEY MESSAGE

1. In both the treatment and necrosis response 
group, complete response had excellent out-
comes with very low rates of local and distant 
recurrence.

2. The difference in systemic recurrence rate 
between complete treatment response and in-
termediate treatment response in the classifica-
tion of treatment response was not statistically 
significant. However, the difference in systemic 
recurrence between complete necrosis response 
and intermediate necrosis response was sta-
tistically significant.

3. The prognostic value of the necrosis re sponse 
factor was as important as that of treatment re-
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