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Purpose: Recurrence patterns in rectal cancer patients treated with preoperative chemoradiotherapy (PCRT) are needed 
to evaluate for establishing tailored surveillance protocol.
Methods: This study included 2,215 patients with locally-advanced mid and low rectal cancer treated with radical resec-
tion between January 2005 and December 2012. Recurrence was evaluated according to receipt of PCRT; PCRT group 
(n = 1,258) and no-PCRT group (n = 957). Early recurrence occurred within 1 year of surgery and late recurrence after 3 
years. The median follow-up duration was 65.7 ± 29 months.
Results: The overall recurrence rate was similar between the PCRT and no-PCRT group (25.8% vs. 24.9%, P = 0.622). The 
most common initial recurrence site was the lungs in both groups (50.6% vs. 49.6%, P = 0.864), followed by the liver, 
which was more common in the no-PCRT group (22.5% vs. 33.6%, P = 0.004). Most of the recurrence occurred within 3 
years after surgery in both groups (85.3% vs. 85.8%, P = 0.862). Early recurrence was more common in the PCRT group 
than in the no-PCRT group (43.1% vs. 32.4%, P = 0.020). Recurrence within the first 6 months after surgery was signifi-
cantly higher in the PCRT group than in the no-PCRT group (18.8% vs. 7.6%, P = 0.003). Lung (n = 27, 44.3%) and liver 
(n = 22, 36.1%) were the frequent the first relapsed site within 6 months after surgery in PCRT group. 
Conclusion: Early recurrence within the first 1 year after surgery was more common in patients treated with PCRT. This 
difference would be considered for surveillance protocols and need to be evaluated in further studies. 
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INTRODUCTION

Preoperative chemoradiotherapy (PCRT) is widely accepted as 
one of the most effective treatments for rectal cancer. It is consid-
ered the standard treatment for locally-advanced rectal cancer 
along with total mesorectal excision [1-3]. Many studies docu-

mented significant improvement in local control and downstage 
of primary tumor in patients treated with PCRT [4-6]. It has been 
extended for practical use in locally-advanced rectal cancer and 
even lower clinical stage. Distant relapse, however, is still common 
despite improved and tailored treatment modalities [3, 7, 8]. De-
tecting recurrences at proper timing when curative treatment was 
possible effectively is important to improve oncologic outcomes 
even under neoadjuvant treatment era. Therefore, proper surveil-
lance program in terms of surveillance method and timing based 
on recurrence pattern is critical.

There has been suspicion that recurrence patterns would be dif-
ferent in patients who received neoadjuvant treatment because it 
might alter tumor biology or discriminate “favorable” tumors ac-
cording to tumor response. Several studies have evaluated recur-
rence pattern in rectal cancer treated with PCRT treatment [9-13]. 
The local recurrence occurred later in patients in the PCRT group 
than in patients who did not receive PCRT in some studies [11-
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13]. However, distant metastasis rate was not different according 
to PCRT although lung metastasis was more common in the 
PCRT group [11, 14]. Frequent lung metastasis would be caused 
by more inclusion of low rectal cancer patients in the PCRT 
group. 

Because the recurrence pattern after PCRT was not elucidated 
yet, a postoperative surveillance protocol has been used for pa-
tients with rectal cancer regardless of PCRT treatment. Current 
postoperative surveillance program was based on observations of 
rectal cancer patients not receiving PCRT. Therefore, we need to 
evaluate recurrence in patients who received PCRT thoroughly to 
apply proper surveillance protocol to these patients. 

The aim of this study was to investigate recurrence in terms of 
sites and timing in locally-advanced rectal cancer patients treated 
with PCRT and showed difference from that of patients who did 
not receive PCRT.

METHODS

Study population
We retrospectively analyzed 2,215 patients with locally-advanced 
mid (> 5 cm but ≤ 10 cm from the anal verge) or low (≤ 5 cm 
from the anal verge) rectal cancer treated with radical resection 
between January 2005 and December 2012 at the Asan Medical 
Center, Seoul, Korea. Patients were categorized into the PCRT or 
no-PCRT group according to whether they received PCRT before 
surgery. Patients with concurrent distant metastasis at diagnosis, 
those with concurrent or prior malignancies within 5 years of the 
diagnosis of rectal cancer, or with prior history of immunotherapy 
or radiotherapy to the pelvis were excluded. Patients with no 
identifiable exact clinical stage and pathologic stage were also ex-
cluded (Fig. 1). This study was approved by the Institutional Re-
view Board of Asan Medical Center and waived informed consent 
(2017-1114).

Clinical diagnosis and treatment 
Clinical stage II or III diseases which were diagnosed as cT3/4 or 
node positive using computed tomography (CT), magnetic reso-
nance imaging (MRI), or transrectal ultrasonography was defined 
as locally-advanced rectal cancer. 

Patients with suspicious mesorectal fascia involvement were rec-
ommended PCRT primarily. Patients who had obstructive lesion 
were recommended upfront surgical resection. Patients were 
given thorough information regarding the disease status, possible 
advantage/side effect of PCRT, and expected response rate and in-
volved in decision of treatment plan. For patients who were de-
cided to receive PCRT, a dose of 45 to 50.4 Gy of radiation therapy 
was given in 25 to 28 fractions to a target volume including the 
primary tumor, the perirectal adipose tissue, the lateral pelvis, and 
the presacral lymph node during the PCRT treatment period. As 
a part of a clinical trial, some patients received titanium silicate-1 
concurrently with chemotherapy. Surgical resection was per-

formed 6 to 8 weeks after completion of the radiation therapy. 
Adjuvant chemotherapy is recommended for all medically fit pa-
tients treated with PCRT. The standard adjuvant regimen con-
sisted of 4 cycles of 5-fluorouracil and leucovorin (FL) monthly or 
6 cycles of capecitabine. Patients were also treated with oxaliplatin 
at the discretion of the attending physician.

For patients who did not receive PCRT, radical surgical resec-
tion was performed according to the principle of total mesorectal 
excision. Postoperative chemoradiotherapy (CRT) was recom-
mended to pathologic stage III patients. Postoperative CRT con-
sisted of a total of 45 to 50.4 Gy of radiotherapy combined with 
FL. For patients with pathologic stage II disease, postoperative 
chemotherapy was recommended.

Surveillance and oncologic outcomes
All patients underwent follow-up examination every 3 to 6 
months after surgery. This included patient history, physical ex-
amination, measurement of serum carcinoembryonic antigen 
levels. Abdominal, pelvic, and chest CT scans were performed ev-
ery 6 months. Colonoscopy was performed every 2 to 3 years. 
When patients had obstructive lesion, colonoscopy was done 
within 6 months after surgical resection. Recurrences were diag-
nosed based on imaging modality and confirmed pathologically 
by biopsy if possible. When pathologic confirmation was not pos-
sible, diagnosis of recurrence was made combining more than 2 
imaging modality diagnosis or serial change on same imaging 
method. Local recurrence was defined as the presence of a suspi-

Fig. 1. Flow chart that describes inclusion of patients.
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cious lesion in the pelvis (the site of anastomosis, the bed of the 
primary resection, etc.) identified by colonoscopy or imaging 
modalities such as abdominopelvic CT, MRI, or positron emis-
sion tomography (PET). Distant metastasis was defined as the 
presence of recurrence beyond the pelvis. The timing of recur-
rence was determined as the interval between the date of resec-
tion of the primary tumor and the date of diagnosis of recurrence. 
Early recurrence was defined as recurrence that developed within 
the first 1 year of surgery. Recurrence occurring later than 3 years 
after surgery was defined as late recurrence.

Statistical analysis
Categorical variables were compared using the chi-squared tests, 
and Student t-tests were used for analysis of normally distributed 
continuous data. Relationships between independent variables 
and the time to event were established using the Kaplan-Meier 
method and compared by log-rank testing. Logistic regression 
analysis was performed for univariate and multivariate analyses of 
factors associated with early recurrence in the whole cohort and 
PCRT group separately. The covariates used in the analysis were 
PCRT, age, sex, clinical stage, location of tumor, pathologic T cat-
egory, pathologic node metastasis, lymphovascular invasion 
(LVI), perineural invasion (PNI), pathologic circumferential re-
section margin (CRM) involvement, and sphincter-saving resec-
tion. Variables with P< 0.2 were used in the multivariate analysis. 
Statistical significance was assumed at the 5% level. All analyses 
were performed with IBM SPSS Statistics for Windows, ver. 21.0 
(IBM Corp., Armonk, NY, USA). 

RESULTS

Clinicopathological characteristics of patients
A total of 2,215 patients who were treated for locally-advanced 
rectal cancer during the study period were included. The median 
follow-up time was 65.7± 29 months. The no-PCRT group was 
older than the PCRT group. PCRT group had more patients with 
low rectal cancer (P < 0.001) and clinical stage III disease (P <  
0.001). Sphincter preservation was more frequently possible in 
the no-PCRT group than in the PCRT group (P < 0.001). The 
proportion of the tumor contained within the bowel wall ([y]
pT0–2) was higher in the PCRT group (P< 0.001). Both LVI and 
PNI were more prevalent in the PCRT group (Table 1). 

Recurrence rate and initial recurrence site according to PCRT 
The overall recurrence rate was similar between 2 groups (Table 2) 
and the 5-year disease-free survival rate was also not different be-
tween PCRT (73.7%) and no-PCRT (73.3%) group (P = 0.685) 
(Fig. 2). Systemic relapse was the most common type of recur-
rence. In both groups, the lung was the most frequent site of ini-
tial recurrence (50.6% vs. 49.6%, P= 0.864), followed by the liver 
(Fig. 3A). The proportion of liver metastases among initial recur-
rences was significantly lower in the PCRT group than in the no-

PCRT group (22.5% vs. 33.6%, P= 0.004). Peritoneal seeding was 
observed more frequently as the initial recurrence site in the no-
PCRT group (2.8% vs. 5.9%, P= 0.084), but it was not statistically 

Table 1. Clinicopathological characteristics of the patients 

Variable
PCRT 

(n = 1,258)
No-PCRT 
(n = 957)

P-value

Age (yr) 58 ± 10.6 (25–83) 60.6 ± 11.4 (21–87) < 0.001

Sex 0.005

   Male 845 (67.2) 587 (61.3)

   Female 413 (32.8) 370 (38.7)

Location of tumor < 0.001

   Midrectum 451 (35.9) 748 (78.2)

   Lower rectum 807 (64.1) 209 (21.8)

Clinical stage   < 0.001

   Stage II 68 (5.4) 136 (14.2)

   Stage III 1,190 (94.6) 821 (85.8)

Sphincter preservation 965 (76.7) 883 (92.3) < 0.001

Examined LNs 16.1 ± 7.4 (0–64) 21.3 ± 9.6 (0–58) < 0.001

pT category < 0.001

   ypT0–2 608 (48.3) 82 (8.6)

   ypT3–4 647 (51.4) 872 (91.1)

pN category < 0.001

   ypN0 898 (71.4) 403 (42.1)

   ypN1 266 (21.1) 338 (35.3)

   ypN2 94 (7.5) 216 (22.6)

Lymphovascular invasion 612 (48.6) 365 (38.1) < 0.001

Perineural invasion 609 (48.4) 340 (35.5) < 0.001

Follow-up duration (mo) 66.5 ± 27.9 (5–156) 66 ± 31.6 (6–159) 0.690

Adjuvant chemotherapy 1,143 (90.9) 677 (70.7) < 0.001

Values are presented as mean ± standard deviation (range) or number (%). 
PCRT, preoperative chemoradiotherapy; LN, lymph nodes.

Table 2. Recurrence pattern according to treatment with preopera-
tive chemoradiotherapy 

Variable
PCRT 

(n = 1,258)
No-PCRT 
(n = 957)

P-value

Recurrence 325 (25.8) 238 (24.9) 0.622

Time to recurrence (mo) 20.3 ± 17.3 21.3 ± 14.9 0.472

Recurrence typea 0.165

   Local recurrence 47 (14.5) 22 (9.2)

   Systemic metastasis 264 (81.5) 207 (87.0)

   Local + systemic 13 (4.0) 9 (3.8)

Values are presented as mean ± standard deviation (range) or number (%). 
PCRT, preoperative chemoradiotherapy.
aPercentage among recurrences.
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significant. Local recurrence occurred more commonly as the ini-
tial recurrence site in the PCRT group compared with the no-
PCRT group (18.5% vs. 12.2%, P= 0.047). 

Early recurrence sites were different in the 2 groups. The lungs 
(45.0%) were the most common site of early recurrence, followed 
by the liver (27.9%) in the PCRT group. However, both the liver 
(49.4%) and lungs (45.5%) were the most common sites of early 
recurrence in the no-PCRT group. Metastases at distant lymph 
nodes were significantly more common as early metastases in the 
PCRT group than in the no-PCRT group (16.4% vs. 6.4%, 
P= 0.055; Fig. 3B). 

There were no significant differences between the groups in late 
recurrence sites. The lungs were the most common site of late re-
currence in the PCRT group. The rates of liver metastases (20.8%) 
and local recurrence (20.8%) were similar in the PCRT group (Fig. 
3C). After 5 years, only 2 local recurrences were detected, both in 
the PCRT group (2.5%). The frequency of early and late recur-
rence sites in both groups was similar.

Recurrence timing according to PCRT treatment
Mean time to recurrence was not different between groups (Table 
2). Mean time to local and distant relapse were also not different 
(20 vs. 21 months; P= 0.922). Patients were categorized based on 
the time to recurrence (≤ 6 months, > 6 months and ≤ 1 year, > 1 
year and ≤ 2 years, > 2 years and ≤ 3 years, > 3 years and ≤ 5 years, 
and > 5 years) (Fig. 4). The rate of recurrence within 6 months 
was significantly higher in the PCRT group than in the no-PCRT 
group (18.8% vs. 7.6%, P< 0.001). After 5 years, recurrence in the 
PCRT group was higher than that in the no-PCRT group, but this 
difference was not statistically significant (P= 0.187). Early recur-

Fig. 2. The 5-year disease-free survival (DFS) rate according to treat-
ment with preoperative chemoradiotherapy (PCRT).
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rence (within the first 1 year after surgery) was significantly 
higher in the PCRT group than in the no-PCRT group (43.1% vs. 
32.4%, P= 0.020). 

Recurrence patterns were evaluated by tumor location. In pa-
tients with mid-rectal cancer, the overall recurrence rate was simi-
lar between the groups (PCRT 24.8%, no-PCRT 24.5%, P= 0.890), 
but the proportion of early recurrence was significantly higher in 
the PCRT group than in the no-PCRT group (46.4% vs. 33.3%, 
P = 0.027). The proportion of early recurrence was not signifi-
cantly different for patients with low rectal cancer (PCRT 41.3% 

vs. no-PCRT 29.1%, P= 0.121), and the overall recurrence rate 
was similar between the groups (PCRT 26.4% vs. no-PCRT 
26.3%, P< 0.999).

Frequent early recurrence in the PCRT group was mainly due to 
early distant metastases. Among recurrences, the early recurrence 
rate for local recurrence did not show a difference between the 
PCRT (40.0%) and no-PCRT (30.9%) groups (P= 0.486). How-
ever, the proportion of early recurrence rate for distant metastasis 
among overall recurrences was significantly higher in the PCRT 
group (43.7%) than in the no-PCRT group (32.9%) (P= 0.015).

Factors associated with early recurrence  
It is showed that patients who received PCRT were significantly 
related to early recurrence. Sphincter preservation showed nega-
tive association with early recurrence, and pathologic node me-
tastasis was a factor of early recurrence in overall patients (Table 
3). In the PCRT group, risk factors of early recurrence were ana-
lyzed separately. Pathologic node metastasis was significantly as-
sociated with early recurrence. Sphincter preservation showed 
also negative association with early recurrence in the PCRT group 
(Table 3). Location of tumor, clinical stage, sex, pathologic T cate-
gory, LVI, PNI, and CRM involvement were determined as factors 
associated with early recurrence in the PCRT group as well as 
overall patients.

DISCUSSION

In the present study, recurrence within the first year after surgical 
resection occurred significantly more often in patients treated 

Table 3. Risk factors associated with early recurrence, multivariate analysis

Variable 
Overall patients PCRT group

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

PCRT 0.017

   No 1

   Yes 1.593 1.085–2.340

Sex 0.112

   Male 1

   Female 0.149 0.911–2.437

ypT stage 0.309

   ypT0–2 1

   ypT3–4 0.776 0.475–1.266

ypN stage 0.007 0.031

   ypN0 1 1

   ypN+ 1.696 1.158–2.484 1.655 1.046–2.618

SSR 0.584 0.383–0.890 0.003 0.469 0.286–0.768 0.003

CRM involvement 1.545 0.816–2.924 0.182

HR, hazard ratio; CI, confidence interval; PCRT, preoperative chemoradiotherapy; SSR, sphincter-saving resection; CRM, circumferential resection margin.  

Fig. 4. Timing of recurrence according to treatment with preopera-
tive chemoradiotherapy (PCRT). 
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with PCRT than in those not treated with PCRT and lung was 
predominant recurrence site. Although overall recurrence rate 
was similar between 2 groups, recurrence site and timing showed 
difference. 

The recurrence pattern in patients treated with PCRT was sus-
pected of being different from that of patients who did not receive 
PCRT. PCRT has been shown to effectively suppress local micro-
metastasis by improving tumor oxygenation [4, 15]. Therefore, tu-
mor regrowth and recurrence would be expected to develop later 
in patients treated with PCRT. Some studies reported that local re-
currence developed later in the PCRT group than in the no-PCRT 
group. Yeo et al. [11] reported that the rate of overall recurrence 
was 23.1% in patients who received PCRT and 30.7% in patients 
who received postoperative CRT. The time to local failure in the 
PCRT group was longer than in the postoperative CRT group 
(37.2± 21.2 vs. 35.2± 27.4 months, P= 0.841) although it was not 
significant. Marin et al. [12] reported that local recurrence oc-
curred significantly later in patients who underwent PCRT than in 
those who did not receive PCRT (51.8 vs. 13.5 months, P= 0.002). 
Coco et al. [16] reported 28% of all local recurrence after the first 5 
years after surgery in patients treated with PCRT.

The present study report that time to local recurrence was not 
different between the PCRT and no-PCRT groups. Although the 
local recurrence rate was higher in patients who received PCRT 
than in those who did not receive PCRT, the proportion of early 
and late local recurrence was similar. We defined late recurrence 
as recurrence occurred after 3 years from surgery because 85.4% 
of recurrence developed within the first 3 years after surgery. 
Within recommended surveillance period, local recurrence did 
not occur later in patients who received PCRT in the present 
study. Regular postoperative surveillance was conducted for up to 
5 years after surgery, according to clinical treatment guidelines for 
colorectal cancer [17, 18]. However, regular surveillance after 5 
years was quite various according to disease status, economic sta-
tus, performance status, and health care accessibility. Among liv-
ing patients, 67.7% of patients were followed up longer than 5 
years in the present study. It is less than the other studies which 
reported a longer time to local recurrence in patients treated with 
PCRT [11, 12]. This would be influence on detection of local re-
currence beyond postoperative 5 years.

The low rate of local recurrence may also affect results. The local 
recurrence rate in both groups was lower than 5% which was quite 
low rate considering reported local recurrence rate in the previous 
reports [4, 5, 11, 12]. Furthermore, the rate of local recurrence af-
ter 5 years was 2.5% in the PCRT group, and there were no pa-
tients who relapsed beyond 5 years in the no-PCRT group. The 
limited number of patients in these categories may have skewed 
the statistical results. The local recurrence rate was higher in the 
PCRT group than in the no-PCRT group, although the difference 
was not statistically significant. This is contrary to results of cur-
rent reports, which indicate that PCRT is more effective for local 
control. Although we included clinical stage II and III disease in 

both groups, compared to the no-PCRT group, the PCRT group 
had more aggressive features, such as threatened CRM on imaging 
modalities, bulky tumors, or cT4 diseases, which were not deter-
mined by the clinical stage [19, 20]. Therefore, these features 
would influence the local relapse in the PCRT group. 

In the present study, early recurrence in the PCRT group was 
mainly due to higher rates of early distant metastases than those in 
the no-PCRT group. Early distant recurrence after PCRT could be 
confused with interval failure, which occurs after starting PCRT, 
or metastases that existed but were not detected at the time of ini-
tial diagnosis. In this study, abdominal, pelvic, and chest CT were 
performed to detect distant metastasis, and PET-CT was also per-
formed in the case of indeterminate lesions found on CT, in order 
to exclude preexisting distant metastasis before PCRT and reeval-
uated before surgical resection in PCRT group. Thus, we consider 
early recurrences in the PCRT group to represent newly developed 
lesions, but it is difficult to completely exclude the possibility of 
micrometastases precluded from detection with imaging. 

Patients with advanced features related to poor prognosis [18-
20] might have been included in the PCRT group more fre-
quently. LVI and PNI were more prevalent in the PCRT group 
than in the no-PCRT group in the present study. These adverse 
features are risk factors for early recurrence in patients treated 
with PCRT. Recently, there is increasing interest in the tailored 
application of PCRT according to detailed tumor characteristics. 
Aggressive features, such as a threatened CRM, the presence of an 
extramural venous invasion, and a more advanced T3 substage, 
indicate the need for PCRT [18]. These indications were used in 
the present study. More patients with advanced rectal cancer who 
are more prone to early recurrence would be more likely to re-
ceive PCRT according to recent tailored treatment strategies. 
Therefore, the present study result, which indicated that early re-
currence within the first 6 months was significantly more likely in 
the PCRT group than in the no-PCRT group, is helpful for real 
clinical practice. 

However, early relapse made us reconsider the effectiveness of 
adjuvant chemotherapy in a PCRT setting. The effects of adjuvant 
chemotherapy on oncologic outcomes in PCRT settings have not 
been defined thus far. Although the folinic acid, fluorouracil, and 
oxaliplatin (FOLFOX) adjuvant chemotherapy has been reported 
to improve disease-free survival in stage II/III rectal cancer after 5 
fluoropyrimidine-based PCRT and radical resection in a study 
[21, 22], other randomized European trials have failed to show 
benefits of adjuvant chemotherapy on survival outcomes [23-26]. 
In addition, insufficient compliance rate was also one of limita-
tion for demonstrating advantage of adjuvant chemotherapy in 
these trials. Therefore, total neoadjuvant therapy has been sug-
gested to improve compliance with treatment. It also has the po-
tential advantage of micrometastases control and improving 
pathological response [27]. Considering the higher early recur-
rence rate in patients treated with PCRT, total neoadjuvant ther-
apy should be carefully considered for these patients and there is a 
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need to discover the benefits/disadvantages and effects of further 
treatment on oncological outcomes. 

In the present study, the lung was the most common initial re-
currence site regardless of PCRT treatment. Liver metastasis, how-
ever, was significantly more common in the no-PCRT group. The 
primary tumor location is related to the distant metastasis site, and 
lung metastasis is reported to be more common in patients with 
rectal cancer, especially low rectal cancer [8-10, 28-30]. This was 
known due to differences in systemic circulation between the up-
per and the lower rectum [14, 29]. Lower rectal cancer was more 
common in the PCRT than in the no-PCRT group, which could 
explain the relatively high rate of lung metastasis in the PCRT 
group. The patterns of recurrence at other sites also differed ac-
cording to PCRT treatment. Distant lymph node recurrence was 
higher in the PCRT group, while, peritoneal seeding was detected 
more often among patients who did not receive PCRT. These find-
ings could be used to improve the reliability of the surveillance 
program. Further studies are required to determine the utility of 
tailored surveillance according to PCRT treatment.

A limitation of the current study was the heterogeneity of the 
patients in each group. The PCRT group included more advanced 
cases than the no-PCRT group. Although we specifically included 
patients with locally-advanced rectal cancer with clinical stage II/
III, there might still be differences that could not be standardized 
using simple clinical staging. The main limitation of this retro-
spective cohort study was the possibility of biased information. 
Only 67.7% of living patients continued long-term surveillance 
after 5 years, which might not be of sufficient duration to reach 
conclusions regarding late recurrence. However, the proportions 
of patients receiving late surveillance were not different between 
the PCRT and the no-PCRT groups, making it possible to com-
pare the late recurrence rate between the 2 groups. 

Despite these limitations, we were able to evaluate the recur-
rence pattern according to timing and sites after surgical resec-
tion, and to describe the recurrence pattern of rectal cancer in 
real-world practice. In addition, we identified recurrence pattern 
of patients received PCRT would be different. This information 
may help clinicians to develop tailored surveillance protocols for 
rectal cancer patients who treated with PCRT, based on their spe-
cific recurrence patterns. 

In conclusion, this study demonstrates the need for more careful 
detection of early recurrence in rectal cancer patients treated with 
PCRT. Intensive surveillance during the early period in these pa-
tients may lead to improved detection of recurrence. Additional 
comprehensive information regarding the pattern of recurrence 
in patients receiving PCRT will be required to recommend tai-
lored surveillance protocol in these patients.
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