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Abstract

Background and objectives: Advanced rectal cancers require local and systemic control. Chemo radiotherapy
(CRT) is adequate to achieve adequate local control. Systemic control, however, is a dominant obstacle remained in
debates. We compared oncology outcome in both arms in patients with advanced rectal cancers in order to identify
high-risk group of distant metastasis.

Methods: Data for 723 patients for advanced rectal cancer from 2005 to 2013 retrieved retrospectively. Patients
were classified to CRT (n=364) or no CRT (n=359) arms.

Results: CRT group showed greater local control and achieved pT stage 0, 1, or 2 in 43.7% vs. 28.4% in no CRT
(p<0.001) and less CEA marker (11.17 ± 25.2 vs. 6.14 ± 11.3, p<0.001), respectively. Although CRT group had
higher rates of advanced tumors, cT3 or T4 (341(93.7%) vs. 294(81.9%), p<0.001) and CRM threat (167 (45.9%) vs.
30(8.4%); p<0.001). Overall local recurrence rate observed in no CRT 3% compared to 2.1% in CRT arm, (p<0.005).
Systemic recurrence rate was similar in both groups, (22.5% vs. 23%), respectively.

Conclusion: CRT is efficient to downstage locally advanced rectal cancer, not systemic control though. Early
recognition of high-risk group is recommended in order to consider CRT modification ahead of planned surgery.

Keywords: Chemo-radiotherapy; Systemic failure; Locally advanced
rectal cancer

Introduction
Colorectal cancer (CRC) is a leading cause of cancer-related

mortality worldwide, with over 1.2 million new cases diagnosed each
year [1]. Surgical approaches for rectal cancer have evolved markedly
with the development of a promising standardized approach for total
mesorectal excision (TME), which was first described by Professor Bill
Heald [2]. In addition, screening programs and increased colorectal
cancer (CRC) literacy have contributed to improved detection of early
cancer, with 5-year survival ranging from 50% to 90% with adequate
surgery [3]. The mainstay of early CRC treatment is curative surgery;
however, treatment of advanced CRC is challenging, particularly for
advanced rectal cancer, because of the limitations of the operation field
and location of the tumor in close association with vital structures
responsible for urinary and sexual function. As a result, several
techniques and procedures have been developed to enhance surgical
management and reduce comorbidity. Neo adjuvant chemo
radiotherapy (CRT) has shown effectiveness in advanced rectal cancer
in term of tumor down staging, sphincter preservation, and reduction
of local recurrence, but has failed to achieve systemic control [4,5].

Before the advent of CRT and TME, both local and distant
recurrences represented major problems in the treatment of rectal
cancer, with rates of local recurrence reaching 32%-35% for
conventional surgery [6]. Standardized treatment of advanced rectal
cancer has been proposed based on findings of the German

CAO/ARO/AIO-94 randomized phase III trial after a median follow-
up of 11 years and according to the International Union Against
Cancer (IUCC) [4,7]. The German trial compared efficacy of
preoperative CRT and postoperative CRT in 823 patients with stage
2-3 rectal cancer and showed a cumulative incidence of local relapse of
7.1% and 10.1% in the pre- and postoperative arms, respectively
(p=0.048). The rationale for this approach is based on more efficient
destruction of normally oxygenated tumor cells compared to those
with impaired perfusion after pelvic surgery; thus, it is hypothesized
that this method will eradicate micrometastasis, shrink tumor burden,
and downstage the tumor [8]. Nevertheless, systemic failure represents
another challenging entity that has provoked long-standing and
ongoing debates. In most of the published articles to date, CRT by itself
could not influence or control distal tumor spread [9]. This outcome
was studied previously by a German group [4], detected no significant
differences in the 10-year cumulative incidence of distant metastases
and disease-free survival (29.8% and 29.6%, respectively; p=0.9).

Numerous trials have considered modifying the treatment regimen
by adding a chemotherapy course to radiotherapy (RT) before surgery
or as consolidation chemotherapy, and concomitant use of
chemotherapy with RT has been proposed worldwide. Addition of
perioperative administration of chemotherapy to the treatment
strategy for advanced rectal cancer has shown promise in the recently
published results of the CORONA I study, with improvement in overall
survival [10-14]. However, the risk of chemotherapy-related toxicity
and delay in the planned surgical management, as well as failure to
control distant metastasis, contribute to difficulties in decision making.
A study by a Dutch colorectal cancer group [15] reported that the rate
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of fecal incontinence increased from 27% and 39% after surgery alone
to 62% and 64% after preoperative radiotherapy. This is a serious
example of decreased patient quality of life over the time. We therefore
need to weigh the beneficial impact of CRT against the risk of
complications. These issues are under extensive investigation. We
designed the current study to evaluate our single institute experience
in treating advanced rectal cancer with the standard protocol of CRT
followed by TME versus surgery alone and to study the treatment-
related influence on overall survival and local and systemic recurrence.

Materials and Methods

Patients
Patient records from 2005 to 2013 were reviewed, and 723 patients

who were diagnosed with advanced mid and low rectal cancer in a
single institute were enrolled for analysis. Patient charts, treatment
plans, and results were entered prospectively into the electronic data
base system. Patients were deemed to have locally advanced disease
(T3-T4 or N-positive) on the basis of magnetic resonance imaging
(MRI). This study was carried out with permission from institutional
review board and department of general surgery in Yonsei Medical
Health Care System. All patients were considered eligible on the basis
of histopathologically confirmed rectal adenocarcinoma with inferior
margin within 10 cm of the anal verge. Data were retrieved
retrospectively, and patients were allocated into a CRT group (n=364)
or no CRT group (surgery alone, n=359). The primary goal was to
compare the outcomes of the CRT group and no CRT group in terms
of local and systemic recurrence and overall survival (OS) rate.

We excluded patients with recurrent rectal cancer, previous
radiation therapy to the pelvic region, or previous diagnosis of other
malignancies or distant metastasis. All patients were required to
undergo a computed tomography (CT) scan of the chest, abdomen,
and pelvis and a serum carcinoembryonic antigen (CEA)
measurement. For local tumor staging, the magnetic resonance
imaging (MRI) has used for all patient group. However Endoscopic
ultrasound was used occasionally to assess clinical complete response.
The American Joint Committee on Cancer (7th edition) TNM system
was used for staging [16]. Tumor location was defined as upper rectum
if >10 cm from the anal verge (AV), mid rectum if 6-10 cm from AV,
and low rectum if <6 cm from AV.

Treatment protocol
All patients had undergone long-course CRT before surgery for

poorly prognostic features suspected by MRI or other parameters
(High risk group); however, surgery was performed upfront if no
circumferential resection margin (CRM) threat was identified (Low
risk group). If preoperative CRT was administered, surgery was
performed after a recovery time of 6-8 weeks and was followed by
adjuvant chemotherapy (AC) 6 weeks after surgery in most cases.

Long-course CRT is based on radiotherapy at 45 Gy delivered over a
period of 5 weeks and one course of chemotherapy consisting of 350
mg of fluorouracil per square meter of body surface area per day and
20 mg of leucovorin per square meter per day, both administered for 5-
day courses during the first and fifth weeks of radiotherapy. Patients
were discharged on the 7th-10th days after surgery if the postoperative
course was uneventful.

Surgery
Curative surgery was performed by highly expert surgeons in the

field of CRC with a minimum experience of 200 procedures.
Procedures were standardized within our unit of the colorectal
department. Laparoscopic and robotic rectal surgeries have been
performed since 2007 at our institution.

The medial approach with inferior mesenteric artery (IMA)
dissection was used according to surgeon preference; however, high
ligation of the IMA was encouraged if an enlarged lymph node was
anticipated at the root. The type of procedure was planned based on
pre-CRT, post-treatment imaging scans, and patient counseling to
maximize the negative resection margin rate and achieve R0 resection.

Follow-up and monitoring
All patients were followed-up within 2 weeks postoperatively to

address wound complications and patient status, as well as to discuss
the final histopathology report. Follow-up was every 3 months for the
first 2 years, every 6 months for the following 3 years, and annually
thereafter.

Baseline assessment at each visit including clinical examination,
rectal exam, proctoscopy, and CEA marker evaluation, as well as chest
and abdomino-pelvic computed tomography (CT) and pelvic MRI in
the case of suspected tumor recurrence or presence of distant
metastasis. Patients were determined to have local recurrence if any
tumor deposit was shown in radiological images or proven by biopsy
for a intraluminal location 6 months or more after primary surgery.

Study definition and protocol
Overall survival was defined as the time from diagnosis to the

recorded date of death. Threatened CRM was defined as involvement
of <2 mm of margin determined clinically by MRI or <1 mm
determined histologically. Lymph node positivity was assigned based
on the TNM staging system (N1, 1-4 positive lymph node; N2>4
positive lymph nodes). Tumor locations were classified as low (0-5 cm
from anal verge) or mid (5-10 cm)-rectal based on preoperative rigid
sigmoidoscopy and MRI images.

Local recurrence was defined as radiologic evidence of disease
recurrence in the pelvic cavity after previous curative surgery and was
validated pathologically. The duration to local or systemic recurrence
was the interval from the date of surgery to the first date of diagnosis
of recurrence (radiologic or pathologic).

Statistical Analysis
Data are summarized as frequency and percentage for categorical

variables and as median and range for continuous variables. Chi-
squared tests were used to compare proportions, and independent t
test was performed for comparison of continuous variables. Analyses
of overall survival (OS) and disease-free survival (DFS) were carried
out by the Kaplan-Meier method. All results were considered
statistically significant if the p value was less than 0.05. Statistical
Package for the Social Sciences for Windows (Version 20.0, Chicago,
IL) was used for data analysis.
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Results

Patient characteristics
From January 2005 to 2013, 723 patients were enrolled in the study.

Of these, 359 patients were assigned to the no CRT group, and 364
patients underwent CRT. The majority of our patients were male: 221
(61.6%) in the no CRT group vs. 241 (66.2%) in the CRT group.
Median follow up period was for 46 months. Median age was 61 years
(range, 22-89) in the no CRT group compared with 59 (27-88) years in
the CRT group. Preoperative level of the CEA marker was elevated in
the CRT group (11.17 ± 25.2 vs. 6.14 ± 11.3, p<0.001); however, the
postoperative CEA level was reduced to 1.44 ± 1.9 in the CRT group.
High-risk features were more commonly found in the CRT group;
lower rectum tumor was present in 150 patients (41.2%) vs. 66 (18.4%)
vs. in CRT and no CRT group, respectively (p<0.001), whereas mid-
rectum tumor was more frequent in the no CRT group (293 patients,
81.6%) compared with the CRT group (214 patients, 58.8%; p<0.001).
Tumor was staged clinically by MRI and found high risk feature in
CRT group, invading through the bowel wall at cT3-4 stage in the
majority of cases in both groups, but more frequently in the CRT
group (341 patients, 93.7%) than in the no CRT group (294 patients,
81.9%; p<0.001).

Variables No CRT (n=359) CRT (n=364) p value

Age 61 (22-89) 59 (27-88) 0.021

Pre-op CEA 6.14 ± 11.3 11.17 ± 25.2 0.001

Post-op CEA 1.87 ± 2.7 1.44 ± 1.9 0.023

Sex   0.193

Male 221 (61.6%) 241 (66.2%)  

Female 138 (38.4%) 123 (33.8%)

cT stage   

I, II 65 (18.1%) 23 (6.3%) <0.001

III, IV 294 (81.9%) 341 (93.7%)  

Tumor location   <0.001

Low (<6 cm) 66 (18.4%) 150 (41.2%)  

Mid (6-10 cm) 293 (81.6%) 214 (58.8%)  

MRI CRM invasion    

No 359 (100%) 197 (54.1%) <0.001

Suspected 0 (0%) 167 (45.9%)  

EMVI status   <0.001

No 356 (99.2%) 333 (91.5%)  

Suspected 3 (0.8%) 31 (8.5%)  

cT stage: Clinical T Stage, pre-op CEA: Preoperative Carcino Embryonic
Antigen, post-op CEA: Postoperative Carcino Embryonic Antigen, CRM:
Circumferential Resection Margin, EMVI: Extramural Venous Invasion.

Table 1: Patient characteristics.

Threatened CRM was seen in the CRT group only (167 patients,
45.9% vs. 0 patients in the no CRT group; p<0.001). The extramural
venous invasion (EMVI) rate was higher in the CRT group (31(8.5%)
vs. 3(0.8%), p<0.001, respectively). CRT resulted in down staging of
the tumor locally to reach achieve R0 resection in all patients with
reasonable CRM positive rate at 10(2.7%). Down staging effect
described in Tables 1 and 2.

Histologic findings
The majority of the tumors were moderately differentiated in both

no CRT and CRT groups (304 patients (84.7%) vs. 299 patients
(82.1%). We observed a significant prominent effect of CRT regimen
on tumor down staging for most of the variables. Down staging evident
in Lympho-vascular invasion (LVI) was present in 106 patients (31.9%)
in the no CRT group compared with only 38 patients (11.6%) in the
CRT group (p<0.001). The number of positive lymph nodes retrieved
from the no CRT group was higher than that for the CRT group (3.96
± 2.4 vs. 2.78 ± 2.4, respectively; p<0.001).

Histology No CRT (n=359) CRT (n=364) p value

Total LN 22.73 ± 13.2 15.45 ± 8.6 <0.001

Positive LN 3.96 ± 2.4 2.78 ± 2.4 <0.001

LVI   <0.001

No 236 (65.7%) 323 (88.7%)  

Yes 123 (34.3%) 41 (11.3%)  

pT stage   <0.001

I, II 102 (28.4%) 159 (43.7%)  

III, IV 257 (71.6%) 205 (56.3%)  

Cell differentiation   0.257

WD 41 (11.4%) 55 (15.1%)  

MD 304 (84.7%) 299 (82.1%)  

PD 14 (3.9%) 10 (2.7%)  

pCR   0.001

No 359 (100%) 353 (97%)  

Yes 0 (0%) 11 (3%)  

CRM   0.975

(-) 349 (97.2%) 354 (97.3%)  

(+) 10 (2.8%) 10 (2.7%)  

CRT: Chemoradiotherapy, Pt Stage: Pathologic Tumor Depth Stage, LN: Lymph
Node, LVI: Lymphovascular Invasion, Pcr: Pathologic Complete Response,
CRM: Circumferential Resection Margin, WD: Well Differentiated, MD:
Moderately Differentiated, PD: Poorly Differentiated.

Table 2: Pathology parameters for no CRT and CRT groups.

Final pT stage after CRT was converted to stage 0, 1 or 2 in 159
patients of the CRT group (43.7%) compared to 102 patients (28.4%)
in the no CRT group (p<0.001). Pathologic complete response (pCR)
was shown in 11 patients (3%) in the CRT group. Threatened CRM
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was documented in 10 patients in each group (2.8% vs. 2.7%; p=0.975).
Clinical histopathology results are summarized in Table 2.

Recurrence according to pathologic stage
Overall local recurrent rate is decreased in CRT arm due to the

effect of CRT, 2% compared to 3% in no CRT, respectively. Systemic
metastasis rate, however, found equal in both study arms, 22.5% vs.
23%, respectively. The highest rate of local recurrence was evident in
pathologic stage 3 in CRT group, rated at 8.6% vs. 6.1%, in no CRT and
CRT group respectively. Systemic recurrent recorded almost similar in
both arms in different pathological stage. The CRT group showed a
significant rate of systemic failure in p stage 0-1 (3.6% vs. 0%, p<0.005)
that explained by the initial presentation of high risk features in CRT
arm that have been down staged to be equivalent to no CRT.

Pathologic
Stage

Recurrence
pattern

No CRT
(n=359) CRT (n=364) P value

I Local 1 (0.3%) 0 <0.005

Local + Systemic 1 (0.3%) 4 (1.1%)  

Systemic 0 13 (3.6%)  

II Local 4 (1.1%) 5 (1.3%) 0.609

Local + Systemic 2 (0.5%) 6 (1.64%)  

Systemic 14 (3.9%) 18 (4.9%)  

III Local 6 (1.7%) 3 (0.89%) 0.602

Local + Systemic 16 (4.4%) 15 (4.1%)  

Systemic 48 (13.4%) 31 (8.5%)  

Total  Local 3%, Local (2.1%) >0.005

 
Systemic
22.5% Systemic (23%)  

CRT: Chemoradiotherapy, p stage: Pathologic Stage.

Table 3: Rates of local and systemic recurrence according to pathologic
stage.

However, has not reached efficient systemic control. Overall
recurrence was not significantly different between the groups

regardless of the poor prognostic features in the CRT group. Local and
systemic recurrence rates are illustrated in Table 3.

Adjuvant chemotherapy
Adjuvant treatment was usually started 6-8 weeks after surgery if the

postoperative course was uneventful and without complications. The
majority of our patients received 5-fluorouracil-based chemotherapy
(77.1% for no CRT group vs. 78.4% for CRT group), Xeloda
(oxaliplatin and capecitabine)-based chemotherapy (10.7% vs. 11%), or
FOLFOX or FOLFIRI (2.7% vs. 2.4%); other chemotherapy agents were
also used in a minority of our patients (5% vs. 1.2%). Patient
compliance and completion of treatment were successfully achieved in
97.3% vs. 97.6% of patients, respectively (p=0.072). Adjuvant
chemotherapy was recommended less often in the no CRT group than
the CRT group (72.7% vs. 89.8%, p<0.001); this difference was
particularly evident for patients with p stage 0-1 (1.5% vs. 88.5%,
p<0.001), whereas adjuvant chemotherapy was administered equally
between the groups in those with p stage 2 or 3 (85.4% vs. 89.9%,
p=0.375 and 90.6% vs. 92.1%, p=0.273 respectively). The chosen
chemotherapy agents are listed in Table 4.

Adj CTx No CRT (n=359) CRT (n=364) p value

No 98 (27.3%) 37 (10.2%) <0.001

Yes 261 (72.7%) 327 (89.8%)  

Adj CTx Regimen   0.072

5FU-based 202 (77.1%) 257 (78.4%)  

Xeloda-based 28 (10.7%) 36 (11%)  

FOLFOX or FOLFIRI 12 (4.6%) 23 (7%)  

Discontinued 7 (2.7%) 8 (2.4%)  

Others 13 (5%) 4 (1.2%)  

CRT: Chemoradiotherapy, Adj Ctx: Adjuvant Chemotherapy, 5 FU: 5-
Fluorouracil, Xeloda: Oxaliplatin and Capecitabine, FOLFOX: Oxaliplatin in
Combination With 5-Fluorouracil and Leucovorin, FOLFIRI: Irinotecan in
Combination with 5-Fluorouracil and Leucovorin.

Table 4: Adjuvant Chemotherapy Regimens.

 Pathologic Stage CRT 95% CI No CRT 95% CI p value

Disease-free
Survival

0, I 90.50 ± 3.16 84.31-96.69 106.42 ± 2.15 102.21-110.62 0.034

II 80.56 ± 4.02 72.68-88.44 95.7 ± 4.11 87.65-103.75 0.016

III 61.31 ± 4.3 52.89-69.73 76.26 ± 3.62 69.17-83.36 0.14

Overall Survival 0, I 101.88 ± 1.49 98.96-104.79 107.2 ± 1.99 103.3-111.1 0.148

II 87.91 ± 5.61 76.90-98.91 104 ± 3.17 97.79-110.21 0.165

III 85.77 ± 3.89 78.15-93.4 93.66 ± 2.91 87.95-99.36 0.802

95% CI: 95% confidence interval, CRT: Chemoradiotherapy, p stage: Pathologic Stage.

Table 5: Survival Analysis.
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Disease-free survival and overall survival analysis
Disease free survival (DFS) for p stage 0-1 was significantly different

between groups due to the higher overall recurrence rate in the CRT
group. DFS in p stage 0-1 was 106.42 ± 2.15, 95% CI 102.21-110.62 for
no CRT vs. 90.50 ± 3.16, 95% CI 84.31-96.69 for CRT (p=0.034). When
it comes to p stage 2 also showed a significant different in DFS between
the two study groups (95.7 ± 4.11, 95% CI 87.65-103.75 vs. 80.56 ± 4.02
95% CI 72.68-88.44, p=0.016). However, DFS was not significantly
different for p stage 3 (76.26 ± 3.62, 95% CI 69.17-83.36 vs. 61.31 ± 4.3,
95% CI 52.89-69.73, p=0.14). DFS analysis is presented and
summarized in Table 5.

Overall survival was not significantly different between both groups.
The median OS for no CRT and CRT groups was 107.2 ± 1.99, 95% CI
103.3-111.1 vs. 101.88 ± 1.49, 95% CI 98.96-104.79 (p=0.148),
respectively, for p stage 0-1; 104 ± 3.17, 95% CI 97.79-110.21 vs. 87.91
± 5.61, 95% CI 76.90-98.91 (p=0.165) for p stage 2; and 93.66 ± 2.91,
95% CI 87.95-99.36 vs. 85.77 ± 3.89, 95% CI 78.15-93.4 (p=0.802) for p
stage 3. Overall survival is summarized in Table 5 and Figure 1.

Figure 1: Kaplan–Meier estimates disease-free survival and overall
survival.

Discussion
This is a single-center experience at which all patients were carefully

monitored, and the treatment protocols for the two groups were
strictly followed with precise documentation in our database with no
violation. The use of cutting edge technology by expert surgeons with a
high level of experience in the colorectal field greatly reduced the
possibility of surgical factors being confounders of our study outcome.
This enabled us to clearly demonstrate the efficacy of neoadjuvant
chemotherapy in locally advanced low rectal cancer.

Observations in our study of 723 patients with mid- and low
advanced rectal cancer revealed the efficacy of CRT with
fluoropyrimidine-based concomitant chemotherapy in controlling the
tumor locally, which was especially prominent in pathological stage
0-1. Interestingly, CRT has contributed to down-staged rate of local
recurrent in high-risk group to a level equal to that of the low risk
group. Systemic recurrent was not managed by CRT and have been
stated equally in both groups in pathological stage II-III, although
higher rate have shown in pathological stage I in CRT group. Higher

systemic rate in p stage I in CRT group owing to existing high risk
feature in MRI before planned surgery. Failure of systemic control in
these patients group is the major concern. Indeed, systemic metastasis
was accounted for the highest tumor dissemination in our patients
reaching 23% comparing to only 3% recorded for local recurrent.
Therefore, deviation of treatment strategy to focus on systemic spread
rather than local recurrent, particularly if locally advanced with
suspected metastasis lymph node (our patient sample). Then we raise
questions about the true influence of CRT on tumor control and whats
is the best alternative option to approach those types of patients.

Suggested theory in chemo-radiotherapy failure
We propose four responsible factors contributed of systemic failure

in the CRT group: first, the time interval between CRT and surgery
contributed to delayed surgery and increased the risk of systemic
tumor propagation; second, the chemotherapy component of the CRT
regimen is a sensitizing agent to radiotherapy that improves local
control without systemic influence; third, rectal tumors in CRT group
were more locally advanced with high risk features without adding any
further chemotherapy agents to overcome the tumor burden during
the period of CRT administration . Fourth, majority of primary tumors
in the CRT group located at the lower rectum compared to those in the
no CRT group (150(41.2%) vs. 66(18.4%), p<0.001, respectively). These
four key factors are thought to be responsible to set an appropriate
management plan. To overcome these obstacles, we need to improve
CRT quality by utilizing induction or concomitant chemotherapy
agents, as well as to consider the possibility of shortening the time
interval between CRT and surgery.

Up front radiotherapy or chemo-radiotherapy agent
Whether the time to surgery should be shortened or extended has

been a subject of debate for decades. In order to achieve early
intervention, several studies have considered short radiotherapy
treatment followed by early surgery versus CRT and delayed surgery.
Numerous studies have shown favor for CRT over a radiotherapy
course only. In addition, administration of radiotherapy only was a
topic of interest at which we could shorten the time to surgery and
then earlier induction of adjuvant chemotherapy would be anticipated.
However, a systematic review of six randomized controlled trials
regarding the efficacy of CRT in non-metastatic locally advanced rectal
cancer showed a significant reduction in LR for CRT compared with
preoperative radiation-only [17]. Furthermore, another study
predicted successful intervention with short radiotherapy
administration and delayed surgery [18].

Chemo-radiotherapy therapy administration, before or after
assigned surgery

A German trial [4] compared preoperative CRT with postoperative
CRT in 404 patients with advanced rectal cancer (T3, T4, N+) and
showed similar OS at 10 years of 59.6% in the preoperative arm and
59.9% in the postoperative arm (p=0.85). The 10-year cumulative
incidence of local relapse was 7.1% and 10.1% in the pre- and
postoperative arms, respectively (p=0.048). No significant differences
were detected for 10-year cumulative incidence of distant metastases
(29.8% and 29.6%; p=0.9). Eligibility criteria for the German trial were
similar to those of our study, including positive lymph nodes, but the
treatment strategy was different. As the German trial did not
demonstrate any beneficial effect on OS by CRT either before or after
surgery, a different approach to achieve systemic metastasis control in
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advanced rectal cancer is required, particularly if the tumor is located
in the lower rectum, as demonstrated in our study.

Debates in surgery first or chemo-radiotherapy up front
In order to shorten the time to surgery, postponing the CRT

regimen until after surgery has been proposed. In the usual manner,
the CRT course takes 5 weeks, followed by surgery after a 2-week
recovery time, and then CRT will be administered after an additional
6-8 weeks. Although this long time period before CRT intervention is
expected to contribute to distal tumor progression, preoperative CRT
yields favorable outcomes. These debates will be explained in the next
section.

In contrast to a shortened time interval, a prolonged time interval
allows tumor regression before surgery, which might account for
improved recurrence rate and overall survival. The Stockholm III trial
[18] showed pathologic complete response (pCR) in 0.8% of patients
after short-course radiotherapy (SCRT) followed by surgery within 1
week; however, a 12.5% pCR was noted when surgery was performed
after 4-8 weeks. The Stockholm study also reported that the risk of
tumor progression during the “waiting time” is low even if
chemotherapy is not administered in this period. Although CRT alone
improved local control and cancer-specific survival in a previous study,
older patients might be too fragile to undergo treatment with CRT.
Recent studies conducted in Europe showed favorable outcomes by
delivering radiotherapy of 5 Gy×5 with delayed surgery [19-21].
Furthermore, for locally advanced tumors, downstaging is required to
facilitate surgical resection with negative resection margins. A Polish
trial that compared SCRT versus long-course CRT found more
downstaging after CRT (16%) compared with SCRT (1%) [19]. This
difference in downstaging did not result in differences in local
recurrence control, disease-free survival, or OS between the treatment
groups; however, other studies have reported a 45% downstaging effect
of CRT compared with 28% in SCRT [22,23]. Based on this
background, investigation into the rationale for SCRT for locally
advanced rectal cancer is an interesting ongoing project.

Systemic failure on locally advanced rectal cancer
Considering the influence of CRT on local control but not systemic

outbreak, our results are concordant with those of the EORTC
Radiotherapy Group Trial 22921, in which the 5-year cumulative
incidence of local recurrence was 17.1% in the radiotherapy group but
was reduced to 7-9.6% when chemotherapy was administered either
pre- or postoperatively [24,25]. However, there was no difference in OS
or systemic control between four treatment groups of radiotherapy
only, CRT only, radiotherapy + adjuvant, or CRT + adjuvant.
Nevertheless, we correlated our results with pathologic stage and poor
prognostic features that had been reported in no CRT group. The
FFCD 9203 Trial [25], a randomized trial comparing preoperative
radiotherapy with CRT in 733 patients, reported improvement of local
recurrence but not OS in clinical stage T3 or T4; this is consistent with
our results. However, unknown lymph node status or no lymph node
predicted accounted for more than 50% of the sample in the previous
study, whereas we deemed lymph node positivity by MRI a criterion
for admission eligibility. A meta-analysis of seven randomized control
trials and 10 retrospective studies including more than 5,000 patients
diagnosed with rectal cancer who received CRT, surgery, and then
adjuvant chemotherapy showed improved 5-year OS and tumor down-
staging [26].

Independent risk factors of local or systemic failure
Numerous other subjective measures have been suggested to be

independent risk factors of local or systemic failure. We highlighted
two variables, pCR and CRM status, in our study to rule out their
confounding effects. We maintained high surgical quality with highly
skillful surgeons throughout the study period, resulting in only 10
patients with positive CRM in each group (2.8% vs. 2.7%, p=0.972).
However, only 11 (3%) were classified as pCR after CRT regimens
based on imaging studies and final histopathology reports. Concerning
the achievement of pCR, decision making via MRI staging and
implementation of CRT for early stage tumors may generate promising
results. In a pooled analysis of 3,105 patients in 17 prospective
randomized clinical trials, 16% of the patients achieved pCR in a
median follow-up of 48 months. pCR was the only predictor of
disease-free survival with a hazard ratio of 0.54, but was only achieved
in 11 patients (3%) in our study [27]. Interestingly, a single-center
retrospective cohort study that compared surgery alone and CRT in
patients with CRM-positive and N2 status in terms of CRM
involvement and local recurrence rates revealed a significant difference
in local recurrence between CRT and surgery-alone groups (6.5% vs.
0%, p=0.04, respectively) and showed that CRM involvement was the
only predictive factor of local recurrence [28].

Strength and limitation of our study
Strengths of our study include the assessment of CRT effect in

locally advanced mid and low rectal cancers; classified to low and high
group. All participating surgeon are a well-qualified surgeon
performing high-quality surgery based on safe oncological principles.
Data gathered from a well-known high volume tertiary center.
Although this study carried out in retrospective manner, computerized
based system and crucial patient follow up, help us to minimize
missing data. In addition, we correlated tumor recurrent to the initial
site of the tumor, which might influenced our results. We reported
lower level of rectal tumor in CRT group than no CRT group,
particularly in p stage 0-1. In our data analysis, we did not focus on
chemotherapy-related toxicity or surgery complications in the two
study arms. A further weakness of our study was that the use of trans-
rectal endoscopy for preoperative staging of patients was not uniform
among the surgeons. There could have been selection bias in the CRT
group as they were deemed to have highly advanced disease with poor
prognostic features. However, we overcame this obstacle by involving
only N-positive cases that were equivalent to stage III rectal cancer
with adverse clinical features at presentation.

This study contributes to the growing evidence suggesting that a
highly selective approach to the use of CRT is more appropriate than
widespread application given concerns regarding toxicity in additional
to a major concern about CRT regimen modification in a high-risk
group of rectal cancer patients to reduce tumor spread and improve
overall survival, which is a topic of serious debate among trials [29].
The rationale for CRT opens a window for testing combinations of
numerous concepts in advanced rectal cancer. Conflicting results and
ongoing debates remain, together with the lack of a proper standard
protocol for these challenging cases.

Current ongoing trials
At the present time, new initiatives such as the RAPIDO

(Radiotherapy and Preoperative Induction therapy followed by
Dedicated Operation) trial, which compares CRT with SC-PRT
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followed by chemotherapy and delayed surgery, are accruing patients.
Interestingly, a phase II trial was undertaken to evaluate the safety and
efficacy of perioperative XELOX without radiotherapy for patients with
high-risk LARC. Patients received four cycles of XELOX before and
after surgery [30]. Whether an induction chemotherapy agent should
be commenced in a neoadjuvant setting, particularly with the
development of new biological agents, is the subject of a UK phase III
trial (Bevacizumab and Combination Chemotherapy in Rectal Cancer
Until Surgery, BACCHUS; NCT01650428).

Conclusion
Distant metastasis continues to be a major obstacle in the treatment

of patients with advanced rectal cancer. Timing of surgery and
adequate CRT course has to be investigated in order to reduce the risk
of distal metastasis. Our data showed an effect of CRT on local control
in p stage 0-1 but raised questions about the appropriate use of CRT in
a high-risk group. Therefore, from our study we could identify patients
at risk for distant metastasis that should be considered to optimize the
course of pretreatment strategy to reduce distant metastasis in
advanced rectal cancer. CRT modification is under serious
investigation to address current obstacles in the treatment of advanced
rectal cancer.
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