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Purpose

This study was designed to evaluate the impact of radiochemotherapeutic sequence
and time to initiation of adjuvant treatment on loco-regional control for resected stage
I 'and Il rectal cancer.

Materials and Methods

Treatment outcomes for rectal cancer patients from two hospitals with different
sequencing strategies regarding adjuvant concurrent radiochemotherapy (CRCT) were
compared retrospectively. Pelvic radiotherapy was administered concurrently on the
first (early CRCT, n=180) or the third cycle of chemotherapy (late CRCT, n=180). During
radiotherapy, two cycles of fluorouracil were provided to patients in both groups. In
the early CRCT group, median six cycles of fluorouracil and leucovorin were prescribed
during the post-CRCT period. In the late CRCT group, two cycles of fluorouracil were
administered in the pre- and post-CRCT periods.

Results

No significant differences in the 5-year loco-regional recurrence-free survival (LRRFS)
(92.5% vs. 95.6%, p=0.43) or overall survival and disease-free survival were observed
between groups. Patients who began receiving adjuvant treatment later than five
weeks after surgery had lower LRRFS than patients who received adjuvant treatment
within five weeks following surgery (79% vs. 91%, p<0.01). The risk of loco-regional
recurrence increased as the time to initiation of adjuvant treatment was delayed.

Conclusion

In the current study, treatment outcomes were not significantly influenced by the
sequence of adjuvant treatment but by the delay of adjuvant treatment for more than
five weeks. Timely administration of adjuvant treatment is deemed important in
achieving loco-regional tumor control for stage Il/Ill rectal cancer patients.
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Introduction

Surgical resection is a primary treatment for rectal cancer.
However, almost 30% of patients with locally advanced
rectal cancer develop pelvic recurrence after surgery alone
[1]. Through the addition of adjuvant concurrent radioche-
motherapy (CRCT) after surgery, loco-regional recurrence
(LRR) rate was lowered by approximately 50% compared to
patients who underwent surgery alone [2,3]. Based on this
result, postoperative CRCT following surgery has been
regarded as a standard treatment for locally advanced rectal
cancer. More recently, there has been a tendency of using
preoperative application of CRCT in an attempt to preserve
the anal sphincter [4,5]. Nonetheless, some situations can be
managed more prudently with initial surgery. When initial
surgery is performed and adjuvant treatment is required,
optimizing the combination of radiotherapy and chemother-
apy is necessary to enhance effects of adjuvant treatment.

Deciding on a sequence of CRCT and a time to initiation
of adjuvant treatment after surgery can be a practical prob-
lem in cases of rectal cancer treated with adjuvant CRCT.
Most trials of post-operative CRCT for resected rectal cancer
have used a sandwich technique in which one or two cycles
of chemotherapy are followed by CRCT and then additional
chemotherapy [3,6]. However, the optimal sequence of
radiotherapy and chemotherapy is still unknown. In addi-
tion, permissible delay in initiation of adjuvant treatment has
yet to be elucidated.

Two cancer centers in Korea have traditionally applied

different sequencings of postoperative CRCT for locally
advanced rectal cancer. The treatment sequence at Seoul
National University Hospital has been immediate CRCT
followed by adjuvant chemotherapy, while Samsung Medical
Center has adopted administration of two cycles of chemo-
therapy followed by CRCT and two additional cycles of
chemotherapy. We conducted a retrospective review of
patients from the two hospitals to evaluate the impact of
radiochemotherapeutic sequence and time to initiation of
adjuvant treatment on loco-regional control for resected
stage I and III rectal cancer.

Materials and Methods

1. Patients

The number of patients who underwent postoperative
CRCT for rectal adenocarcinoma from August 1999 to March
2007 at Seoul National University Hospital (SNUH) and at
Samsung Medical Center (SMC) was 334 and 664, respec-
tively. For the retrospective cohort-matched comparison of
the different sequences of postoperative radiotherapy and
chemotherapy, 180 patients from each hospital were selected
based on the pathologic stage. The inclusion criteria were as
follows: 1) RO resection with neither gross nor microscopic
residual disease on the pathologic examination; 2) non-peri-
tonealized tumors either located within 12 cm from the anal
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- Pelvic RT: median radiation doses were 50.4 Gy (early CRCT group) and 45 Gy (late CRCT group) with daily does of 1.8 Gy
- Chemotherapy: 5-FU 500 mg/m?/day for 3 or 5 days [5-FU (3) or 5-FU (5)], or 5-FU 375 mg/m?/day and leucovorin 20 mg/m?/day for 5 days [FL (5)] every 4 weeks

Fig. 1. Treatment scheme. CRCT, concurrent radiochemotherapy; 5-FU, 5-fluorouracil; RT, radiotherapy.
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verge on pre-treatment evaluation or verified intra-opera-
tively; 3) tumor extension through the bowel wall (pT3/T4)
or regional lymph node involvement (pN1-2), but without
distant metastasis (MO0); 4) completion of pelvic radiothera-
pyper plan; 5) 5-fluorouracil (5-FU) or 5-FU and leucovorin
(LV) for chemotherapeutic agent; 6) no previous medical
history of other malignancies; 7) Eastern Cooperative Oncol-
ogy Group (ECOG) performance status of 0 to 2 before start-
ing adjuvant therapy; 8) normal hepatic, renal, and bone
marrow function defined as bilirubin level <2.0 mg/dL,
creatinine level<1.5 mg/dL, leukocyte count>4,000/uL,
and platelet count>130,000/uL; and 9) post-treatment

follow-up period of more than six months.

2. Treatment and follow-up evaluation

All patients underwent total mesorectal excision followed
by adjuvant CRCT. Adjuvant treatment was administered
using different sequences at each hospital. At SNUH, pelvic
radiotherapy was administered concurrently with the first
chemotherapy cycle following surgery (early CRCT group).
Chemotherapy regimen during CRCT consisted of intra-
venous bolus 5-FU (500 mg/m?/day) for three days during
weeks 1 and 5 of pelvic radiotherapy. After CRCT, median

Table 1. Patients and tumor characteristics between the early and late CRCT groups

Characteristic Early CRCT Late CRCT p-value
Age (yr)
<55 78 (43) 74 (41) 0.74
>55 102 (57) 106 (59)
Gender
Male 127 (70) 114 (63) 0.17
Female 53 (30) 66 (37)
Tumor location
<5 cm from anal verge 55 (30) 58 (32) 0.82
>5 cm from anal verge 125 (70) 122 (68)
Distal resection margin (cm)
<1 44 (24) 12 (6) 0.01
>1 136 (76) 170 (94)
Differentiation
Well differentiated 24 (13) 15 (8) 0.27
Moderately differentiated 144 (80) 147 (81)
Poorly differentiated 7(3)
Unknown 11 (8)
Pathologic stage
I 67 (37) 67 (37) Matched
IIA 8(5)
I11B 5 53 (29)
11(@ 5 52 (29)
Ratio of involved lymph nodes®
0 67 (37) 67 (37) 0.92
>0and <03 57 (32) 60 (33)
>03 56 (31) 53 (30)
Types of resection
LAR 157 (87) 143 (79) 0.06
APR 23 (13) 37 (21)
Time to adjuvant treatment Median (range) weeks 5(3-22) 4 (2-15)
<5 113 (62) 156 (86) 0.01
>5and <8 58 (33) 20 (12)
>8 402)

Values are presented as number of patients (%). CRCT, concurrent radiochemotherapy; LAR, low anterior resection; APR,
abdominoperineal resection. ¥Ratio of thenumber of positive nodes over the total number of nodes examined.
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six cycles (range, 6 to 10 cycles) of bolus injection of 5-FU (375
mg/m?/day) and LV (20 mg/m?/day) for five days were
added. At SMC, pelvic radiotherapy was administered
during the third chemotherapy cycle (late CRCT group).
Before CRCT, two cycles of bolus 5-FU (500 mg/m?/day)
were administered for five days. The dose of chemotherapy
during CRCT was the same as that used at SNUH. After
CRCT, two more cycles of bolus 5-FU (500 mg/m?/ day) were
administered for five days (Fig. 1).

Target delineation and the portal arrangement of pelvic
radiotherapy in two hospitals were quite homogenous.
The primary tumor bed with the surrounding soft tissues,
and the regional lymphatic chains were irradiated using
a three field technique (posterior and two lateral fields).
All patients received 45 Gy in 25 fractions over five weeks.
Boost radiation to the tumor bed was added in all patients in
the early CRCT group and 57 patients (31.6%) in the late
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CRCT group. The median radiation doses of the early and
late CRCT group were 50.4 Gy (range, 45 to 56.4 Gy), and
45 Gy (range, 45 to 51 Gy), respectively.

History taking, physical examination, including digital
rectal examination, complete blood count, carcinoembryonic
antigen, blood chemistry, and chest X-ray were performed
every 3-4 months for the first two years, and repeated every
six months for the third year, and annually thereafter.
Computed tomography of the abdomen and pelvis was
performed every six months for the first two years, and then
annually thereafter. Colonoscopic examination was repeated
biennially. The median follow-up intervals were 62 months
(range, 10 to 117 months) in the early CRCT group and 72
months (range, 7 to 116 months) in the late CRCT group. The
grade of treatment related toxicity was determined by the
National Cancer Institute Common Toxicity Criteria, ver. 2.0
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Fig. 2. Loco-regional recurrence-free survival (LRRFS) between the early and late concurrent radiochemotherapy (CRCT)
groups according to resection margin (RM) and time to initiation of adjuvant treatment (TTA).
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Table 2. Univariate and multivariate analysis of prognostic factors for LRRFS

p-value

Variable 5-Year (%)
Age (yr)
<55 06
>55 67
Gender
Male n
Female ol

Tumor location
<5 cm from anal verge 83
>5 cm from anal verge 92
Distal resection margin (cm)

<1 76

>1 92
Pathologic stage

I 97 <0.01

I 85
Type of resection

LAR 91

APR 84
Time to adjuvant treatment (wk)

<5 91

>5 79
Sequence of adjuvant treatment

Early CRCT 85

Late CRCT 94

Univariate

LRRFS

Multivariate

p-value

<0.01 0.36 0.17-0.75
<0.01 4.54 1.60-12.86
<0.01 2.47 1.25-4.86

LRREFS, loco-regional recurrence-free survival; HR, hazard ratio; CI, confidence interval; LAR, low anterior resection; APR,
abdominoperineal resection; CRCT, concurrent radiochemotherapy.

3. Statistical analysis

Overall survival (OS), disease-free survival (DFS), and
loco-regional recurrence-free survival (LRRFS) were defined
as the intervals from surgery to death, disease relapse, and
LRR, respectively. The LRR was defined as any recurrence
within the pelvic radiation field excluding the peritoneal
seeding. Chi-square test was used to compare the patient
characteristics between two groups. The survival data were
computed using the Kaplan-Meier method, and the log-rank
test was used to compare the survival outcomes between
groups with different variables. Cox regression analysis with
stepwise selection was used to determine the independent
prognostic factors for the outcomes. Statistical significance
was calculated at the 95% confidence interval (p <0.05), and
all analyses were performed using the SPSS ver. 12.0 (SPSS
Inc., Chicago, IL).
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Results

1. Patients and tumor characteristics

Data on tumors and patient characteristics are shown in
Table 1. We categorized the involved lymph node ratio based
on the frequency distribution to 0, 0-0.3, and >0.3. No
significant difference with respect to age, gender, tumor
location, types of resection, histologic grade, pathologic
stage, and the ratio of involved lymph nodes was observed
between the two groups. However, the time interval between
surgery and initiation of adjuvant treatment, and the distal
resection margin of tumor were different between the
groups. More patients received adjuvant treatment within
five weeks after surgery in the late CRCT group than in the
early CRCT group (93% vs. 76%, p=0.01); and more patients
in the early CRCT group had tumors with a close distal
margin (<1 cm) than patients in the late CRCT group (24%
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Fig. 3. Loco-regional recurrence-free survival according
to time to adjuvant treatment.
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Fig. 4. Risk of loco-regional recurrence with respect to
time to adjuvant treatment.

vs. 6%, p=0.01).

2. Prognostic factors and treatment-related complications

The 5-year OS, DFS, and LRRFS rates were 81.0%, 67.1%,
and 89.7% for all patients, respectively. Recurrence was
found in 116 patients (32.2%). LRR as the first site of recur-
rence occurred in eight and four patients in the early and the
late CRCT groups, and distant metastasis was found in 37
and 47 patients in the early and late CRCT groups, respec-
tively. Simultaneous occurrence of LRR and distant metas-
tasis was found in 15 and seven patients in the early and late
CRCT groups, respectively. Data from analysis of the prog-
nostic effects of variable factors on LRRFS are shown in Table
2. In univariate analysis, poor prognostic factors for LRRFS
included distal rectal tumor, close distal resection margin
defined as less than 1 cm, advanced pathologic stage, longer
delay in initiation of adjuvant treatment defined as more
than five weeks, and early CRCT. In multivariate analysis,
close distal resection margin, advanced pathologic stage, and
longer delay showed a significant association with lower
5-year LRRFS rate.

In univariate analysis, patients treated with early CRCT
showed a significantly lower 5-year LRRFS rate than patients
with late CRCT (85% vs. 94%, p=0.01). However, aforemen-
tioned difference in LRRFS between the early and the late
CRCT groups was due to imbalances of characteristics
between the two groups. As shown in Table 1, the propor-
tions of patients with close distal resection margin and
patients with delayed adjuvant treatment of more than five
weeks after surgery were significantly higher in the early
CRCT group than in the late CRCT group. Close distal resec-
tion margin and longer time to initiation of adjuvant treat-
ment following surgery were important negative prognostic
factors for LRRFS. Therefore, we re-analyzed the effect of
radiochemotherapeutic sequence on the outcome according
to the status of distal resection margin and the time to
initiation of adjuvant treatment. LRRFS did not differ
significantly between the early and late CRCT groups in
accordance with distal margin status of tumor or the time to
adjuvant treatment (Fig. 2).

Delayed initiation of adjuvant treatment for more than five
weeks was a significant adverse prognostic factor for LRRFS
(79% vs. 91%, p<0.01) (Table 2, Fig. 3). Comparison of char-
acteristics between the groups based on the time to initiation
of adjuvant treatment is shown in Table 3. More patients in
the early CRCT group had delay of adjuvant treatment of
more than five weeks than patients in the late CRCT group.
The risk of LRR was increased as the time to initiation of
adjuvant treatment was delayed (Fig. 4). Neither OS nor DFS
was affected by radiochemotherapeutic sequence or delay of
adjuvant treatment. Pathologic stage and type of operation
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Table 3. Patients and tumor characteristics according to time to initiation of AT

Characteristic Time to AT <5 wk Time to AT >5 wk p-value

Age (yr)
<55 114 (42) 38 (42) 0.98
>55 155 (58) 53 (58)

Gender
Male 174 (64) 57 (62) 0.82
Female 95 (36) 34 (38)

Distance from anal verge (cm)
<5 80 (29) 33 (36) 0.31
>5 188 (71) 58 (64)

Types of resection
LAR 225 (83) 76 (83) 0.89
APR 44(17) 15 (17)

Differentiation
Well differentiated 31 (11) 8(8) 0.57
Moderately differentiated 219 (81) 72 (79)
Poorly differentiated 6(4) 1(7)
Unknown 12 (4) 6 (6)

Pathologic stage
I 104 (38) 30 (32) 0.39
I 165 (62) 61 (68)

Ratio of involved lymph nodes?
0 104 (38) 30 (32) 0.48
>0and <0.3 105 (39) 40 (44)
>03 60 (23) 21 (24)

Distal resection margin (cm)
<1 41 (15) 15 (16) 0.68
>1 228 (85) 76 (84)

Sequence of adjuvant treatment
Early CRCT 113 (42) 67 (73) <0.01
Late CRCT 156 (58) 24 (27)

Values are presented as number of patients (%). AT, adjuvant treatment; LAR, low anterior resection; APR, abdominoperineal
resection; CRCT, concurrent radiochemotherapy. ¥Ratio of thenumber of positive nodes over the total number of nodes
examined.

Table 4. Significant prognostic factors for OS and DFS by multivariate analysis

0OS DEFES
Variable

95% CI p-value 95% CI p-value

Types of operation

LAR vs. APR 1.92 1.16-3.18 0.01 1.88 1.24-2.85 <0.01
Pathologic stage
II'vs. III 423 2.17-8.21 <0.01 3.76 2.28-6.22 <0.01

OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; LAR, low anterior resection; APR,
abdominoperineal resection.
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Table 5. Treatment-related complications according to different sequence of adjuvant treatment

Late CRCT

Early CRCT
Characteristic
Gr3

Before CRCT?

Wound complication 0 1

Ileus 1 0
During/after CRCT”

Nausea/vomiting 0 0

Diarrhea 34 8

Dermatitis 6 2

Neutropenia 13 7

Anemia 6 1

Thrombocytopenia 0 0

Wound complication 0 2

Ileus 6 8

Fistula 1 0

0 0 0 0
0 0 0 0
0 9 0 0
0 71 55 0
0 11 0 0
3 50 15 5
0 9 0 0
0 5 1 0
0 0 0 0
3 0 6 0
0 1 0 0

CRCT, concurrent radiochemotherapy; Gr, grade. ¥Surgical complications that occurred before initiation of adjuvant treatment
were presented, ®Treatment-related complications that occurred during or after adjuvant treatment were counted.

were significant factors for OS and DFS (Table 4).

Treatment related complications in relation to sequence of
CRCT are shown in Table 5. Two patients in the early CRCT
group had surgical complications before initiation of adju-
vant treatment. One patient had grade 3 wound complication
and the other had grade 2 ileus. Adjuvant treatment was
initiated 59 days and 28 days after the operation for postop-
erative recovery, respectively.

Discussion

Findings of the current study show that the timing of
adjuvant treatment but not the radiochemotherapeutic
sequence significantly affects loco-regional control of
patients with locally advanced rectal cancer. An increase in
LRR was observed among patients with delayed initiation of
adjuvant treatment. However, the treatment outcome was
not affected by sequence of adjuvant radiotherapy and
chemotherapy. Since the report by the North Central Cancer
Treatment Group (NCCTG), application of two cycles of
chemotherapy followed by CRCT and additional chemother-
apy has been regarded as a standard sequence of adjuvant
treatment for resected rectal cancer [3]. This treatment
scheme was aimed at administering full dose chemotherapy
during the early postoperative period for effective eradica-
tion of probable distant metastasis. However, in practice,
there are clinicians who administer pelvic radiotherapy with
the first chemotherapy cycle to achieve early eradication of

residual tumor cells within the pelvic cavity. For example,
according to the Korean patterns of care study, one third
of Korean rectal cancer patients received immediate
postoperative CRCT followed by adjuvant chemotherapy [8].
Defining optimal sequence of radiotherapy and chemother-
apy is a prerequisite for maximizing the therapeutic effect
of adjuvant treatment. However, only one trial evaluating
treatment outcomes in relation to adoption of different
sequences of adjuvant treatment in resected rectal cancer
patients has been reported.

In the study reported by Lee et al. [9], 308 patients with
resected stage II/III rectal cancer were randomly assigned to
receive pelvic radiation on either the first or the third course
of LV-modulated 5-FU chemotherapy [10]. In the prelimi-
nary report, significantly higher DFS rate was achieved in
the early pelvic radiotherapy group (81% vs. 70% at four
years, p=0.047) [9]. However, with extended follow-up time,
no significant difference in terms of DFS (71% vs. 63% at 10
years, p=0.162), OS (66% vs. 64% at 10 years, p=0.652), and
relapse rate (27% vs. 35%, at 10 years) was observed between
the two groups. As in the report by Lee et al. [9], current
study failed to define the role of treatment sequencing. In the
present study, margin status of tumor and waiting time for
adjuvant treatment were not equally distributed between the
early and late CRCT groups. As the aforementioned factors
were important prognosticators for loco-regional control, we
compared the outcome between the early and the CRCT
groups with respect to distal resection margin of tumor
and time to adjuvant treatment. Radiochemotherapeutic
sequence did not affect loco-regional tumor control irrespec-
tive of given margin length or time to adjuvant treatment.
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Physicians tend to prefer immediate pelvic irradiation after
surgery for patients with a close resection margin, with the
aim of early elimination of residual tumor cells within the
pelvic cavity. Nonetheless, present study found that loco-
regional tumor control rate did not differ significantly
according to the sequence of adjuvant treatment even in
patients with a close distal tumor resection margin.

Of note, more patients in the early radiotherapy group
waited more than five weeks before adjuvant treatment
compared with the late radiotherapy group. The median
time to adjuvant treatment was one week earlier in the late
CRCT group than in the early CRCT group. In both the early
and late CRCT groups, adjuvant treatments were planned to
initiate within six weeks after surgery. However, in real
clinical situations, the planned intervals between operation
and adjuvant therapy were prone to be longer than the
scheduled time. The reason why adjuvant treatment was
delayed more frequently in the early CRCT group was
uncertain. Medical records on the aforesaid subject were
unavailable in most patients, except for the two who needed
time for recovery from postoperative complication before
initiation of adjuvant treatment. Delayed initiation of adju-
vant therapy in the early CRCT group might be attributed to
physician and patient factors. Presumably, physicians were
likely to wait a longer period of time for postoperative recov-
ery before initiation of pelvic radiotherapy in comparison to
the situation involving administration of upfront chemother-
apy after surgery. In addition, patients’ preference or indi-
vidual compliance with physician’s advice could have
affected time to adjuvant treatment. Perhaps, this one-week
difference in adjuvant treatment initiation may merely be
a reflection of time required for radiotherapy planning.
Unlike chemotherapy, where treatment could be readily ini-
tiated, radiotherapy requires time for CT-based simulation
followed by target delineation and radiation treatment plan-
ning, which takes approximately three days to one week in
routine clinical practice. Due to their comparable outcomes,
both sequences of early or late CRCT can be adopted as ad-
juvant therapy for rectal cancer. However, according to the
results of the current study, delayed initiation of adjuvant
treatment for more than five weeks showed an association
with unsatisfactory loco-regional tumor control; therefore,
selection of the sequence of adjuvant therapy should be
based on the clinical situation with intent to timely initiation
of adjuvant treatment.

A few studies have assessed the prognostic impact of time
to adjuvant treatment in colorectal cancer [11-15]. In such
studies, delayed initiation of adjuvant therapy of over certain
durations was deemed to be related to lower survival rate.
Most of such studies focused on colon or rectal cancer
patients. The only study whose focus was confined to rectal
cancer patients reported that initiating adjuvant therapy

156  CANCER RESEARCH AND TREATMENT

more than three months after surgery resulted in worse DFS
and OS than initiating the therapy within three months
following the operation [12]. Present study also found that
time to adjuvant treatment significantly affected LRRFS,
although no relation was established between time to adju-
vant treatment and DFS or OS. A high LRR rate of 21% in
five years was observed for patients who started adjuvant
treatment more than five weeks after surgery. This rate of
LRR is relatively higher compared with other reports using
similar 5-FU based CRCT with timely administration of
adjuvant treatment [6,10]. Delay in adjuvant therapy could
provide a more favorable environment for growth of residual
tumor foci. In addition, delays in adjuvant treatment raised
the probability of mutations that might lead to drug resist-
ance [15,16]. Consequently, prolonged time to adjuvant treat-
ment is negatively associated with loco-regional tumor
control. The cutoff delay in the current analysis was shorter
than that of other studies reporting a cutoff point of four to
16 weeks [14,15]. This was because most patients in the
current analysis received adjuvant treatment within eight
weeks after surgery. Therefore, the cutoff time for discrimi-
nation between groups with favorable and unfavorable
outcomes might be earlier than that of previous studies.

Our research has limitations inherent to retrospective
comparison of clinical outcomes between two facilities.
Differences in surgical quality and non-identical chemother-
apeutic agents between the two hospitals could have affected
loco-regional tumor control. Distal resection margin length
of tumor was shown to be important in the current study,
however, radial resection margin, which is also reported to
be influential was not taken into account [17-19]. Likewise,
current analysis on the effect of CRCT sequence on treatment
outcome could have been biased by such abovementioned
differences between the two facilities. Further prospective
randomized study is necessary for accurate evaluation of the
prognostic impact of radiochemotherapeutic sequence on
treatment outcome for patients treated with adjuvant CRCT.
Nonetheless, conduct of such a randomized controlled trial
is quite unlikely because a larger number of patients with
locally advanced rectal cancer have been treated with preop-
erative CRCT rather than postoperative CRCT since publica-
tion of the German trial [4,5].

Conclusion

Our research demonstrated that treatment outcome was
not significantly influenced by the sequence of adjuvant
treatment in stage IT and III rectal cancer. Either early or late
administration of pelvic radiotherapy resulted in comparable
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tumor control. A significant adverse association was
observed between time to adjuvant therapy and loco-
regional tumor control. Patients with delayed initiation of
postoperative adjuvant treatment of more than five weeks
showed unfavorable loco-regional control. Timely adminis-
tration of adjuvant treatment is important to achieve loco-
regional tumor control for rectal cancer patients.
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