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Abstract. Background/Aim: Controversy exists regarding
treatment of high rectal cancer. The role of neoadjuvant
radio-chemotherapy was investigated. Patients and Methods:
Fifty-four patients receiving neoadjuvant radio-chemotherapy
(504 Gy & 2 courses of concurrent chemotherapy) for stage
II/I high rectal cancer (10.1-15.0 cm from anal verge) were
retrospectively analyzed. Following microscopicallly
complete resection of primary tumor and involved lymph
nodes in all patients, <6 courses of chemotherapy were given.
Results: Five-year rates of local control (LC), metastases-free
survival (MFS) and overall survival (OS) were 90%, 79% and
77%. On multivariate analyses, LC was associated with lower
pathological UICC-stage at surgery (p=0.003) and successful
downstaging (p=0.007), MFS with higher regression grade
(p=0.014) and OS with lower Union for International Cancer
Control (UICC)-stage (p=0.017) and downstaging (p=0.034).
Grade 3 acute toxicities occurred in 19% of patients; grade
>3 late toxicities were not observed. Manageable surgery-
related complications occurred in 43%. Conclusion:
Neoadjuvant radio-chemotherapy for high rectal cancer was
well tolerated and led to promising results. Comparative
studies are required to investigate whether it is superior to
postoperative chemotherapy alone.

In the European Union, the incidence of rectal cancer is
about 125,000 per year, i.e. annually 15-25 new cases per
100,000 inhabitants, and is predicted to increase in the future
(1). The reported mortality is 4-10 per 100,000 inhabitants.
With respect to the distance from the anal verge, rectal
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cancers are classified as low, middle or high. According to
the European Society for Medical Oncology (ESMO), low
rectal cancers are defined to be located within 5.0 cm from
the anal verge, middle cancers between 5.1 and 10.0 cm, and
high cancers between 10.1 and 15.0 cm (1). Controversy
exists regarding the optimal treatment of high rectal cancers.
The main question is whether these tumors should be treated
like colon cancers (surgery followed by chemotherapy) or
rectal cancers (neoadjuvant radiotherapy or radio-
chemotherapy followed by surgery+chemotherapy). Different
from the ESMO classification, which was used in two
randomized trials (2, 3), other definitions of high rectal
cancers were used in other trials. In a trial from Sweden, the
height of high rectal cancers was defined as =11 cm, and in
a trial from Germany 10.0-16.0 cm (4, 5). The difference
regarding the definition of the height of high rectal cancer
makes it difficult to compare the results of the available
studies. Another difficulty that physicians face when
attempting to define the optimal treatment for high rectal
cancers, is the lack of trials that focus specifically on high
rectal cancers. Due to these difficulties, recommendations of
existing guidelines are of questionable utility. For example,
the authors of the current ESMO guidelines, state that upper
rectal cancers (>12 cm from the anal verge) above the
peritoneal reflection do not benefit from neoadjuvant
radiotherapy or radio-chemotherapy and should be treated
like colon cancers. It appears confusing that the authors use
>12 cm for this statement but define high rectal cancer as
10.1-15 cm from the anal verge in the same article.
Furthermore, the recommendation was not supported by any
references and appears, therefore, confusing (1). In the
current German guideline, it is stated that rectal cancers of
the upper third (defined either as 10.1-15.0 cm or 12.1-16.0 cm
from the anal verge) should be treated like colon cancers (6).
This recommendation was based on the Swedish trial from
2005 and the 6-year results of the Dutch trial from 2007,
which did not demonstrate a benefit for addition of
neoadjuvant radiotherapy or radio-chemotherapy in patients
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Table 1. Grade of regression following radiotherapy or radio-chemotherapy according to Dworak et al. (9, 10).

Grade 0: No tumor regression;

Grade 1: Dominant tumor mass with obvious fibrosis and/or vasculopathy;

Grade 2: Dominantly fibrotic changes with few tumor cells or groups;

Grade 3: Very few (difficult to find microscopically) tumor cells in fibrotic tissue;
Grade 4: No tumor cells, only fibrotic mass (total tumor regression or response).

with high rectal cancers (4, 7). However, specific data for
high rectal cancers from the German trial presented in 2012
and the results of the MRC CRO7/NCIC-CTG CO016 trial,
which both were in favor of neoadjuvant radiotherapy or
radio-chemotherapy, were not appropriately considered (3,
8). Taking into account the conflicting results from the
available trials and the lack of studies focusing on high rectal
cancers, the need for additional studies appears important
clinically. In the present study, the role of neoadjuvant radio-
chemotherapy was specifically investigated for high rectal
cancers defined according to the ESMO guidelines as 10.1-
15.0 cm from the anal verge.

Patients and Methods

The data of 54 patients who received neoadjuvant radio-
chemotherapy for stage II/III high rectal cancer between 2008 and
2017 were retrospectively analyzed. The study was approved by
the local ethics committee (University of Liibeck). High rectal
cancer was defined as 10.1 to 15.0 cm from the anal verge on rigid
endoscopy according to the ESMO guidelines. Radiotherapy doses
were 50.4 Gy in 53 patients and 48.6 Gy in 1 patient. Doses per
fraction were 1.8 Gy, given on 5 consecutive days per week.
Treatment volumes included the primary tumor and the regional
lymph nodes. Neoadjuvant chemotherapy was administered
concurrently with radiotherapy in 53 patients and consisted of 5-
flourouracil (5-FU) or capecitabine (CAPE), which was
supplemented by oxaliplatin in three patients. Most patients
(N=50) received 2 concurrent courses of chemotherapy. Of the
other 3 patients, 1 patient each had received 1, 4 and 6 courses.
After a median of 7 weeks following radio-chemotherapy, surgery
was performed, mainly as total mesorectal excision (TME). In all
54 patients, a complete resection of the primary tumor and the
involved lymph nodes (RO-resection) was achieved. Following
surgery, up to 6 additional courses of chemotherapy were given,
mainly with 5-FU or CAPE, either alone or supplemented by
oxaliplatin (4 patients) or folinic acid (DeGramont regimen, 6
patients).

In the entire cohort, local control (LC), metastases-free survival
(MES), overall survival (OS) and treatment—related toxicities were
evaluated. A total of 9 factors were included in this study and
investigated for potential associations with LC, MFS and OS. These
factors included age at the start of radiotherapy (<70 vs. 270 years,
median=69.5 years), gender, Karnofsky performance score (70-80 vs.
90-100%), Union for International Cancer Control (UICC)-stage
(stage II vs. III), histologic grading (grade 2 vs. 3), minimum
resection margin (<20 vs. 220mm, median=20mm), grade of
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regression according to Dworak et al. (grade 0-1 vs. 2 vs. 3-4, Table
1) (9, 10), pathological UICC-stage at surgery (stage I vs. I vs. III),
and achievement of downstaging by neoadjuvant radio-chemotherapy
defined as decrease by at least one UICC-stage (no vs. yes).
Treatment outcomes were referenced from the last day of treatment.
Univariate analyses were performed with the Kaplan—-Meier method
and the log-rank test (11). Those factors that did achieve significance
on univariate analyses (p<0.05) were subsequently included in a
multivariate analysis performed with the Cox regression method.

In addition to LC, MFS and OS, surgery-related complications
as well as acute and late toxicities related to radio-chemotherapy
were assessed. The assessment of the toxicities was performed using
the Common Terminology Criteria of Adverse Events (CTCAE)
version 4.0 (12).

Results

The 5-year rates of LC, MFS and OS were 90%, 79% and
77%, respectively, for the entire cohort. On univariate
analyses, LC was positively associated with a lower
pathological UICC-stage at surgery (p=0.007) and
achievement of downstaging (p=0.008) (Table II). A positive
association was found between MFS and a minimum resection
margin of <20mm (p=0.044), a higher grade of regression
according to Dworak (p=0.018), a lower pathological UICC-
stage at surgery (p=0.009) and achievement of downstaging
(»=0.016) (Table III). OS was positively associated with a
lower histological grading (p=0.029), a lower pathological
UICC-stage at surgery (p=0.009) and achievement of
downstaging (p=0.020) (Table IV).

If both pathological UICC-stage at surgery and
achievement of downstaging were significant on univariate
analysis, two multivariate analyses were performed, one
including UICC-stage and another one including
downstaging, because these were confounding variables. On
multivariate analysis of LC, both UICC-stage at surgery
(p=0.003) and achievement of downstaging (p=0.007) were
significant. On multivariate analysis of MFS, regression
according to Dworak achieved significance (p=0.014),
whereas minimum resection margin (p=0.47), UICC-stage at
surgery (p=0.35) and achievement of downstaging (p=0.50)
were not significant. On multivariate analysis of OS, UICC-
stage at surgery (p=0.017) and achievement of downstaging
(p=0.034) were significant, and histologic grading did not
achieve significance (p=0.09).
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Table II. Local control rates following treatment.

Factor Local Local Local  p-Value
control control control
at 1 at 3 at5s
year (%) years (%) years (%)

Age at start of radiotherapy

<70 Years (N=27) 100 94 85

=70 Years (N=27) 96 96 96 0.62
Gender

Female (N=25) 100 100 100

Male (N=29) 96 91 80 0.09
Karnofsky performance score

70-80% (N=11) 89 89 89

90-100% (N=20) 100 100 83 0.68
UICC-stage prior
to radiotherapy

Stage II (N=12) 100 100 100

Stage III (N=42) 97 94 88 0.44
Histologic grading

Grade 2 (N=47) 100 97 90

Grade 3 (N=7) 80 80 80 0.28
Minimum resection margin

<20 mm (N=17) 100 90 68

220 mm (N=18) 100 100 100 0.17
Grade of regression (Dworak)

Grade 0-1 (N=10) 100 75 not available

Grade 2 (N=14) 100 100 80

Grade 3-4 (N=8) 100 100 100 0.39
UICC-stage at surgery

Stage I (N=22) 100 100 100

Stage II (N=17) 100 100 100

Stage III (N=14) 90 77 62 0.007
Downstaging achieved

No (N=18) 93 83 69

Yes (N=35) 100 100 100 0.008
Entire cohort 98 95 90

Bold p-values: Significant values.

Neoadjuvant radio-chemotherapy was well tolerated. Acute
toxicities were reported for 53 patients. Grade 3 toxicities
were observed in 10 patients (19%). One patient experienced
grade 3 diarrhea and grade 3 hematologic toxicity. In addition,
3 patients showed grade 3 diarrhea, 2 patients grade 3
hematologic toxicity, 2 patients grade 3 septicemia, 1 patient
grade 3 nausea,l patient grade 3 skin toxicity and 1 patient
grade 3 dysuria. The distribution of the four most common
acute radio-chemotherapy related toxicities are summarized in
Table V. Data regarding late toxicities were available for 53
patients. Toxicities were mild to moderate, no grade 3 or
higher late toxicity was reported. Late gastrointestinal toxicity
was observed in 7 patients (3 grade 1, 4 grade 2) (13%), late
genitourinary toxicity in 1 patient (grade 1) (2%), and other
late toxicities in no patient (0%). Data regarding complications

Table III. Distant control rates (metastases-free survival) following
treatment.

Factor Distant ~ Distant Distant p-Value
control control control
at 1 at 3 at 5
year (%) years (%) years (%)

Age at start of radiotherapy

<70 Years (N=27) 96 86 77

=70 Years (N=27) 88 83 83 0.87
Gender

Female (N=25) 92 92 92

Male (N=29) 93 79 69 0.24
Karnofsky performance score

70-80% (N=11) 80 68 68

90-100% (N=20) 95 88 73 042
UICC-stage prior
to radiotherapy

Stage II (N=12) 83 83 83

Stage III (N=42) 95 85 80 0.57
Histologic grading

Grade 2 (N=47) 94 85 79

Grade 3 (N=7) 80 80 80 0.97
Minimum resection margin

<20 mm (N=17) 94 75 56

=20 mm (N=18) 100 100 100 0.044
Grade of regression (Dworak)

Grade 0-1 (N=10) 90 45 not available

Grade 2 (N=14) 100 100 80

Grade 3-4 (N=8) 100 100 100 0.018
UICC-stage at surgery

Stage I (N=22) 95 95 95

Stage II (N=17) 100 92 92

Stage III (N=14) 83 60 48 0.009
Downstaging achieved

No (N=18) 87 69 57

Yes (N=35) 97 93 93 0.016
Entire cohort 92 84 79

Bold p-values: Significant values.

of surgery were available for 51 patients. Twenty-two patients
(43%) experienced at least one complication. Anastomotic
leakage was reported In 10 patients (20%), wound healing
problems in 7 patients (14%), abscess in 4 patients (8%), ileus
in 3 patients (6%), bleeding in 2 patients (4%), high output
stoma leading to acute renal failure in 2 patients (4%) and
fistula in 1 patient (2%). All complications were manageable,
and no complication-related deaths occurred.

Discussion
Rectal cancer is one of the most common cancer types
worldwide (1). Considerable research has been performed to

improve the prognoses of these patients including novel systemic
treatments, radio-chemotherapy approaches and surgical
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Table IV. Overall survival rates following treatment.

Factor Overall  Overall Overall p-Value
survival  survival survival
at 1 at3 at 5

year (%) years (%) years (%)

Age at start of radiotherapy

<70 Years (N=27) 100 93 93

=70 Years (N=27) 92 81 63 0.22
Gender

Female (N=25) 96 96 78

Male (N=29) 97 78 78 0.39
Karnofsky performance score

70-80% (N=11) 82 68 68

90-100% (N=20) 100 90 72 0.36

UICC-stage prior
to radiotherapy

Stage II (N=12) 83 83 56

Stage III (N=42) 100 89 82 0.16
Histologic grading

Grade 2 (N=47) 98 94 83

Grade 3 (N=7) 83 50 50 0.029
Minimum resection margin

<20 mm (N=17) 94 71 71

220 mm (N=18) 100 100 100 0.08
Grade of regression (Dworak)

Grade 0-1 (N=10) 90 60 not available

Grade 2 (N=14) 100 100 75

Grade 3-4 (N=8) 100 100 100 0.14
UICC-stage at surgery

Stage I (N=22) 100 100 90

Stage II (N=17) 100 89 89

Stage III (N=14) 86 63 42 0.009
Downstaging achieved

No (N=18) 89 69 51

Yes (N=35) 100 95 89 0.020
Entire cohort 96 87 71

Bold p-values: Significant values.

techniques (13-20). The identification of prognostic factors and
personalized treatment decisions can contribute to improved
outcomes (21, 22). Personalization of the treatment of rectal
cancer should also consider the location of the tumor. Particularly
high rectal cancers, mostly defined as 10.1-15-0 cm from the anal
verge, should be considered specifically. An important question
is whether these tumors should be treated as rectal cancers
including neoadjuvant radiotherapy or radio-chemotherapy, or
whether neoadjuvant treatment can be omitted like in the
treatment of colon (sigmoid) cancer. The results from
randomized trials are conflicting with respect to the upper third
of the rectum. In the Swedish trial of Folkesson et al., 454
patients received surgery alone and 454 patients received surgery
plus upfront radiotherapy with 5x5 Gy (4). Of these patients, 110
and 133 had high rectal cancer (=11 cm from the anal verge).
The local recurrence rates in these patients were 12% and 8%,
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respectively (p=0.3). In the Dutch trial of 1,748 eligible patients
(533 patients with high rectal cancer, i.e. 10.1-15-0 cm from the
anal verge) that also compared surgery alone to 5x5 Gy followed
by surgery, the 2-year local recurrence rates were 3.8% and 1.3%
(p=0.17) in those patients with high rectal cancer (2). In 2007,
the 5-year results of the Dutch trial (median follow-up=6 years)
were published (7). The 5-year local recurrence rates of the
patients with high rectal cancer were 6.2% after surgery alone
and 3.7% after 5x5 Gy followed by surgery (p=0.12). In 2011,
the 10-year results of this trial were presented (median follow-
up=12 years) (23). For all patients, the positive effect of
neoadjuvant radiotherapy on local control became stronger with
increased distance from the anal verge (p=0.03). However, when
analyzing only those patients with a negative circumferential
resection margin, the difference was no longer significant
(p=0.62).

Two other trials found that the addition of neoadjuvant
radiotherapy or radio-chemotherapy was favorable (3, 8).
The results of the MRC CRO7 trial were published in 2009
(3). Of 1,350 patients enrolled, 674 patients were allocated
to preoperative radiotherapy with 5x5 Gy, and 676 patients
to receive surgery alone (vast majority of these patients) or,
in case of involvement of the circumferential resection
margin (<1 mm), surgery followed by radio-chemotherapy
(25%1.8 Gy plus concurrent 5-FU). In the group of patients
with high rectal cancer defined as 10.1-15.0cm form the anal
verge (N=207), 3-year local recurrence rates were 1.2% in
patients receiving preoperative radiotherapy vs. 6.2% in the
other group [hazard ratio (HR)=0.16; 95%-confidence
interval 0.07-0.47, p<0.05]. In the update analyses of the
German trial, in patients with high rectal cancer (10.0-16.0 cm
from the anal verge), 5-year local recurrence rates were 2.5%
in those 83 patients receiving preoperative radiotherapy vs.
10.4% in those 45 patients receiving neither preoperative nor
postoperative radio-chemotherapy (p-value not stated) (8).
The 10-year local recurrence rates were 4.3% and 10.4%,
respectively (p-value not stated).

Because of the conflicting results of the randomized trials
with respect to the value of neoadjuvant radiotherapy or
radio-chemotherapy and the lack of studies focusing
particularly on the treatment of high rectal cancer, additional
studies for this group of patients are required. In the present
study, we have evaluated the role of neoadjuvant long-course
radiotherapy (28x1.8 Gy) plus concurrent chemotherapy in
patients with stage II/III high rectal cancer (10.0-15.0 cm
from the anal verge). The outcomes in terms of LC (90% at
5 years), MFS (79% at 5 years) and OS (77% at 5 years) were
promising, particularly when taking into account that 78% of
the patients had stage III disease and no one had stage I
disease. In the 5-year analyses of the Dutch trial including all
861 eligible patients, the LC rates were 94% in the
radiotherapy + surgery group and 89% in the surgery alone
group, the distant control rates 74% and 72%, and the OS
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Table V. Distribution of common acute toxicities, i.e. diarhea, dysuria, skin toxicity and hematologic toxicity. Grade 4 or 5 toxicities were not

observed.

Acute toxicity Grade 0

N patients (%)

Grade 1
N patients (%)

Grade 2
N patients (%)

Grade 3
N patients (%)

Diarrhea (reported=52, unknown=2) 18 (35)
Dysuria (reported=52, unknown=2) 35 (67)
Skin toxicity (reported=51, unknown=3) 29 (57)
Hematologic toxicity (reported=53, unknown=1) 32 (60)

17 (33) 13 (25) 4(8)
13 (25) 3(6) 12
10 (20) 11 (22) 12)
10 (19) 8 (15) 3(6)

rates 64% and 64% (7). Five-year LC rates for high rectal
cancers were 96% and 94%. However, in contrast to our
present study, 60% of the patients in the Dutch trial had stage
1 (31%) or stage II (29%) disease (2, 7). In patients with stage
IIT disease, 5-year LC rates were 89% in the radiotherapy +
surgery group and 79% in the surgery alone group. In the
German trial, the 5-year rates of LC, MFS and OS in those
patients receiving neoadjuvant radio-chemotherapy followed
by surgery and additional chemotherapy were 94%, 64% and
76%, respectively (5). However, the proportion (54%) of
patients with more advanced tumors, i.e. stage III disease,
was also lower than in the present study (78%). The third trial
stating 5-year results was the MRC CRO7 trial (3). In the
entire cohort, 5-year LC rates were 95% in those patients
receiving preoperative radiotherapy and 88% in the other
group. 5-year OS rates were 70% and 68%, respectively. In
this trial, 59% and 56% of the patients had stage I or II
disease. The 3-year LC rates in the preoperative radiotherapy
vs. the other group were 98% vs. 97% for stage I disease,
98% vs. 94% for stage II disease and 93% vs. 85% for stage
IIT disease. In all patients with high rectal cancer, the 3-year
LC rates were 99% and 94%.

Since all randomized trials included a much greater
proportion of lower UICC-stage tumors than our present
study, the results are difficult to compare. However, despite
the greater proportion of stage III tumors in our present
study, the MFS- and OS-rates appeared similar to those of
the previous trials. Results of LC appeared worse than in
patients with high rectal cancer from the previous trials,
which was most likely due to the more advanced tumors in
our study.

When interpreting the results of our study, one has to be
aware of its limitations, particularly the retrospective design
and the comparably small sample size. This study may also
be criticized, because 9 patients (17%) had not received
postoperative chemotherapy. However, this aspect can be
considered less important, since a randomized trial
comparing postoperative 5-FU-based chemotherapy after
preoperative radiotherapy or radio-chemotherapy and surgery
did not demonstrate a significant benefit of the additional

postoperative chemotherapy with respect to 5-year OS (79%
vs. 80%, p=0.73) MFS (61% vs. 65%, p=0.39) and LC (92%
vs. 92%) (14). In addition, in the SCOT trial of 6,088
patients with stage II or III colorectal cancer that compared
3 vs. 6 months of adjuvant oxaliplatin-fluoropyrimidine
treatment, the 3-month regimen was not inferior but
associated with better tolerance and quality of life (24).
One argument used against the addition of neoadjuvant
radiotherapy or radio-chemotherapy for high rectal cancers, is
the potential higher risk of acute and late toxicities and
perioperative complications due to the inclusion of greater
volumes of the colon and the small bowels in the radiation
fields when compared to cancers of the lower or middle
rectum. In the current study, the neoadjuvant radio-
chemotherapy itself was well tolerated. Grade 3 acute
toxicities were observed in 19% of the patients. This rate was
lower than the 27% of grade 3 or 4 toxicities observed in the
neoadjuvant treatment group of the German trial, which
included mainly patients with low or middle rectal cancer (5).
Grade 3 or 4 hematological toxicity of the present study and
the German trial were the same (6%), whereas diarrhea (8%
vs. 12%) and skin toxicity (2% vs. 11%) were less frequent in
our study. In the German trial, 14% of patients experienced a
grade 3 or 4 late toxicity vs. no patients in the present study
(5). In the other three trials, acute and late toxicities related to
neoadjuvant radiotherapy were not clearly stated (2-4). In an
update report of the Dutch trial, it was mentioned that 2
patients (0.6%) died due to radiotherapy-related complications
(23). In contrast to radio-chemotherapy related toxicities,
complications during or following surgery were more common
in the present study than in the German trial (5). The overall
rates of complications were 43% in our study and 36% in the
German trial. The rates of anastomotic leakage of any grade
were 20% and 11%, respectively. Wound-healing
complications occurred in 14% and 10%, bleeding in 4% and
3% of the patients, respectively. The quality of surgery in the
present study was excellent; a microscopically complete
resection was achieved in all patients, even with wide
minimum resection margins (median 20 mm). For example, in
the MRC CRO7 trial, a microscopically complete resection
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was not achieved in 12% of the patients (3). Thus, the higher
rate of perioperative complications was likely associated with
the height of the tumors. In the German trial, 12% of the
patients had high rectal cancer (>10 cm) compared to 100%
in the present study. The comparably high rate of
complications may be an argument to omit neoadjuvant
radiotherapy or radio-chemotherapy. On the other hand,
neoadjuvant treatment led to a downstaging by at least one
UICC stage in 35 of 53 patients (66%). Moreover, successful
downstaging was an independent predictor of improved LC
and OS. This result demonstrates the importance of
downstaging. However, the question may be raised whether
the impact of successful downstaging on the patients’
prognoses can be used as an argument in favor of neoadjuvant
treatment or is just a surrogate marker, i.e. good response
translated into better LC and OS.

In summary, neoadjuvant radio-chemotherapy for high
rectal cancer was well tolerated and led to promising results,
particularly when taking into account that 78% of the
patients had stage III disease. Perioperative complications
were more frequent than in a previous trial, which included
mainly patients with low or middle rectal cancer. Successful
downstaging with neoadjuvant radio-chemotherapy was
achieved in about two thirds of the patients and associated
with significantly better LC and OS. When taking into
account the results from the available trials and the present
study, it becomes obvious that comparative studies with vs.
without neoadjuvant radiotherapy or radio-chemotherapy are
required to properly define the optimal treatment for patients
with high rectal cancers.
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