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ABSTRACT

Background: The benefits of adjuvant radiotherapy in rectal carcinoma are well
known. However, there is still considerable uncertainty about the optimal radiation
treatment. There is an ongoing debate about the choice between very short treatments
immediately followed by surgical resection and prolonged treatments with delayed
surgery. In this paper, we describe an interim analysis of a non-controlled clinical
trial in which radiotherapy delivered with intermediate dose/duration was followed
by surgery after about 2 weeks to improve local control and survival after curative
radiosurgery for cT3 low/middle rectal cancer. Methods: Preoperative radiotherapy
(36 Gy in 3 weeks) was delivered in 248 consecutive patients with cT3NxMO rectal
adenocarcinoma within 10 cm from the anal verge, followed by surgery within the
third week after treatment completion. Results: 166 patients (66.94%) underwent
anterior resection, 80 patients (32.26%) the Miles’ procedure and 2 patients (0.8%)
the Hartmann’s procedure. Local resectability rate was 99.6%, with 226 curative-
intent resections. The overall rate of complications was 27.4%. 5-year oncologic
outcomes were evaluated on 223 patients. The median follow-up time was 8.9 years
(range 5-17.4 years); local recurrence (LR) rate and distal recurrence (DR) rate after
5 years were 6.28% and 21.97%, respectively. Overall survival was 74.2%; disease
free survival was 73.5%; local control was 93.4 % and metastasis-free survival was
82.1%. Conclusions: preoperative radiotherapy with intermediate dose/duration and
interval between radiotherapy and surgery achieves high local control in patients
with cT3NxMO rectal cancer, and high DR rate seems to be the major limitation to
improved survival.

INTRODUCTION

Over the past few decades, significant advances
in the treatment of rectal cancer have been made. The
introduction of high-dose radiotherapy (RT) in the
preoperatory period has led to a 50% reduction in local
recurrence (LR) rate [1-5]. Subsequently, the introduction
of the total mesorectal excision (TME) into surgical

practice has allowed further reduction in LR rate below
10% [6,7]. The role of adjuvant therapies, either with
or without fluorouracil-based chemotherapy (CHT),
remains controversial in terms of improvement of overall
survival [8-10], with a possible risk of overtreatment in
patients with T3 rectal cancer. Our study started in 1988
on the basis of the French [1] and Swedish works [2] on
radiotherapy, with the aim of improving outcomes in rectal

www.impactjournals.com/oncotarget

11143

Oncotarget



cancer. RT was planned in the preoperative time and was
delivered with midway dose/duration and interval between
radiotherapy and surgery. The Uppsala trial showed that
preoperative RT was significantly better tolerated and
gave a significantly better local control than postoperative
radiotherapy[2]. RT protocols are different from standard
regimens. In our study the planned treatment (36 Gy in 3
weeks) was characterized by an “intermediate fraction”,
and was similar to the one used in the Lyon R90-01 trial,
where a total dose of 39 Gy was delivered (3.0 Gy per
fraction in 13 fractions within 2 weeks) [12]. By applying
a 2-week break between RT and surgery, which could
be named “intermediate interval”, it is possible to take
advantage of both the Swedish short interval cell-killing
effect and the conventional long interval downstaging/
sizing effect. Results of trials comparing local recurrence
rate in preoperative RT and in surgery alone, - EORTC-
40761 (LR = 15% vs. 30%; P =.003)[1], Stockholm I (LR
=13% vs. 30%; P =.001) [3], SRCG (LR = 9% vs. 26%;
P =.001) [5] - showed that preoperative RT reduces local
recurrence rates among patients with resectable rectal
cancer by more than 50% . In 1992, on the basis of the
Heald’s study [13], we introduced the total mesorectal
excision (TME) into our surgical practice as this surgical
technique was found to markedly reduce LR. In addition,
the Dutch Colorectal Cancer Group Trial demonstrated
that preoperative RT maintains its benefit and, when
combined with TME, reduces LR rate below 10% (LR
= 5% vs. 11%; P =.001) [14]. These data supported our
experience, in fact we were able to achieve high local
control in patients with local advanced rectal cancer,
as reported in our previous studies, where we showed
a S-year LR rate of approximately 6% in patients with
c¢T3NxMO clinical stage [15, 16].

In this study, we report on a radiosurgery protocol in
which RT was delivered with intermediate dose/duration
and was followed by surgery after about 2 weeks. We
describe the postoperative outcomes of a prospective
mono-institutional study on patients with cT3NxMO
rectal cancer whose median follow-up was 8.9 years.
We show the results of local control obtained by using
this radiosurgery treatment, which is middle between
the traditional ones; we used this protocol with the aim
of reducing the incidence of LR, and we considered
necessary to select all those patients who had been
observed for at least 5 years. Moreover, we report what
happened after these 5 years: in our experience, we have
not registered LR, suggesting that the chosen treatment
has a number of potential advantages, both with respect to
the “short” 5 days treatment and compared to the “long”
5 weeks treatment.

RESULTS

Patients’ Characteristics

This study was planned for local advanced rectal
cancer (cT3/cT4 NxMO) in January 1988, and 319
consecutive patients were enrolled until 2013. From
January 1988 to December 2008, 248 consecutive ¢T3
rectal cancer patients were selected. One hundred sixty-
seven (67.34%) were men and 81 (32.66%) were women;
the median age at surgery was 65 years (SD 9.8; range 28
- 81 years). One hundred thirty-eight tumors were located
in the lower third of the rectum and 110 in the middle third
of the rectum. The median tumor level was 5 cm from
the anal verge (SD 2.4; range 2 - 10 cm). Patients’ and
treatment’s characteristics are shown in Table 1.

Preoperative Radiotherapy

All 248 patients well tolerated RT; possible acute
side effects, such as diarrhea, tenesmus, dysuria, were
of short duration and were successfully treated with
the symptomatic medical care. None of the patients
interrupted the treatment. The median RT duration was 16
days (range 15 — 17 days). The 2-week planned interval
before surgery had a median duration of 19.0 days (SD
5.5; range 9 — 47 days). The overall median duration of
the radiosurgical treatment was 35 days (SD 5.5; range
24 — 63 days).

Surgery

Two hundred twenty-six patients underwent
curative-intent surgery: 151 patients (66.81%) underwent
sphincter saving (SS) surgery, and 75 (33.19%) underwent
sphincter demolition surgery (DS). Twenty-one patients
(8.47%) had distant metastasis at surgery, which was
undetectable preoperatively, and 1 patient (0.4%)
underwent non-radical surgery due to residual disease. The
local resectability rate was 99.6% (Table 1).

Postoperative Mortality and Morbidity

Postoperative mortality and morbidity rates were
calculated for all patients. Sixty-eight patients (27.4%)
had postoperative complications with a mortality rate of
2.02% (5 out of 248 patients). The specific morbidity rate
associated with radiosurgery was 16.1% in SS vs. 36.3%
in DS (P= 0.0004); whereas the overall complications
significantly increased in the DS group (20.8% SS
vs. 41.3% DS; P=0.0001). No statistically significant
differences in the general morbidity and mortality rate
were observed (Table 2).
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Table 1: Patients’ Characteristics
R I T
N % N % N |%
248 100 226 |91.13 |22 |8.87
Sex
Male 167 |[67.34 152 [67.26 |15 |68.18
Female 81 32.66 74 32.74 |7 |31.82
Age (years)
Range 27-81 30-81 27-177
Median 65 65 63
Tumor level (cm)
Range 2-10 2-10 2-10
Median 5 5 6
Type of surgery
Miles's procedure 80 32.26 75 33.19 |5 22.73
Anterior resection 166 [66.94 151 166.81 |15 [68.18
Hartmann's procedure 2 0.80 2 9.09
Residual disease 1 0.4 - 1 4.55
pT pN pM
pTO 6 242 6 2.65
pTis 2 0.81 2 0.88
pT1 3 1.21 3 1.33
pT2 50 20.16 47 20.80 |3 13.64
pT3 181 |[72.98 164 (72.57 |17 |77.27
pT4 6 2.42 4 1.77 2 19.09
pNO 164 |66.13 158 [6.91 6 |27.27
pN1 62 25.00 51 22.57 |11 |[50.00
pN2 22 8.87 17 7.52 5 22.73
pM 21 8.47 21 195.45

Pathologic Characteristics alive patients was 8.9 years (range 5 to 17.4 years).

The comparative assessment of clinical and Local recurrence

pathological T staging revealed a pathological complete

remission (pCR) in 6 patients (2%); instead, upstaging
was found in 6 patients (2%) and downstaging in about
25% of cases (Table 1). The details of the pathologic
characteristics are listed in Table 3.

Follow-up

Twenty-one out of 248 eligible patients who had
liver metastasis at surgery were excluded from the study;
1 patient was resection margin positive and 3 patients died
due to postoperative complications. In total, 223 patients
were eligible for follow-up. The median follow-up time of

The 5-year LR rate was 6.28% (14 out of 223
patients) and was observed at a median of 25.5 months
(SD 12.3; range 11.4 — 53 months). Both LR and DR were
observed in 7/14 patients (50%). Five patients had stage II
disease and 9 had stage I1I. No downstaging was detected:
13 patients had stage ypT3 and | patient had stage ypT4
(upstaging). No statistically significant differences were
found for sex, tumor level (cutoff 5 cm), TME, or type of
surgery. No local recurrences were found after the 5" year
from surgery (Table 4).
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Table 2: Post-operative mortality and morbidity

Patients Surgery

| ss DS

248 168 80 P

n° | % n° | % n° | %
General morbidity
Renal Failure 1 0.4) (1.2)
Cerebral ischemia 2 (0.8) 2 2.5
Pulmonary embolism 1 0.4) 1 (0.6)
Ascitic decompesation 1 0.4) 1 (0.6)
Acute iliac trombosis 1 0.4) 1 (0.6)
Pleural effusion 1 0.4) 1 (0.6)

7 1(2.8) 4 124 3 (3.7) ns
Specific morbidity (related to radio-surgical treatment)
Intra-abdominal bledding 0.4) 1 (0.6)
Intra-abdominal infection 2 (0.8) 2 (1.2)
Ureteral necrosis 0.4) 1 (1.2)
Bladder failure 11 (4.4 11 (6.5
Abdomen wound: suppuration 2 (0.8) 2 (2.5)
Perineal cavity: suppuration 21 [(8.5) 21 [(26.3)
Perineal cavity: hemorrhage (0.8) (2.5)
Fistula (0.8) (2.5)
Ureteral lesion 0.4) 1 (1.2)
Anastomotic dehiscence 13 [(5.2) 13 [(7.7)

56 [(22.6) |27 [(16.1) [29 [(36.3) .0004
Total morbidity 63 [(254) |31 [(18.5) |32 [(40.0) .0003
Mortality 5 1(2.0) 4 124 1 (1.3) ns

68 [27.4 35 1(20.8) |33 [(41.3) .0008
SS: sphincter saving; SD: sphincter demolition. Values in parenthesis are percentages

Distant recurrence

The 5-year DR rate was 21.97% (49 out of 223
patients) and was observed at a median of 17 months
(SD 12.0; range 3 — 50 months). Four patients had stage |
disease, 25 had stage II and 20 had stage III. The incidence
of DR was not influenced by sex or type of surgery. After
the 5" year from surgery, distant metastases were found in
2 patients. (Table 4).

Survival

Table 5 shows the patients’ status after 5 years from
surgery; the number of alive patients was 159 (71.3%).

Local and/or distant recurrence was observed in 63
patients (28.25%), contributing to the 5-year disease free
survival (DFS) rates, which were estimated at 73.5% (SE
3.0). The 5-year cancer-specific survival rate was 79.7%
(SE 2.8), with a LR-specific survival rate of 93.4% (SE
1.8) and a DR-specific survival rate of 82.1% (st.er.: 2.7).
The 5-year overall survival (OS) rate was 74.2% (SE
3.0) (Table 6; Figure 1). No significant differences for
sex, tumor level and type of surgery were found in OS;
but significant differences in the stage distribution were
registered (Figure 2).
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Table 3:TNM anatomical and pathological staging (patients with
> S-year follow-up)
TNM Stage Patients %
0 TO NO 6
T in situ NO 2
8 3.6
T1 NO 3
I T2 NO 40
43 19.3
T3 NO 103
11 T4 NO 1
104 46.6
T2 N1 5
T2 N2 1
T3 N1 43
t T3 N2 16
T4 N1 3
68 30.5
Total 223 100
Table 4: Disease progression after > 5- year follow-up
N %
Local recurrence 14/223 6.28
Distant recurrence 49/223 21.97

100% {~mm———mm==m=——__

----------

90% 1 0s$-DOC

0SS-DR

80% -
0Ss-DOD

0s =742%
70% - ~==-0S5-DOC =93.0% 0s
055-DOD =79.7% P <0.0001
—==-0SS-LlR =93.4%
60% —— 0S$-DR =75.9%
50% -
0 1 2 3 4 5

Years

Figure 1: Cumulative survival (y axis) and overall survival (x axis) evaluated according to Kaplan-Meier statistical
analysis and disease status in T3 low/middle rectal cancer patients treated with intermediate neoadjuvant radiotherapy
and with > S-year follow-up. OS = Overall survival, DR = Distal recurrence, LR = Local recurrence, OSS-DR = Overall specific
survival-DR, OSS-LR = Overall specific survival-LR, DOC = Patients who died with no evidence of disease, DOD = Patients who died
with evidence of disease (local or distal).
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Table 5: Status after > 5-year follow-up
All patients Palliative > S-year follow-up
N % N % N %
No evidence of disease 146 58.87 - 146 65.47
Alive with disease 16 6.45 3 13.64 13 5.83
Death from disease 60 24.19 16 72.72 42 18.83
Death from other cause 15 6.05 - 14 6.28
Lost to follow-up 11 4.44 3 13.64 8 3.59
248 100 22 100 223 100
Table 6: Survival after > S-year follow-up
SURVIVAL Estimate % Standard Error
Overall survival (OS) 74.2 3.0
Overall specific survival (OSS)
DOC 96.3 1.3
DOD 79.7 2.8
Cancer specific survival LR 93.4 1.8
DR 82.1 2.7
Disease free survival (DFS) 73.5 3.0
D " " val (DESS LR 92.2 2.0
isease free specific survival ( ) DR 76.6 29
DOC: death from other cause; DOD: death from the disease; LR: local recurrence; DR:
distant recurrence

100% +

50% A

....... Stage 0 = 100%

= = Stagel =93%

Stage Il =76.4%

Stage Ill = 55.9%

[0 T o o e T T

P <0.0001

Years

Figure 2: Cumulative survival (y axis) and overall survival (x axis) evaluated according to Kaplan-Meier statistical
analysis and pathological stage in T3 low/middle rectal cancer patients treated with intermediate neoadjuvant

radiotherapy and with > 5-year follow-up.
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Protocol violations

The protocol was violated in two 81-year old
patients.

DISCUSSION

The advantages of adjuvant RT in rectal carcinomas
are recognized, but up till now there is significant
uncertainty regarding the most favorable radiation
treatment. In particular, there is still a long-lasting dispute
concerning the option between very short treatments (25
Gy in 5 days) immediately followed by surgical resection
and prolonged treatment (45-50 Gy in 5 weeks) with
delayed surgery. Both choices have their distinct
advantages and disadvantages. We opted for an innovative
experience and an intermediate choice was made in which
a slightly accelerated RT (36 Gy in 3 weeks) was followed
by surgery after an interval of about 2 weeks. The
interesting aspect of this experience is that this treatment
modality allows to obtain a compromise between the two
RT protocols today considered as standard. In particular,
the treatment in 3 weeks could favor downstaging of the
disease (compared to “short” treatment) maintaining a
reasonable duration of the integrated radio-surgical
treatment (compared to “long” treatment). The long
duration of follow-up and the large number of cases
contribute to enrich our study, anyway we could argue that
our clinical staging was “sub-optimal” for two reasons.
First of all, we reported a 25% downstaging rate, but then,
as we also had 6 ypT4 patients, we had to consider a lack
in the real rate of ¢T4. The second point is that our
department did not gain any advantage from the magnetic
resonance imaging (MRI) because pelvic MRI was
introduced into our clinical practice only few years ago.
Nowadays, MRI is considered the gold standard in rectal
cancer imaging since it achieves a clinical “T” staging
which is very close to pathological staging. MRI can
accurately detect the mesorectal fascia, is able to assess
the invasion of the mesorectum or of the surrounding
organs, and effectively predicts the circumferential
resection margin, even if nodal disease remains a difficult
radiological diagnosis [17]. For these reasons, MRI plays
a pivotal role in the patients’ selection process, but it also
has a prognostic role as it is fundamental in the choice of
the appropriate therapeutic strategy. Also the results from
the MERCURY trial showed that preoperative MRI could
define the group of stage II and III disease patients with a
good prognosis, who were likely to be treated with surgery
alone. A 5-year LR of 3% in the total population and of
only 1.7% in MRI good prognosis T3 stage patients were
achieved[18]. A Mayo Clinic retrospective review of
patients with rectal cancer treated with curative-intent
surgery alone showed a 5-year rate of LR of 4.3% [19].
The additional therapy adds morbidity to that caused by

surgery, and should therefore be administered only when
the risk of LR is sufficiently high [10]. Among all the trials
comparing surgery alone with RT, increased postoperative
mortality has been observed only in the Stockholm I trial,
in which large fields of RT were adopted [3]. The Polish
trial showed that the rate of all complications in patients
treated with the 5x5 Gy schedule was 24% vs. 85% in
patients who received preoperative chemoradiotherapy
(CRT) (P=.0001); furthermore, grade III and IV (including
death) complications among patients treated were 3 vs.
18%, (P=.0001), respectively [20]. In the FFCD 9203
trial, the overall rate of grade III to IV toxicities, according
to the WHO scale, was significantly higher in the CRT arm
(14.9%) than in the RT arm (2.9%; P=.0001) [21]. In the
EORTC 22921 trial, grade II acute toxic effects were
reported in 38.4% of patients receiving preoperative CRT,
and grade III or higher acute toxic effects occurred in
7.4% of cases [22]. Also, it is worth noticing that 20% of
patients of both studies did not receive the 5-fluorouracil
planned dose. In our experience, RT caused an increase in
the total time of treatment, with a median of 35 days. All
patients completed the radiosurgical protocol (compliance
100% of patients). The overall complications rate
(including deaths) was 27.4%. The real effect of adjuvant
therapies on the improvement in overall survival is still
debatable. The Swedish Rectal Cancer trial showed and
confirmed that preoperative RT improves survival [5]; this
can be explained by the “marked” reduction in the risk of
LR after RT; in contrast, the rate of distant metastases was
not influenced [23]. Also the Stockholm II trial reported
that LR rate reduction and improved survival were
obtained in the patients who underwent curative-intent
surgery [4]. This effect cannot be verified in terms of OS
in TME trials, where the improvement in local control
achieved with TME decreases the “marked” reduction
obtained by RT, which does not translate into an improved
overall survival. The results of a randomized trial
comparing preoperative RT alone vs. neoadjuvant CRT,
such as the Polish trial or the FFCD 9203 trial, - with or
without TME — concluded that there was no impact on
overall survival for stage T3 or T4 resectable rectal cancer
[20,21]. The Australian intergroup trial showed no
difference on OS for clinically staged T3 cancer[24]. The
EORTC 22921 trial concluded that in patients with stage
T3 or T4 resectable rectal cancer treated with preoperative
RT the association of CHT preoperatively or
postoperatively produced no significant effect on
survival[22,25]. Historically, postoperative CRT has
proved to effectively reduce local recurrences and to
improve survival for locally advanced rectal cancer [26,
27]. Between 1993 and 1994, prospective randomized
trials aimed at comparing the efficacy of preoperative with
postoperative CRT were started. Two trials were
performed in the United States — the Radiation Therapy
Oncology Group (RTOG) 94-01 trial and the National
Surgical Adjuvant Breast and Bowel Project (NSABP)
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R-03 trial-; another trial was started by the German Rectal
Cancer Study Group (the CAO/ARO/AIO-94 trial) [28].
Unfortunately, the RTOG 94-01 trial enrolled only 53
patients and was closed prematurely. Also the NSABP
R-03 trial failed to reach the planned goal of 900 patients
as it enrolled only 267 patients between 1993 and 1999.
This trial showed a significantly improved disease-free
survival in the preoperative CRT arm but no improvement
in OS and local control [29]. Moreover, after a median
follow-up of 11 years, the CAO/ARO/AIO-94 trial
concluded that no effect on OS was obtained [30]. In all
the analyzed studies, there are many different opinions on
the effects of adjuvant therapies on survival, while the
authors agree on the fact that adjuvant therapy has no
effect on DR. It seems that adjuvant therapies affecting LR
may be able to reduce a part of the features that make
rectal cancer a dismal nosological entity; the fact that
adjuvant therapies have no effect on DR makes colon and
rectal cancer similarly grim. Only systemic treatments
which are able to affect DR will be able to have an effect
on cancer specific survival and consequently on OS. In our
report, the 5-year rate of DR was 22.97%. Indeed, we
found that cancer specific survival can be more influenced
by DR, with specific survival about 82.1%, respect to LR,
with specific survival about 93.4%. Another advantage of
CRT could be a better anal-sphincter preservation[31,32].
However, there is no firm evidence supporting this
hypothesis [20-22]. The goal of improved sphincter
preservation by neoadjuvant treatment remains complex
and surgeon-dependent. The final decision on sphincter
preservation is not based at the time of surgery, but on
tumor status before irradiation. In the Lyon R90-01 trial,
as much as 9% LR rate was found, and in patients who
underwent sphincter preservation, where conservative
surgery did not seem possible at the beginning, LR
occurred in 12% of cases [33]. It is the surgeon’s
responsibility to choose between abdominoperineal
resection and anal sphincter saving procedures by trying to
remain impartial between the desire to perform sphincter
preservation and the risk of favoring LR.

CONCLUSIONS

These premises allow to draw some final
consideration, which may be useful for clinical practice.
Rectal cancer staging is essential to help clinicians make
the right decision on the type of surgery to apply and to
determine whether or not neoadjuvant therapy would
be appropriate. According to our experience, the local
resectability rate for ¢T3 rectal cancer patients is about
99%. Consequently, TME preceded by RT allows reducing
LR rate below 10%. It is therefore essential for surgeons
to have a role in multidisciplinary teams in order to have
a better control of LR rates and to monitor their own
surgical practice quality, as well. It must be stressed that
RT or CHT cannot compensate for poor surgery. The dose

and fraction of RT we apply seem a good compromise
between the long and short course RT, and they are well
accepted by our patients. Hopefully, this intermediate RT
schedule will have a role in clinical practice in the next
future [34]. Surely, it is necessary to introduce further
protocols with new CHT treatments able to reduce distant
metastases and LR in circumferential resection margin
positive patients [35]. The reduction in DR and its impact
on overall survival will be the challenge for the future.
On the other hand, new prospects, such as the clinical
complete response and the “wait-and-see” strategy,
should be strengthened, even if, nowadays, this policy is
very difficult to follow due to various clinical and ethical
reasons [36,37].

METHODS

Patients

Patients with ¢T3 rectal adenocarcinoma located
within 10 cm from the anal verge who underwent
neoadjuvant RT and with more than 5 years follow-up
were included in the analysis. The following exclusion
criteria were considered: more than 80 years of age,
known metastatic disease and other malignant diseases,
and previous RT to the pelvis. A total of 248 consecutive
patients who underwent surgery until 2008 were recruited.
Preoperative staging was performed by digital rectal
examination, colonoscopy and biopsy, abdomino-pelvic
computed tomography (CT) and endorectal ultrasound
(from 1990), chest x-ray or CT, full blood examination,
renal and liver function tests and carcinoembryonic
antigen (CEA). The location of the tumor was measured
from the anal verge and classified as low rectal (less than 5
cm) or middle rectal (5—10 cm) on the basis of endoscopy
and digital rectal examination (cutoff 5 cm). There was
no restriction on nodal stage. All the enrolled subjects
gave informed written consent to participate to the study
protocol, which was approved by the local Scientific
and Ethical Committee. The procedures followed were
in accordance with the World Medical Association’s
Declaration of Helsinki (1964, and its later amendments).

Radiotherapy

RT treatment was performed with a total radiation
dose of 36 Gy, delivered in 12 daily fractions of 3 Gy
each day for 5 days/week using a 6 or 8 MV x-ray linear
accelerator and the four-field box technique; the patient
was placed in the prone position. Until June 2002, 146
patients (58.8%) were treated with the 2D conventional
technique; thereafter the remaining 102 patients (41.2%)
were treated with the 3D conformal technique. The RT
treatment plan was established on the basis of the CT
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scan results. The superior border of the treatment volume
was set at the L5-S1 junction; whereas the inferior
border was set at the bottom of the ischial tuberosities
or at the perineum, depending on the disease extent. The
anterior—posterior and posterior—anterior (AP-PA) fields
encompassed the whole pelvis with 1.5-2 cm of margin
on the bony pelvic inlet; lateral fields encompassed the
sacrum posteriorly and the femoral heads anteriorly.
For CTV delineation, the AIRO (Associazione Italiana
Radioterapia Oncologica) guidelines were used. The three-
dimensional conformal RT (3D CRT) with simulation
performed on a Toshiba Large Bore CT scanner was
performed; the patient was placed in the supine position
and his/her legs were immobilized. The same position
was maintained for the entire duration of the treatment.
The prescribed dose was referred to the axis intersection
(ICRU 50).

Surgery and Histopathological Analysis

Surgery (anterior resection or abdominoperineal
excision) was planned before RT and performed within
the third week after completion of the RT treatment. It
was considered locally curative when, after surgical and
histopathological evaluation, the margins of the resected
tissue were free of tumor. Sphincter saving (SS) surgery
requires a 2-cm distance from the cancer’s lower border.
Total mesorectal excision (TME) was introduced in 1992.
The operative specimen was examined and classified
according to the International Union Against Cancer’s
TNM system [11]. Adjuvant chemotherapy was prescribed
according to the referring medical oncologist. .

Follow-up

Each patient was followed-up every 3 months for
2 years, then once every 6 months from the 3 to the 5
year after surgery; subsequently, once a year. Recurrence
located in the pelvic irradiation field was defined as local
recurrence (LR); whereas recurrences which were not
in this field were considered distant recurrences (DR).
Recurrence and survival analysis was limited to patients
who underwent curative resection and had a minimum
of 5 years of follow-up after surgery at December 2013.
The overall survival (OS) was defined as the period of
time from the date of surgery until the date of death or
the date of the last follow-up for patients who were still
alive. Disease-free survival (DFS) was defined as the
period of time from the date of surgery until the date of
the first local or distant recurrence. Patients who died with
no evidence of disease (DOC) were censored at the date
of death, and alive patients with no evidence of disease
(NED) were censored at the date of the last follow-up.
Patients who died with evidence of (local or distant)
disease (DOD) were censored at the date of death, and

alive patients with evidence of (local or distant) disease
(AWD) were censored at the date of the last follow-up.

Statistical Analysis

Normal distribution assumption was checked by
means of Shapiro-Wilks and Kolmogorov-Smirnov tests.
Differences in proportions were analyzed using the Chi-
square test (Fisher-Yates test). LR and DR and survival
analysis were based on all patients who received curative-
intent surgery. Survival rates were calculated by using the
Kaplan—Meier method for the analysis of censored data,
and survival curves were compared with the log rank
test. P < 0.05 was considered statistically significant. All
analyses were performed and graphs were drawn with
SPSS software (IBM SPSS Statistics, IBM Corporation,
Chicago, IL).
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List of abbreviations used

AWD = Patients alive with evidence of (local or
distant) disease.

CHT = chemotherapy.

CRT = Chemoradiotherapy.

CT = Abdomino-pelvic computed tomography.
DFS = Disease free survival.

DOC = Patients who died with no evidence of
disecase.

DOD = Patients who died with evidence of disease
(local or distal).

DR = Distal recurrence.

DS =Sphincter demolition surgery.

LR = Local recurrence.

MRI = Magnetic resonance imaging.

NED = Patients alive with no evidence of disease.
OS = Overall survival.

OSS-DR = Overall specific survival-DR.
OSS-LR =Overall specific survival-LR.

pCR = Pathological complete remission.

RT = radiotherapy.

SD = Standardr deviation.

SE = Standard error.

SS = Sphincter saving surgery.
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TME = Total Mesorectal Excision.

REFERENCES

10.

11.

12.

Gérard A, Buyse M, Nordlinger B, Loygue J, Péne F,
Kempf P, Bosset JF, Gignoux M, Arnaud JP, Desaive C:
Preoperative radiotherapy as adjuvant treatment in rectal
cancer. Final results of a randomized study of the European
Organization for Research and Treatment of Cancer
(EORTC). Ann Surg 1988; 208: 606-614 .

Pahlman L, Glimelius B: Pre- or postoperative radiotherapy
in rectal and rectosigmoid carcinoma. Report from a
randomized multicenter trial. Ann-Surg 1990; 211: 187-
195.

Cedermark B, Johansson H, Rutqvist LE, Wilking N: The
Stockholm I trial of preoperative short term radiotherapy in
operable rectal carcinoma. A prospective randomized trial.
Stockholm Colorectal Cancer Study Group. Cancer 1995;
75:2269-2275.

Martling A, Holm T, Johansson H, Rutqvist LE, Cedermark
B, Stockholm Colorectal Cancer Study Group: The
Stockholm II trial on preoperative radiotherapy in rectal
carcinoma. Cancer 2001; 92: 896-902.

Swedish Rectal cancer Trial: Improved survival with
preoperative radiotherapy in resectable rectal cancer. New
Engl J of Med 1997; 336: 980-987.

Heald-RJ, Moran-BJ, Ryall-RD, Sexton R, MacFarlane
JK: Rectal cancer: the Basingstoke experience of total
mesorectal excision, 1978-1997. Arch-Surg 1998; 133: 894-
899.

Kapiteijn E, Marijnen CA, Nagtegaal 1D, Putter H, Steup
WH, Wiggers T, Rutten HJ, Pahlman L, Glimelius B, van
Krieken JH, Leer JW, van de Velde CJ: Dutch Colorectal
Cancer Group. Preoperative radiotherapy combined with
total mesorectal excision for resectable rectal cancer. N
Engl J Med 2001; 345: 638—646.

Camma C, Giunta M, Fiorica F, Pagliaro L, Craxi A,
Cottone M: Preoperative radiotherapy for resectable rectal
cancer: A meta-analysis. JAMA. 2000; 284: 1008-1015.

Ceelen WP, Van Nieuwenhove Y, Fierens K: Preoperative
chemoradiation versus radiation alone for stage II and III
resectable rectal cancer. Cochrane Database Syst Rev.
2009; (1).

Glimelius B: Neo-adjuvant radiotherapy in rectal cancer.
World J Gastroenterol 2013; 19: 8489-8501.

Sobin LH, Witteking C: TNM Classification of Malignant
Tumours. Geneva Switzerland, International Union Against
Cancer, 1987.

Francois Y, Nemoz CJ, Baulieux J, Vignal J, Grandjean JP,
Partensky C, Souquet JC, Adeleine P, Gerard JP: Influence
of the interval between preoperative radiation therapy and
surgery on downstaging and on the rate of sphincter-sparing
surgery for rectal cancer: the Lyon R90-01 randomized trial.
J Clin Oncol 1999; 17: 2396-2402.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Heald RJ, Husband EM, Ryall RDH: The mesorectum in
rectal cancer surgery - the clue to pelvic recurrence? Br. J.
Surg 1982; 69: 613-616.

Peeters KC, Marijnen CA, Nagtegaal ID, Kranenbarg EK,
Putter H, Wiggers T, Rutten H, Pahlman L, Glimelius
B, Leer JW, van de Velde CJ; Dutch Colorectal Cancer
Group: The TME trial after a median follow-up of 6 years:
increased local control but no survival benefit in irradiated
patients with resectable rectal carcinoma. Ann Surg 2007,
246: 693-701.

Tardio B, Mastrodonato N, Bisceglia G: La radioterapia
preoperatoria nel cancro del retto localmente avanzato:
nostra esperienza. Atti 99°Congresso Societa Italiana di
Chirurgia;1997. Vol 2: 66-75.

Bisceglia G, Mastrodonato N, Rucci B, Corsa P, Parisi S,
Tardio B, di Sebastiano P: Effectiveness of neoadjuvant
radiotherapy in the treatment of locally advanced rectal
cancer: a single-center experience in 263 patients. Dig Surg
2010; 27: 217-223.

Bellows CF, Jaffe B, Bacigalupo L, Pucciarelli S, Gagliardi
G: Clinical significance of magnetic resonance imaging
findings in rectal cancer. World J Radiol. 2011; 3: 92-104.
Taylor F, Quirke P, Heald R, Moran B, Blomqvist L, Swift
I, Sebag-Montefiore DJ, Tekkis P, Brown G, MERCURY
study group: Pre-operative high-resolution magnetic
resonance imaging can identify good prognosis stage I, 11,
and III rectal cancer best managed by surgery alone. Ann
Surg 2011; 253: 711-719.

Mathis KL, Larson DW, Dozois EJ, Cima RR, Huebner
M, Haddock MG, Wolff BG, Nelson H, Pemberton JH:
Outcomes following surgery without radiotherapy for rectal
cancer. Br J Surg. 2012; 99: 137-143.

Bujko K, Nowacki MP, Nasierowska-Guttmejer A,
Michalski W, Bebenek M, Kryj M: Long-term results of
a randomized trial comparing preoperative short-course
radiotherapy with preoperative conventionally fractionated
chemoradiation for rectal cancer. Br J Surg 2006; 93: 1215-
1223.

Gérard JP, Conroy T, Bonnetain F, Bouché O, Chapet O,
Closon- Dejardin MT, Untereiner M, Leduc B, Francois
E, Maurel J, Seitz JF, Buecher B, Mackiewicz R, Ducreux
M, Bedenne L: Preoperative radiotherapy with or without
concurrent fluorouracil and leucovorin in T3-4 rectal
cancers: results of FFCD 9203. J Clin Oncol 2006; 24:
4620-4625.

Bosset JF, Collette L, Calais G, Mineur L, Maingon P,
Radosevic-Jelic L, Daban A, Bardet E, Beny A, Ollier JC:
Chemotherapy with preoperative radiotherapy in rectal
cancer. N Engl J Med 2006; 355: 1114-1123.

Folkesson J, Birgisson H, Pahlman L, Cedermark B,
Glimelius B, Gunnarsson U. Swedish Rectal Cancer Trial:
long lasting benefits from radiotherapy on survival and local
recurrence rate. J Clin Oncol 2005; 23: 5644-5650.

Ngan SY, Burmeister B, Fisher RJ, Solomon M, Goldstein

www.impactjournals.com/oncotarget

11152

Oncotarget



25.

26.

27.

28.

29.

30.

31.

32.

33.

D, Joseph D, Ackland SP, Schache D, McClure B,
McLachlan SA, McKendrick J, Leong T, Hartopeanu C,
Zalcberg J, Mackay J: Randomized trial of short-course
radiotherapy versus longcourse chemoradiation comparing
rates of local recurrence in patients with T3 rectal cancer:
Trans-Tasman Radiation Oncology Group trial 01.04. J Clin
Oncol 2012; 30: 3827-3833.

Bosset JF, Calais G, Mineur L, Maingon P, Stojanovic-
Rundic S, Bensadoun RJ, Bardet E, Beny A, Ollier JC,
Bolla M, Marchal D, Van Lacthem JL, Klein V, Giralt J,
Clavére P, Glanzmann C, Cellier P, Collette L; EORTC
Radiation Oncology Group: Fluorouracil-based adjuvant
chemotherapy after preoperative chemoradiotherapy in
rectal cancer: long-term results of the EORTC 22921
randomised study. Lancet Oncol 2014;15: 184-90.

Krook JE, Moertel CG, Gunderson LL, Wieand HS, Collins
RT, Beart RW, Kubista TP, Poon MA, Meyers WC,
Mailliard JA: Effective surgical adjuvant therapy for high-
risk rectal carcinoma. N Engl J Med 1991; 324: 709-715.
Gastrointestinal Tumor Study Group: Radiation therapy
and fluorouracil with or without semustine for the treatment
of patients with surgical adjuvant adenocarcinoma of the
rectum. J Clin Oncol 1992; 10: 549-557.

Sauer R, Becker H, Hohenberger W, Rddel C, Wittekind
C, Fietkau R, Martus P, Tschmelitsch J, Hager E, Hess
CF, Karstens JH, Liersch T, Schmidberger H, Raab R:
Preoperative versus postoperative chemoradiotherapy for
rectal cancer. N Engl J Med 2004; 351: 1731-1740.

Roh MS, Colangelo LH, O’Connell MJ, Yothers G, Deutsch
M, Allegra CJ, Kahlenberg MS, Baez-Diaz L, Ursiny
CS, Petrelli NJ, Wolmark N: Preoperative multimodality
therapy improves diseasefree survival in patients with
carcinoma of the rectum: NSABP R-03. J Clin Oncol 2009;
27:5124-5130.

Sauer R, Liersch T, Merkel S, Fietkau R, Hohenberger W,
Hess C, Becker H, Raab HR, Villanueva MT, Witzigmann
H, Wittekind C, Beissbarth T, Rodel C: Preoperative versus
postoperative chemoradiotherapy for locally advanced
rectal cancer: results of the German CAO/ARO/AIO-94
randomized phase III trial after a median follow-up of 11
years. J Clin Oncol. 2012 ; 30: 1926-1933.

Minsky BD: Adjuvant therapy for rectal cancer — a good
first step. N Engl JMed 1997; 336: 1016—1017.

Valentini V, Glimelius B, Minsky BD, Van Cutsem E,
Bartelink H, Beets-Tan RG, Gerard JP, Kosmidis P,
Pahlman L, Picciocchi A, Quirke P, Tepper J, Tonato M,
Van de Velde CJ, Cellini N, Latini P: The multidisciplinary
rectal cancer treatment: main convergences, controversial
aspects and investigational areas which support the need
for a European Consensus. Radiother Oncol 2005; 76: 241—
250.

Glehen O, Chapet O, Adham M, Nemoz JC, Gerard JP,
Lyons Oncology Group.: Long-term results of the Lyons
R90-01 randomized trial of preoperative radiotherapy with
delayed surgery and its effect on sphincter-saving surgery

34.

35.

36.

37.

in rectal cancer. Br J Surg 2003; 90: 996-8.

Zhan T, Gu J, Li M, Du C: Intermediate-fraction
neoadjuvant radiotherapy for rectal cancer. Dis Colon
Rectum 2013; 56: 422-432.

van Gijn W, Marijnen CA, Nagtegaal ID, Kranenbarg EM,
Putter H, Wiggers T, Rutten HJ, Pdhlman L, Glimelius B,
van de Velde CJ: Preoperative radiotherapy combined with
total mesorectal excision for resectable rectal cancer: 12-
year follow-up of the multicentre, randomised controlled
TME trial. Lancet Oncol 2011; 12: 575-582.

Habr-Gama A, Perez R, Proscurshim I, Gama-Rodrigues

J:  Complete clinical response after neoadjuvant
chemoradiation for distal rectal cancer. Surg Oncol Clin N

Am 2010; 19: 829-845.
O’Neill BD, Brown G, Heald RJ, Cunningham D,
Tait DM: Non-operative treatment after neoadjuvant

chemoradiotherapy for rectal cancer. Lancet Oncol 2007; 8
1 625-633.

www.impactjournals.com/oncotarget

11153

Oncotarget



