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a b s t r a c t

Purpose: To assess local control after preoperative radiation and local excision and to determine an opti-
mal radiotherapy regimen.
Methods: Eighty-nine patients with G1–2 rectal adenocarcinoma <3–4 cm; unfavourable cT1N0 (23.6%),
cT2N0 (62.9%) or borderline cT2/cT3N0 (13.5%) received 5 � 5 Gy plus 4 Gy boost (71.9%) or 55.8 Gy in 31
fractions with 5-FU and leucovorin (28.1%). Local excision (traditional technique 56.2%, transanal endo-
scopic microsurgery 41.6%, Kraske procedure 2.2%) was performed 6–8 weeks later. If patients were
downstaged to ypT0–1 without unfavourable factors (good responders), this was deemed definitive treat-
ment. Immediate conversion to radical surgery was recommended for remaining patients.
Results: Good response to radiation was seen in 67.2% of patients in the short-course group and in 80.0%
in the chemoradiation group, p = 0.30. Local recurrence at 2 years (median follow-up) in good responders
was 11.8% in the short-course group and 6.2% in the chemoradiation group, p = 0.53. In the total group, a
lower rate of local recurrence at 2 years was observed in elderly patients (>69 years, median value) when
compared to the younger patients; 8.3% vs. 27.7%, Cox analysis hazard ratio 0.232, p = 0.016. A total of 18
patients initially managed with local excision required conversion to abdominal surgery but either
refused it or were unfit. In this group, local recurrence at 2 years was 37.1%.
Conclusions: This study suggests an acceptable local recurrence rate after preoperative radiotherapy and
local excision of small, radiosensitive tumours in elderly patients.

� 2012 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 106 (2013) 198–205

In theory full-thickness local excision of rectal cancers is an attrac-
tive treatment yet its widespread implementation is limited due to
reported increases in local recurrence as compared to radical surgery.
Its advantages over abdominal surgery are that it both avoids the
need for a stoma and has significantly reduced peri- and post-
operative mortality and morbidity, including anorectal, sexual and
urinary dysfunction when compared with abdominal surgery [1–3].

Currently, the prevailing opinion for patients diagnosed with
early rectal cancers is that local excision should be limited to

favourable T1N0 tumours [1,4,5], however increasing data suggest
that due to tumour downstaging, preoperative radio(chemo)ther-
apy may provide an opportunity for expanding the applicability
of local excision to more advanced tumours [6–15]. To date, the re-
sults are difficult to fully interpret due to highly selective entry cri-
teria and the retrospective nature of most studies. To explore this
issue in a systematic fashion, we performed a prospective study.
The rationale for trial design, methods and interim analysis has
been previously described in detail [15–17]. In brief, two selection
criteria were used. The first was that no tumour should be larger
than 3–4 cm prior to neoadjuvant treatment. The second was that
selection for local excision alone depended on the pathological
response to radiation evaluated in local excision specimen. For all
patients with radioresistant cancers, characterized by yp P T2
after neoadjuvant treatment, immediate conversion to radical
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abdominal surgery was mandated. In this context, the use of pre-
operative irradiation is not only a treatment, but also a selection
test. Specifically, local excision serves as an excision biopsy, which
may be either curative, thus sparing the risks of abdominal surgery
or indicate residual advanced disease best treated with radical
surgery.

Our trial aimed at answering two questions: (i) Does downstag-
ing to 6ypT1 after preoperative radiation irrespective of pre treat-
ment stage have an acceptable local recurrence rate? (ii) What is
the optimal preoperative radiotherapy schedule?

Patients and methods

The study was granted ethical approval and all patients signed
written informed consent. The eligibility criteria included G1–2
adenocarcinoma less than 3–4 cm as assessed by endorectal sonog-
raphy or by magnetic resonance. In most centres the 3 cm cut-off
point was used. It was also deemed that the proximal margin of
the tumour should not be higher than 8–9 cm from the anal verge
in the case of anterior wall involvement or not higher than 10–
12 cm in the case of posterior wall involvement. Inclusion criteria
were sessile cT1, cT2 and borderline T2/3 tumours (irregular outer
margin of muscularis propia but no obvious perirectal fat inva-
sion). For inclusion it was mandatory that no evidence of mesorec-
tal nodal or distant metastases was present. Polypoid cT1 tumours
were excluded from the study as they are likely to be favourable T1
lesions [18]. Of note, the study protocol did not provide mandatory
criteria to define node negative, rather this judgment was made
according to standard reporting criteria in local centres. The proto-
col did not mention in its inclusion/exclusion criteria the percent-
age of circumferential bowel wall involvement, concurrent
inflammatory bowel disease, hereditary colorectal cancer syn-
dromes and concurrent malignancy.

Prior to neoadjuvant therapy, 4–5 tattoos of india ink were
placed submucosally at the tumour border. Patients were ran-
domly allocated to neoadjuvant radiochemotherapy or short-
course radiotherapy. The planned sample size was 102 randomized
patients [16]. In both groups, a 6 week interval between radiation
and surgery was planned. After local excision, good responders, de-
fined as those with pathological complete response (pCR) or down-
staged to ypT1 without unfavourable prognostic factors (positive
margin, tumour fragmentation, G3, perineural, venous or lympha-
tic vessels involvement), were managed by observation alone with
close follow up. Patients with initially cT1 tumour pathologically
diagnosed as ypT1 without unfavourable prognostic factors were
also included into ‘‘good responders’’ category. For those patients
with PypT2 or adverse tumour features, immediate conversion
(within 2–3 weeks) to radical surgery incorporating total mesorec-
tal excision was planned. According to the protocol, apart from the
randomized patients, the all non-randomized patients, who were
treated according to the methods described in the protocol, were
prospectively registered and analysed. The non-randomized pa-
tients were included in order to increase power of local control
evaluation.

In the short-course group, patients received 25 Gy in 5 fractions
over one week. After one week interval, 4 Gy external beam boost
was added. One week interval was used in order to diminish a risk
for acute toxicity. In the chemoradiation group, patients received
50.4 Gy in 28 fractions plus 5.4 Gy external beam boost in 3 frac-
tions. The irradiation technique was identical in the two groups.
Details of this technique are described elsewhere [16]. In short,
the irradiated volume included rectum, lateral lymph nodes and
mesorectum up to the sacral promontory. Such extensive volume
was used even for T1–2 tumours as, by definition, only a small vol-
ume of mesorectum can be resected using local excision, and we
intended to cover all potential areas of occult nodal disease. The

boost volume included primary tumour and adjacent mesorectum.
Patients in the chemoradiation group received three 2-day cycles
of chemotherapy during 1st, 3rd and 5th weeks of irradiation
according to the Nordic schedule [19]. Each cycle consisted of bolus
(not a short or long infusion) leucovorin 20 mg/m2 per day and
5-fluorouracil 400 mg/m2 per day.

Full-thickness local excision was carried out with 0.5–1 cm
margin around tattoos. A positive margin was diagnosed when
cancer cells were seen at the margin. The exact pathological tech-
niques to analyse residual disease and determine pCR were not
standardized. Postoperative chemotherapy was not given. The tox-
icity was reported using RTOG/EORTC scale [20]. Central quality
control for diagnosis, treatment and pathology was not performed.

Clinical examination, pelvic CT (or transrectal EUS), rectoscopy
and serum carcinoembryonic antigen level test were performed
at 3-month interval during the first 2 years, at 4-month interval
during the third year and twice a year thereafter. Abdominal
sonography or CT was performed twice a year, chest X-ray once
a year and colonoscopy every 3 years.

The chi-square test or Fisher exact test was used to compare
proportions and the Mann–Whitney U test to compare continuous
variables. The Kaplan–Meier method was used to calculate cumu-
lative incidence of local failure. All time intervals were measured
from the first day of radiotherapy. A multivariate binary logistic
regression with backward elimination was used to evaluate predic-
tors of pathological response to radiotherapy. A multivariate Cox
regression analysis with backward elimination was used to evalu-
ate predictors of local recurrence. The data were analysed with
SPSS version 19 for Windows (SPSS, Chicago, IL, USA).

Results

Due to poor accrual, the study was terminated prematurely.
Between November 2003 and October 2010, 104 patients with pre-
viously untreated primary rectal cancers from nine Polish centres
were enrolled. The four most active centres entered 93 patients
(89.4%). In these centres all patients who fulfilled entry criteria
were offered participation and all of them agreed to undergo pre-
operative radiation and local excision. Fifteen patients (14.4%)
were excluded (Fig. 1). The analysis therefore included 89 remain-
ing patients. The radiotherapy schedule was randomized in 51 pa-
tients (57.3%). Thirty-eight remaining patients (42.7%) were not
randomized, but were treated according to the protocol. The most
frequent reason for lack of randomization was poor performance
status precluding the use of chemotherapy (Fig. 1); these patients
received short-course radiotherapy. Overall, 64 patients (71.9%) re-
ceived short-course radiotherapy and 25 (28.1%) chemoradiation
(Fig. 1). Because the sample of randomized patients was small
and eight patients from this group (16%) were actually treated
using the opposite than allocated schedule of radiation (Fig. 1),
the results were analysed in total group of patients according to
the type of radiotherapy received. Additionally, intention-to treat
analysis of pathological response to radiation was carried out for
randomized patients. Patients’ characteristics are shown in Table 1.
Patients were older in the short-course group compared to the che-
moradiation group, p = 0.018 (Table 1).

Deviations from the protocol

Tattoos were not done in 23 patients (27.7%, no data n = 6).
Deviations from the irradiation schedule were observed in 20 pa-
tients (31.3%) from the short-course group and in 12 (48.0%) from
the chemoradiation group. In the short-course group, 17 patients
(26.6%) did not receive boost. Two patients (8.0%) in the chemora-
diation group did not receive boost and one patient did not receive
chemotherapy. The remaining deviations were minor.
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