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Abstract
AIM: To investigate toxicity and response of intensity modulated radiotherapy schedule intensified with a simultaneous integrated boost in anal canal cancer. 

METHODS: From March 2009 to March 2014 we analyzed retrospectively 41 consecutive patients treated with intensity modulated radiotherapy (IMRT) and concurrent chemotherapy for anal canal squamous cell carcinoma in our Institute. Radiotherapy was delivered with a simultaneous integrated boost (SIB) technique by helical tomotherapy and doses were adapted to two clinical target volumes according to the disease TNM stage: 50.6 Gy and 41.4 Gy in 23 fractions in T1N0, 52.8 Gy and 43.2 Gy in 24 fractions in T2N0 and 55 Gy and 45 Gy in 25 fractions in all patients with N positive and/or ≥T3, respectively to planning target volume 1 and 2. The most common chemotherapy regimen was 5-fluorouracil and mitomycin based. HPV p16 expression was performed by immunohistochemistry and evaluated in the majority of patients. Acute and late toxicity was scored according to CTCAe v 3.0 and RTOG scales.

RESULTS: The median follow up was 30 mo (range: 12-71). Median age was 63 years (range 32-84). The stage of disease was: stage I in 2 pts, stage II in 13 pts, stage IIIA in 12 pts and stage IIIB in 14 pts, respectively. Two patients were known to be HIV positive (4.9%). HPV p16 expression status was positive in 29/34 (85.3%) patients. The 4-year progression free survival and overall survival in HPV positive patients were 78% and 92%, respectively. Acute grade 3 skin and grade 3 gastrointestinal toxicity was reported in 5% and 7.3% of patients, respectively; patients’ compliance to the treatment was good due to a low occurrence of severe acute toxicity, treatment interruptions due to toxicity were required in 7.3% of patients. At 6 mo from treatment ending 36/40 (90%) patients obtained a complete response; during follow up 5 (13.8%) patients presented disease progression (local or systemic). 

CONCLUSION: In our experience, an intensified SIB-IMRT with chemotherapy is well feasible in clinical practice with excellent results in terms of overall survival and local control. 
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Core tip: This study evaluated intensity modulated radiotherapy with simultaneous integrated boost in anal canal cancer in prevalent HPV positive patients. The results show excellent outcomes in HPV positive tumors and suggest that an intensified radiotherapy schedule associated to chemotherapy is safe and it allows to obtain oncologic results comparable to standard schedule without an increase in acute toxicity.
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INTRODUCTION
Anal canal cancer is a rare pathology accounting for 2.4% of digestive system cancer[1]. The standard procedure consists of a combined radiation-chemotherapy treatment, which allows the achievement of high rates of local control, overall survival (OS) and disease free survival (DFS)[2]. However, due to the high toxicity that could lead to treatment interruptions, different chemotherapy regimens and schedule of RT have been tentatively explored to improve compliance to treatment[3,4]. Over the last few years, the introduction of intensity modulated radiotherapy (IMRT) has resulted in being attractive because it has shown to maintain radiation dose within clinical target volumes, while reducing average and threshold doses to Organs-at-Risk (OARs) such as genitals, perineum, small bowel and bladder compared with conventional 3D-Conformal RT[5]. IMRT with a Simultaneous Integrated Boost of Dose (SIB) could be devised as an innovative intensified strategy to escalate radiation doses to sites of macroscopic disease. This approach can be used with some advantages compared to a sequential dosage increment: the possibility to deliver different fraction doses to different volumes, to shorten overall treatment time (OTT) and to guarantee a better coverage of Gross Tumor Volume (GTV) with non-target tissue sparing. SIB use has been investigated also in other diseases than anal canal cancer, such as head and neck and cervical cancer, and it demonstrated to be feasible and reduce acute toxicity[6-8]. Here we presented the results of a study carried out with an intensified radiotherapy regimen associated with chemotherapy applied in order to improve oncologic efficacy and reduce overall acute toxicity in patients with squamous cell carcinoma of the anal canal treated in our Institute. 

MATERIALS AND METHODS
Population
We analyzed retrospectively 41 consecutive patients with histologically documented anal canal squamous carcinoma, clinical stage T1-4, N0-3, treated between March 2009 and March 2014 in our Institute, a public university hospital. All tumors originated from anal canal and could extended to perianal region in advanced disease.
Pretreatment evaluation included complete history, physical, blood chemistry, chest radiogram or chest/abdominal Computed Tomography (CT), Magnetic Resonance Imaging (MRI) of pelvis and/or FDG Positron Emission Tomography (PET-TC), sigmoidoscopy or transrectal ultrasound to assess the disease stage. Patients were excluded if they had metastatic disease or prior pelvic radiotherapy. 

HPV detection
Evaluation of p16 expression status, as surrogate of Human Papilloma Virus (HPV) infection, was performed by immunohistochemistry using the automated immunostainer Ventana BenchMark® XT platform (Ventana Medical Systems, Arizona, United States) and anti-p16INK4a antibodies (Ventana Medical Systems, Arizona, United States). p16 is a cyclin dependent kinase inhibitor with an important role in cell cycle and cellular differentiation. Overexpression of p16 is found in neoplastic cells and is strongly associated with the molecular expression of the E7 oncoprotein of HPV. 

Radiotherapy
CT-based planning with a slice thickness ≤ 5 mm from the upper lumbar spine to the midfemur was performed. Oral contrast was recommended to allow better visualization of the bowel; all patients had a full bladder and a radio-opaque vaginal marker was placed in female patients to assist in target delineation. Patients were scanned in supine position and immobilized with a thermoplastic mask from lung bases to mid femur with All-In-One (AIO) solution or COMBIFIXTM for pelvic district. The images were transferred to the Eclipse treatment planning system (Varian Medical Systems) for contouring. The Gross Tumor Volume (GTV), Clinical Tumor Volume (CTV), Planning Target Volume (PTV), and avoidance structures including the bowel bag, bladder, external genitalia, femoral heads, pelvic bones and intergluteal sulcus were contoured. Data was sent to Tomotherapy planning station for treatment planning. The GTV, including the primary tumor and macroscopically involved lymph nodes, was identified using examination, imaging, and endoscopy findings. Two clinical target volumes were delineated: CTV1 and CTV2. The CTV1 consisted of the GTV plus 5 mm expansion, CTV2 included elective nodal stations (perirectal, internal iliac, external iliac, obturator, presacral and inguinal nodes); an isotropic margin of 5 mm was added to generate Planning Tumor Volumes (PTV1 and PTV2). The treatment consisted of IMRT with SIB delivered by Helical Tomotherapy (6 MV). Dose prescription for target volumes varied according to the clinical stage disease: 50.6 Gy and 41.4 Gy in 23 fractions in T1N0, 52.8 Gy and 43.2 Gy in 24 fractions in T2N0 and 55 and 45 Gy in 25 fractions in all patients with N+ and/or ≥T3 prescribed to PTV1 and PTV2, respectively. The plan was accepted if: (1) at least 97% of the volume was covered by 95% of the dose; (2) at least 99% of the volume was covered by 90% of the dose both for PTV1 and PTV2; (3) no more than 1% received more than 5% of the prescription dose for PTV1; and (4) no more than 5% received more than 5% of the prescription dose for PTV2. MVCT scans before each fraction was performed to verify patients’ positioning; image matching was executed using automatic bone algorithm supervised by experienced medical staff. Normal tissue dose constraints are listed in Table 1.

Chemotherapy
All patients were evaluated for chemotherapy (CHT) by a medical oncologist; most patients received concurrent chemotherapy with 5-FU continuous venous infusion 1000 mg/m2 over 96 h and mitomycin-C (MMC) 10 mg/m2 during first and last week of radiation therapy; in case of contraindication to polychemotherapy, patients received capecitabine (825 mg/m2 bid/die) concomitant with RT or underwent exclusive radiotherapy. 

Toxicity and follow up
Toxicities were graded weekly during chemo-radiation and in follow-up (every week in the first month after combined treatment and then at 8 wk post-treatment). Patients underwent rectal examination at 6-8 wk after the completion of radiotherapy course, then at 3 mo from treatment they underwent pelvic MRI and rectoscopy; most patients also underwent an endorectal ultrasound; at 4 mo a PET/CT was performed to evaluate metabolic response. In patients with complete remission, follow-up investigations were carried out at 3 mo-intervals in the first year, then every 6 mo for 5 years by MRI or endorectal ultrasound alternated with PET/CT. In cases of incomplete response, the clinical and radiological evaluation was repeated every 4 weeks until the complete remission was recorded[7]. In cases of evidence of progression or recurrence, surgery was recommended. Post-treatment biopsies were not routinely performed. Local regional recurrence was defined as recurrence of the disease within the pelvis. All failures were documented by a biopsy. Distant failure was defined as the development of the disease outside the pelvis or inguinal nodes. Acute and late adverse events were measured according to the Common Toxicity Criteria for Adverse Events scale v3.0 and RTOG criteria, respectively[9,10] 

Statistical analysis
The primary endpoint of this study were disease free survival (DFS) and local control rate (LC), secondary end points were overall survival (OS), progression free survival (PFS), acute and late toxicity. Statistical analysis was performed with JMP v 10.0 (SAS institute Inc. Cary, NC) and DFS, LC, OS rate were calculated with Kaplan Meier non parametric estimation from treatment start. 

RESULTS
From March 2009 to March 2014 we treated 41 patients, the characteristics of patients are summarized in Table 2. The median follow up was 30 mo (range 12-71); all but one patient had a follow up of more than 12 mo. The stage of disease was: stage I in 2 pts, stage II in 13 pts, stage IIIA in 12 pts and stage IIIB in 14 pts respectively. Evaluation of p16 expression status was positive in 29/34 (85.3%) patients and it was not available in 6/41 patients; two patients were known to be HIV positive (4.9%). 

Chemo-radiotherapy
The prescription dose of PTV1 was 55 Gy in 29 patients, 52.8 Gy in 10 patients and 50.6 Gy in 2 patients; the median dose of PTV1 and PTV2 was 55 Gy (range, 50.6-55) and 45 Gy (range, 41.4-45), respectively. All patients completed radiotherapy treatment except one who interrupted treatment, on his own accord, at 50.6 Gy of 55 Gy planned and refused the second chemotherapy course. Treatment breaks due to toxicity have occurred in 3 patients (7.3%) (median 1 d – range 1-3 d) and due to other causes (holidays or broken machine) in 27 patients (65.8%) (median 1 d- range 1-5 d). The median OTT was 35 d (range 30-40). OARs optimization constraints were respected. Concomitant CHT was delivered in 39/41 patients, 2 patients did not receive CHT for comorbidity. 3/39 patients did not complete chemotherapy courses as planned mainly for haematological toxicity (thrombocytopenia and anaemia) and 1 patient presented cardiovascular disease (angina pectoris) after first CHT course.

Toxicity
All patients were evaluated for acute toxicity. Grade 2 (11 patients, of whom 10 had diarrhea and 1 had both nausea and diarrhea) and grade 3 (diarrhea) gastrointestinal toxicity was reported, respectively, in 26.8% and 7.3% of patients. 29.4% of patients developed grade 2 pain and 24/41 (58.5%) had to be administered major analgesic therapy; only 4 patients were receiving analgesic therapy before treatment start. Grade 3 skin toxicity occurred in 2 patients. 2 patients developed a recto-vaginal fistula during RT (at 33 Gy and 19.3 Gy respectively), both of them were T4 stage, one healed on its own after 7 mo from CHT/RT and the other one underwent temporary colostomy 2 mo after treatment end. Late toxicity was assessed in 40/41 (97.5%) patients: no patient received a colostomy for stricture. One patient died for chemotherapy related toxicity with pancytopenia and sepsis one week after treatment end. Acute and late toxicity are shown in Tables 3 and 4.

Outcomes
40/41 patients were evaluable as 1 patient died one week after treatment end. The first imaging evaluation showed a complete response (CR) in 25/40 (62%) patients and a partial response (PR) in 15/40 (38%) patients. At 6 mo, 11 of the 15 partial responders had achieved a CR. Among the 4 patients with residual tumor shown radiologically at 6 mo, 2 underwent biopsy and were confirmed to have loco-regional persistence, 1 presented systemic and local progression and 1 systemic progression; as of today two of them are alive and under chemotherapy, the other two patients (both T4 stage) died at 28 and 24 mo from treatment end. During follow-up 5/36 patients in complete response presented a progression disease: 1 patient had a local recurrence 11 mo after treatment end and after undergoing abdominal-perineal resection and today is disease free. One patient developed lung metastasis after 18 mo and was treated with SBRT (48 Gy/4 fx - 12 Gy/fraction), and has, as of today, obtained a metabolic complete response; three patients developed metastatic disease - liver metastasis (2 pts) and bone metastasis (1pt): they underwent to second line chemotherapy and at last follow up presented stable disease. Among the 9 patients that presented an event (persistence or progression disease) 6 were p16 positive and 3 were p16 negative. The PFS and OS in HPV positive patients were 78% and 92% at 4 years, respectively. The DFS, CFS, LC and OS were 78.3%, 94%, 92% and 93% at 2 years, respectively (Figures 1 and 2).

DISCUSSION
Over the past 30 years, concurrent FU/MMC based chemo-radiotherapy has been the standard of care in anal carcinoma. This approach enables sphincter preservation in most patients without compromising rates of cure. However, CHT/RT is associated with significant acute gastrointestinal, genitourinary, dermatological and hematological toxicities when conventional radiation therapy techniques are used. As a consequence, prolonged treatment breaks are usually necessary and have been shown to negatively affect local control[11] as highlighted by several studies (v RTOG 9208)[12]. Different trials have demonstrated that IMRT may decrease the incidence of acute toxicity rates, with similar outcomes compared with previous clinical trials. The RTOG 0529 trial[13], a phase II study, demonstrated a reduction in grade 3 gastrointestinal, grade 3 dermatologic and grade 2 hematologic toxicity using IMRT when compared with 3D-CRT. Moreover, the RTOG 0529 is the only phase II prospective trial, to our knowledge, in which RT is delivered with a simultaneous integrated boost (SIB)[13]. 

Statement of principal findings 
In our study we used an IMRT-SIB technique intensifying treatment with a modest accelerated hypofractionated schedule. This schedule allows us to shorten the radiotherapy overall treatment time; our median OTT was 35 d vs 43 and 49 d reported respectively in RTOG 0529 and RTOG 98-11; furthermore, we reported very few breaks due to toxicity (7.3% vs 49% when compared with RTOG 0529 trial rate). This data appears to be very interesting and may be explained by the fact that the major toxicities are likely to occur when the radiotherapy course is concluded, thus they do not affect the treatment course that could be administered more easily. We reported a relatively high rate of patients (58.5%) that received major analgesics during treatment even if not encountering grade 3 pain, this is probably explained by the fact that patients presented a basal pain well controlled with minor analgesics but also a breakthrough pain (e.g. during defecation) that required major analgesics. Our acute toxicity rate is however comparable with those reported in literature (Table 5).
As to mid-term late toxicity we did not observe any grade 4 late toxicity and no patient underwent surgery for fecal incontinence or stricture. According to these preliminary results, we believe that severe late effects should not affect our patients even if an intensified schedule of radiotherapy with single SIB dose of 2,2 Gy is adopted in a volume including anal sphincter and muscles involved in anal function; we also have to considered that the analysis of treatment related toxicity is commonly difficult after radio-chemotherapy for anal cancer; late effects were not specifically reported in any trial, since the current RTOG late effects instruments are not sufficiently specific, and it should be considered that quite a few patients appear to adapt even to an impaired function of pelvic organs. 

Strengths and weakness of the study and in relation to other studies
An important aspect to analyze is the possibility that the use of a SIB technique gives to deliver different doses to different volumes, therefore to increase dose to GTV. Although the role of dose escalation is still controversial in anal cancer, multivariate analysis of data from RTOG 98-11 trial showed that positive lymph nodes and tumor size greater than 5 cm were an independently prognostic factor for worse OS; tumor diameter could also be prognostic for colostomy rate and time to colostomy[14]; similarly, recent multivariate analysis of data from the ACT1 trial also showed that positive lymph nodes is a prognostic indicator for higher local regional failure, anal cancer death and lower OS[15]. The final analysis of UNICANCER ACCORD 03 trial has not demonstrated to benefit from high dose radiotherapy, even if it reported a small increase in CFS and LC that has not reached statistical significance but leads to further investigation on the role of dosege escalation[16]. It should also be considered that radiation boost in ACCORD 03 trial was delivered 3 wk after treatment end, and this gap could have contributed to reducing a possible positive effect of high dose radiotherapy. On the basis of this data and considering that local relapse remains the main site of failure especially in locally advanced disease, a dose escalation might be reasonable.
In our casuistic 83% of patients were HPV p16 positive and higher disease control was expected for these patients, in fact our results in this subgroup of patients are excellent (OS and PFS were 92% and 78% at 4 years, respectively) and comparable with that reported in literature[17]. A preliminary analysis on HPV positive vs HPV negative patients seems to show a trend in favor of the first group even if patients number is too small. In literature other experiences reported that HPV negative tumors were linked to a worse prognosis[17-19]. Another consideration is that in our study we detected p16 expression by immunohistochemistry but we have not performed HPV DNA testing. In literature some data reported that p16 is not a perfect surrogate marker for tumor HPV status, its specificity might be insufficient and the use of HPV DNA could still be required if patients were to be stratified based on HPV status[19], this aspect is particularly interesting and it has been demonstrated also in diseases different from anal cancer. In oropharyngeal tumors it is possible to identify a subgroup of patients p16 positive but HPV DNA negative whose survival is significantly different compared with p16+ and HPV DNA positive patients, the survival curve of this group converged on the survival curve of HPV negative patients[20]. Based on these observations it is possible that we registered some HPV false positive tumors and this probably represents another limit of our study. 
In the past years there appears to be on the increase in the incidence of anal canal cancer, probably related to HPV infection, we have considered 41 patients treated at a single institution with a relatively short, median follow-up (30 mo) and analyzed them retrospectively; these factors represent the main limit of this study, but as of today several casuistics reported in literature refer to small groups of patients (18-36 patients) with a short follow up (14-32 mo)[21-27]; in accordance to this, our study aligns with other experiences, moreover our preliminary results in terms of LC and OS are encouraging and in line with those reported in literature (Table 6). 
Our study is distinct from other studies in terms of radiotherapy dose, fractionation. Further investigations on HPV status are necessary in order to understand if different schedules of radiotherapy (intensified or not) should be delivered according to viral related biology of anal cancer. Our next project is to isolate HPV DNA in all patients to better investigate this aspect and to clarify the crucial aspects of anal function in surviving patients by periodically administering questionnaires on the quality of life at least 6 mo after treatment end. 

COMMENTS
Background
Despite different strategies have been adopted to minimize local recurrence, in anal canal cancer it remains a major issue. Recently the importance of biological factor (HPV) has been proven as a predictor of the prognosis. 

Research frontiers
HPV could be used for the individualization of treatment. Moreover the introduction of intensity modulated radiotherapy and integrated boost (SIB-IMRT) technique allowed the reduction toxicity related treatment.

Innovations and breakthroughs
SIB allowed to easily modify the radiotherapy schedule, increasing effective biological dose without increasing the overall treatment time. This aspect could be particularly interesting in HPV negative patients. 

Applications 
The results of the study show excellent outcomes in HPV positive patients and highlighted the good tolerance of a moderately accelerated SIB-IMRT radiotherapy schedule.

Terminology 
IMRT is a radiotherapy technique that allows to obtain a better target coverage, a better dose distribution and a reduction of the dose received by normal tissue compared to the previous technique (3D conformal radiotherapy). SIB allowed the treatment, at the same time, of different volumes at different doses and allowed an increase of the dose prescribed to the target safely.

Peer-review
This is a good study in which the authors evaluated the prognostic significance of HPV status and the feasibility and outcomes of an accelerated intensity modulated radiotherapy in anal canal cancer patients. The study is well structured and the subject is clear and interesting. The manuscript is correctly written and the conclusions are justified by the results found in the study.
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[bookmark: _GoBack]Table 1 Constraints for normal tissue
	Organ
	Constraints

	Bladder
	Dmedian < 30 Gy
	V45 < 35%
	
	

	Bowel bag
	Dmedian < 20 Gy
	V40 < 30%
	V45 < 195cc
	

	Femoral heads
	V35 < 15%
	V20 < 55%
	
	

	Pelvic bones
	V10 < 90%
	V20 < 75%
	V30 < 50%
	V40 < 37%

	External genitalia
	Dmedian < 15 Gy
	
	
	





















Table 2 Patients characteristics n (%)
	Age
Median
Range
	
63
32-84

	Gender
Male
Female
	
3 (7.3)
38 (92.7)

	Tumor stage
T1
T2
T3
T4
	
3 (7.3)
19 (46.3)
10 (24.4)
9 (22)

	Nodal stage
N0
N1
N2
N3
	
16 (39)
18 (44)
6 (14.6)
1 (2.4)

	Staging
I
II
IIIA
IIIB
	
2 (4.8) 
13 (31.8) 
12 (29.3)
14 (34.1)

	Smoke

Yes
No

Unknown

	

18 (44)
7 (17)

16 (39)

	Histology

SCC
	

41 (100)

	
Chemotherapy

MMC + 5FU

MMC + Capecitabine

Capecitabine

None
	


33 (80.7)


4 (9.7)

2 (4.8)

2 (4.8)


SCC: Squamous cell cancer; MMC: Mitomycin–C; 5-FU: 5 fluorouracil.

















Table 3 Acute toxicity (41 patients analyzed) n (%)
	
	G0
	G1
	G2
	G3
	G4
	G5

	GU
	26 (63.4)
	11(26.8)
	4 (9.8)
	/
	/
	/

	Skin
	0 (0)
	10(24.4)
	29(70.7)
	2 (4.9)
	/
	/

	GI
	10 (24.4)
	17(41.5)
	11(26.8)
	3 (7.3)
	/
	/

	Pain
	7 (17)
	22(53.6)
	12(29.4)
	/
	/
	/

	Hemato- logical
	31 (75.6)
	4 (9.8)
	3 (7.3)
	2 (4.9)
	/
	1 (2.4)


GU: Genitourinary; GI: Gastrointestinal.
















	Table 4 Late toxicity (40 patients analyzed) n (%)

	
	G0
	G1
	G2
	G3

	GU
(dysuria)
	38
	0
	1 (3.8)
	1 (3.8)

	GI
(incontinence)
	29
	6 (23)
	4 (15.4)
	1

	Genital tract female (atrophy of vaginal mucosa)
	37
	3 (11.5)
	0
	0


GU: Genitourinary; GI: Gastrointestinal.














	Table 5 Comparison with acute toxicities data reported in literature

	

	N° pts
	SIB
	d/fx
	CHT
	Gastrointestinal
	Genitourinary
	Skin
	Hematologic

	
	
	
	
	
	G2
	G3
	G2
	G3
	G2
	G3
	G2
	G3
	G4

	Pepek et al[26], 2010
	29
	No
	1.8
	89%
	76%
	10%
	45%
	3%
	100%
	0
	45%
	24%

	Bazan et al[24], 2010
	29
	Yes
	1.6-1.8
	86%
	\
	7%
	\
	\
	\
	21%
	\
	21%

	Vieillot et al[28], 2012
	72
	No
	1.8- 2.0
	85%
	14%
	4%
	4%
	2%
	16%
	16%
	4%
	5%
	4%

	DeFoe et al[11], 2012
	78
	No
	1.8
	98%
	60%
	27.7%
	18.5%
	0
	91.3%
	29%
	51.4%
	42.9%
	12.9%

	Kachnic et al[5], 2012
	43
	Yes
	1.5-1.8
	100%
	42%
	7%
	5%
	5%
	63%
	5%
	21%
	49%
	12%

	Kachnic et al[13], 2012
	52
	Yes
	1.5- 1.8
	100%
	52%
	21%
	13.4%
	1.9%
	52%
	21%
	15.4%
	30%
	27%

	Chuong et al[29], 2013
	52
	Yes
	1.8- 2.0
	100%
	39.5%
	9.6%
	26.9%
	0
	57.7%
	11.5%
	37.8%
	28.8%

	Koerber et al[30], 2014
	68
	Yes
	1.8-2.2
	\
	47.1%
	19.1%
	63.2%
	\
	\
	\

	Current study
	41
	Yes
	1.8- 2.2
	95%
	26.8%
	7.3%
	9.8%
	0
	70.7%
	4.9%
	7.3%
	4.9%
	\


N pts: Patients number; d/fx: Dose per fraction; CHT: Chemotherapy.

Table 6 Comparison with outcome data reported in literature
	
	Bazan et al[24]
	Chuong et al[29]
	Dasgupta et al[31]
	Koerber et al[30]
	Mitchell et al[32]
	Pepek et al[26]
	Janssen et al[23]
	Tozzi et al[22]
	Current study

	N° pz
	29pz
	52 pz
	45 pz
	68 pz
	65 pz
	47pz
	25 pz
	36 pz
	41pz

	LC

	92%2
	91.3%2
	87%1
	75.3%2
	90%1
	90%1
	92%1
	78.1%3
	92%1

	OS

	88%2
	91.1%2
	93%1
	82.9%2
	96%1
	85%1
	88%1
	
	93%1


LC: Local control; OS: Overall survival. 1Two years; 2Three years; 3Five years.
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Figure 1 Disease free survival (A), overall survival (B) and local control (C).
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A                                                                     B 
Figure 2 Colostomy free survival. A: Colostomy free survival (CFS) all disease stages; B: CFS stage I-II vs IIIA-IIIB.
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