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Abstract
Purpose To retrospectively review our experience on 84 patients with squamous cell anal canal cancer (SCAC) within 12months
after combined treatment with intensity-modulated RT (IMRT), in terms of acute and early-late toxicity, overall treatment time
and interruptions, colostomy-free survival (CFS), and tumor response.
Methods Acute gastrointestinal (GI), genitourinary (GU), and cutaneous (CU) toxicities were assessed according to
Common Toxicity Criteria for Adverse Events (CTCAE) version 4.03. Early-late toxicity was scored using the
Radiation Therapy Oncology Group (RTOG) late radiation morbidity scoring system. Tumor response was evaluated
with response evaluation criteria in solid tumors (RECIST) v1.1.
Results Acute toxicity for 84 subjects (100%): severe (≥G3) GI and skin toxicity was observed in 4 (5%) and 19 patients
(23%), respectively. Early-late toxicity for 73 subjects (87%): severe (≥G3) GI and vulvo-vaginal toxicity was observed
in 2 (3%) and 2 (3%) patients, respectively. No acute or early-late severe GU toxicity was reported. A treatment
interruption occurred in 65 patients (77%). CFS was 96% (95% CI 89–99) at 6 months and 92% (95% CI 83–96) at
12 months. At 6 months complete response (CR), partial response (PR) and progressive disease (PD) was observed in 70
(83%), 3 (4%), and 7 patients (8%), respectively. At 12 months, CR was observed in 60 patients (81%); eleven patients
(15%) experienced PD.
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Conclusion Our study showed an excellent clinical result and very low acute toxicity rates, confirming the IMRT as standard of
care for curative treatment of anal cancer patients.
The current trial was registered with the number IEO N87/11

Keywords Radiotherapy . Anal cancer . Chemotherapy . IMRT . Toxicity . Colostomy

Purpose

Concurrent chemotherapy (ChT) and radiation therapy (RT)
has replaced abdominoperineal resection as the primary treat-
ment of invasive squamous cell anal cancer (SCAC) and is the
current international standard of care.

The results of a large number of non-randomized and ran-
domized trials confirmed the efficacy and safety of primary
chemoradiation [1–4], which avoids radical surgery with per-
manent colostomy. However, this attractive strategy confers
non-negligible treatment-related implications and long-term
side effects, which might be enhanced if higher radiation
doses are delivered. The use of innovative RT modalities such
as intensity-modulated radiation therapy (IMRT) has led to
highly conformal radiation treatments, which allow smaller
margins and decreased radiation doses to the normal healthy
organs at risk (OARs). The consequent reduction in acute
toxicity helps to ensure better compliance and a shorter overall
treatment time (OTT), minimizing treatment interruptions,
which might compromise the effectiveness of chemoradiation
[5–9]. IMRT has also enabled the use of a simultaneous inte-
grated boost (SIB) strategy to treat the macroscopic primary
tumor, clinically involved nodal disease and elective target
volumes to different total doses. Based on these advantages,
IMRT should be considered as the preferred option in treating
anal cancer.

The aim of this study is to describe acute and early-late
toxicity including compliance and interruptions, within
12 months after combined treatment with IMRT in patients
with SCAC at the European Institute of Oncology (IEO),
Milan, Italy. Tumor response to the treatment is also reported.

Methods

We retrospectively reviewed the data of 84 patients treated at the
Radiotherapy Department of IEO between March 2010 and
August 2018. All patients had biopsy-proven/histologically con-
firmed SCAC and received combined treatment with ChT and
IMRT, for which they signed a specific informed consent. In
addition, they gave written consent for the use of their anony-
mous clinical data for research and educational purpose.

The study was part of a research project entitled “Image
guided radiotherapy in gastrointestinal malignancies” notified
to the Ethical Committee of the IEO, Milan, Italy (No. IEO

N87/11), with which all the clinical and technical analyses
concerning these modalities, conducted both retrospectively
and prospectively, were approved.

Study procedures

All patients underwent a pre-treatment evaluation including
physical examination, laboratory data, and proctoscopy with
biopsy of anal tumor, endoscopic ultrasound, and chest and
abdomino-pelvic computed tomography (CT).

Pelvic magnetic resonance imaging (MRI) was performed
whenever possible and 18Fluorodeoxyglucose positron emis-
sion tomography/computed tomography (18FDG PET/CT)
was requested as second level diagnostic procedure whenever
doubts on the stage emerged.

Follow-up was regularly performed by radiation oncolo-
gists, alongside medical oncologists. Clinical follow-up was
done during and at the end of the RT, every 4 months for the
first 2 years and every 6 months up to 5 years, according to
clinical conditions. It includes digital rectal examination
(DRE), laboratory data, proctoscopy, MRI, and CT or
18FDG PET/CT.

Primary tumor and distant metastases response were eval-
uated with response evaluation criteria in solid tumors
(RECIST) v1.1 [10] during the follow-up period using MRI,
proctoscopy, and chest and abdomino-pelvic CT scan
6 months for the first 2 years and every 12 months thereafter.

Progression was classified as loco-regional recurrence or
distant failure at any time of observation; loco-regional recur-
rence is defined as a clinically proven local failure at primary
site or in pelvic lymph nodes included in the original RT
volume, regardless of any distant failures. Distal failure is
defined as the presence of distant metastases outside the RT
volume, irrespective of any loco-regional recurrence.

Colostomy-free survival is defined considering both
disease-associated and treatment-associated colostomy
formation.

Treatment protocol

Radiotherapy

Patients underwent CT simulation and were treated in supine
position, with full urinary bladder and empty rectum. A radi-
opaque marker at the anal verge and in vagina for female
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patients was placed as reference points for contouring. The
gross tumor volume (GTV) was contoured on the CT scan,
co-registered with MRI images and with 18FDG PET-CT
when available. The GTV included primary tumor and in-
volved lymph nodes. Clinical target volume (CTV) and plan-
ning target volume (PTV) were contoured according to
Radiation Therapy Oncology Group (RTOG) 0529 and
Australasian Gastrointestinal Trials Group (AGITG) guide-
lines [6, 11]. All patients were treated encompassing the in-
guinal nodes bilaterally with a prophylactic and/or curative
intent.

The elective nodal PTVwas planned to receive at least 32 Gy,
while the minimum dose was 40 Gy for involved structures PTV
and 50 Gy for tumor. The elective low-risk PTV, composed of
bilateral external iliac, internal iliac, presacral, and inguinal
nodes, received a median dose of 41.4 Gy (range 32.4 Gy–
48.6Gy), and high risk PTV, composed of strictly adjacent tumor
tissues volume, received a median dose of 46 Gy (range 40 Gy–
56 Gy), while tumor and positive nodes received boost dose up
to a total median dose of 56 Gy (range 36Gy–60Gy). Objectives
for target volumes were set so that, for PTV, V95 should be at
least 95%, V110 ≤ 3%, and ≤ 3% should receive < 93% of pre-
scribed dose.

Dosimetric parameters followed the recommendations of
the International Commission on Radiation Units and
Measurements (ICRU) reports No. 83 [12].

The boost on macroscopic disease was given using either a
sequential boost technique or a SIB strategy.

Some patients received boost with brachytherapy (BRT),
according to clinical considerations (performance status, age),
tumor stage, and for tumors encompassing no more than one
half of the circumference of the anal canal and with no
adjacent organ infiltration. Application form was contact
BRT intraluminal implantation; a rigid single-channel–
shielded cylinder was placed in the anal canal, and an
Iridium-192 source was introduced through catheters fitted
into the endorectal applicator. Both high-dose rate (HDR)
and pulsed-dose rate (PDR) brachytherapies were used.

The prescribed dose was delivered with daily fractions of
1.7–2 Gy, 5 days per week. OARs were also delineated [13].
The dose volume constraints for OARs were adopted from
RTOG 0529 and RTOG 0921 trials [6, 14].

Treatment plans were developed using the Varian Eclipse®
planning system or Tomotherapy® planning system.

All the patients were treated with IMRT, using either
Trilogy® linac or Tomotherapy® or volumetric modulation
ARC therapy (VMAT) realized with Trilogy® linac.

All patients underwent an image-guided RT (IGRT).

Chemotherapy

All patients underwent oncologic evaluation to assess concur-
rent ChT administration.

The regimen administered in 83% of cases (see details in
Table 1) consisted in oral fluoropyrimidine plus cisplatin (cap-
ecitabine 1650mg/m2 orally, as 5-day/week regimen concom-
itant with RT plus cisplatin 60–70 mg/m2 (based on perfor-
mance and comorbidities) intravenous (i.v.) infusion on day 1
and day 21).

The remaining patients received ChT containing concur-
rent fluoropyrimidines and mitomycin (capecitabine
1650 mg/m2 orally, as five day/week regimen concomitant
with RT or 5-fluorouracil 1000 mg/m2 per day as i.v. contin-
uous infusion days 1–4 and 29–32 plus mitomycin 10 mg/
m2 days 1 and 29).

Outcomes

The evaluated outcomes were as follows:

– Tumor response, evaluated at 6 and 12 months after the
end of RT.

– Incidence of posttreatment colostomy during the first year
after the start of RT.

– Colostomy-free survival (CFS) during the first year after
the start of RT.

– Compliance and overall treatment time (days) and
interruptions.

– Acute toxicity, evaluated from the end of RT to 6 months.
– Early-late toxicity, evaluated from 6 months after the end

of RT to 1 year after the end of RT; patients with progres-
sive disease at 6 months, death in the first 6 months, and
lost at follow-up were not considered for this outcome.

Results reporting 3- and 5-year overall survival,
progression-free survival, disease-free survival, and late tox-
icity will be discussed in a subsequent study when mature
follow-up will be available.

Toxicity assessment

Acute gastrointestinal (GI), genitourinary (GU), and skin tox-
icities were assessed according to Common Toxicity Criteria
for Adverse Events (CTCAE) version 4.03 [15].

Early-late toxicity (after 6–12 months posttreatment com-
pletion) was scored using the RTOG late radiation morbidity
scoring system [16]. The maximum toxic effect grade was
used for each patient and each event type.

Both any grade and specifically severe (≥G3) acute and
early-late toxicity were individually presented.

Statistical analysis

Exact confidence intervals for binomial proportion were
calculated.
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The chi-square test (or Fisher’s exact test, when appropri-
ate) and Cochran-Armitage trend test for ordinal variables
were used to evaluate the association between patient and
treatment characteristics and acute or early-late severe toxicity
(i.e., ≥G3).

The cumulative incidence of colostomy was estimated
using the Kalbfleisch and Prentice method [17], considering
death as a competing event.

All analyses were performed using SAS software v. 9.4
(SAS Institute, Cary, NC, USA).

A p value less than 0.05 was considered statistically
significant.

Results

Patients, tumor, and treatment characteristics are summarized
in Table 1.

Pre-RT evaluation was performed with physical examination
and laboratory data on all the 84 patients; CT, proctoscopy with
anal tumor biopsy, pelvic MRI, and anorectal endoscopic ultra-
sound were performed in 84 (100%), 84 (100%), 70 (83%), and
48 (57%), respectively. A total of 55 patients (65%) underwent
18FDG PET-CT imaging.

Four patients were defined as M1 due to radiological evi-
dence of distant disease. Metastatic sites were the skin (1),
bone and peritoneal (1), and lung and liver (2). None of them
were cyto/histologically confirmed, and the treatment plan for
pelvic RT was confirmed for obtaining more rapid and effec-
tive tumor local control.

Of the entire cohort, 62 patients (74%) were treated with
Trilogy® and 22 patients (26%) with Tomotherapy®.

The elective low-risk PTV, composed of bilateral external
iliac, internal iliac, presacral, and inguinal nodes, received a me-
dian dose of 41.4 Gy (range 32.4–48.6 Gy); high-risk PTV, com-
posed of strictly adjacent tumor tissues volume, received a me-
dian dose of 46 Gy (range 40–56 Gy), while tumor and positive
nodes received boost dose up to a total median dose of 56 Gy
(range 36–60 Gy). The 95% of the prescribed volume received
the 95–97% of the prescribed dose. The accepted variation in the
dose distribution was 93%< 0.03 cm3 of the PTV< 110%.

BRTwas administered in 13 patients (15%) as a boost after
36–50 Gy of external RT: in 3 cases pulsed-dose rate (PDR)
BRT was used (10 Gy with dose rate of 0.4 Gy/h and 20 Gy
with dose rate of 0.4 or 0.5 Gy/h); in the remaining cases high-
dose rate (HDR) BRT was given with a mean dose of 16 Gy
(range 8–25 Gy in 3–5 fractions) prescribed to 5 mm depth. In
term of equivalent dose in 2 Gy fractions (EqD2), a dose
between 18 and 20 Gy was administered in 7 cases, and a
dose ranged between 9 and 14 Gy and between 23 and
31Gywas administered in 4 cases and in 2 cases, respectively.

Median time gap between external RT and BRT was
21 days (range 12–53 days).

Treatment response and incidence of colostomy

At 6 months after the end of RT, 70 patients out of 84 patients
(83%, 95% CI 74%–91%) had complete response (CR), 3
patients (4%) had partial response (PR), while 7 patients
(8%) had progressive disease (3 in-field recurrence and 4 dis-
tant recurrence), 1 patient died from non-cancer-related

Table 1 Demographics, disease, and treatment characteristics

Variable Level Overall
(N = 84)

Age at the start of RT,
median (min-max)

63 (39–83)

Gender, n (%) Male 15 (18)
Female 69 (82)

Grading, n (%) G1 2 (4)
G2 27 (54)
G3 21 (42)
Missing 34

T, n (%) T1 10 (12)
T2 42 (50)
T3 18 (21)
T4 12 (14)
Tx 2 (2)

N, n (%) N0 34 (40)
N1 24 (29)
N2 12 (14)
N3 12 (14)
Nx 2 (2)

M, n (%) M0 80 (95)
M1 4 (5)

Stage, n (%) I 7 (9)
II 25 (30)
IIIA 22 (27)
IIIB 24 (29)
IV 4 (5)
Missing 2

HPV, n (%) Negative 7 (9)
Positive 70 (91)
Missing 7

KPS, n (%) < 100 26 (31)
100 58 (69)

Duration of RT,
median (min-max)

47.5 (32–69)

Dose, n (%) < 56 Gy 25 (30)
= 56 Gy 46 (55)
> 56 Gy 13 (15)

RT interruption, n (%) No 19 (23)
Yes 65 (77)

Days of RT interruption,
median (min-max)

7 (1–21)

Chemotherapy, n (%) Yes 80 (95)
Capecitabine + Cisplatin 70
Capecitabine +Mitomycin 2
Fluorouracil +Mitomycin 5
Capecitabine 2
Missing 1
No 4 (5)

RT radiation therapy, G grade, T tumor, N nodes, M metastasis, HPV
human papilloma virus, KPS Karnofsky performance status, Gy gray

T, N, M and Stage were classified according to AJCC TNM staging7th

edition

Int J Colorectal Dis (2020) 35:685–694688



causes, and 1 patient died for unknown reasons. For 2 patients,
data were not available at 6 months analysis.

Of these, 74 patients remained for the analysis at 12months
follow-up: 60 (81%) (95% CI 70–89) patients had CR, no
patients had PR, while 11 (15%) patients had progressive dis-
ease (6 in-field recurrence and 5 distant recurrence), 2 patients
died from non-cancer-related causes, and 1 patient died for
unknown cause. For 10 patients, data were not available at
time of the analysis (6 patients have a follow-up shorter than
12 months; 4 patients were lost at follow-up).

Four patients had colostomy before the start of RT.
Six patients had colostomy in the first year after the start of

RT (2 patients during RT and 4 patients after the end of RT),
with an estimated cumulative incidence of colostomy at 6 and
12 months of 4% (95% CI 1–10) and 8% (95% CI 3–15),
respectively (Fig. 1a); CFS was 96% (95% CI 89–99) at
6 months and 92% (95% CI 83–96) at 12 months (Fig. 1b).
Two of these were disease-associated colostomies; the other 4
were treatment-associated.

Compliance and interruptions

Table 2 shows compliance, reason of interruptions, and the
incidence of acute and early-late toxicities.

Median RT duration time was 47.5 days (range 32–
69 days).

A treatment interruption, due mainly for skin toxicity, oc-
curred in 65 patients (77%); the median interruption within
these patients was 7 days (range 1–21 days).

Analyzing interruption causes 41 patients suffered from
skin toxicity (63%), 11 patients suffered from GI toxicity
(17%), 3 patients experienced hematological toxicity (5%),
and 1 patient (1%) suffered from GU toxicity.

The rest 14% of patients interrupted for the following rea-
sons: 3 for local infections, 2 for patient choice, 2 for technical
problems, 1 for allergic reaction to concomitant drug, and 1
for deterioration of Karnofsky Performance Status (KPS).

Toxicity

Acute events

Acute toxicity was recorded for the whole study group from
the end of RT to 6 months.

Severe GI toxicity (≥G3) was observed in 4 patients (5%).
Severe skin toxicity occurred in 19 cases (23%).

Early-late events

Early-late toxicity was collected for 73 subjects (87%).
Severe GI toxicity (≥G3), diarrhea, was observed in 2 pa-

tients (3%).

Severe vulvo-vaginal toxicity was observed in 2 (3%)
patients.

No skin toxicity was reported.
No acute or early-late severe GU toxicity was reported at

both time points.

Fig. 1 Data on colostomy. a Cumulative incidence of colostomy during
the first year of follow-up. b Colostomy-free survival during the first year
of follow-up. * 80 patients entered the analysis. Four patients had colos-
tomy before the start of RT. IC cumulative incidence of colostomy, CFS
colostomy free survival, RT radiation therapy, m months, CI confidence
interval
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Table 3 Association between
patient demographics and
treatment characteristics with
severe (i.e., ≥G3) acute and early-
late toxicity (univariate analysis),
Common Toxicity Criteria for
Adverse Events (CTCAE)
version 4.03, and RTOG late
radiation morbidity scoring
system were used for acute and
early-late toxicity, respectively

Severe acute toxicity

(from RT start to 6 mo. after the end of RT)

N = 84

Severe early-late toxicity

(from 6 to 12 mo. after the end of RT)

N = 73*

N ≥G3/Tot (%) p value** N ≥G3/Tot (%) p value**

Total 20/84 (24) 4/73 (5)

Age 0.12 0.62
< 63 □ 13/42 (31) 3/38 (8)

≥ 63 7/42 (17) 1/35 (3)

Gender 0.50 1.00
Male 2/15 (13) 0/12 (0)

Female 18/69 (26) 4/61 (7)

HPV§ 0.67 1.00
Negative 1/7 (14) 0/5 (0)

Positive 18/70 (26) 4/62 (6)

KPS 0.32 0.57
< 100 8/26 (31) 0/20 (0)

= 100 12/58 (21) 4/53 (8)

Stage¥ 0.75 0.64
I/II 8/32 (25) 2/28 (7)

IIIA/IIIB/IV 11/50 (22) 2/43 (5)

Dose 0.058 0.68
< 56 Gy 4/25 (16) 1/20 (5)

= 56 Gy 10/46 (22) 3/42 (7)

> 56 Gy 6/13 (46) 0/11 (0)

RT duration 0.12 0.054
< 47.5 □ 13/42 (31) 4/36 (11)

≥ 47.5 7/42 (17) 0/37 (0)

*Patients that have not reached the time point of analysis yet or with progressive disease within the first 6 months,
lost at follow-up, and death were not considered in this analysis

**Chi-square (or Fisher’s exact test, when appropriate) test for binary variables and Cochran-Armitage trend test
for ordinal variables

□Median value

§7 missing

¥2 missing

G grade, RT radiation therapy, momonths,HPV human papilloma virus, KPS Karnofsky performance status,Gy,
gray, p value probability number

Table 2 Acute and early-late
toxicity (the maximum toxic ef-
fect grade was used for each pa-
tient and each event type);
Common Toxicity Criteria for
Adverse Events (CTCAE)
version 4.03, and RTOG late
radiation morbidity scoring
system were used, respectively

Event type Acute toxicity

(from RT end to 6 mo. after the end of RT)

N = 84

Early-late toxicity

(from 6 to 12 mo. after the end of RT)

N = 73*

Any G ≥G3 Any G ≥G3

GI 69 4 40 2

GU 44 0 15 0

Skin 72 19 3 0

Anal canal – – 25 0

Sexual dysfunction – – 8 0

Vulva/vagina – – 11 2

*Patients that have not reached the time point of analysis yet or with progressive disease within the first 6 months,
lost at follow-up, and death were not considered in this analysis

RT radiation therapy, mo months, G grade, GI gastrointestinal, GU genitourinary, N number
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As shown in Table 3, at univariate analysis, no statistically
significant association was found between age, sex, HPV pos-
itivity, KPS, stage, and severe acute or early-late toxicity. A
trend of correlation was reported between dose (< 56Gy/ =
56Gy/> 56Gy), severe acute toxicity (p value 0.058), and RT
duration (< 47.5 days and ≥ 47.5 days) and severe early-late
toxicity (p value 0.054).

In 70 patients treated with capecitabine plus cisplatin, G3–
G4 hematologic toxicity was described in 9 cases (12.8%):
neutropenia in 6 patients, anemia in 2 cases, and thrombocy-
topenia in one case.

Discussion

Innovative IMRT technique with daily IGRT enables precise
conformation of the radiation dose to the target volume and
sparing of normal tissues such as bowel, urinary bladder, fem-
oral heads, external genitalia, and bones, thanks to the steep
dose gradient resulting in dramatic dose falloffs [18].
Accordingly, it should be considered the standard of care in
treating anal cancer patients [19].

In the present analysis, all patients were treated with IMRT;
the acute and early-late non-hematologic toxicity profile of
patients appeared to be excellent. In addition, the high rate
of clinical tumor responses despite the inclusion of locally
advanced stages of disease (stage ≥ III in 61% of cases) needs
to be highlighted.

We have a high number of interruptions mainly due to skin
toxicity. Literature has already demonstrated how IMRT can
reduce acute toxicity without eliminating it [6–14].

The most common G3 or G4 toxicity in the two big trials
which used 3-dimensional conformal radiotherapy (3D-CRT)
was radiodermatitis. In RTOG 9811 [20] and ACT II trials, ≥
G3 skin toxicity was 48% in the standard mitomycin-based arm.
In RTOG 0529, with IMRT, ≥G3 skin toxicity was significantly
reduced (23%) as well as the ≥G3 GI events (21% vs. 36%;
p = .008). The combined ≥G2 acute adverse event rate was
77%, identical to the overall rate in RTOG 9811 (77%).
Comparing our data to these, they look more alike the RTOG
9811, but if we consider skin acute toxicity at the end of RT
treatment (22.6%) and the median overall treatment time
(47.5 days), they are comparable to RTOG 0529, with a lower
GU and GI toxicity. Several studies have showed that IMRT
significantly lowers the probability of interruptions during the
treatment compared to 3D-CRT technique. Even though the clin-
ical benefit of interruption-free treatment is still under debate, the
overall treatment time seems to impact on therapy response [21,
22]. In our series, skin toxicity played themajor role in RT breaks
(77%), but median overall treatment time (47.5 days) did not
exceed the ideal duration of 53 days [23], and all the patients
completed the planned treatments.

It is important to note that skin toxicity is mainly limited to the
perineal area, and the perianal skin is often part of the CTVor
falls into the PTV, making the dosimetric sparing challenging.
However, perineal skin sparing should be done with caution and
should not be given priority over CTV coverage [24].

No ≥G3 GU toxicity was recorded in the first year of
follow-up, and only 2 (3%) patient suffered from GI severe
toxicity after 6 months of follow-up, underlining how the do-
simetric organ sparing can actually be translated into clinical
benefit; as concerns the increased local failure due to the risk
of potential target missing, it found no confirmation in the
dedicated literature [25, 26].

The incidence of the side effects found in the current study
was comparable with that observed in other series. Call et al.
reported an acute severe GI toxicity of 12% [27], which is
higher than what we experienced, but a comparable acute
severe skin toxicity of 20%. The same was found by Salama
et al. who reported a severe skin toxicity of 37.7% [9]. In
terms of colostomy, colostomy incidence was 4% at 6 months
and 8% at 12 months; CFS at 6 months was 96.3% and at
12 months was 92.1% (Fig. 1a and b).

A comparison with literature data is difficult because in
many papers, as well as the present one, CFS (both disease-
associated and treatment-associated) is considered one param-
eter, and it does not differentiate between the two [28].

One reason may be because CFS has always been more
linked to quality of patient’s life (that it is better without a
colostomy regardless of its indication). Another explanation
may be because the intervention can subjectively vary case by
case (as, e.g., some patients refuse to have a stoma or demand
one if late effects are severe), although it is intuitive that the
clinical meaning of disease-associated versus treatment-
associated colostomy differs greatly. This said, our data seem
to compare favorably in the long term with recently published
rates of 75.5% at 2 years [29, 30].

Currently, literature data are not conclusive about the mod-
ulation of dose in different disease stages. The randomized
studies offered 45 Gy to the pelvis followed by a boost of 9–
20 Gy to the GTV. Doses > 59 Gy in the combined ChT-RT
treatment have not showed an additional benefit [31, 32].

In our series, the median total dose was 56Gy. By grouping
patients receiving less than, equal to, and more than 56 Gy,
there was not any statistically significant difference in toxicity
(p value 0.058 and 0.68 at the end of RT and at 12 months,
respectively), but there was a trend indicating that a dose ≥
56 Gy might be associated with higher severe acute toxicity.

In regard to the boost on macroscopic disease, at our insti-
tution, SIB strategy is mostly used when patients are treated
with Tomotherapy®.With the introduction and the mandatory
use of IMRT in the setting of SCAC, it became clear that the
SIB strategy can reduce OTT. As a consequence, it has the
theoretical advantage of improving local control and increas-
ing patient’s compliance to treatment. Mild acute toxicity
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profile and limited long-term sequelae were found, confirming
the feasibility and the effectiveness of SIB-IMRT, also when
combined with concurrent ChT [33, 34].

However, both SIB and sequential boost approaches were
used in this series, according to the data that both methods are
effective treatment strategies in the combined modality thera-
py of anal cancer patients [35].

Thirteen patients underwent BRT as a boost, in the first
years of IMRT implementation in our division of RT, follow-
ing a clinical practice quite common at the time of 3D-CRT.
BRT in anal cancers has been performed worldwide for nearly
a century [36] and a number of reports compared outcome of
external beam versus BRT boost [37, 38].

According to the data that the time gap between external
RT and BRT boost are prognostic factors for the local control
rate [39], only two patients received the BRT boost after a time
gap > 1 month. One of them received the boost after 39 days
because of skin and gastrointestinal toxicity; for another pa-
tient, a restaging MRI was needed to evaluate the response
and the better boost modality to apply.

However, given the lack of prospective data and the im-
proved toxicity profile of advanced external beam RT modal-
ities, the use of BRT has been declining over time [40].

In our retrospective study we collected data of patients
t rea ted wi th di f fe ren t ChT schemes conta in ing
fluoropyrimidines (infusional 5-FU or oral capecitabine) plus
mitomycin or mainly cisplatin. The role of cisplatin, well-
known for its radiosensitizing properties, in patients with
SCAC treated with curative intent is not yet entirely clarified,
due to conflicting data about its direct comparison with mito-
mycin: different doses, different regimens, and different strat-
egies were compared. But it seems more manageable due to
lower hematologic toxicity [41, 42].

Limited data are also available regarding capecitabine com-
bined with mitomycin or cisplatin in SCAC, even if this agent
is worldwide recognized as a cost-effective alternative of
infusional 5FU, also when concomitantly administered with
radiotherapy. Literature data on prospective phase II or retro-
spective trials supported similar efficacy of oral
fluoropyrimidine but better tolerability (less hematologic tox-
icity) and fewer radiotherapy interruptions [43–47].

As expected, G3–G4 hematologic toxicity in our series was
limited (12.8% of patients treated with capecitabine plus cis-
platin). It should be noted that bonemarrow toxicity caused by
combinations containing mitomycin is reported in literature in
30–60% of treated patients. Other detailed results regarding
efficacy and toxicity of cisplatin-capecitabine regimen will be
published soon [48].

Our series included also 4 patients with metastatic disease,
who were locally treated with full-dose ChT-RT, because al-
though prognosis is generally poor (10% of patients surviving
≥ 2 years), long-term survivors are described [49].

We decided to include these 4 patients in our analysis as the
main goal was to evaluate local control and toxicity; in this
sense, the presence of metastasis does not have an impact on
our primary endpoints. Moreover, the improvement of OS and
DFS in metastatic anal cancer patients who received radiation
therapy is often reported in literature, suggesting a role for
local treatment even in case of systemic disease [50].

In terms of outcome, local control was excellent with a CR
rate of 83% and 81% at 6 and 12 months, respectively, be-
coming higher when considering partial and slow responders.
Guidelines recommend a waiting time of 26 weeks to consider
treatment failure, but 2 of the 3 patients with PR at 6 months
achieved CR at 12 months, while the third one has been slow-
ly responding as he gets close to 12-month follow-up.

SCACmay regress slowly after completion of radiotherapy
treatment, so precise identification of tumor response is essen-
tial to optimize patient management.

Two patients with synchronous metastases had CR both
locally and distally, after ChT-RT, highlighting the importance
of obtaining complete local control even in the context of
metastatic disease.

Although a longer follow-up is needed, in our study group,
clinical outcome was excellent (PD rate of 8% and 15% at 6
and 12 months, respectively) and seemed superior to that re-
ported in historical series, confirming the trend of anal cancer
toward better prognosis over time [51].

Even though the variability in the ChT may have affected
the toxicity, the response to treatment seemed to be equivalent,
in terms of disease-free and/or CFS [52]. Our study has sev-
eral limitations that should be noted. Firstly, its retrospective
nature, secondly, a certain level of heterogeneity in the RT
doses, treatment, and ChT regimens, which is the reason
why we considered the median RT dose, and thirdly long-
term chronic toxicity and treatment response were not ana-
lyzed and will be the object of a next study.

Our study showed an excellent clinical result and low acute
toxicity rates, confirming the use of IMRT as standard of care
for curative treatment of anal cancer patients.
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