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ABSTRACT

Background and purpose Intensity-modulated radiotherapy (IMRT), also using volumetric
modulated arc therapy (VMAT) and helical tomotherapy (HT) techniques, has been only recently
introduced for treating anal cancer patients. We report efficacy and safety HT, and daily image-
guided RT (IGRT) for anal cancer.

Materials and methods We retrospectively analyzed efficacy and toxicity of HT with or without
chemotherapy for anal cancer patients. Local control (LC) and grade 3 or more toxicity rate (CTC-AE
v.4.0) were the primary endpoints. Overall (OS), disease-free (DFS), and colostomy-free survival
(CFS) are also reported.

Results Between October 2007 and May 2014, 78 patients were treated. Fifty patients presented a
stage Il or stage IlIA (UICC 2002), and 33 presented a N1-3 disease. Radiotherapy consisted of 36 Gy
(1.8 Gy/fraction) delivered on the pelvis and on the anal canal, with a sequential boost up to 59.4
Gy (1.8 Gy/fraction) delivered to the anal and to nodal gross tumor volumes. Concomitant
chemotherapy was delivered in 73 patients, mainly using mitomycin C and 5-fluorouracil (n = 30) or
mitomycin C and capecitabine combination (n = 37). After a median follow-up period of 47 months
(range 3-75), the five-year LC rate was 83.8% (95% Cl 76.2-91.4%). Seven patients underwent a
colostomy because of local recurrence (n=5) or pretreatment dysfunction (n=2). Overall
incidence of grade 3 acute toxicity was 24%, mainly as erythema (n = 15/19) or diarrhea (n =7/19).
Two patients presented a late grade 3 gastrointestinal toxicity (anal incontinence). No grade 4
acute or late toxicity was recorded.

Conclusions HT with daily IGRT is efficacious and safe in the treatment of anal canal cancer
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patients, and is considered in our department standard of care in this clinical setting.

Anal canal cancer is a rare cancer. It represents 2% of all
digestive cancers, and 6% of the ano-rectal cancers, but its
incidence is increasing [1]. External beam radiotherapy (EBRT),
with or without concomitant chemotherapy (CT), is the
standard of care in the treatment of squamous cell anal canal
carcinoma. Randomized controlled trials (RCT) published in the
1990s definitely assessed the role of concomitant CT, in
particular for locally advanced tumors [2].

Optimal dose levels and schedules of EBRT are still under
investigation [1] but doses ranging between 45 and 59 Gy
showed to be curative, with higher doses needed in poor
responders patients [1-4]. However, international recommen-
dations support the delivery of a boost after the first course of
EBRT with or without computed tomography (CT) delivered to
the pelvic nodes and to the primary tumor [1], which could be
delivered using EBRT or brachytherapy (BRT) [1,2,5,6].
Published RCT showed an overall rate of non-hematological
grade 3-4 acute toxicity of 54-74%, and an overall rate of non-
hematological grade 3-4 late toxicity of 11-36% [1,2]. In all of

the published RCT, EBRT was delivered using two-dimensional
(2D)- or, at best, 3D-EBRT techniques.

Intensity-modulated radiation therapy (IMRT) is a complex
technique, which preferentially targets structures while mini-
mizing doses to adjacent normal critical structures. Several
studies showed a reduction of toxicity rates in several cancer
sites treated with IMRT compared to those treated with 3D-
EBRT [7-9]. Recently, more evolved forms of IMRT, such as
volumetric modulated arc radiotherapy (VMAT) or helical
tomotherapy (HT), have been introduced in the clinical
practice. These irradiation techniques showed promising
dosimetric improvements in some studies, when compared
to “standard” 3D-EBRT or IMRT [10-13]. Furthermore, the
recent introduction of image-guided radiation therapy (IGRT)
allowed online and offline daily verification of the setup of the
patients. Using IGRT, the treatment volume can be reduced by
reducing the size of the necessary margins taking into account
for inaccuracies in target position and patient setup, with a
consequent reduction of toxicity rates.
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IMRT and IGRT have been recently adopted and prospec-
tively evaluated also in the treatment of anal cancer patients,
and results are promising in terms of local control (LC) and
toxicity [14-16]. However, the sample size of IMRT studies was
often limited, with also short follow-up time (often<24
months).

In this study, we retrospectively analyzed efficacy and
toxicity of IMRT with or without concomitant CT for anal cancer
patients treated in our department. LC and grade 3 or more
toxicity rates (CTC-AE v.4.0, [17]) were the primary endpoints.
Overall (0S), disease-free (DFS), and colostomy-free survival
(CFS) rates are also reported.

Methods and materials

Population and treatment

We retrospectively reviewed data of patients with a histologi-
cally proven anal cancer consecutively treated with curative
intent with EBRT with or without CT between October 2007
and May 2014. Follow-up of patients who had not been seen
for more than 12 months were updated leading up to the date
of this analysis. Tumors of the patients were retrospectively re-
staged according to the 2002 International Union against
Cancer Classification staging system (UICC 2002) [18].

With these criteria, we identified 78 patients. Before the
treatment, all of them received physical examination with
digital rectal exploration (DRE) and ano-rectal echo-endoscopy.
For the nodal and systemic staging, all of them underwent
total body injected CT scan. Only recently, some of them
presenting a clinical suspicion of locally advanced disease were
staged with "8FDG positron emission tomography (PET)-CT (18
patients). Pelvic magnetic resonance imaging (MRI) was only
rarely performed. Ten, 31, 19, 16, and two patients presented
stage |, I, llIA, lIB, and IV disease, respectively. Median age was
61.9 years (range 38-87). Table | summarizes the patients’
characteristics.

Patients underwent a visit with DRE and echo-endoscopy
every three months in the first and the second year, every six
months until the fifth year, and yearly thereafter. CT scan was
performed every six months during the first five years, then
yearly. Patients were followed in our department for at least
two years after the end of the treatment. Then, those living far
from our hospital continued their controls with their general
practitioners, who were instructed about follow-up schedule
adopted in our department and who readdressed us the
patients in case of suspicion of relapse.

Target definition and treatment details

All patients received helical IMRT with HT to the anal canal and
pelvic nodal areas. Anal canal, mesorectal, pelvic, and inguinal
nodes received a total dose of 36 Gy (1.8 Gy/fr). The projection
of the upper limit of pelvic fields was usually located at the L5-
S1 level. All patients received prophylactic and/or curative EBRT
on the inguinal nodes. Boost dose was delivered with either HT
(n=36, since 2011), or 3D-conformal EBRT (3D-CRT, n=42).
Target volumes for the sequential boost consisted of anal canal
and the positive nodes. The median dose on this volume
was 594 Gy (range 59.4-60 Gy), delivered with a median

dose/fraction of 1.8 Gy (range 1.8-2 Gy/fr). Planning target
volume (PTV) was obtained adding a 5-mm margin to the
clinical target volume (CTV). Median overall treatment time
(OTT) for EBRT with or without CT was 57 days (interquartile
range 55-61). Following our internal protocols of treatment, a
planned two-week break was adopted until 2011 (hn=15
patients). Then, an internal analysis of the toxicity rates has
been performed, and showed a low rate of acute toxicity.
Therefore, the planned gap was abolished for all the following
patients. During treatment, all patients underwent daily IGRT
using fan-beam computed tomography to check and correct
their setup before the delivery.

The following constraints were used for treatment plan
optimization: PTV: Volume receiving at least 95% of the
prescribed dose =95-98%; bowel (contoured as abdominal
cavity)=Volume receiving at least 45 Gy (V45)<195 cm?,
V50 <50 cm?; Femoral heads=Volume receiving at least 45
Gy<10%, Dose max (2cm® <50 Gy; Bladder: Volume
receiving at least 50 Gy<50%, dose max (2cm3® <55 Gy. A
particular attention is given to the dose to the uninvolved skin
and to genitalia, where the delivered dose was kept as low as
possible.

Concomitant CT was delivered in 73 patients, most of whom
(92%) received mitomycin C (10-15 mg/m2 given on the J1 and
J29 of RT) combined either with 5-fluorouracil (5FU,

Table I. Population.

Variable Total %
No. of patients 78 100
Age (median; range) 62 (38-87) -

>75 years old 13 17

<75 years old 65 83
Gender

Male 18 23

Female 60 77
Tumor grading

7 9

G2 15 19

G3 46 59

Basaloid SCC 10 13
T classification

1 14 18

2 32 41

3 22 28

4 10 13
Tumor localization

Anal canal 51 65

Anal margin 7 9

Ano-rectal junction 20 26
Tumor diameter (cm)
Median: 3 (range 0.8-9)

<3 42 54

>3 36 46
Fixed tumor

Yes 65 83

Not 13 17
Circumference invasion

Less than 3/4 66 84

More than 3/4 12 16
N classification

0 45 58

1 17 22

2 7 9

3 9 11
Stage

| 10 13

Il 31 40

1] 35 45

I\ 2 2
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1000 mg/m?/day on the first five and last five days of RT, 41%
of the patients) or capecitabine (825 mg/m?/day, two times a
day, on the first five and last five days of RT, 51% of the
patients).

Statistical analysis

Analysis included descriptive statistics of the whole population,
including acute and late toxicity. We considered acute
toxicity those recorded up to six months from the end of
the treatment, while all others were considered as late
toxicities. Primary endpoints were LC, and acute and late
toxicity rates.

Acute and late toxicities were retrospectively scored using
the Common Toxicity Criteria-Adverse Event score (CTC-AE
v.4.0) [17]. The definition of complete response was based on
absence of any sign of tumor at the DRE and/or on the results
of the anal echo-endoscopy. Proportions were compared by
using the y*-test for values of 5 or higher and with Fisher's
exact test for values of less than 5. Survival curves were
estimated by using the Kaplan-Meier method [19]. Time to any
event was measured from the date of biopsy. Death certificates
confirmed date of deaths. If clinical or pathologic evidence of
active, recurrent disease was present, deaths were attributed to
anal canal cancer. The events were death (all causes) for OS,
death (all causes) or relapse for DFS, locoregional relapse for
LC. Confidence intervals (Cl) were calculated from standard
errors. In univariate analyzes, differences between groups were
assessed using the log-rank test [20]. In multivariate analyzes,
we screened for prognostic factors with a p value <0.20 in
univariate analyzes using the Cox regression analysis to define
the independent contribution of each prognostic factor. A
p value of <0.05 was considered to be statistically significant.
All data were examined using the JMP statistical software
version 10 (SAS Institute Inc., Cary, NC, USA).

Results
Efficacy

Median follow-up period for the whole population was 47
months (range 3-75).

Figure Ta-c shows the OS, the DFS and the LC curves.

A total of 14 patients presented a recurrence (local only in
five, locoregional in two, locoregional and distant in two, local
and distant in three, regional only in one, and distant only in
one patient). Median LC time was not reached, with a five-year
LC rate of 84.2% (95% Cl 74.9-93.1%). According to the
technique used to deliver the boost (3D vs. HT), overall five-
year LC was not statistically different: 89% versus 75%,
respectively (p=0.11). Median DFS time was not reached,
with a five-year DFS rate of 77.2% (95% Cl 68.6-85.8%). At the
time of this analysis, seven patients died, with a five-year OS
rate of 89.3% (95% Cl 81.3-97.3%). Seven patients underwent a
colostomy because of local recurrence (n=5) or pretreatment
anal dysfunction (n=2). The CFS was 893% (95% Cl
81.3-97.3%). Patients presenting also a nodal and/or a systemic
relapse were treated with CT. The schedule and the type of CT
were decided by the medical oncologist of the patient,
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following the internationally accepted standard treatment
options for relapsing anal cancer patients.

Table Il summarizes the variables considered in the
univariate analysis. Tables Il and IV summarize results of
univariate and multivariate analyzes (only the variables
statistically influencing the considered endpoints are showed).

At multivariate analysis, the only factor confirming its
independent influence on LC was the gender of the patient
(see Table Ill). The stage of the disease (stage I-Il vs. llI-1V)
showed a strong, but not statistically significant trend towards
a better LC in patients with early tumors (p=0.055).
Concerning the DFS, the gender, disease stage (stage I-II vs.
-1V), tumor size (<3 cm vs.>3cm), and concomitant CT
confirmed their independent influence on this endpoint.

Toxicity

Globally, compliance to the treatment was usually good, with
all the patients having received the whole treatment, and with
no major deviations to the planned schedules of the combined
treatment. Overall, grade 3 acute toxicity was observed in 19
patients (24.3%), mainly as erythema (n=15/19) or diarrhea
(n=7/19). At the time of analysis, 73 patients presented more
than six months of follow-up, and were considered evaluable
for late toxicity. Two of 73 patients present a late grade 3
gastrointestinal (Gl) toxicity (anal incontinence). No late grade 3
skin toxicity was recorded. No grade 4 acute or late toxicity was
recorded. No statistical differences in terms of severe toxicity
were recorded comparing according to the boost technique
(HT vs. 3D-EBRT). Age (<75 years vs.>75 years) had no impact
on the risk of developing severe acute or late toxicity.

Stage IV patients

Two patients presented a stage IV disease at diagnosis. One of
these patients presented two liver metastases but, because of
her relatively young age (61 years) and her good general
condition, she was treated with curative intent with the
volumes and dose levels described above. She received CRT
with capecitabine (825 mg/m?, every 12 hours) and mitomycin
C (10mg/m?, in concomitance of the first day of the boost). No
neoadjuvant CT was delivered before CRT. Three months after
the end of combined treatment, she presented a complete
local and systemic response. The other stage IV patient
presented a L5 bone metastasis: she received also 54 Gy at
this level during her treatment. Induction CT was not possible
in this patient because of her age (78 years) and her
comorbidities. These two patients are still alive and disease-
free 43 and 66 months after the end of the treatment.

Discussion

In this study, we present one of the largest series reporting
data on outcomes and safety of HT with concomitant CT in the
treatment of anal cancer patients. Compared to historical series
of patients treated with 2D- or 3D-techniques in the context of
RCT, our results show an improvement of acute and late
toxicity profile and, consequently, of patients’ compliance
compared to conventional approaches.
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Table Il. Variables considered in the univariate analysis.

Variable Considered values
Gender Male; female

Age (years) <62;>62

Age (years) <75;>75

Tumor diameter (cm) <3;>3
Tumor extension <3/4 circumference; >3/4 circumference
Tumor grading G1; G2; G3; Basaloid SCC.

G1-2 + basaloid; G3

Tumor location Anal canal; anal margin; ano-rectal junction

Fixed tumor Yes; not
T classification T1;T2; 73, T4
T1-2; 13-4
T1-T3; T4
Nodal status NO; N+
NO-1; N2-3
NO; N1; N2; N3
Stage ;1 v
I-I1; -1V
Concomitant CT Yes; not
Boost technique 3D-CRT; HT
OTT (days) >60; <60
>57; <57
Gap duration (days) <7,>7
<12;>12
Acute toxicity (grade) 0-1; 2-3

Table Ill. Results of univariate analysis for local control and disease-free survival
(only variables showing a p-value<0.05 in at least one of the considered
outcomes are listed).

Five-year
Five-year Disease-free survival
Variable Local control  p value (%) p value
Whole population  84.2% - 77.2% -
Gender
Male 56.6% 0.003 56.6% 0.02
Female 92.1% 83.3%
Nodal status
NO-1 87.9% 0.1 82.2% 0.02
N2-3 66.5% 53.8%
Nodal status
NO 90.4% 0.2 83% 0.005
N1 82.3% 82.3%
N2 71.4% 71.4%
N3 64.3% 38.1%
Concomitant CT
Yes 85.8% 0.06 80.1% 0.02
Not 53.3% 40%

Table IV. Results of multivariate analysis for local control and disease-free
survival (only variables independently influencing these endpoints are shown).

Relative risk of

Endpoint Variables relapse (95% Cl) p value
Local control Gender
Male 1 0.012
Female 1.005 (0.4-1.68)
Disease-free Concomitant
survival chemotherapy
Yes 1 0.018
Not 1.14 (0.21-2.08)
Stage
-1V 1 0.013
1=l 0.74 (0.13-1.5)
Gender
Male 1 0.013
Female 0.89 (0.19-1.6)
Tumor size
>3 cm 1 0.0004
<3 cm 0.6 (0.3-0.93)
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One of the main priorities of introducing a new technique in
the treatment of anal cancer should be a reduction of acute
and/or late treatment-related toxicity, without affecting the
efficacy of the treatment. Several dosimetric studies already
showed that IMRT successfully allowed a reduction of the
doses delivered to small bowel, femoral head, perineal skin,
and genitalia compared to 3D-EBRT [10-13]. These dosimetric
improvements also translate in the clinical outcomes of anal
cancer patients treated with IMRT [14,15]. RTOG 05-29 trial was
designed to show whether IMRT with concomitant 5-FU and
mitomycin C CT would decrease by at least 15% the combined
rate of grade 2 or more acute Gl and genitourinary (GU)
toxicity, as compared to the 3D-EBRT and concomitant 5-FU
and mitomycin C arm from RTOG 98-11 [15,21]. The primary
endpoint was not met, but dose-painted IMRT (DP-IMRT) was
associated with a significant reduction in acute grade 3 (or
more) cutaneous (23% vs. 49%) and GI (21% vs. 36%) toxicity. A
multi-institutional retrospective study by Salama et al. on the
use of IMRT as part of combined treatment for anal canal
cancer patients, reported a 15.1% rate of grade 3 acute Gl
toxicity [22], which seems lower than the rate reported in the
RTOG 98-11 trial [21]. Kachnic et al. published in 2012 a
retrospective series of 43 patients treated with DP-IMRT [23].
These authors adapted the doses to the clinical situation of the
patient, with lower doses (42 Gy to the pelvis and 50.4 Gy to
the tumor, 28 fractions) delivered to early stage tumors and
higher doses (45 Gy to the pelvis and 50.4-54 Gy, 30 fraction) in
more advanced diseases. With this adapted approach, they
reported rates of dermatologic, Gl, GU of 10%, 7%, and 7%,
respectively. Two-year LC, OS, CFS, and metastasis-free survival
were 95%, 94%, 90%, and 92%, respectively. All these
dosimetric and clinical data seem to support the idea that
future prospective trials for anal canal cancer should include
IMRT as standard EBRT modality. Our results compared
favorably with the reported series. Overall, grade 3 acute
toxicity was observed in 19 patients (24%), mainly as erythema
(n=16). Grade 3 diarrhea was recorded in 7/78 (8.9%), a rate
which seems to be significantly lower than those reported in
the published randomized trials, and comparing well with
other series of IMRT in anal cancer patients [15,16]. No grade 4
toxicity was recorded in our patients. Noteworthy, it should be
clearly underlined that a limit of our analysis is that the acute
and late toxicity has been retrospectively scored, depending on
the data available in the clinical charts of the patients. It could
be an important bias, as it could potentially lead to an
underestimation of the real rate of toxicity.

A possible argument against the introduction of very CRT
techniques (such as IMRT) and/or against the use of narrower
margins (as those used when daily IGRT is adopted) is that they
could let to a higher risk of target missing and, therefore,
increased local relapse. Our data do not support this
assumption: after a median follow-up period of 47 months,
our experience on 78 patients treated using HT combined with
daily IGRT and concomitant CT showed a four-year LC of 83.8%,
which is at least comparable to the LC rates reported in
available prospective studies [1,2]. Nevertheless, we found a
not statistically significant, but important difference in terms of
five-year LC in favor of 3D-techniques (90% vs. 75% for 3D-EBRT
vs. IMRT, p=0.11). In order to understand this difference, we
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analyzed whether T classification (T1-2 vs. T3-4), nodal status
(NO vs. N+, or NO-1 vs. N2-3), and UICC 2002 stage influenced
the choice of HT as preferred treatment modality. We found
that N + patients (vs. NO patients, 64% vs. 36%, p=0.008) and
N2-3 patients (vs. NO-1, 82% vs. 18%, p=0.001) had been
more frequently treated with HT, probably because it allowed
better organ sparing in these more geometrically difficult
situations. These unbalanced populations, with patients with
more advanced diseases treated with HT, could probably
explain our data.

OTT is of paramount importance in anal cancer. RTOG 92-08
study showed that patients treated with 3D-CRT and con-
comitant CT with a gap of two weeks (n=20) presented OS
and DFS rates inferior to those of the patients treated without
gap (n=46) (43% vs. 73% vs. 63% and 34%) [24]. Also the rates
of locoregional failure and post-chemoradiation colostomy
were higher in patients treated with a gap (respectively, 29%
vs. 15% and 25% vs. 15%). These rates were also higher
compared to the five-year colostomy rate recorded in the
RTOG 98-11 trial (10%), with no breaks required [21]. However,
these results should be taken with caution because the RTOG
92-08 study was not originally designed to compare the two
treatment arms (with or without breaks). Noteworthy, the rates
of acute toxicities for patients treated without free interval
were higher. Deniaud-Alexandre et al. showed that patients
treated with a break of >38 days presented a 10-year DFS rate
inferior to those who were treated with a break<38 days
(p=0.0025) [25]. The reason of these findings is probably
related to the rapid tumor proliferation rate of squamous cell
carcinoma cells of the anal canal. In our department, a planned
two-week break was adopted in the standard treatment of anal
cancer patients, as done in most part of the radiation oncology
departments in 1990s and early 2000. In 2011, we performed
an internal analysis of the toxicity rates, and we found a low
rate of acute toxicity. Therefore, the planned gap was
abolished for all the following patients. Anyway, OTT and
gap duration did not show any impact on the outcomes of our
patients, both at the univariate and at the multivariate analysis.

In our study, median OTT for the entire treatment was 57
days, higher compared to the RTOG 05-29 study (43 days,
range 32-59), and to the RTOG 98-11 (49 days; range 4-100)
[15,21]. Nevertheless, our four-year LC rate (83.8%) is at least
comparable to those recorded in the major randomized trials,
ranging between 64% and 68% [1,2]. Interestingly, in our
analysis, an OTT of more than 57 (more or less than the median
time of the whole population) or 60 days did not significantly
decrease the LC. Nevertheless, we also found a quite
interesting trend. A not statistically significant longer treatment
time was seen in patients presenting G3 acute toxicity
(p=0.07). When the total treatment time was considered as
a continuous variable in the model of the multivariate analysis,
longer treatment times were significantly associated with
better disease survival rates (p = 0.046), which seem in contrast
with the results of the major randomized trials.

Two important aspects should be underlined to explain
better our low not-cutaneous acute toxicity rates: the delivered
doses and the daily use of IGRT. Doses adopted in our
department were adopted taking into account the doses used
in the RTOG 98-11 trial [21] and could be considered relatively

lower than those used in the other studies. We delivered 36 Gy
in 1.8 Gy/fraction to the anal canal, mesorectal, pelvic, and
inguinal nodes, and a sequential boost of 23.4 Gy in 1.8 Gy/
fraction (total dose 59.4 Gy) to the anal canal and involved
nodes. The dose to the larger volume was lower than the 45-
50.4 Gy in 1.8 Gy/fraction used in the other published studies
[1,2]. It could influence the risk of toxicity.

Moreover, all patients underwent daily IGRT using fan-beam
CT to check and correct their setup. Hence, a margin of only
5mm was added to the CTV to obtain the PTV. Even in the
absence of direct comparison with previous reports, it could
easily argue that our approach may reduce the treatment
volumes, thus allowing the good toxicity profile reported in
this series.

Conclusions

This long-term analysis showed that modern IGRT-HT is safe
and effective in the treatment of patients with anal squamous
cell carcinoma. Our data show a drastic reduction of non-
hematological toxicity rate, without increasing the local or
locoregional failures rates. Therefore, IGRT-IMRT is the standard
of care in our institution for the treatment of anal cancer
patients.
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