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Background: Anal cancer is a rare clinical disease with the incidence rate of 1–2/10 million. The present

study aims to assess the feasibility, safety and short-term outcome of the simultaneous integrated boost
intensity-modulated radiotherapy (SIB-IMRT) schedule with oral capecitabine in patients with anal cancer.
Methods: From September 2009 to February 2014, a total of 10 patients with anal carcinoma were treated

with SIB-IMRT in 32 daily fractions of 1.8 Gy to the primary tumor and macroscopically involved lymph
nodes and 32 fractions of 1.55 Gy electively to the bilateral iliac and inguinal lymph node areas with
concurrent capecitabine 625 mg/m2 twice daily 5 days/week. Two patients received a sequential radiation
boost dose of 2×1.8 Gy on macroscopic residual tumor in week 5 of treatment. Acute and late toxicity was
assessed according to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0.
Results: All patients completed chemoradiation without any treatment break. Grade 3 acute skin toxicity

was observed in 4 patients (40%). No grade 4 toxicity was observed. Mean follow-up was 20 months (range:
6–60 months). The 2-year-local control, colostomy-free survival, distant metastases-free survival and overall
survival (OS) rates were 100% (10/10), 90% (9/10), 90% (9/10), and 90% (9/10), respectively.
Conclusions: SIB-IMRT with concomitant capecitabine 625 mg/m2 b.i.d. on irradiation days resulted in an

acceptable safety profile, and proved to be a tolerable and effective treatment regimen for locally advanced
anal cancer. However, a larger number of patients and a longer follow-up are required to assess its potential
superiority.
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Introduction

abdominal wall of a permanent fistula. In 1974, Nigro

Anal cancer is a rare clinical disease with the incidence
rate of 1–2/10 million, while it is about 3–4 times that of
perianal cancer (1). Surgery has been the standard treatment
for anal cancer in the past, that means performing complete
resection on patients’ perineum and anus, making an
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et al. (2) first reported concurrent chemoradiotherapy
for the treatment of anal cancer, it’s become the standard
treatment for anal cancer (3). Furthermore, previous
studies, such as UKCCCR, RTOG8704/ECOG1289, have
established that 5 fluorouracil (5-FU)/mitomycin (MMC)
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concurrent chemoradiotherapy is the standard treatment for
anal cancer (4-6). However, concurrent chemoradiotherapy
is like a double-edged sword, it improves the curative effect
on one hand, yet on the other hand, it also inevitably brings
more serious adverse reactions including myelosuppression,
thrombocytopenia, radioactive dermatitis, and adverse
reaction of the digestive tract and urinary system (4).
In the past, most prospectively randomized studies on
radiation therapy of anal carcinoma used 3-D conformal
radiotherapy (3DCRT) (4-6). In recent years, intensity
m o d u l a t e d r a d i o t h e r a p y ( I M RT ) h a s b e c o m e t h e
mainstream treatment of radiation therapy in various
tumors. The IMRT technique is characterized by a highly
conformal dose distribution to targets, whereas a constraint
dose to organs at risk (OARs) (7). Simultaneous integrated
boost IMRT (SIB-IMRT) is one of the techniques of IMRT.
It delivered different doses to the gross tumor and regional
lymph nodes in a single fraction, reducing the doses to
OARs surrounding targets (8). RTOG 0529 was a phase II
study to investigate the utility of SIB-IMRT in anal cancer.
And the results showed that the 2-year loco-regional control
rate was 80% (9). Furthermore, Sakanaka and colleagues
analyzed data from ten patients with anal cancer who had
been treated with SIB-IMRT and 5-FU/MMC. They found
that SIB-IMRT reduced the toxicity of chemoradiotherapy
and achieved a high locoregional control (10).
Capecitabine is an oral pro-drug preferentially converted
to 5-FU at the tumor site (11). In anal cancer, a number of
studies have been published using capecitabine in place of
5-FU (12,13). In the study conducted by Pumpalova et al.,
overall survival (OS) and cancer-specific survival were
equivalent between capecitabine and 5-FU in anal cancer,
but patients treated with capecitabine had statistically
significant lower incidence of loco-regional relapses (13).
In 2013, a phase I study assessed the feasibility and efficacy
of SIB-IMRT with concomitant capecitabine and MMC in
locally advanced anal cancer (14). However, few studies have
focused on the safety and feasibility in anal cancer treated
with SIB-IMRT and capecitabine alone.
The purpose of this study was to assess the feasibility,
safety and short-term outcome of SIB-IMRT schedule with
oral capecitabine in patients with anal cancer. The data
about 10 cases were presented in this paper. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx.doi.org/10.21037/tcr-192843).
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Methods
General clinical data
This is a retrospective observational study. From September
2009 to February 2014, a total of 10 patients with anal
cancer received IMRT plus the amount of oral capecitabine
chemotherapy during the same period. Inclusion criteria:
anal cancer is confirmed by fibre colonoscopy and
pathology, and it is also diagnosed by the definition of
American Joint Commission on Cancer (AJCC) and the
International Union against cancer (UICC); KPS scores
should range from 70 to 100; no distant metastasis of the
abdominal cavity confirmed by imaging; no previous history
of radiotherapy chemotherapy and abdominal cavity. This
study was conducted in accordance with the declaration
of Helsinki (as revised in 2013) and approved by Ethics
Committee of the Seventh Medical Center of PLA General
Hospital (No.: 2020-033), and informed consent was taken
from all the patients.
Treatment method
Computed tomography (CT) simulation location
The patients fasted and were placed in a supine position
and fixed with a thermoplastic membrane. 600 mL of
2% diatrizoate meglumine was taken orally for filling the
bladder 90 and 40 min before CT scan, respectively. 100
mL of iodophor was injected intravenously for enhanced
scan. The scanning range is from the lower edge of the
second lumbar vertebra to the upper 1/3 of the femur, and
the thickness of the scanning layer is 5 mm. The images
were transferred to ADAC Pinnacle 7.4 treatment planning
system.
Target delineation and treatment planning
Target delineation was with reference to no. 50 and no.
60 International Commission Radiological Units (ICRU)
Report; the gross target volume (GTV) was confirmed
by localization of CT image combined with magnetic
resonance imaging (MRI), colonoscopy, endorectal
ultrasonography and rectal examination, and planning
target volume (PTV) 1 is uniformly expanding 20 mm of
GTV. While clinical target volume (CTV) is defined as
the lymph drainage area of the internal and external iliac
as well as the skin of the presacral region, the ischiorectal
fossa anal canal and perianal, PTV2 is uniformly expanding
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Figure 1 Simultaneous integrated boost intensity-modulated radiotherapy (SIB-IMRT) plan for a 79-year old male anal cancer patient
(cT2N0M0). (A) Transverse; (B) sagittal; (C) dose volume histogram (DVH). Red: gross tumour volume (GTV), yellow: planning target
volume 1 (PTV1), lightblue: clinical target volume (CTV), green: planning target volume 2 (PTV2), purple: femoral head, forest: colon,
skyblue: small bowel.

10 mm of CTV. The prescription dose lines should wrap
at least 95% PTV; ≥110% dose volume <2%; ≤93% dose
volume <3%. PTV1 was given 57.6 Gy per 32 fractions,
1.8 Gy per fraction, once per day; PTV2 was given 49.5 Gy
per 32 fractions, 1.55 Gy per fraction, once per day (Figure
1). After 5 weeks of radiotherapy, all patients underwent
simulation of secondary CT, there were 2 patients of GTV
with gross residual/suspicious residual after radiotherapy,
the treatment was finalised by administering a dosage of
1.8 Gy twice (total GTV 61.2 Gy) after a round of initial
radiotherapy (Figure 1).
Chemotherapy
Take oral capecitabine from the first day of radiotherapy,
625 mg/m2 per time, twice per day, 5 days per week. No
oral capecitabine or other chemotherapy was given after the
end of radiotherapy.
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Evaluation of side effects and adjustment plan of
chemoradiotherapy
Acute and late side effects are graded according to the
Common Terminology Criteria for Adverse Events
(CTCAE) 4.0 classification standard. And all patients
should have weekly blood routine examination,
blood biochemistry and liver function tests during
chemoradiotherapy. If the symptoms appear to be
grade 3 and 4 of haematologic adverse reactions during
chemoradiotherapy, then the chemoradiotherapy should be
suspended until it has recovered to grade 1 or 2, and in this
case chemoradiotherapy can continue but patients should
only take half the dose of capecitabine. If the symptoms
appear to be grade 4 of non-haematologic adverse reactions
(other than diarrhea), then patients should discontinue
capecitabine; if the symptoms appear to be grade 4 of
diarrhea, then the chemoradiotherapy should be suspended
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Table 1 Patient related parameters
Characters

Table 2 Acute toxicities and late morbidities in patients with anal
cancer

n (%)

Variable

Age
Mean age (years)
Range

Acute toxicities, N=10

53

Diarrhea

34–78

Grade 1

Gender
Male

6 (60%)

Female

4 (40%)

9 (12%)

T2

5 (48%)

T3

4 (32%)

5 (50.0)

Grade 2

1 (10.0)

Grade 1

1 (10.0)

Grade 2

4 (40.0)

Grade 3

5 (50.0)

Late morbidities, N=10

Nodal stage
N0

5 (50%)

N1

3 (30%)

N2

2 (20%)

N3

0

Chronic diarrhea
Grade 1

Distant metastases

M1

Grade 1

Dermatitis

T4

M0

2 (20.0)

Leukopenia

Tumor stage
T1

n (%)

10 (100%)
0

until it has recovered to grade 1 or 2 of diarrhea, and in this
case only radiotherapy can continue.
Endpoints of the study and statistical methods
The primary endpoint was acute adverse reactions and
completion of chemoradiotherapy, the secondary endpoint
was the recent curative effect of chemoradiotherapy.
Survival rates were analyzed with Kaplan-Meier method.
Data were analyzed by SPSS21.
Results
Completion of chemoradiotherapy and the acute adverse
effects
Six male patients, and 4 female patients were enrolled in this
study. All of them aged 34–78 years, and the median age was 53
years. Nine of them suffered from anal squamous carcinoma,
and the rest of them suffered from anal canal adenocarcinoma.
The related parameters of the patients are shown in the Table 1.
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1 (10.0)

All of the 10 patients successfully completed the
chemoradiotherapy, including 2 cases of secondary CT
simulation, there were 2 cases of GTV with gross residual/
suspicious residual after radiotherapy, the treatment was
finally ended by the administering a dosage of 1.8 Gy ×
twice after a course of initial radiotherapy. Results showed
that there is a rate of 60% (6/10) on grade 1–2 adverse
reaction in the blood system, of which there were 5 cases
of grade 1 leukopenia or blood platelet decrease, 1 case
of grade 2 of white blood cells or platelets decrease. And
meanwhile, there’s a rate of 20% (2/10) of incidence of
gastrointestinal adverse reactions, which can be defined as
grade 1 diarrhea. What’s more, there were no grade 3 or 4
acute adverse reactions which occurred in the blood system
and gastrointestinal tract. However, the rate of skin adverse
reaction of anus, perineal region and inguinal skin was
100% (10/10), 50% (5/10) were at I–II degree of adverse
reactions, while the rest 50% (5/10) were at Ⅲ degree of
adverse reactions. no more than grade 4 toxicity was found
in the experience (Table 2). No chemotherapy interruption
or dose adjustment due to serious adverse reaction.
Disease control
All the patients were followed up (telephone and/or visits to
the hospital), and the median follow-up was 20 months (6–
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60 months), results showed that the 2-year local control rate
was 100% (10/10), survival rate without colostomy was 90%
(9/10), distant metastasis free survival rate was 90% (9/10)
and OS rate was 90% (9/10). One patient of pre-treatment
stage T3N2M0, who was diagnosed as adenocarcinoma,
showed distant metastasis (lung and liver metastasis) after
the treatment within 20 months, and finally died after
29 months. There’s also one patient of pre-treatment stage
(PTV1 was given 57.6 Gy; PTV2 was given 49.5 Gy),
exhibited anal canal recurrence after 11 months, after
carrying out abdominal perineal combined radical and
colostomy, and was disease-free during the following
39 months.
Late reaction
One patient experienced intermittent diarrhea in the
14 months after chemoradiotherapy. No late complications
in level of 3 or above were observed in the experiment.
Discussion
Since Nigro et al. (2) reported the chemoradiotherapy for
the treatment of anal cancer, radical chemoradiotherapy has
become the standard treatment for anal cancer. And what’s
more, it is superior to radiotherapy alone (3). RTOG8704/
ECOG1289 etc. (4-6) have established that 5-FU/MMC
concurrent chemoradiotherapy is the standard treatment for
anal cancer.
Capecitabine is an orally administered fluoropyrimidine.
It is absorbed in the gastrointestinal tract, which can
simulate the effect of continuous infusion of 5-Fu, avoiding
side effects and complications of the central venous infusion
of 5-Fu (15). Capecitabine can also convert thymidine
phosphorylase (TP) into 5-Fu activity in cells. The
concentration of TP in tumor cells is higher especially
in intestinal tumors, demonstrating that capecitabine has
more advantages in the treatment of intestinal tumors (16).
Throughout the course of radiotherapy, capecitabine is
usually divided into 2 doses, twice a day, 625–825 mg per
time. Compared with 5-FU/leucovorin, capecitabine has
less acute toxicity. And it’s convenient for oral application.
Hence, in the study, we used oral capecitabine for
chemotherapy instead of 5-FU/MMC.
The main focus of research in recent years has been
to achieve a better local control rate as well as reduce the
treatment related side effects. The IMRT technique is
characterized by a highly conformal dose distribution to
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targets, whereas a constraint dose to OARs. So the use of
IMRT in the treatment of anal cancer is reasonable and
attractive. Recent studies showed that, when compared with
the traditional irradiation and three-dimensional conformal
radiotherapy, IMRT irradiation can reduce the toxicity
related to radiotherapy on the condition of not reducing the
effectiveness of anal cancer treatment (1,17,18).
Dose of radiotherapy is an important factor influencing
the efficacy of treatment. Improvement in the total dose of
radiotherapy is due to random and non-randomly achieved
results: control rate of radiotherapy is more useful to
smaller tumors than bigger tumors, and by analysis of nonrandomized study data, there’s relevance to the dose and
control rate, and by retrospective analyzing the data of 50
patients, when the total dose ≥54 Gy, 5-year local control
rate and survival rate will be improved (19). However,
high doses can lead to serious complications such as severe
adverse reaction of the gastrointestinal and urinary tracts,
lower extremity oedema, ulcer, fecal incontinence, anal
stenosis and perianal necrosis and so on. IMRT can give
the target dose of different amounts in the same course
of treatment, in theory, on the premise of not prolonging
treatment time, it can not only synchronously give a high
dose of tumor, but also realize the prophylactic irradiation.
In recent years, there were several studies encouraging SIBIMRT to treat anal cancer, with chemotherapy based on
5-Fu/MMC and the SIB dose of 1.28–2.25 Gy per fraction
and total dose of 30.6–59.4 Gy (14,17,18,20).
Lower dose of oral capecitabine (625 mg/m2, twice/day,
5 days/week) and IMRT (PTV1: 1.8 Gy/fraction; PTV2:
1.55 Gy/fraction) were used in this study, total dose was
57.6 Gy/32 fractions. The purpose of this study was
to explore a local control rate and ensure the safe and
convenient treatment of anal cancer with chemotherapy.
From the preliminary results, haematological and
gastrointestinal system on the scheme has less adverse
reactions, skin and mucous membrane reactions can be
accepted, and what’s more, it is encouraging to know that
the results of 2-year local control rate, survival rate without
colostomy, distant metastasis free survival and OS rate has
improved. However, because the number of cases in the
group is not enough, together with the fact the observation
period is short, the conclusion and the prospect is still to be
confirmed by more patients and long-term follow-up.
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