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Abstract
Objectives: To determine the pathological response rates and toxicity and in patients with locally
advanced rectal cancer treated with concurrent capecitabine and dose escalated intensity
modulated radiotherapy (IMRT)
Methods: Patients with stage II or III adenocarcinoma of the rectum were treated with
preoperative concurrent capecitabine and IMRT. Dose of capecitabine was 825mg/m2, 5 days a
week for 5 weeks. IMRT was used to deliver a dose of 45Gy in 25 fractions (1.8Gy per fraction
daily, 5 days a week over 5 weeks) to the regional lymphatics and areas at risk of harbouring
microscopic disease. A concomitant synchronous integrated boost (SIB) to the gross tumour with
a margin to a total dose of 55Gy in 25 fractions was also delivered in the same period. TME surgery
was performed 8 weeks after preoperative therapy. The primary endpoint is pathological complete
response rate (pCR) and the secondary endpoint was downstaging rates, Sphincter preservation
rates (SPR), disease free survival (DFS) at 2 years and toxicity graded using the CTCAE v3.0.
Results: Twenty three patients were enrolled. Three were not evaluable; one did not complete
treatment due to logistic issues and two declined surgery. The remaining 20 patients completed
preoperative chemoIMRT followed by TME surgery.
At a median follow-up of 38.2 months (17.5-53.2 months), 90% (18 of 20) patients were alive. The
2 year overall survival and DFS were 90% and 90% respectively. 35%(7/20) of patients had a pCR.
65% (13 of 20) patients had successful downstaging of their rectal tumours. There was no local
recurrence. Sphincter preservation rate was 85%. Treatment was well tolerated with only one
patient (5%) having Grade 3 radiation proctitis.
Conclusions: Preoperative concurrent capecitabine and dose escalated IMRT is well tolerated
and results in high rates of pCR. A randomized trial comparing this regimen with standard 3D
conformal chemoradiotherapy is warranted.
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Introduction
Preoperative chemoradiotherapy is currently
considered standard therapy for patients with locally

advanced rectal cancer. The landmark German rectal
cancer
trial
showed
that
preoperative
http://www.jcancer.org
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chemoradiotherapy reduces local recurrence and
acute/late
radiation
toxicity
compared
to
postoperative chemoradiotherapy.1 The standard
preoperative radiotherapy regimen is currently pelvic
radiotherapy to a dose of 45-50.4 Gy in 25-28 fractions
with concurrent 5 fluorouracil (5FU) based
chemotherapy agent. Capecitabine, an oral prodrug of
5FU has been shown to be equivalent to 5FU in
randomized studies and has increasingly been used
with radiotherapy due to patient convenience.2,3
Studies have shown that a complete pathological
response (pCR) after preoperative treatment have
been associated with an improved outcome, both local
control and overall survival.4,5 Strategies that have
been employed to improve pCR rates include
radiotherapy
concurrent
with
combination
chemotherapy such as 5FU/oxaliplatin6,7, or
concurrent
with
combination
chemotherapy
combined with biologic agents such as vascular
endothelial growth factor (VEGF) inhibitors such as
bevacizumab8. Neoadjuvant chemotherapy before
chemoradiotherapy has also been studied as one of
the strategies to improve pCR rates.9
Another strategy to increase pCR rates is
radiotherapy dose escalation. Radiotherapy dose
escalation studies have been shown that increasing
radiotherapy doses in the preoperative treatment of
rectal cancer lead to increased pCR rates.10 A recently
published comparative effectiveness analysis showed
that patients treated with higher radiotherapy doses
are more likely to have negative nodes at surgery and
be downstaged from cT3-T4 and/or node positive
disease
to
ypT0-T2N0
after
neoadjuvant
chemoradiotherapy.11
The concern for radiotherapy dose escalation for
rectal cancer is that the dose to the surrounding
critical organs will be correspondingly increased,
leading to increase to acute and late toxicities. The
ability to spare organ at risks such as femoral heads,
bladder and in particular small bowel is an important
consideration if dose escalation to the primary tumour
is to be attempted. Intensity modulated radiotherapy
(IMRT) can potentially allow us to escalate the
radiation dose to the primary rectal tumour whilst
minimizing acute and late complications to organs at
risk. Dosimetric studies have shown that IMRT leads
to improved small bowel sparing when compared to
3-dimensional conformal radiotherapy (3DCRT).12
However, clinical data is lacking and there is a clear
need for prospective studies to assess the clinical
outcomes of patients treated with dose escalated
IMRT.
The aim of this study is to determine the pCR
rates and toxicities in patients with locally advanced
rectal cancer treated with preoperative concurrent
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capecitabine and dose escalated intensity modulated
radiotherapy (IMRT)

Materials and Methods
Patients
This review was approved by the institution
review board, NHG DSRB Domain B.
Eligible patients had to meet the following
criteria: Pathologically proven diagnosis of
adenocarcinoma of the rectum, clinically staged as T3
or T4,N0-N2, and M0 –staged by MRI or transrectal
ultrasound of the rectum. Patients were medically
operable for resectable adenocarcinoma of the rectum
at least <12cm from the anal verge with adequate
liver/renal and haematological function, Eastern
Cooperative Oncology Group (ECOG) performance
0-2 and ≥ 18 years of age. Exclusion criteria included
prior invasive malignancy (except non-melanomatous
skin cancer) unless disease free for a minimum of 3
years, prior systemic chemotherapy for colorectal
cancer prior radiotherapy to the region of the study
cancer that would result in overlap of radiation
therapy fields, pregnancy or women of childbearing
potential, extension of malignant disease into the anal
canal.

Endpoints
The primary endpoint was pCR rates. Secondary
endpoints included toxicity assessment, Downstaging
rate: defined as a pathologic T and/or N stage that
was lower than the clinical T and/or N stage,
Sphincter preservation rate (SPR): defined as any
procedure whereby the rectal tumor was removed
while leaving behind the anal sphincter. A temporary
colostomy was considered a sphincter-sparing
procedure as long as the anal sphincter was spared.
DFS at 2 years: defined as being alive with no
evidence of rectal cancer recurrence, calculated from
the end of chemoradiotherapy to date of event or last
follow-up

Radiotherapy
Localization, Simulation, and Immobilization
A treatment planning CT scan will be performed
to define the gross tumor volume (GTV), clinical
target volume (CTV), and planning target volume
(PTV). Contiguous CT slices of 3 mm thickness of the
abdomen would be acquired with the patient in the
prone position in a belly board. No contrast is
required. Patients should be simulated with a full
bladder.
The elective CTVs are generated in accordance to
the
RTOG
anorectal
contouring
guidelines
(https://www.rtog.org/CoreLab/ContouringAtlases
http://www.jcancer.org
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/Anorectal.aspx). The GTV-P (Primary) is the rectal
tumour seen on CT/MRI scans. The GTV-N is the
grossly enlarged lymph nodes seen on CT/MRI. The
CTV-P (primary) is the GTV-P plus 2 cm margin,
ensuring to extend to the entire mesorectum and
presacral region at involved levels. The CTV-N is the
GTV-N plus a 5mm margin. Presacral lymphatic CTV
is generated by contouring from mid S1-S5 and 8 mm
tissue anterior to the anterior border of the sacral
bone. The mesorectum and perirectal lymphatics CTV
is generated by utilizing the following anatomic
landmarks: Posterior Border: anterior border of the
sacrum and gluteus maximus, Lateral Border: ileum,
piriformis and obturator muscles, Anterior Border:
should overlap by 1 cm into the bladder, vagina or
prostate. The PTV45 is generated by expanding all of
the above structures by 0.5 cm symmetrically and
unifying them into one 3-dimensional volume for
planning purposes. PTV 50 is the CTV-P plus a 5mm
margin. PTV 55 includes GTV-P plus 1 cm margin and
CTV-N plus 5mm margin. Megavoltage cone beam
CT scans are performed daily prior to treatment for
treatment verification. Figure 1. shows the ability of
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IMRT to conform radiation doses and ‘dose paint’ to
target volumes.

Treatment Planning and Dose specifications
Treatment plans for patients will consist of a
single phase using a synchronous integrated boost
technique (SIB): Inverse-planned IMRT- will deliver
to PTV 45 a total dose of 45 Gy in 1.8 Gy daily
fractions, to PTV 50 a total dose of 50 Gy in 2 Gy daily
fractions and to PTV 55 a total dose of 55 Gy in 2.2 Gy
daily fractions. Patients will receive treatment 5 days
per week, in once daily fractions, over 5 weeks
duration. Dose is prescribed according to ICRU 83.
Dose constraints to organs at risk are as follows: Small
bowel - no more than 180 cc above 3 5 Gy, no more
than 100 cc above 40 Gy, no more than 65 cc above 45
Gy, no small bowel volume should receive 50 Gy.
Femoral heads- no more than 40% volume above
40Gy. no more than 25% above 45 Gy, no femoral
head volume should receive 50Gy. Bladder- no more
than 40% volume above 40 Gy, no more than 15%
above 45 Gy, no bladder volume should receive 50
Gy.

Figure 1. Dose painting with IMRT

http://www.jcancer.org
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Chemotherapy
Concurrent preoperative chemotherapy will
begin on the first day of radiotherapy and continue
until the completion of radiation therapy.
Capecitabine (825 mg/m2) will be administered orally
twice daily 5 days a week during radiotherapy. Dose
calculations should be based upon actual body weight
and not modified for obesity.
Postoperative
chemotherapy will be administered at the discretion
of the treating medical oncologist.

Surgery
Total mesorectal excision (TME) surgery was
performed at least 8 weeks after preoperative therapy.
Surgery includes abdominal perineum resection
(APR) or an anterior resection (AR). The nature of the
planned surgery must be documented the time of
study entry.

Pathological assessment
Tumour response post-surgery will be grading
according to the tumour regression grading13. TRG 0
is defined as complete pathological response. TRG 1 is
marked response (minimal response with singe or
small groups of cancer cells). TRG 2 is moderate
response (residual cancer outgrown by fibrosis). TRG
3 is poor or no response (extensive residual cancer). A
positive surgical margin is defined as tumour present
1mm or less from the resection margin

Safety parameters
This study will use the International Common
Terminology Criteria for Adverse Events (CTCAE)
version 3.0 for toxicity and adverse event reporting.
Toxicities were evaluated and recorded weekly.
Safety and toxicity of the study treatment will be
evaluated by clinical examination, haematological
evaluation as well as imaging studies (MRI or CT)
where indicated.

Patient follow-up
Patient would be followed up one month after
completion of chemoradiotherapy, and thereafter
every 3 monthly. History and physical examination
would be performed at each follow-up, together with
adverse event evaluation. CT chest/abdomen/pelvis
would be performed annually for five years.

Statistical analysis and trial registration
This is a phase 2 single arm study. Sample size
calculation is based on the following parameters: The
Null hypothesis is that the IMRT dose escalation is no
better than 3DCRT, with a pCR rate of 8%. The
alternate hypothesis is that IMRT dose escalation is
better than 3DCRT, with a pCR rate of 25%. Type I
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error rate is 0.05 Type II error rate is 0.20. Using the
“Minimax” two-stage design suggested by Simon14,
12 patients will be accrued in the first stage. If no pCR
occurs in these 12 patients, the study will be
terminated because of lack of efficacy. Otherwise,
another 36 patients would be accrued to complete the
study of 48 patients. Allowing for a 10% drop out rate,
the target accrual will be 53 patients.

Results
Between January 2011 and August 2013, 23
patients were enrolled. Patient and tumour
characteristics are detailed in table 1. Three patients
were not evaluable. One patient had 2 fractions of
treatment and did not complete the remaining 23
fractions due to logistical issues. Two patients
declined
surgery
after
completion
of
chemoradiotherapy, citing that their rectal symptoms
have resolved post treatment and they did not see a
need for surgery. For these two patients, MRI post
chemoradiotherapy revealed a partial clinical
response. These two patients defaulted subsequent
follow-up. The remaining 20 patients completed
preoperative chemo-IMRT followed by TME surgery.
Table 1. Patient and tumour characteristics?
Patient Characteristics
Gender
Male
Female
Age
≤50
>50
Location of tumour
Upper(8-12cm)
Mid (4-8cm)
Lower (0-4 cm)
cT
T2
T3
T4
cN
N0
N1
N2
Combine clinical stage
T2N1
T3N0
T3N1
T3N2
T4N1

N

%

14
6

70
30

2
18

10
90

0
8
12

0
40
60

1
18
1

5
90
5

2
17
1

10
85
5

1
2
15
1
1

5
10
75
5
5

Ninety percent of patients were over the 50 years
of age (median age 59.5 years. Range 48-74 years).
Location of all tumours was either in the mid or lower
rectum. Majority of patients had cT3 and cN1 disease.
The mean distance from the anal verge was 5.4 cm
(range 2-8 cm). Four of 12 patients achieved a pCR
http://www.jcancer.org
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fulfilling the requirements of the first stage of accrual,
allowing the study to proceed to the second stage of
accrual. 3 of 8 patients achieved a pCR in the second
stage of accrual. The study had to be closed due to
slow accrual and withdrawal of funding support. At a
median follow-up of 38.2 months (17.5-53.2 months),
90% (18 of 20) patients were alive. The 2 year DFS was
90%. There was no local recurrence.

Treatment compliance
Nineteen patients (95%) completed radiotherapy
with no treatment break. One patient had a 2 day
break
because
of
symptomatic
prolapsed
haemorrhoids and G3 radiation proctitis. All patients
completed planned treatment. There were no patients
who required replanning of their radiation treatment.
No patients had a break in the chemotherapy during
concurrent chemoradiotherapy

Radiotherapy Quality assurance
Individual treatment parameters such as
fractionation, total dose, CTV contouring and OAR
constraints were reviewed relative to protocol
specifications. Compliance to protocol was excellent
with no treatment deviation.

Toxicity
Treatment was well tolerated. One patient (5%)
had grade 3 acute radiation proctitis, and one patient
(5%) had grade 3 late radiation proctitis. This patient
had radiation proctitis and presented with per rectal
bleeding. She was treated with argon plasma
coagulation. Her proctitis resolved one year after
treatment and she is still on follow-up. Acute
toxicities for all patients are shown in Table 3. There
were no hematological side effects.

Surgery
The median time to surgery was 60 days (range
49-85 days). Eighty percent of patients underwent
surgery by 9 weeks after chemoradiotherapy. 20% of
patients (4/20) underwent surgery after 9 weeks. Of
these 4 patients, only one patient had a pCR. There
was no surgical morbidity, in particular anastomotic
leak or wound infection. The median hospital stay
was 6 days (range 3-12 days). Surgical procedures
performed and pathological findings are detailed in
table 2. Low anterior resections were performed in 17
patients and abdominal perineal resection in 3
patients. Sphincter preservation rate was 85%.
Preoperative chemoradiotherapy did not change the
type of surgery documented at study entry.

Pathological response
Thirty five percent (7/20) of patients had a pCR
(TRG 1). 65% (13 of 20) patients had successful
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downstaging of their rectal tumours (6 patients had
TRG 1 and 7 patients had TRG 2). Nineteen patients
had clear surgical margins. One patient (5%) had a
positive margin post-surgery.

Post-operative chemotherapy
Nineteen of 20 patients received postoperative
chemotherapy. 12 patients had adjuvant capecitabine
only, whilst 7 patients had adjuvant capecitabine with
oxaliplatin chemotherapy.
Table 2. Surgical procedure and pathological Findings
Surgery
Low Anterior resection
Abdominal Perineal resection
Lymphovascular invasion (LVI)
Yes
No
Perineural invasion
Yes
No
Margin
Negative
Positive
ypT
T0
T1
T2
T3
T4
ypN
N0
N1
N2
Tumour regression grading (TRG)
0
1
2
3

N

%

17
3

85
15

1
19

5
95

2
18

10
90

1
19

5
95

7
0
5
8
0

35
0
25
40
0

14
5
1

70
25
5

7
6
7
0

35
30
35
0

Discussion
The results of our study show that preoperative
concurrent capecitabine and dose escalated
radiotherapy delivered using IMRT resulted in a high
pCR of 35% compared to up to 25% in studies using
standard dose 3 dimensional conformal radiotherapy
(3DCRT). 1,15,16 We treated the primary tumour to a
dose of 55Gy in 25 fractions, whilst treating the pelvic
PTV to the conventional dose of 45Gy in 25 fractions.
Using a SIB technique, we were able to increase the
radiation dose to the primary tumour whilst
shortening the treatment time from the conventional
28 days to 25 days. Such dose escalation may lead to
increased dose to OARs and therefore increased
toxicity to the small bowel, bladder and femoral
heads. The toxicity rates with our treatment however,
were low, with one patient (5%) having grade 3
radiation proctitis post-surgery. The low rates of >
http://www.jcancer.org

Journal of Cancer 2017, Vol. 8

3119

grade 3 toxicity are likely due to the use of IMRT in
our study. IMRT is already the standard of care in the
treatment of many cancers, including prostate and
nasopharyngeal cancers.17,18 In one of the earliest
dosimetric studies, (2006) Urbano et al reported a
comparison of 3DCRT with IMRT in patients with
locally advanced rectal cancer.12 He showed that the
bowel volume irradiated to 45Gy and 50Gy was
significantly reduced with IMRT. In our study,
despite increasing the dose to the primary tumour, we
were still able to spare the OARs. It is our opinion that
the value of IMRT for rectal cancer lies in the ability to
allow dose escalation to the primary tumour whilst
sparing the OARs.
Table 3. Acute toxicity for all patients
Toxicity (CTC v3.0)
Nausea
G0
G1
G2
Vomiting
G0
G1
G2
Anorexia
G0
G1
G2
Proctitis
G0
G1
G2
G3
Dermatitis
G1
G1
G2
Diarrhoea
G0
G1
G2
Urinar
G0
G1
G2
Haematological
G0
G1
G2

Number

%

16
3
1

80
15
5

19
0
1

95
0
5

13
7
0

65
35
0

14
4
1
1

70
20
5
5

9
6
5

45
30
25

11
7
2

55
35
10

12
5
3

60
25
15

20
0
0

100
0
0

Other prospective trials have been conducted to
investigate the use of IMRT in the preoperative
treatment of rectal cancer. In an attempt to reduce GI
toxicity, RTOG 0822 was designed to investigate the
rate of GI toxicity with preoperative IMRT delivered
with capecitabine and oxaliplatin for patients with
locally advanced rectal cancer.19 Hong et al reported
that the use of IMRT in this prospective phase 2 trial
study did not reduce the rate of GI toxicity.

Unfortunately, interpretation of this study is limited
by the use of concurrent oxaliplatin with 5-FU based
chemoradiation, as there are four large, phase III
randomized trials that have demonstrated increased
GI toxicity when oxaliplatin is added to pre-operative
chemoradiation.20-23
The dose fractionation regimen of 55 Gy in 25
fractions represents an approximate 10% increase in
radiation dose compared with the conventionally
used regimen of 50.4 Gy in 28 fractions. This increase
in radiation dose is likely to have led to increased pCR
rates in our study compared to studies of
conventional dose fractionation regimens reported in
the literature. Indeed, (2006) Wiltshire et al
investigated in 3 prospective phase II trials the effect
of radiotherapy dose escalation on pCR rates.10 It was
found that there was a trend of increasing pCR rates
ranging from 15 to 33% with increasing RT doses of 40
Gy, 46 Gy, and 50 Gy in 2 Gy fractions. The increase in
pCR rates was associated with a significant increase in
local relapse free survival, DFS and OS.
Two other studies reported IMRT dose
escalation using similar dose fractionation regimens.
The University Colorado Cancer Centre (UCCC)24 and
the Fox Chase Cancer Centre (FCCC)25 studies treated
patient with operable stage II and III adenocarcinoma
of the rectum with preoperative IMRT to a total dose
of 55Gy in 25 fractions, concurrent with capecitabine
825mg/m2. Accrual was poor in both studies with
only 8 patients in each study. The UCCC study
reported a crude pCR rate of 38% and grade 4
diarrhoea in 1 of 8 (13%) patients. In contrast, the
FCCC study reported unacceptable toxicities rates in 3
of 8 (38%) of patients, with no patient having pCR.
The major criticisms of the FCCC study are that
patients were treated with capecitabine for 7 days
each week during radiation, which might have
contributed to increase rates of grade 3
gastrointestinal toxicity. In addition, the pelvic CTV
was expanded by 1cm to obtain the pelvic PTV, and
the GTV by 2 cm to obtain the primary tumour PTV.
These large PTV expansions might have contributed
to increased volumes of bowel irradiated. In addition,
OAR constraints were not provided by the FCCC
study.
We report outcomes similar to the results of the
UCCC study. In our study, we treated patients to 3
radiation dose levels with different PTV expansion
margins. PTV 45 was the pelvic CTV with a 5mm
expansion. PTV 50 was obtained with the
conventional 2.5 cm expansion from GTV. PTV 50
was generated in addition to PTV 55/PTV 45 used in
the FCCC/UCCC studies because our team felt that
this minimized the risk of geographical miss in the
boost volume and ensured that the primary rectal
http://www.jcancer.org

Journal of Cancer 2017, Vol. 8
tumour received at least 50Gy in 25 fractions. PTV 55
was obtained with a 1 cm expansion from the GTV.
The smaller margins used may have accounted for
less bowel irradiated and hence lower GI toxicities.
IMRT allowed us to use a SIB technique to deliver
different daily dose per fraction to all the PTVs. The
use of daily IGRT for all our patients allowed us to
reduce the PTV expansions to 5mm. In addition, we
treated all patients in the prone position with a belly
board. Dosimetric studies have shown that the use of
a belly board with IMRT provides better small bowel
sparing when compared with a belly board with
3DCRT.26,27 Patients treated also received capecitabine
5 days a week during radiotherapy instead of 7 days a
week. These factors may also have led to reduced
toxicities in our study.
Finally, there is emerging data that patients can
avoid surgery if they can achieve a clinical complete
response (cCR) to chemoradiotherapy. Data from
Brazilian and Dutch studies have shown excellent
outcomes in patients who achieved cCR after
chemoradiotherapy and followed up closely after.28,29
With increased pCR rates with IMRT dose escalation,
select patients can potentially have avoidance of
surgery. The challenge is accurate non operative
identification of patients who are complete or near
complete responders. This organ preservation
approach is promising and is currently being
validated in prospective clinical trials.
The strengths of our study are: Firstly this study
standardized the contouring of clinical target volumes
according to the RTOG anorectal contouring
guidelines.
This
ensures
consistency
and
reproducibility of target volumes which allows
meaning comparisons of results with other studies.
Secondly, our study affirms the results of the UCCC
trial. Given the high pCR rates and favorable toxicity
of IMRT dose escalation, we are currently planning a
phase 2 randomized trial comparing IMRT dose
escalation with convention 3DCRT. Thirdly,
radiotherapy quality assurance was performed for
every patient within one week of patient starting
treatment. The limitation of our study is that we did
not manage to accrue the planned total number of
patients due to the withdrawal of funding support. In
light of the FCCC study, although patients with high
rectal tumours were eligible for study entry, we
recruited patients with exclusively mid and lower
rectal cancer. This limited the number of patients
accrued in our study and also highlights the
consideration of our group that high rectal tumours
may not be suitable for radiotherapy dose escalation
compared to mid/lower tumours because of their
proximity to colon and small bowel.
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Conclusion
Our study shows that preoperative concurrent
capecitabine and dose escalated IMRT is well
tolerated and results in high pCR rates. A randomised
trial comparing this regimen with standard 3D
conformal chemoradiotherapy is warranted.
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