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Background Polish and Australian randomized studies compared short-course radio-
therapy (RT) with immediate surgery and long-course chemoradiotherapy (CRT) with 
delayed surgery. In these studies, similar long-term survival and local control have 
been reported for both these approaches, but pathological complete response (pCR) 
is not better with short-course RT. Moreover, studies have shown better tumor down-
staging with delayed surgery. In this context, the use of short-course RT with delayed 
surgery may have some advantages and needs to be tested in clinical trials.
Patients and Methods This was a two-arm, prospective, observational study, in which 
preoperative short-course RT followed by two cycles of chemotherapy was compared 
with the conventional neoadjuvant CRT in locally advanced rectal cancer. The primary 
end points were the rate of complete response and toxicity profile. The secondary end 
points were the rate of R0 resection, overall survival, and progression-free survival. 
The data obtained from the two arms were analyzed using Pearson’s chi-square test to 
determine the statistical significance between the two treatment arms.
Results The pCR rate was 6.7% in the study arm and 0 in the control arm (p = 0.343). 
The RO resection rates were 92.8 and 92.3% in the study and control arms, respectively. 
The rates of grade 3and 4 acute toxicity in the study and control arms were 14.2 and 
61.5%, respectively (p = 0.011). The rates of grade 3 and 4 late toxicity in the study and 
control arms were 21.4 and 15.3%, respectively (p = 0.686).
Conclusions The pCR rates and the late toxicities in both arms are comparable. The 
major advantages of the 5 × 5 Gy regimen with chemotherapy in a neoadjuvant setting 
are a significant reduction in acute toxicities and better patient compliance along with 
similar efficacy as that of the standard regimen.
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Introduction
The rectum is the most frequent site for intestinal cancer, 
with 40,000 cases annually, equally divided among both gen-
ders. Chemoradiotherapy (CRT) followed by surgery followed 
by adjuvant chemotherapy is the mainstay of treatment in 
stage II and III rectal cancer.

The incidence of local recurrence after conventional sur-
gery, in which blunt dissection of the rectal fascia often fails 
to remove all the tissues that may bear tumor, is quite high 
(15–45%).1-3 In an attempt to improve local control and sur-
vival after conventional surgery, radiotherapy (RT) is given. 
The two broad approaches to preoperative pelvic RT for 
resectable rectal cancer are short-course RT and long-course 
CRT. In general, short-course RT delivers 25 Gy (5 Gy in five 
fractions) of radiation 1 week after surgery. Long-course CRT 
delivers 50.4 Gy (1.8 Gy in 28 fractions) of radiation concur-
rently with chemotherapy 4 to 8 weeks after surgery.

Polish and Australian randomized studies compared 
short-course RT with immediate surgery and long-course 
CRT with delayed surgery. In these studies, similar long-term 
survival and local control have been reported for both these 
approaches, but pathological complete response (pCR) is 
not better with short-course RT. A recent Stockholm III ran-
domized trial compared preoperative short-course RT with 
immediate surgery and preoperative short-course RT with 
delayed surgery. An interim analysis reported better tumor 
downstaging with delayed surgery. Based on these findings, 
if surgery is delayed after short-course RT and chemotherapy 
is added before surgery, better pCR and tumor downstag-
ing might be achieved. Another advantage of short-course 
schedule is that the rate of early toxicities is lower than that 
of conventional CRT4-11 and also it is more convenient for the 
patients.

Hence, the question is if the use of chemotherapy that is 
integrated closely with short-course RT followed by delayed 
surgery may increase the rate of pCR. In this context, the 
short-course RT may have some advantages and needs to be 
tested in clinical trials.

Patients and Methods
This was a hospital-based, comparative, two-arm, prospective, 
observational study conducted over a period of 12 months 
at the Department of Radiotherapy and Oncology, Regional 
Cancer Centre, Indira Gandhi Medical College & Hospital, 
Shimla, Himachal Pradesh, India, from July 2015 to June 2016. 
The study population consisted of cases of locally advanced 
rectal cancers who were selected on the basis of standard 
inclusion and exclusion criteria from the patients who pre-
sented at an outpatient department of Regional Cancer Centre, 
Shimla. A total of 28 patients were enrolled. Fifteen patients 
were in the study arm, i.e., short-course RT arm, and thirteen 
patients in the control or conventional RT arm. One patient in 
the study arm lost to follow-up after treatment. Thus, there 
were 27 evaluable patients. The study protocol was approved 
by the Institutional Ethics Committee, and written informed 
consent was obtained from all the study participants.

Inclusion criteria included patients aged >18 years and 
<75 years, having histologically proven rectal adenocarci-
noma, cT3 or cT4 lesion, and Karnofsky performance status 
>70, and who were fit for major surgery.

Exclusion criteria included patients with prior treatment 
of rectal cancer, women who were pregnant, breastfeeding, 
or unwilling to use effective contraception, and patients with 
an associated medical condition or comorbid illness that 
impaired compliance.

Pretreatment Work-Up
Pretreatment workup included complete history and phys-
ical examination. Other investigations included complete 
hemogram, blood biochemistry, chest X-ray (posteroante-
rior), colonoscopy and biopsy, magnetic resonance imaging 
(MRI) of the abdomen and pelvis, and contrast-enhanced 
computed tomography (CECT) of the abdomen and pelvis if 
MRI is not performed. Pretreatment carcinoembryonic anti-
gen testing was done for every patient.

Patients were assigned to the two treatment groups: 
the study and control group using stratified randomization 
based on gender, age, stage, and Karnofsky performance 
score (KPS). Patients in the control arm received tablet 
capecitabine at a dose of 1,650 mg/m2 in two divided doses 
along with RT 5 days/week. Conventionally fractionated CRT 
with 45 Gy in 25 fractions to the whole pelvis was given. 
Patients in the study arm received 25 Gy in five fractions of 
5 Gy followed by two cycles of capecitabine- and oxalipla-
tin-based chemotherapy. The chemotherapy was started 
1 week after completion of short-course RT. The dose of 
capecitabine was 1,000 mg/m2 given in two divided doses 
on days 1 to 14 and of oxaliplatin was 130 mg/m2 on day 
1. The second cycle was repeated after 21 days of the first 
cycle. Surgery was performed 4 to 6 weeks after completion 
of CRT. The surgery was performed as per the principles 
of total mesorectal excision in both arms. Adjuvant che-
motherapy was routinely given in both arms 4 weeks after 
surgery.

End Points
The primary end points were the rate of complete response 
and toxicity profile. The secondary end points were the rate 
of R0 resection, overall survival (OS), and progression-free 
survival (PFS).

Response Assessment
Patients were reassessed clinically and radiologically after 
6 to 8 weeks of completion of treatment. RECIST (Response 
Evaluation Criteria In Solid Tumours) 1.1 was used for 
response evaluation. In patients who underwent surgery, 
the response was assessed pathologically, and in those who 
could not undergo surgery due to any reason and had com-
pleted treatment, the response was assessed clinically and 
radiologically.

Assessment of Toxicities
Cutaneous toxicity, hematological toxicity, and gastrointesti-
nal (GI) toxicity were categorized according to the Radiation 
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Therapy Oncology Group recommendations. Hand–foot skin 
toxicity was graded as per the World Health Organization’s 
grading system.

Statistical Analysis
The data obtained from the two arms were analyzed using 
Pearson’s chi-square test to determine the statistical signifi-
cance between the two treatment arms. Survival curves were 
constructed using the Kaplan–Meier method and were com-
pared using the log-lank test.

Results
Patient Characteristics
A total of 28 patients were enrolled in the study: 15 in the 
study arm, that is, short-course RT/chemotherapy arm, and 
13 in the control or conventional CRT arm. The patient char-
acteristics (gender, age, smoking and drinking habits, and 
KPS) and disease characteristics (stage, grade, location, and 
type of growth) in the two arms were comparable.

Response
The response could not be evaluated in one patient. One patient 
in the study arm lost to follow-up after treatment. Thus, there 
were 27 evaluable patients. Of 27 evaluable patients, 16 patients 
underwent surgery and the response was assessed based on 
pathological findings, whereas 12 patients did not undergo sur-
gery (due to various reasons described later) and the response 
was assessed radiologically with CECT/MRI of the abdomen and 
pelvis. The pCR rate was 7.1% in the study arm and 0 in the con-
trol arm (p = 0.343). Also, 5 (35.7%) out of 14 evaluable patients 
in the study arm and 7 (53.8%) out of 13 evaluable patients in 
the control arm had a partial response (p = 0.274). Eight (57.1%) 
patients in the study arm and six (46.2%) patients in the control 
arm had a stable disease (p = 0.705). None of the patients in 
both arms had a progressive disease.

Surgery
Of the total of 28 patients, 12 patients did not undergo 
surgery. Three (23%) patients in the control arm and four 
(28.5%) patients in the study arm refused surgery. Two 
patients in each arm were found to be inoperable by the 
treating surgeon. Thus, a total of 16 (57.1%) patients out of 
a total of 28 enrolled patients underwent surgery. Of the 
16 patients who underwent surgery, 11 had sphincter-sav-
ing surgery. Six (40%) patients in the study arm and five 
(38.5%) patients in the control arm underwent low anterior 
resection (p = 0.934). Of the 11 patients who underwent 
low anterior resection, 3 had disease in the lower one-third, 
3 had disease in the middle one-third, and 5 had disease 
in the upper one-third. All the patients who underwent 
abdominoperineal resection had disease in the lower one-
third. Two patients in the control arm and three patients in 
the study arm had abdominoperineal resection (p = 0.502).

Resection Margins
Of 16 patients who underwent surgery, 1 patient in each 
arm had Rl resection (p = 0.10). The rates of R0 resection 

were 92.8 and 92.3% in the study and control arms, respec-
tively. None of the patients had R2 resection.

Toxicity Assessment
Acute Toxicity
The absence of hematological toxicity in 9 (64%) patients in 
the study arm was statistically significant (p = 0.001). One 
(7.6%) patient in the control arm had grade 3 hematological 
toxicity (p = 0.274). Also, 3 (21.4%) patients in the study arm 
and 12 (92.3%) patients in the control arm had grade 2 and 
3 GI toxicity (p = 0.005). One (7.1%) patient in the study arm 
had grade 4 GI toxicity. The overall rate of GI toxicity was 
significantly lower in the study arm. The absence of skin tox-
icity in 11 (78.5%) patients in the study arm was statistically 
significant (p = 0.001). Grade 3 skin toxicity was seen in two 
(15.4%) patients in the control arm and none of the patients 
in the study arm (p = 0.116). None of the patients in either 
arm had Grade 4 skin toxicity. The skin toxicities were sig-
nificantly lower in the study arm. Hand–foot syndrome was 
seen in three (21.4%) patients in the study arm and three 
(23.1%) patients in the control arm (p = 0.843). Two (15.4%) 
patients in the control arm, and none of the patients in the 
study arm had grade 3 and 4 proctitis (p = 0.292).

The overall rates of acute toxicity in the study arm and 
control arm were 14.2 and 61.5%, respectively (p = 0.011). 
The acute toxicity was significantly lower in the study arm.

Late Toxicity
Grade 3 small/large intestinal toxicity was seen in two 
(14.2%) patients in the short-course RT group and none of 
the patients in the control group. The differences were sta-
tistically nonsignificant (p = 0.258). Grade 3 skin and subcu-
taneous tissue toxicity was seen in one (7.6%) patient in the 
control arm and none of the patients in the study arm. The 
differences were nonsignificant. Grade 3 bladder toxicity was 
seen in one (7.1%) patient in the study arm and none of the 
patients in the control arm. None of the patients had grade 
4 bladder toxicity. The overall rates of grade 3 and 4 late 
toxicity in the study and control arms were 21.4 and 15.3%, 
respectively (p = 0.686), and were not significantly different 
between the arms. None of the patients had toxicity-related 
death in any of the arms.

Relapse
The median follow-up period was of 22.6 months. Two 
(14.2%) patients in the study arm and one (7.6%) patient in 
the control arm had local relapse. The distant relapse was 
seen in one (7.1%) patient in the study arm and one (7.6%) 
patients in the control arm (p = 0.442).

Overall Survival and Progression-Free Survival
The median OS in the study and control arms was 18.7 
and 25.9 months, respectively (p = 0.590). The median PFS 
in the study and control arms was 12.6 and 18.7 months, 
respectively (p = 0.492) (►Figs.  1  and  2). At a median 
follow-up period of 22.6 months, seven (50%) patients 
in the study arm and four (30.7%) patients in the control 
arm had no evidence of disease, two (14.3%) patients in 
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Fig. 1 Overall survival curve according to the treatment groups.

Fig. 2 Progression-free survival curve according to the treatment groups LC(Long-Course CRT arm), SC(Short-Course RT arm).
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the study arm and two (15.4%) patients in the control arm 
had partial response, and two (14.2%) patients in the study 
arm and five (38.5%) patients in the control arm had stable 
disease (p = 0.442).

Discussion
Conventionally fractionated CRT with delayed surgery and 
short-course irradiation (25 Gy in five fractions) with imme-
diate surgery are probably the most frequent regimens in 
the preoperative treatment of patients with resectable rec-
tal cancer. Similar long-term survival, local control, and late 
morbidity have been reported for both these methods in the 
studies. The benefit of the short-course schedule is a lower 
rate of early toxicity than with standard CRT. Furthermore, 
short-course irradiation is economical and more convenient, 
especially in centers with large patient numbers. However, 
the matter of concern with high doses per fraction is late 
toxicity.

Some recent reports have shown promising results 
with a strategy of delivering short-course RT with delayed 
surgery.12-14 These nonrandomized studies support the view 
that short-course preoperative radiation results in down-
staging if surgery is postponed. In addition, a Polish study 
in which patients were given short-course RT followed by 
three cycles of FOLFOX-4 showed an improved OS and tox-
icity profile.15

In a phase II multicenter study by the Dutch Colorectal 
Cancer Group16 in primary stage IV rectal cancer, an improve-
ment in OS and toxicity profile was seen with short-course 
radiation followed by six cycles of capecitabine, oxaliplatin, 
and bevacizumab (restaging after two cycles), and resection 
of both primary tumor and metastasis.

As the evidence for tumor downstaging and improved sur-
vival with short-course RT has come to light in the studies and 
arguments for neoadjuvant chemotherapy, there is a rationale 
for applying this concept in patients with rectal cancer at high 
risk of local or systemic failure. Thus, with this background, 
this study was conducted to establish the efficacy of short-
course preoperative RT followed by two cycles of consolidation 
chemotherapy in locally advanced rectal cancer.

In a phase III trial by the Polish Colorectal Study 
Group,15 outcomes and toxicity between short-course RT/
chemotherapy and conventional CRT in 515 patients with 
stage cT3 or cT4 rectal cancer were compared. A short course 
of radiation (5 days) followed by three cycles of chemother-
apy yielded comparable outcomes as those with conventional 
radiation with concurrent chemotherapy. Three-year dis-
ease-free survival and local failure rates were around 50 and 
22% in each arm, respectively. OS also appeared to favor the 
short-course approach. In our study, comparable response 
rates were obtained as with long-course CRT. The median OS 
and PFS were comparable in both the treatment groups.

The secondary end point of our study was toxicity 
assessment. In a phase III study by the Polish Colorectal 
Study Group,15 the rates of acute events (73 vs. 81%) and 
toxicity-related deaths (1 vs. 3%) favored the experimental 

arm over the control arm. The rates of grade 3+ toxicities, 
however, were essentially the same (23 and 21%). Moreover, 
the need for RT dose reduction (0 vs. 8%; p < 0.001) or pro-
longed RT time (0 vs. 5%; p < 0.001) was reduced with short-
course radiation as compared with the standard course. 
Postoperative complications (reoperation and surgery-related 
death) and late toxicity occurred with similar frequency in 
the two arms. In our study, the most commonly observed 
toxicity was GI toxicity. Overall, the acute toxicities were sig-
nificantly lower in the short-course RT/chemotherapy arm. 
There was no toxicity-related death in any of the arms in our 
study. The late toxicities were comparable in both the treat-
ment groups in our study.

RO resection, the primary end point in the Polish 
Colorectal Study Group, was comparable between the exper-
imental and control arms (77 vs. 71%; p = 0.07), a positive 
trend for short-course treatment. In our study, R0 resection 
rates were comparable in both the treatment arms.

In our study, the response rates and toxicities of 
short-course RT/chemotherapy and conventional CRT were 
compared in the neoadjuvant setting in locally advanced 
rectal cancer. The response rates and R0 resection rates were 
comparable in both the treatment arms. The rates of GI, 
skin, and hematological toxicities were significantly lower 
in the short-course RT/chemotherapy arm. Other toxicities 
between the two groups were found to be comparable, with 
a decreasing trend in the short-course/chemotherapy arm. 
This being a small study, no conclusive results can be drawn. 
However, short-course RT followed by chemotherapy may 
further be evaluated as an option of treatment in patients 
with locally advanced rectal cancer.

Limitations
The major limitation included the relatively small sample 
size, which could be attributed to the fact that the study 
was performed in a single institution, which happens to 
be located in a hill state of Northern India, and in a time-
bound manner as the enrolment was conducted for a period 
of 1 year only. Moreover, many of the patients did not qual-
ify for the specified inclusion criteria. It is important to note 
that similar studies need to be conducted in future with 
multi-institutional collaboration to offset the issues concern-
ing the limited sample size.

Conclusions
Based on our results, we strongly believe that short-course 
RT followed by chemotherapy in the neoadjuvant setting can 
be used as an effective alternative to conventional CRT in 
locally advanced rectal cancer as it has similar efficacy with 
the added advantage of improved toxicity profile compared 
with standard CRT. Moreover, short-course RT regimen fol-
lowed by chemotherapy is more convenient for the patients 
and the treating physicians. However, as the sample size was 
very small, larger studies with longer follow-up need to be 
conducted to validate the results.
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