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  ABSTRACT  
3DCRT, IMRT, Colorectal cancer.  Colorectal cancer (CRC) is a serious health condition. surgery is the 

cornerstone of curative therapy for early-stage rectal cancer, neoadjuvant 

chemoradiation (NCRT) has emerged as a standard treatment option for 

locally advanced rectal cancer (LARC). The acute toxicity from NCRT 

remains a limiting factor for treatment compliance and quality of life in 

patients with LARC. To evaluate the acute GI toxicity profiles of locally 

advanced carcinoma rectum patients receiving 3DCRT versus IMRT. 

During this hospital-based prospective randomised observational study, 

patients with carcinoma rectum were enrolled between September 2018 

and December 2020 at Acharya Harihar Post Graduate Institute of 

Cancer, Cuttack. A total of 54 patients with locally advanced carcinoma 

rectum were included, among whom 30 patients were treated by 3DCRT 

(Arm A) and another 24 patients were treated by IMRT (Arm B) with 

daily concurrent Capecitabine. Out of 15 patients in the 3DCRT arm, 

eight had grade 2 diarrhea. Six patients had grade 3 diarrhoea during the 

5th week of radiation and had to be admitted to the hospital for 

supportive care. In the IMRT arm, 2 out of 12 patients had grade 2 

diarrhea. There was a significant difference between the various groups 

in terms of the distribution of diarrhoea grade 2 (χ2 = 0.127, p = 0.043). 

Greater conformity can be achieved with IMRT by optimally modulating 

the intensity of individual beams, reducing doses to organs at risk and 

thus decreasing the rate of gastrointestinal toxicity. The use of IMRT for 

rectal cancer may also potentially prevent surgery delays, improve 

postoperative healing, and allow for better adjuvant chemotherapy 

tolerability. 
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1. Introduction 

Colorectal cancer (CRC) is a serious health condition that affects people all over the world. In terms of 

cancer mortality, it is the third most often diagnosed cancer in the world, and second only to lung cancer 

[1]. According to current projections, the global CRC mortality rate will rise by 60% by 2030 [2]. While 

surgery is the cornerstone of curative therapy for early-stage rectal cancer, neoadjuvant chemoradiation 

(NCRT) has emerged as a standard treatment option for locally advanced rectal cancer (LARC), as this 

strategy leads to increased tumour resectability, improved local control, and disease-free survival [3]. 

 

Although the acute treatment-related toxicities appear to have decreased as a result of the shift from 

adjuvant to neoadjuvant treatment, the acute toxicity from NCRT remains a limiting factor for treatment 

compliance and quality of life in patients with LARC [4], [5]. CBecause of the toxicity, future dose 

escalation may be limited, or treatment interruptions or early termination of the radiation course may occur, 

reducing the therapy's effectiveness. Due to its ability to deliver a highly conformal RT plan with steep 

dose-gradients between the tumor and normal tissues, IMRT has been frequently adopted for various 

malignancies of the pelvis [6]. However, the significant benefit of IMRT over 3-dimensional conformal 

radiotherapy (3DCRT) in terms of toxicity and outcome in NCRT for LARC remains to be proven. In this 

study, we aimed to evaluate the acute GI toxicity profiles of locally advanced carcinoma rectum patients 

receiving 3DCRT versus IMRT. 

 

2. Materials and Methods 

During this hospital-based prospective randomised observational study, patients with carcinoma rectum 

were enrolled between September 2018 and December 2020 at Acharya Harihar Post Graduate Institute of 

Cancer, Cuttack. The patients who fulfilled the eligibility criteria with histological proof of rectal 

adenocarcinoma, tumor extension through the bowel wall (T3-T4) or pelvic lymph node involvement 

without evidence of distant metastasis (as determined by clinical work-ups, including computed 

tomography) were included. 

 

The pretreatment TNM staging of the patient was carefully defined based on a joint review of CT images by 

a radiation oncologist, a surgical oncologist, and a diagnostic radiologist.  

 

2.1 Study protocol 

Written informed consent was obtained, and the trial was approved by the medical ethics committee. The 

included patients were divided into two arms (Arm A and Arm B). Arm A patients were treated by 3DCRT, 

and Arm B patients were treated by Intensity Modulated Radiotherapy (IMRT) with daily concurrent 

Capecitabine. Dosimetric parameters were then analysed in order to see which technique was better to 

reduce the GI toxicity without compromising PTV and dose to OARs. The study design is shown in the 

schematic diagram [Figure 1]. 

 

2.2 Radiotherapy 

Patients were prepared one day before the CT simulation. Bladder protocol was followed. A laxative was 

given the day before, and a rectal enema in the morning of the CT simulation was advised. The patient was 

advised to drink 700 ml of water 45 minutes before the CT simulation and after complete voiding of the 

bladder. A full bladder may keep the bowel from migrating into the pelvis. The oral contrast (Urograffin, 20 

mL) was given to identify the small bowel, which is an important organ at risk. The patient was then 

positioned supine with one arm above their head. A radiopaque marker was placed on the anus to know the 

distance of the lesion from the anal verge. A 4 clamp abdominal thermoplastic mask and knee rest were 

used for accurate setup and reproducibility. CT simulation was done with a 3 mm thickness and IV contrast 
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(1 ml per kg) was injected with premedication to delineate the pelvic blood vessels and gross tumour 

volume. 

 

A CT scan was taken from the L1-L2 vertebrae to the mid thigh region. Contouring was done from the L3-

L4 vertebrae junction to 2 cm below the perineum. Three-dimensional conformal plans were generated with 

the ONCENTRA 4.2 treatment planning system, and Intensity Modulated Radiotherapy plans were 

generated using a commercial inverse treatment-planning system, MONACO 5.11. 

 

2.3 Chemotherapy 

Capecitabine tablets were administered orally at a dose of 825 mg per m2 twice a day throughout the 

radiation course. The first dose was given 2 hours before radiotherapy, and the second dose was given 12 

hours later. 

 

2.4 Plan assessment 

A PTV assessment was done, i.e., 95 % of each PTV should receive 100% of the prescription dose. In 

addition, the maximum dose in the PTV should be > 100%. As prescribed by RTOG 0822 and QUANTEC 

(101,102,103), the organs at risk for various organs, such as urinary bladder V40Gy 40%, femoral head 

V40Gy 40%, and bowel bag V45Gy 195cc of bowel bag. 

 

Plan approval was done as per guidelines. Treatment was delivered by Elekta Linear accelerator after image 

verification of the patient on the couch by cone beam CT or EPID, which was done weekly throughout the 

treatment period. The overall treatment was completed in a 5–6 week period. 

 

Acute GI, genitourinary, hematological, and dermatologic toxicities were assessed by the treating radiation 

and medical oncology physicians, who used the National Cancer Institute Common Terminology Criteria 

for Adverse Events, version 3.0 (NCI-CTCv3) at each weekly on-treatment visit during chemoradiation 

therapy, before resection, and in postsurgical follow-up. The incidence of the worst-grade toxicity in a 

patient up to 90 days after the start of chemoradiation therapy was recorded as an acute-toxicity event. 

 

2.5 Statistical analysis 

The data was entered into a Microsoft Excel spreadsheet for statistical analysis and then analysed using 

SPSS 27.0 and GraphPad Prism version 5. Data has been summarised as mean and standard deviation for 

numerical variables and count and percentages for categorical variables. Independent samples or unpaired 

samples were involved in two-sample t-tests for a difference in mean. Paired t-tests were a form of blocking 

and had greater power than unpaired tests. A chi-squared test (chi-square test) is any statistical hypothesis 

test wherein the sampling distribution of the test statistic is a chi-squared distribution when the null 

hypothesis is true. Without other qualification, "chi-square test" is often used as a shorthand for Pearson's 

chi-squared test. Unpaired proportions were compared by the Chi-square test or Fischer’s exact test, as 

appropriate. A p-value ≤ 0.05 was considered statistically significant. 

 

3. Results 

A total of 54 patients with locally advanced carcinoma rectum were included, among whom 30 patients 

were treated by 3DCRT (Arm A) and another 24 patients were treated by IMRT (Arm B) with daily 

concurrent Capecitabine. The majority of the patients (13%) were in their third–fifth decades of life. The 

age of presentation in the 3DCRT arm was 41 years, and 46 years in the IMRT arm. In both arms, male 

patients predominated by 15 (%) over females. There was no significant difference between the groups in 

terms of bowel bag V45 (W = 112.000, p = 0.300). (Table 1) 
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Nausea was complained of after the 3rd–4th week onwards. However, a lesser number of patients 

experienced nausea in the IMRT arm, though not significant. Most patients complained of vomiting during 

the 2nd–5th weeks. Patients in the 3DCRT arm had a higher percentage of vomiting, but it was not 

significant (p = 0.693). The association between technique and acute GI toxicities is shown in Table 2. 

 

Out of 15 patients in the 3DCRT arm, eight had grade 2 diarrhea. Six patients had grade 3 diarrhoea during 

the 5th week of radiation and had to be admitted to the hospital for supportive care. In the IMRT arm, 2 out 

of 12 patients had grade 2 diarrhea. There was a significant difference between the various groups in terms 

of the distribution of diarrhoea grade 2 (χ2 = 0.127, p = 0.043). 

 

Proctitis was reported more frequently in patients treated by the 3DCRT technique. Enteritis was almost 

similar in both arms. 

 

The haematological toxicity was assessed using Hb levels. Patients with Hb <10 mg/dl were advised to get 

a blood transfusion. One patient from each arm was admitted for a blood transfusion during the 5th week of 

radiation. The 3DCRT technique resulted in a higher incidence of genito-urinary symptoms. They were 

managed conservatively. 

 

4. Discussion 

Preoperative RT for rectal cancer has traditionally been delivered using three-dimensional conformal RT 

(3D-CRT) with three- or four-field techniques. Advanced techniques, such as intensity-modulated 

radiotherapy (IMRT), are now widely and successfully used in the treatment of prostate, head-and-neck, 

and other cancers [7]. For rectal cancer, the theoretical rationale for using such highly conformal techniques 

is sound. However, the potential clinical benefits are still being debated. 

 

A retrospective analysis of 48 patients treated with preoperative CRT for rectal cancer between January 

2002 and August 2010 was performed. Patients were positioned prone on a bowel-displacement device and 

received a planned dose of 45–50.4 Gy. Grade 2 or higher GI toxicity (3D-CRT, 60.7 percent; IMRT, 30%; 

P =.036) and diarrhoea (3D-CRT, 42.8 percent; IMRT, 10%; P =.014) were significantly reduced. Two 

patients who received 3D-CRT needed a treatment break (grade 3 diarrhoea and grade 3 dehydration). 

Radiation treatment time was significantly reduced (IMRT, 35 days; 3D-CRT, 39 days; P 0001) [6]. 

 

Another study found that IMRT significantly reduced acute toxicity in patients with locally advanced rectal 

cancer treated with NCRT versus 3DCRT [5]. 

 

In another study, 86 patients with rectal cancer were treated preoperatively with IMRT and 3DCRT. The 

rates of acute toxicity for anorexia, dehydration, diarrhoea, nausea, vomiting, weight loss, radiation 

dermatitis, fatigue, pain, urinary frequency, and blood counts were compared between IMRT and 3DCRT. 

To detect statistical differences in the incidences of toxicity between these two groups of patients, Fisher's 

exact test and chi-square analysis were used. In their study, there were fewer hospitalizations and 

emergency department visits in the IMRT group compared to the 3DCRT group, and there were no 

treatment breaks with IMRT compared to 20% with 3DCRT. When compared to 3DCRT, patients treated 

with IMRT had a significant reduction in grade 3 toxicities. The incidence of grade 3 diarrhoea was 9% 

among 3DCRT patients compared to 3% among IMRT patients [4]. 

 

[8] examined 301 consecutive rectal cancer patients treated with pre-operative chemotherapy and 

radiotherapy (a median dose of 5000 cGy). Acute toxicity profiles and outcomes among rectal cancer 
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patients treated with pre-operative chemoradiation using intensity modulated radiotherapy (IMRT) or 3-

dimensional conformal radiotherapy (3DCRT) to identify predictive clinical factors associated with 

increased acute toxicity. Of the 301 patients, 203 (67.4%) were treated with IMRT and 98 (32.6%) with 

3DCRT. Significantly more patients in the 3DCRT group experienced grade 2 diarrhoea than in the IMRT 

group (22% percent vs 10%, p = 0.004), and those who received 3DCRT had 2.7 times the odds of having a 

higher diarrhoea score than those on IMRT, even after adjusting for patient characteristics and 

chemotherapy (OR 2.71, p = 0.01). 

 

Over a five-year period from 2004 to August 2009, [9] encountered 92 consecutive patients. CRT was used 

on 61 (66%) of the patients, while IMRT was used on 31 (34%) of the patients. Except for two patients, all 

received concurrent chemotherapy. There was no significant difference between the CRT and IMRT patient 

groups in median dose (50.4 Gy, CRT; 50 Gy, IMRT), preoperative vs. postoperative treatment, type of 

concurrent chemotherapy, or history of previous pelvic RT. IMRT patients had significantly less 

gastrointestinal (GI) toxicity than control patients.Sixty-two percent of CRT patients had grade 2 acute 

gastrointestinal side effects, whereas 32 percent of IMRT patients did (p = 0.006).The decreased overall GI 

toxicity was due to fewer symptoms from the lower GI tract. Grade 2 diarrhoea and enteritis were reported 

by 48% and 30% of CRT patients, respectively, compared to 23% (p = 0.02) and 10% (p = 0.015) of IMRT 

patients, respectively. There was no statistically significant difference between groups in terms of 

hematologic or genitourinary acute toxicity. 

 

According to the study report, fewer patients in the IMRT group experienced grade 2 genitourinary toxicity 

(6 percent vs 13 percent 3DCRT, p = 0.04), and there was a trend toward decreased grade 2 proctitis (22 

percent vs 32 percent 3DCRT, p = 0.07). Patients over the age of 55 were 45 percent less likely to develop 

proctitis than those under the age of 55 [10]. 

 

5. Conclusion 

Unlike the previous study, we found a similar result in this current study. The high rate of acute GI 

toxicities is due in part to the large amount of normal bowel that was dosed during the radiation process. 

The use of prone positioning with a bowel displacement device is one method for reducing the volume of 

irradiated bowel (belly board). Highly conformal techniques, such as IMRT, allow for dose escalation to the 

target volume while minimising radiation exposure to adjacent normal tissues. Greater conformity can be 

achieved with IMRT by optimally modulating the intensity of individual beams, reducing doses to organs at 

risk and thus decreasing the rate of gastrointestinal toxicity. The use of IMRT for rectal cancer may also 

potentially prevent surgery delays, improve postoperative healing, and allow for better adjuvant 

chemotherapy tolerability. 

 

The study's limitation: this analysis was limited by its relatively small sample size. Second, the median 

duration of follow-up was relatively short, and no tumour response assessment was performed. 
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Figure 1: Flow chart of study designing. 

 

Table 1. Association between clinicopathological parameters and techniques. 

Parameters 3DCRT 

(n=15) 

IMRT 

(n=12) 

P value 

Age (Mean±SD ) 46.47±13.7 46.67±18.3 0.981 

<20 1 (6.7%) 1 (8.3%)  

21-30 1 (6.7%) 2 (16.7%)  

31-40 4 (26.7%) 2 (16.7%) 0.217 

41-50 5 (33.3%) 2 (16.3%)  

51-60 3 (20%) 1 (8.3%)  

61-70 1 (6.7%) 4 (33.3%)  

Sex    

Male 8 (53.3%) 7 (58.3%) 0.795 

Female 7 (46.7%) 5 (41.7%)  

ECOG    

Grade 0 8 (53.3%) 6 (50%)  



Pattanayak, et.al, 2022                                                                                            Azerbaijan Medical Journal 

 

952 
 

Grade 1 7 (46.7%) 5 (41.7%) 0.684 

Grade 2 0 1 (8.3%)  

Diagnosis    

Carcinoma rectum 13 (86.7%) 5 (41.7%) 0.037 

Carcinoma anorectum 2   (13.3%) 7 (58.3%)  

Histological Grade    

Grade 1 10 (66.7%) 9 (75%)  

Grade 2 2   (13.3%) 2 (16.7%) 0.843 

Grade 3 3   (20%) 1 (8.3%)  

Serum CEA  53.19±75.67 25.78±42.44  

PTV (95% volume) 95.94±0.95 97.53±1.77  

Bowel Bag V45 258.56±162.12 189.36±133.64  
 

Table 2: Association between Technique and acute GI toxicitiy Parameters. 

Parameters Technique p 

value 
3DCRT 

(n = 15) 

IMRT 

(n = 12) 

Nausea ≥ Grade 2 (Present) 5 (33.3%) 3 (25.0%) 0.6961 

Nausea ≥ Grade 2 (Absent) 10 (66.7%) 9 (75.0%)  

Vomiting ≥ Grade 2 (Present) 5 (33.3%) 3 (25.0%) 0.6961 

Vomiting ≥ Grade 2 (Absent) 10 (66.7%) 9 (75.0%)  

Diarrhoea ≥ Grade 2 (Present) 8 (53.3%) 2 (16.6%) 0.0431 

Diarrhoea ≥ Grade 2 (Absent) 7 (47.7%) 10 (83.4%)  

Proctitis ≥ Grade 2 (Present) 3 (20.0%) 1 (8.3%) 0.2941 

Proctitis ≥ Grade 2 (Absent) 12 (80%) 11 (91.7%)  

Enteritis ≥ Grade 2 (Present) 3 (20.0%) 1 (8.3%) 0.2941 

Enteritis ≥ Grade 2 (Absent) 12 (80%) 11 (91.7%)  

Hematological ≥ Grade 2 

(Present) 

2 (13.3%) 1 (8.3%) 1.0001 

Hematological ≥ Grade 2 

(Absent) 13 (86.7%) 11 (91.7%) 
 

Genito-Urinary ≥ Grade 2 

(Present) 

1 (6.7%) 0 (0.0%) 0.4441 

Genito-Urinary ≥ Grade 2 14 (93.33%) 12 (100%)  

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 02, April, 2022 

  

953 
 

(Absent) 

Dermatological ≥ Grade 2 

(Present) 

0 (0.0%) 0 (0.0%) 1.0002 

Dermatological ≥ Grade 2 

(Absent) 
15 (100.0%) 12 (100.0%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


