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                   Original Article

Bone marrow sparing Intensity modulated radiotherapy vs Three-Dimensional 

Conformal Radiation Therapy in carcinoma of the rectum: A prospective 

study 

Karnika , Shaqul Qamar Wani , Aijaz Ahmad Khan , Talib Khan,  

Misba Hamid Baba, Shahida Nasreen, Malik Mohib ul Haq, Zubaida Rasool 

Abstract: 

Background: Colorectal cancer ranks among the most prevalent 

cancers affecting the gastrointestinal tract. The conventional treatment 

for patients with clinically staged T3 or T4 or node-positive illness is 

preoperative chemoradiation therapy. This study presents a comparison 

of 3D-CRT and bone IMRT as therapeutic options for colorectal 

cancer. 

Material and Methods: The study consisted of a total of fifty 

participants who were selected and allocated at random to one of two 

groups: Group A, where patients underwent radiation therapy with 

Three-Dimensional Conformal Radiation Therapy (3DCRT), and 

Group B, where patients got bone marrow-sparing intensity-modulated 

radiation therapy (IMRT). All patients were administered concurrent 

capecitabine at a dosage of 825 mg/m2 twice a day on the days of 

radiation. The patients underwent weekly evaluations for the course of 

their radiation treatment. To assess toxicity, the researchers employed 

the Common Toxicity Criteria for Adverse Events (CTCAE) version 

5.0. Furthermore, a comparative analysis of the dosimetric aspects was 

performed for the two radiation therapy approaches. 

Results :The incidence of acute skin toxicity of grade 2 or higher was 

shown to be reduced in the group receiving IMRT. There was no 

difference in the acute genitourinary toxicity and haematological 

toxicity during treatment with IMRT or 3DCRT. However, it was 

shown that the IMRT group had a decreased degree of acute lower 

gastrointestinal toxicity compared to the 3DCRT group. The IMRT 

group exhibited lower doses to the organs at risk in comparison to the 

3DCRT group. 

Conclusion: Our results suggest that IMRT-based Concurrent 

chemoradiation may minimize normal tissue doses and, in turn, the 

rates of acute toxicity, leading to fewer treatment interruptions. This is 

demonstrated by comparing bone marrow-sparing IMRT to 3DCRT. 

Our findings suggest that bone marrow-sparing IMRT has a positive 

impact on patient outcomes. 
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INTRODUCTION 

Colon cancer is a global health burden due to patient suffering and 

treatment costs. Colorectal cancer is the most frequent gastrointestinal 

malignancy and the 2nd most prevalent cancer in women and the 3rd in 

men worldwide [1]. Rectal cancer is more common in men and colonic 

cancer in women. The rectum accounts for 25% of colorectal cancers in 

high-incidence nations, 21% in women, and 30% in men [2]. 

Stage 0 rectal cancer tumours may necessitate local excision or simple 

polypectomy [3].The conventional therapeutic modalities for stage I 

rectal cancer comprise surgical intervention, either with or without 

adjunctive chemoradiotherapy. According to the research findings, it 

has been observed that patients who have tumours classified as T2 or 

higher often exhibit lymph node involvement, with an approximate 

reccurrence rate of 20%. Consequently, these patients may necessitate 

supplementary therapeutic interventions [4]. The utilization of 

preoperative chemoradiotherapy has become the established  
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practice for patients presenting with clinically 

advanced T3 or T4 or node-positive illness, as 

supported by findings from the German Rectal Cancer 

Study [5]. The utilization of neoadjuvant therapy is 

linked with the down staging of tumours, enhanced 

resectability, and tolerance, as well as the possibility 

of providing additional alternatives for sphincter 

preservation in the distal rectum. Neoadjuvant therapy 

offers several advantages, including enhanced 

radiosensitivity resulting from increased oxygenation 

of cells and a reduction in tumour seeding during 

surgical procedures. 

The typical four-field orthogonal planning method is 

commonly considered to be an effective approach for 

preoperative chemoradiotherapy. The impact of 

conformal planning compared to conventional 

planning in preoperative chemoradiotherapy for 

locally advanced rectal cancer was evaluated by 

researchers, with a focus on the effects on the bladder 

and small bowel as well as the optimization of target 

volume coverage [6]. 

Three-Dimensional Conformal Radiation Therapy 

(3DCRT) is a radiotherapeutic modality that enables 

the precise delivery of radiation to a concentrated 

high-dose region while minimizing radiation exposure 

to surrounding healthy tissues. This technique has 

shown promising results in improving the local 

tumour control rate [7]. By reducing the negative 

effects of treatment, it is possible to increase the 

radiation dose to the target volume, leading to a more 

effective eradication of cancer cells. Technological 

advancements in the field of radiation oncology, 

exemplified by intensity-modulated radiation therapy 

(IMRT), have facilitated enhanced precision in 

treatment administration and the ability to escalate 

radiation dosage. IMRT possesses the capability to 

produce treatment plans that exhibit a high degree of 

conformity and inhomogeneity, hence resulting in a 

reduction of radiation dosage to adjacent healthy 

organs. Furthermore, it has been observed that IMRT 

offers superior dosimetric outcomes compared to 3D-

CRT in many tumour sites across the human body. 

This advantage is particularly evident in cases of 

pelvic tumours, where the exposure of the intestine to 

radiation can be significantly reduced [8]. 

Prospectively, IMRT has been used to treat pelvic 

tumours such as anal, cervical, and endometrial 

tumours [9,10]. IMRT reduced unfavourable 

gastrointestinal (GI) toxicities relative to 3DCRT in 

these studies, although rectal cancer IMRT research is 

scarce and inconsistent. 

The neoadjuvant IMRT combined with capecitabine 

and oxaliplatin, as tested in the Radiotherapy 

Oncology Group (RTOG) 0822 study [11], did not 

demonstrate a statistically significant reduction in the 

incidence of grade ≥ 2 gastrointestinal toxicities when 

compared to the use of 3DCRT with concurrent 

capecitabine and oxaliplatin in the Radiation Therapy 

Oncology Group (RTOG) 0247 study [12]. However, 

it is important to note that despite this, the rates of the 

comparable pathological complete response indicate 

that the improvement in conformance of radiation did 

not impact tumour coverage. 

Given the limited and contradictory findings 

regarding the use of IMRT and 3DCRT in the 

treatment of rectal cancer, we conducted a 

comparative study to assess the efficacy as well as the 

adverse effects of neoadjuvant chemoradiotherapy. In 

addition, we compared the outcomes of treatment by 

using 3DCRT versus IMRT (bone marrow sparing),  

concurrent with capecitabine. Our analysis focused on 

evaluating the extent of pathological response rates 

and the development of toxicities in patients with 

rectal carcinoma. 

MATERIALS AND METHODS 
The present study was a prospective comparative 

study carried out in a tertiary care hospital after 

obtaining approval from the institutional ethical 

committee. The study included patients who met the 

following criteria: Stages II and III, age greater or  

equal to 15 years, good performance score (ECOG PS 

0 to 2) and patients who gave written and informed 

consent. 

A total of fifty participants were enrolled in this study 

and were allocated randomly to one of two groups: 

group A, in which patients underwent radiation 

therapy utilizing 3DCRT, or group B, in which 

patients received bone marrow-sparing IMRT. All 

patients received capecitabine concurrently, with a 

dosage of 825 mg/m2 administered twice daily on the 

days of radiation. Both groups received a radiation 

dose of 45 Gy in 25 fractions over 5 weeks. The initial 

steps in the evaluation process included a baseline 

history, performing a physical examination, and 

obtaining a comprehensive set of blood tests, 

including full blood counts as well as liver and kidney 

function tests. Additionally, any necessary 

symptomatic and supportive care measures were taken 

care of, before the commencement of the Neoadjuvant 

treatment. 

Both treatment groups underwent simulation using the 

Siemens Somavision CT simulator. The computed 

tomography (CT) scans of the patients were acquired 

while they were in a supine position, with a pelvic 

immobilization device to immobilise the pelvis. The 

process of contouring involved delineating the gross 

total volume (GTV), clinical target volume (CTV), 

and planned target volume (PTV). The organs 

considered to be at risk, such as the pelvic bone 

marrow, the intestinal bag, the urinary bladder, and 

the femoral heads, were delineated based on the 

consensus criteria for anorectum established by the 

Radiation Therapy Oncology Group (RTOG) [13]. 

In group A, 4-field 3DCRT plan was generated for 

each patient in the group The plans were prepared 

using Eclipse version 13.2 software. Subsequently, 

the plans underwent evaluation by a Radiation 

Oncologist, and treatment was approved for a 

particular patient if deemed appropriate. The patients 

had radiation therapy using the Varian Linear 
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Accelerator (Clinac DHX), which utilised either 6 or 

15 MV photons in accordance with the treatment plan. 

In group B, the patients were treated with the bone 

marrow-sparing IMRT method and 6 MV photon 

beam was used for planning on the Eclipse Planning 

System version 13.2 for the creation of all IMRT 

plans. The treatment with radiation therapy was again 

facilitated with the Varian Linear Accelerator. In this 

study, dynamic IMRT plans were generated, 

incorporating dose constraints as outlined in Table 1. 

Table1: Dose constraints used in Intensity 

Modulated Radiation Therapy (IMRT) 

Organ Doseconstraints 

Bonemarrow V10<90% 

Bowelbag V45<195cc 

Urinary 

bladder 
V65<50% 

Femur                     V30<85% V30<85% 

The patients underwent weekly evaluations for 

radiation-related toxicity. To assess toxicity, version 

5.0 of the Common Toxicity Criteria for Adverse 

Events (CTCAE) was used [14]. 

The clinical and laboratory parameters were assessed 

every week throughout the chemoradiation treatment. 

The initial assessments conducted in this study 

included various laboratory tests, including 

haemoglobin levels, total leukocyte count, differential 

leukocyte count, platelet count, serum urea, and 

creatinine levels. Additionally, the symptoms 

experienced by the participants were recorded, which 

included nausea, vomiting, loss of appetite, diarrhoea, 

pain, malaise, weakness, etc. Furthermore, the 

necessity for nutritional assistance, such as 

intravenous fluids, parenteral nutrition, and blood 

transfusions required during treatment, were also 

taken care of. 

Also, a comparative analysis of dosimetry was 

performed between the two treatment groups. The 

plans underwent evaluation in terms of the average 

percentage volume of the small intestine and urinary 

bladder that were exposed to radiation doses 

exceeding 30 and 40 Gy, respectively (referred to as 

V30 and V40). The mean percentage volume of 

defined bone marrow receiving more than 10 and 20 

Gy (V10 and V20) was also evaluated and compared 

between the two treatment groups. 

At a period of 6-8 weeks following concurrent 

chemoradiation (CCRT), patients underwent a further 

assessment involving a range of laboratory 

investigations and imaging techniques, such as 

contrast-enhanced computed tomography (CECT) of 

the neck, chest, abdomen, and pelvis, as well as 

contrast-enhanced magnetic resonance imaging 

(CEMRI). 

STATISTICAL ANALYSIS OF DATA 

The collected data was organized and inputted into a 

spreadsheet using Microsoft Excel. Subsequently, the 

data was exported to the data editor of SPSS Version 

20.0, developed by SPSS Inc. in Chicago, Illinois, 

USA. The mean ± standard deviation was used to 

express continuous variables, while frequencies and 

percentages were used to summarise categorical 

variables. The data was visually represented using bar 

diagrams. The independent t-test was utilized to 

compare continuous variables in this study. The 

proper statistical tests, either the chi-square test or 

Fisher's exact test, were utilized to compare 

categorical variables. A P-value below the threshold 

of 0.05 was considered to be statistically significant. 

RESULTS 
The incidence of lower rectal growth was observed in 

50% of patients in the 3DCRT group and 52% of 

individuals in the IMRT group. In the 3DCRT group, 

41.7% of patients exhibited growth in the middle 

rectum, while 8.5% of patients showed growth in the 

upper rectum. In the IMRT group, 32% of patients 

had growth in the middle rectum, and 16% of patients 

had growth in the upper rectum. 

The incidence of acute skin toxicity of grade 2 or 

higher was found to be reduced in the IMRT group, 

and this difference was shown to be statistically 

significant (p=0.032). Table 2 demonstrates that there 

was no statistically significant distinction observed in 

the acute genitourinary toxicities (p=0.678) and 

hematological toxicities (p=0.154) between patients 

undergoing treatment with either IMRT or 3DCRT. 

However, it was observed that the severity of acute 

lower (GI) toxicities was reduced in the IMRT group 

compared to the 3DCRT group. This difference was 

found to be statistically significant, as seen in Table 2 

(p=0.047). It was worth noting that both techniques 

had similar clinical responses, and there was no 

statistically significant difference (p=0.293), as seen 

in Table 3.  

In comparison to 3DCRT, IMRT demonstrated 

notable variations in the extent of radiation exposure 

to the bladder and small bowel in patients. These 

differences were observed specifically in terms of the 

volume of these organs receiving doses equal to or 

exceeding 30 and 40 Gy. In the 3DCRT group, the 

average volume of the bladder that received doses of 

30 Gy and 40 Gy or higher was found to be 100% and 

94.5%, respectively. In contrast, the IMRT group had 

average bladder volumes of 66% and 29.5% for doses 

of 30 Gy and 40 Gy, respectively. This difference 

between the two groups was statistically significant 

(P<0.05), as shown in Table 4. As far as the V30 and 

V40 values for small bowel with the 3DCRT and 

IMRT were concerned it was 50.85% and 26.15%  for 

3DCRT and 26.5% and 12.5% for IMRT, 

respectively, but the observed differences did not 

reach statistical significance (P>0.05). Also the mean 

bone marrow exposed to a radiation dose of 10 Gy or 

higher was found to be 81.2% in the IMRT group, 

compared to 92.85% in the 3DCRT group. Similarly, 

the proportion of bone marrow exposed to a radiation 

dose of 20 Gy or higher was 66.45% in the IMRT 

group and 74.75% in the 3DCRT group. The 

statistical significance was observed for V10 
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(P=0.038), and not for V20 (P=0.523) between the groups as shown in Table 4.

Table2: Various acute toxicities in two treatment techniques  

 3DCRT  IMRT  

P 

Value 
Number Percentage Number Percentage 

Acute Skin 

0 No toxicity 13 54.2 22 88  

 

 

 

 

0.032 

1 Dull erythema/dry desquamation 7 29.2 2 8 

2 Bright erythema/moist 

desquamation/moderate odema 

5 16.7 1 4 

3 Moist desquamation other than skin 

folds/pitting odema 

0 0.0 0 0 

4 Ulceration/ haemorrhage/necrosis 0 0.0 0 0 

Acute Lower 

gastrointestinal 

0 No toxicity 8 33.3 18 72 

 

0.047 

1Increased frequency or change in quality of 

bowel habits/rectal discomfort not requiring 

drugs 

 

12 

 

50.0 

 

5 

 

20 

2 Diarrhoea/rectal or abdominal pain 

requiring drugs/mucous discharge not 

requiring sanitary pads 

 

4 

 

12.5 

 

2 

 

8 

3 Diarrhoea requiring parenteral 

support/severe mucous or blood discharge 

requiring sanitary pads/Abdominal distension 

 

1 

 

4.2 

 

0 

 

0 

4 Obstruction/fistula/perforation/GI bleed 0 0.0 0 0 

Acute 

Genitourinary 

0 No toxicity 12 50.0 14 56 

 

0.678 

1  Frequency of urination or nocturia twice 

pre-treatment habit/dysuria,urgency not 

requiring drugs. 

 

11 

 

41.7 

 

9 

 

36 

2 Frequency of urination or nocturia that is 

less frequent than every hour/Dysuria 

/urgency/bladder spasm requiring drugs. 

 

1 

 

4.2 

 

2 

 

8 

3 Frequency with urgency and nocturia 

hourly or more frequency/dysuria, pelvic 

pain/bladder spasm/requiring drugs/gross 

hematuria 

 

1 

 

4.2 

 

0 

 

0 

4 Haematuria/obstruction/ulceration 0 0.0 0 0 

 

Acute 

Hematological 

0 No toxicity. 14 54.2 20 80 

 

 

 

0.154 

1 WBC3-<4,Platelets75-

 <100,Neutrophils1.5-   <1.9,Hgb11-

<9.5 

7 29.2 3 12 

2 WBC2-<3,Platelets50-

<75,Neutrophils1- <1.5,Hgb7.5-<9.5 

4 16.7 2 8 

3 WBC1-<2,Platelets25-<50,

 Neutrophils0.5-<1,Hgb5-<7.5 

0 0.0 0 0 

4

 WBC<1,Platelets<25,Neutrophils<0.

5 

0 0.0 0 0 

Table 3:  Clinical response to treatment in two techniques. 

 

Response to treatment 

3DCRT IMRT  

P-value No. %age No. %age 

Complete response 7 29.2 7 29.2  

 

 

 

0.293 

Partial response 9 33.3 12 50.0 

Stable disease 9 37.5 4 16.7 

Progression 0 0.0 1 4.2 

Total 24 100 24 100 
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Table 4: Dosimetric differences in the two treatment groups in terms of doses to normal tissue. 

Organs Mean doses (3DCRT) Mean doses (IMRT) P value 

 

Bone marrow V10 =92.85% V10 =81.2% 0.038 

V20 =74.75% V20 =66.45% 0.523 

Bowel V30 =50.85% V30 =26.15% 0.750 

V40 =26.50% V40 =12.50% 0.216 

Urinary bladder V30 =100.00% V30 =66.00% 0.0015 

V40 =94.50% V40 =29.50% 0.001 

DISCUSSION 
This study aimed to assess the potential clinical and 

dosimetric advantages of bone marrow-sparing IMRT 

compared to 3DCRT in patients with rectal cancer. 

Our study showed that in comparison to 3DCRT, 

bone marrow-sparing IMRT reduces the radiation 

doses to the small bowel, bladder, and bone marrow. 

As is also shown by Milano et al. [15] the mean 

outcomes in their IMRT treatment group, utilizing a 

dose of 45 Gy, exhibit similarity to the findings as 

reported by us, for these significant anatomical 

regions while employing a prescribed radiation dose 

of 45 Gy. 

Despite utilizing a highly conformal techniques, the 

iliac bone marrow, which surrounds the rectum, 

remains a large anatomical structure, posing 

challenges in minimizing radiation exposure to this 

region. An increase in haematological toxicity might 

potentially occur because of the implementation of 

more complex IMRT fields or the utilization of field 

reductions as recommended by the Radiation Therapy 

Oncology Group (RTOG). In phase II studies, it has 

been observed that patients who undergo concurrent 

radiotherapy with chemotherapeutic agents consisting 

of carboplatin and 5-FU may experience a decrease in 

haematological toxicity when bone marrow-sparing 

IMRT is employed [16-21]. 

Our study also demonstrates a decrease in acute skin 

toxicity when utilizing bone marrow-sparing IMRT as 

opposed to 3DCRT. However, 8% of patients in the 

IMRT group and 29.2% in the 3DCRT group 

exhibited grade 1 acute skin toxicity, characterized by 

dull erythema and dry desquamation. Also, grade 2 

toxicity was experienced by 4% of patients in the 

IMRT group and 16.7% of patients in the 3DCRT 

group, which manifested as bright erythema, moist 

desquamation, and moderate edema. Notably, the 

difference in the occurrence of grade 2 toxicity 

between the two groups was statistically significant 

(p=0.032).  The findings of our study are consistent 

with the study conducted by David JM et al. [22]. In 

their study, they also observed a decrease in acute 

skin toxicities among patients who underwent 

concurrent capecitabine-based chemotherapy and 

IMRT, as opposed to 3DCRT and capecitabine. 

Our study revealed a decrease in acute lower 

gastrointestinal toxicities with the use of bone 

marrow-sparing IMRT and the toxicities were grade 1 

or 2  as compared to 3DCRT.  20% of patients in the 

IMRT group and 50% of patients in the 3DCRT group 

exhibited mild grade 1 acute lower gastrointestinal 

toxicity, characterized by increased frequency or 

change in bowel habits, or rectal discomfort that did 

not necessitate medication. Also, 8% of patients in the 

IMRT group and 12.5% of patients in the 3DCRT 

group experienced grade 2 toxicity, which manifested 

as diarrhoea, mucous discharge, rectal or abdominal 

pain requiring medication. Notably, none of the 

patients in the IMRT group had grade 3 toxicity, 

while 4.2% of patients in the 3DCRT group 

experienced grade 3 toxicity, which included 

diarrhoea requiring parenteral support, as well as 

severe mucous or bloody discharge and abdominal 

distension. In the IMRT group, 72% of patients did 

not experience any acute lower gastrointestinal 

toxicity, as was true about 33.3% of patients in the 

3DCRT group.  The statistical analysis indicated a 

significant difference between the two groups 

(p=0.047). The findings of our study are consistent 

with the study conducted by David JM et al. [22]. In 

their study, they also observed a decrease in acute 

gastrointestinal toxicity among patients who 

underwent concurrent capecitabine-based 

chemotherapy and IMRT compared to those who 

received 3DCRT and capecitabine. 

 Ferraris et al. [23] conducted a study on comparison 

between IMRT and 3DCRT in terms of their potential 

benefits in locoregional control and toxicity 

management for patients diagnosed with rectal 

carcinoma. The findings showed that IMRT 

demonstrated a reduction in acute toxicities of grade 2 

or higher, specifically in relation to skin, urinary, and 

gastrointestinal (GI) complications, when compared to 

3DCRT. Consequently, the use of IMRT in rectal 

cancer treatment was suggested to contribute to a 

decrease in overall treatment-related morbidity 

associated with concurrent chemoradiotherapy. The 

study conducted by the authors also showed a 

decrease in haematological toxicity with the use of 

IMRT, which was not observed in our study. 

 As far as late radiation-induced toxicities are 

concerned we found the incidence of grade 1 late skin 

toxicity was seen to be 4.16% in the 3DCRT group, 

primarily manifesting as pigmentation, and none in 

the patients of the IMRT group developed grade 1 late 

skin toxicity. 

 In the IMRT group, none of the patients showed late 

grade 3 genitourinary toxicity, but 4% of patients 

experienced grade 1 late genitourinary toxicity, in the 

IMRT group characterized by modest impairment of 
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renal function. About 4.16% of the patients, in the 

3DCRT group showed grade 2 late genitourinary 

toxicity, manifested as a moderate frequency of 

micturition. Only a small number of studies have been 

conducted so far that provide data on the late 

morbidity caused by radiation therapy after highly 

conformal neoadjuvant therapy. To provide an 

accurate assessment of the late radiation-induced 

toxicities, we need to have a long-term follow-up of 

our treated patients. 

CONCLUSION 
Our study suggests that bone marrow-sparing IMRT-

based CCRT has the potential to decrease the doses 

received by normal tissues. Consequently, this 

reduction in radiation exposure may lead to lower 

rates of acute toxicity and fewer pauses during the 

treatment. The findings of our study suggest that the 

use of bone marrow-sparing IMRT shows promising 

outcomes in terms of treatment efficacy. However, 

before implementing bone marrow-sparing IMRT as a 

widely accepted treatment approach in the 

neoadjuvant setting for rectal cancer, additional 

prospective studies involving a substantial number of 

patients are required. These studies would provide 

conclusive evidence regarding the safety and 

advantages of bone marrow sparing IMRT compared 

to 3DCRT. 
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