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ABSTRACT 

TITLE:   Comparison of cardiac and lung doses with deep inspiratory breath-hold 

(DIBH) and free breathing (FB) techniques of radiotherapy for carcinoma left breast.  

BACKGROUND: 

Long term cardiovascular and pulmonary toxicity have been documented in literature 

after radiotherapy of left-sided breast cancers resulted in increased mortality mainly 

due to radiation induced cardiac complications.  Significant efforts have been made to 

minimize the cardiac toxicity using conformal therapy in combination with respiratory 

gated motion management techniques. However, it became more challenging when 

patients with regional nodes need to be treated. 

PURPOSE:  

To compare the heart, left anterior descending artery (LAD), and lung doses in 

patients receiving adjuvant radiotherapy for left sided chest-wall and regional 

supraclavicular and internal mammary nodes (IMN) using DIBH and free breathing 

(FB) techniques. 

MATERIALS AND METHODS:  

This prospective study was conducted from March 2018 to August 2019 in our 

institution in patients with left-sided breast cancer who received adjuvant loco-

regional radiotherapy. Fifteen patients were recruited for the study. The respiratory 

cycle was monitored using six marker localizer box and the Real-time Positioning 

Management (RPM) software. Two sets of planning CT images were acquired, one 

with DIBH and the other with free breathing. Mono-centric Field in field radiotherapy 

plans were generated on both image sets and standard fractionation regimen of 50 Gy 



in 25 fractions over a period of 5 weeks was prescribed. For all patients, the treatment 

plans were delivered with DIBH technique. The dosimetric difference between DIBH 

and FB technique were compared with Wilcoxon sign rank test using SPSS software 

version 21.0. 

RESULTS:  

Our results showed similar D95 parameter for chest-wall and IMN, and statistically 

significant difference for D95 of supraclavicular node (DIBH: 47.6±8.4 Gy vs FB: 

43.6 ±2.8 Gy). DIBH technique resulted in significant reduction in the mean dose of 

heart (34.0%) and LAD (28.9%) structures when compared with FB plans. Similar 

reduction was also achieved in other dosimetric parameters such as V20 (52.0%) and 

V25 (56.5%) of heart and Dmax of LAD (9.2%) with DIBH plan.  However, no 

difference was observed in lung doses using DIBH for the present patient cohorts with 

IMN. Other OARs such as contralateral breast and oesophagus received lower doses 

by using DIBH technique while spinal cord and thyroid showed insignificant 

differences. 

CONCLUSION:  

DIBH technique showed substantial reduction in cardiac and LAD doses but 

insignificant reduction of ipsilateral lung doses as compared with FB technique when 

regional nodes including IMN is treated. DIBH technique requires appropriate patient 

selection protocol, training and technical expertise which can effectively reduce the 

cardiac morbidity without compromising the target coverage. Our study showed that 

the DIBH technique is beneficial for left sided breast cancer patients, capable of 

performing consistent deep breath-hold.  



CONTENTS: 

List of Figuares 

List of Tables 

1.  INTRODUCTION                                                      01 

2. AIMS AND OBJECTIVES         04 

3. REVIEW OF LITERATURE        05 

3.1: Epidemiology of breast cancer worldwide      05 

3.2: Indian scenario          06 

3.3: Investigations and staging        08 

3.4: Overview of breast cancer management      09 

3.4.1: Role of surgery         09 

3.4.2: Adjuvant systemic therapy        10 

3.4.2.1: Role of adjuvant endocrine therapy      11 

3.4.2.2: Role of targeted therapy        12 

3.4.2.3: Role of adjuvant chemotherapy           14 

3.4.2.4: Role of radiation therapy in breast cancer     14 

3.5: Post mastectomy radiation therapy in breast cancer    16 

3.5.1: Two dimensional conventional radiotherapy     16 

3.5.2: Three dimensional conformal radiotherapy     18 

3.5.3: Intensity modulated radiotherapy       18 

3.5.4: Uncertainities in radiation therapy delivery of breast cancer   20 

3.5.4.1: Setup errors          20 

3.5.4.2: Respiratory motion induced errors      20 



3.6: Respiratory motion Management         20 

3.6.1: Respiratory motion and its effect on radiation therapy for breast cancer     20 

3.6.2: Magnitude and measurement of respiratory motion     21 

3.6.2.1: Mechanics of breathing         22 

3.6.2.2: Measuring respiratory motion        22 

3.6.2.3: Motion observables         22 

3.6.3:  Respiratory motion management techniques and its benefits in breast cancer 

radiotherapy            23 

3.6.3A: Motion encompassing methods        23 

3.6.3B: Respiratory gating techniques        24 

3.6.3C: Breath hold methods          24 

3.6.3D Forced shallow breathing methods       24 

3.6.3E: Respiratory synchronised techniques       25 

3.7: Breath hold methods          25 

3.7a: Active breath control (ABC)         25 

3.7b: Self-held breath-hold without respiratory monitoring     26 

3.7c: Self-held breath-hold with respiratory monitoring      26 

3.7d: Deep inspiratory breath-hold (DIBH)       27 

3.8: Organs at risk in post-mastectomy radiation therapy and its effect   28 

3.8.1: Lungs            28 

3.8.2: Heart            29 

3.8.3: Brachial plexus          32 

3.8.4: Contralateral breast          32 



3.8.5: Oesophagus, thyroid and spinal cord       33 

 

4.  MATERIALS AND METHODS        34 

4.1: Sample size           35 

4.2: Algorithm of the study          35 

4.3: Patient compliance/ training         37 

4.4: Patient simulation          37 

4.5: Image acquisition          39 

4.6: Treatment planning          39 

4.7: Plan Evaluation           40 

4.8: Dosimetric evaluation          41 

4.9: Organs at risk           43 

4.10: Statistical analysis          44 

5.  RESULTS AND ANALYSIS         46 

6.  DISCUSSION           66 

7.  CONCLUSION                     75 

8.  BIBLIOGRAPHY 

9. ANNEXURE 

 

 

 

 

 



LIST OF TABLES 

Table 5.1: Demographic and clinical characteristics ……………………………… .46 

Table 5.2: Tumour characteristics …………………………………………………. 48 

Table 5.3: Treatment characteristics ……………………………………………….. 51 

Table 5.4: Patient anatomical parameters and dosimetric correlation …………….. 52 

Table 5.5: Dosimetric characteristics of target volume – Left chest wall ………….. 53 

Table 5.6: Dosimetric characteristics of target volume – Left supraclavicular region.54 

Table 5.7: Dosimetric characteristics of Internal Mammary Nodal Region………… 55 

Table 5.8: Dosimetric characteristics of Axilla …………………………………… 57 

Table 5.9: Significance of Conformity and Homogeneity indices …………….…….58 

Table 5.10: Dosimetric characteristics of Heart …………………………………… 60 

Table 5.11: Dosimetric characteristics of LAD …………………………………… 62 

Table 5.12: Dosimetric characteristics of Ipsilateral, contralateral and  

                   combined lungs ………………………………………………………… 64 

Table 5.13: Dosimetric characteristics OAR ……………………………………….. 65 

 



LIST OF FIGURES 

Figure 3.1: Age standardised incidence rates of breast cancer in 2018 in World … 05  

Figure 3.2: Breast cancer mortality by country. …………………………………. 06 

Figure 3.3: Breast cancer incidence and mortality in 2018 in World …………… 06 

Figure 3.4: Number of new cancer cases in 2018, females (Globocan 2018). ……. 07 

Figure 3.5: Computerised radiograph of medial tangential view of a whole breast 

radiotherapy plan with the various parameters of plan evaluation such as CLD 

(central lung distance) and MHD (maximum heart distance) marked.  …………..  17 

Figure 3.6: Mechanism of respiration during inhalation. …………………………. 22 

Figure 3.7: Rate of Major Coronary Events according to  

                  Mean Radiation Dose to the Heart. ……………. …………………… 30 

Figure 4.1: Visual goggles ………………………………………………………… 37 

Figure 4.2: RPM software and 6 point Localiser box ……………………………… 38 

Figure 4.3 : Single isocentre Fif technique ………………………………………… 40 

Figure 4.4: 95%Dosimetric comparison between DIBH and FB technique………... 41 

Figure 4.5: Dose volume Histogram and Dose statistics of DIBH and FB technique .42 

Figure 4.6: 50%Dosimetric comparison between DIBH and FB technique………... 43 

Figure 5.1: Body mass index of patients ………………………………………….. 47 

Figure 5.2: Menopausal status of patients………………………………………….. 48 

Figure 5.3: Tumour location in various quadrants of breast………………………... 49 



Figure 5.4: TNM staging of breast cancer. ……………………………………….. 49 

Figure 5.5: Hormonal status of breast cancer patients……………………………. 50 

Figure 5.6: Molecular classification of breast cancer. …………………………. 50 

Figure 5.7: Box Plot of Internal Mammary Nodal Region -V90 ………………… 56 

Figure 5.8: Box Plot of Homogeneity index of  DIBH and FB technique  ………. 58 

Figure 5.9: Box Plot of Conformity index of DIBH and FB technique ………….. 59 

Figure 5.10: Dosimetric box plot of V20 of Heart ………………………… ….…. 61 

Figure 5.11: Box Plot of Dmean of Heart  …………………………………….….. 61 

Figure 5.12: Box plot of mean LAD in FB and DIBH technique ………………… 63 

 



1 
 

1. INTRODUCTION 

Breast carcinoma is the most frequently diagnosed cancer among women in 140 of 

184 countries worldwide and leading cause of cancer death among women.  

According to GLOBOCAN 2018, 2.089 million new breast cancer cases diagnosed 

worldwide (11.6% of all cancers) and in India incidence rate is 1,62,468 cases per 

year. Breast cancer is the fifth leading cause of death from cancer overall (6,27,000 

deaths, 6.6%) and it now represents one in four of all cancers in women [1]. 

 

Radiotherapy (RT) plays a vital role in the management of breast carcinoma after 

modified radical mastectomy or breast conservation surgery as adjuvant treatment, if 

risk factors are present. Postoperative radiotherapy for breast cancer has been widely 

used since it was proven to reduce the risk of locoregional recurrence and improve 

long-term survival [2]. 

In spite of improvements in breast cancer outcomes, there are known long-term 

cardiac sequelae, in patients who have received radiation therapy to left-sided 

compared to right-sided breast/chest wall [3].  In radiotherapy of left-sided 

breast/chest wall, part of the anterior heart, including the left anterior descending 

coronary artery (LAD), receives a significant dose. The mean heart dose causes a 

proportional increase in the rate of major coronary events per Gy [4]. 

 

Study by Darby et al [5] showed a linear dose response relationship between radiation 

dose to the heart and coronary heart disease risk in breast cancer survivors even for a 

relatively low mean heart dose (range:0.03-27.7 Gy; average:5 Gy) with the relative  
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risk of major coronary events rising by 7.4 % per 1 Gy increase in mean heart dose.  

Newer radiotherapy techniques have attempted to address this concern with 

modulation of dose to the heart using conformal radiotherapy (CRT) or intensity-

modulated radiotherapy (IMRT), placement of heart blocks, or using respiratory gated 

radiotherapy [6]. 

 

Since the use of CT-based three-dimensional (3D) CRT, doses to the heart have been 

collected and attempts have been made to evaluate their impact on cardiac toxicity [7]. 

Because RT-induced toxicity depends on the region of the heart that is irradiated, 

there is a need to improve the imaging protocols to identify the heart substructures, 

such as the coronary arteries. Recent dosimetric studies showed that evaluating the 

dose to the LAD may change the treatment strategy in left-sided breast irradiation [8]. 

 

The newest techniques include breathing-adapted radiotherapy, which takes advantage 

of the change in the patient’s anatomy during the respiratory cycle. In deep inspiratory 

breath hold (DIBH) technique, patients receive radiation only when they are at well-

defined deep inspiration window, so as to inflate the lungs, increasing the distance 

between chest wall and heart to maximum, moving heart posterio-inferiorly and 

pushing the heart out of the radiation field. Treatment delivery only at deep inspiration 

reduces the area of the heart that receives a high dose [9]. 
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In a study by Kunheri B et al [2], mean heart dose was significantly reduced in DIBH 

technique (45.3%) compared to free breathing (FB). There was a benefit of 53.81% 

reduction in the mean LAD dose with DIBH compared to FB.  

 

It is appropriate to ensure that radiation treatments for breast cancer patients are 

designed to minimize dose to cardiovascular structures while still ensuring a proper 

irradiation of the target volume (breast/chest wall and regional lymph nodes).  

 

The purpose of the study is to assess the cardiac and lung doses with DIBH technique 

in comparison with standard FB without compromising on target coverage, in patients 

receiving tangential field in field (FiF) radiotherapy for carcinoma of left breast. 
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2. AIM AND OBJECTIVES: 

2.1 AIM 

To study the cardiac and lung doses in tangential FiF radiotherapy of left-sided breast 

patients with regional nodes using DIBH and free breathing tehcniques. 

 

2.2 OBJECTIVES 

1) To compare cardiac and lung doses with DIBH and free breathing in patients with 

carcinoma left breast undergoing radiation therapy in Department of Radiotherapy at 

Christian Medical College, Vellore between March 2018 to August 2019. 

2) To assess the difference in doses received by level I axillary lymph nodes with the 

above mentioned two breathing techniques for radiotherapy. 
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3.  REVIEW OF LITERATURE 

3.1 EPIDEMIOLOGY OF BREAST CANCER WORLDWIDE: 

Breast cancer is the most common malignancy in women with a major health burden 

worldwide and one of the three most common cancers, along with lung and colon 

cancer. According to GLOBOCAN 2018 data [1], about 2.089 million newly 

diagnosed female breast cancer cases, accounting for almost 1 in 4 cancer cases 

among women [Figure 3.1, 3.3, 3.4]. Globally, breast cancer is the most commonly 

diagnosed cancer (11.6% of the total cancer cases) and the leading cause of cancer 

death (18.4% of the total cancer deaths) [Figure 3.2, 3.3]. The incidence of breast 

cancer has increased significantly over the past few decades. It doubled between 1975 

and 2000 and seems to double again between then and 2030 [10]. There is no 

population around the world with a low risk for breast cancer and this doubling is 

predicted to affect the lower income and lower middle income countries the most. 

 

Figure 3.1: Age standardised incidence rates of breast cancer in 2018 around the 

world- Estimated age standardised incidence rate per 100,000 Breast, all ages. 
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Figure 3.2: Breast cancer mortality by country 

 

Figure 3.3: Breast cancer incidence and mortality in 2018 

 

3.2   INDIAN SCENARIO: 

The incidence of breast cancer was steadily rising with remarkable differences 

between the incidence rates in metropolitan, urban and rural areas. There is increasing 

incidence of the breast cancer in younger Indian women (between the ages of 30 and 

40) and almost 48% of patients with breast cancer were below 50 years of age.          
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Approximately 25% of the female cancer cases in India are breast cancer. The 

incidence rate was found to be 25.8 in 100,000 women and the mortality rate was 12.7 

per 100,000 women (2017). The highest rate of occurrence was found to be in Delhi 

(41 per 1,00,000 women) followed by Chennai (37.9 per 1,00,000 women), Bangalore 

(34.4 per 1,00,000 women), and Thiruvananthapuram district (33.7 per 100,000 

women). The mortality-to-incidence ratio was found to be 0.66 in rural registries and 

0.08 in urban registries [11].  

 

 

Figure 3.4: Number of new cancer cases in 2018, females, all ages (Globocan 2018). 

 

In a study by Malvia et al [12], breast cancer incidence and mortality rates were 25.8 

per 100,000 women and 12.7 per 100,000 women. The incidence rate of breast 

carcinoma was highest Delhi (41 per 100,000 women), followed by Chennai (37.9), 

Bangalore (34.4) and Thiruvananthapuram (33.7). The ratio of mortality-to-incidence 

was as high as 66 in rural records compared to 8 in urban records. 
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According to research conducted at the St. John’s Medical College and Hospital in 

Bengaluru the 3-year report of population based cancer registries for 2012–2014, 

breast cancer was the most common cancer among women accounting for 27.5% of all 

female cancers, with a crude incidence rate of 29.3% and an age-adjusted incidence 

rate of 34.4% [13]. 

In a retrospective analysis [14] from the data collected for the year 2008 in India, 46% 

patients had reported at early stages and 54% at advanced stages. Compared to rural 

regions, women from urban areas were more likely to present with early stage disease 

(OR = 0.64; 95% confidence interval [CI]: 0.49–0.84). Illiterate women mostly 

present with advanced‑ stage disease (OR = 1.55; 95% CI: 1.16–2.09). This data 

indicates that the patients of rural background and of low education status are more 

likely to have an advanced stage of breast cancer diagnosis.  

 

3.3  INVESTIGATIONS AND STAGING  

Breast cancer is diagnosed and staged with the help of many investigations. 

a. Confirmation of diagnosis: Bilateral mammogram when feasible, ultrasound of 

breasts and biopsy 

b. Staging work up: Chest x-ray for early breast cancer, CT thorax and bone scan 

for locally advanced breast cancer and PET scan as per indications 

c. Pre-treatment evaluation: Bloods, ECG, ECHO, fertility preservation as 

indicated 

TNM staging 2018 is given as Annexure No:1 
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3.4     OVERVIEW OF BREAST CANCER MANAGEMENT: 

Once breast cancer is confirmed by biopsy staging work up is done as per NCCN 

guidelines which is different for early and locally advanced invasive breast cancer. 

The management of invasive breast cancer is based on the clinical extent, pathological 

characteristic of tumour, age, menopausal status of patient, biological prognostic 

factors and preference of the patient. 

Although surgery is the mainstay of treatment in non-metastatic breast cancers, 

chemotherapy, endocrine therapy, targeted therapy and radiation therapy all play a 

major role in the treatment. Introduction of multimodality treatment reduced breast 

cancer mortality by 18% and improved overall survival (OS) [15]. 

A paradigm shift has occurred in the surgical management of breast cancers, from 

radical mastectomy to breast conservation surgeries in early stage breast cancer and 

issues regarding quality of life are seen equivalent to overall survival. Similarly, novel 

molecules (hormonal / targeted therapies) and chemotherapeutic drugs have improved 

overall survival with tolerable side effects. Advanced radiation therapy techniques 

have made treatment of post-mastectomy chest wall and post breast conservation 

whole breast treatments more effective.   

 

3.4.1 ROLE OF SURGERY: 

Surgical management is the standard care of treatment for breast cancer patients for 

centuries. First radical mastectomy was performed by Halsted in 1882 and published 

the results in 1894 [16]. Breast conservation treatment (BCT) which includes breast 

conservative surgery & axillary sampling/dissection and post-operative radiotherapy 
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is the current standard treatment for early stage invasive breast cancer. In a study, 

among 41 (25.6%) patients with clinical evidence of multi focal multi centric breast 

cancer, 35 (85.4%) underwent BCT. None of the patients developed local recurrence 

after a mean follow-up of 45 months. BCT is feasible in the majority of patients and 

can be achieved without compromising cosmesis or local control through appropriate 

patient selection and surgical technique [17]. 

Modified radical mastectomy is performed in most centres in India due to various 

reasons, which include advanced stage at presentation, availability of resources & 

expertise and poor follow up. 

 

3.4.2   ADJUVANT SYSTEMIC THERAPY: 

The goal of adjuvant systemic therapy is to prevent the recurrence of breast cancer by 

eradicating occult, micrometastatic deposits. The systemic modalities used as 

adjuvant therapy for breast cancer are 

(1) endocrine treatments such as Tamoxifen, aromatase inhibitors or ovarian 

suppression 

(2) anti-HER2 therapy with targeted therapies such as Trastuzumab and  

(3) chemotherapy. 

Patients with tumours that are hormone receptor positive (ER, PR, or both) are 

candidates for adjuvant endocrine therapy; patients with tumours that are HER2 

overexpressing are candidates for anti-HER2 treatments. Chemotherapy is used for 

tumours that are hormone receptor positive or negative, along with Trastuzumab in 

HER2 positive tumours [18]. 
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3.4.2.1     ROLE OF ADJUVANT ENDOCRINE THERAPY: 

Endocrine therapy of breast cancer represents the first molecularly targeted therapy. 

Most endocrine therapies target the estrogen receptor protein. Selective ER 

modulators like Tamoxifen and Toremifine bind ER just like estrogen and alter ER 

protein conformation. These drugs show dual actions of estrogen agonist and 

antagonist activity depending on the tissue, cell or gene context. Tamoxifen is the 

most commonly used drug for selective estrogen receptor modulator(SERM) for 

treatment of breast cancer. Binding of tamoxifen to ER results in blockade of cell 

cycle transit in G1 phase and inhibits tumour growth [18].  

 

Patients with hormone receptor positive breast cancer receive adjuvant endocrine 

therapy to reduce the risk of recurrence and cancer–specific mortality. The choice of 

therapy depends on menopausal status. Tamoxifen is a choice of treatment for both 

pre- and postmenopausal women, but the use of aromatase inhibitors is limited only 

to postmenopausal women. However, the data supports the use of aromatase 

inhibitors in premenopausal women when given concurrently with ovarian function 

suppression [19].  

The EBCTCG meta-analysis demonstrated that 5 years of adjuvant tamoxifen was 

associated with a one-third proportional reduction in breast cancer mortality at 15 

years in patients with estrogen receptor positive disease, irrespective of age, nodal 

status, or receipt of chemotherapy. Data from the ATLAS trial demonstrated a further 

reduction in recurrence risk and breast cancer mortality with 10 years of tamoxifen 
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compared to 5 years, suggesting that compared to no endocrine therapy, 10 years of 

tamoxifen was associated with an almost 50% reduction in disease-specific mortality. 

 

For postmenopausal women with hormone receptor positive breast cancer, use of an 

aromatase inhibitor is recommended in the adjuvant setting, either as upfront therapy 

or following tamoxifen. Multiple studies demonstrate improvement in recurrence 

rates and breast cancer mortality with the use of an aromatase inhibitor compared to 

tamoxifen. In a meta-analysis conducted by the EBCTCG, 5 years of aromatase 

inhibitor therapy was associated with a 15% reduction in 10-year breast cancer 

mortality compared with 5 years of tamoxifen [19]. 

The Tamoxifen and Exemestane Trial (TEXT) and the Suppression of Ovarian 

Function Trial (SOFT) demonstrated that ovarian function suppression plus either 

tamoxifen or aromatase inhibition in selected premenopausal women with hormone 

receptor positive breast cancer contributed to improved long-term outcomes for 

younger women [20]. There was an improvement in disease free survival (DFS) when 

ovarian suppression was administered with tamoxifen or an aromatase inhibitor in the 

subset of women who were younger than 35 years or whose disease was considered 

to be of sufficiently high risk to warrant the administration of chemotherapy [19,21].  

 

3.4.2.2     ROLE OF TARGETED THERAPY: 

Introduction of trastuzumab, a monoclonal antibody directed against the HER2 

protein, into the adjuvant treatment for patients with HER2 overexpressing cancer 

indicates a significant advancement in breast cancer treatment. Addition of 



13 
 

trastuzumab to chemotherapy in the adjuvant setting confers approximately 50% 

improvement in DFS and 35% improvement in OS. Subsequent studies in the 

neoadjuvant setting also confirmed role of trastuzumab in the neoadjuvant 

chemotherapy of breast cancer [19].  

The introduction of pertuzumab, a monoclonal antibody that binds to the HER2 

protein at the site of HER2/HER3 dimerization, has led to further improvements in 

pathological complete response (pCR) rates when added to trastuzumab and 

chemotherapy. In a phase 2 study of 417 patients with HER2 positive breast cancer 

were randomized to receive neoadjuvant therapy with 4 cycles of docetaxel/ 

trastuzumab versus docetaxel/ trastuzumab/ pertuzumab versus docetaxel/ 

pertuzumab versus trastuzumab/ pertuzumab. Following surgery, all patients received 

an anthracycline in the adjuvant setting. pCR rates were 29%, 46%, 24% and 17% 

respectively. 

 

The benefit of adding pertuzumab to chemotherapy and trastuzumab was 

corroborated by results from the phase II TRYPHAENA trial, which yielded a pCR 

rate of 56% in patients receiving neoadjuvant FEC (fluorouracil, epirubicin, 

cyclophosphamide)-THP (docetaxel, trastuzumab, pertuzumab) and 64% for TCHP 

(docetaxel, carboplatin, trastuzumab, pertuzumab).  

 

Pertuzumab is useful in the neoadjuvant treatment of patients with HER2positive, 

locally advanced, inflammatory, or early stage breast cancer (either greater than 2 cm 

in diameter or node positive) [19]. 
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3.4.2.3   ROLE OF ADJUVANT CHEMOTHERAPY: 

Chemotherapy is offered to the patientbased on the molecular characteristics of the 

breast cancer. Usually adjuvant chemotherapy in early breast cancer consists of 

taxanes and anthracyclines. In locally advanced breast cancer, neoadjuvant 

chemotherapy is given prior to surgery. For women who warrant chemotherapy, 

sequential anthracycline and taxane based treatment remains the “gold standard”[18]. 

Approximately two thirds of patients with localized triple negative breast cancer 

(TNBC) harbor residual disease (RD) after neoadjuvant chemotherapy and have a 

high risk of recurrence. Randomized trials have shown that preoperative addition of 

carboplatin chemotherapy to anthracycline and taxane treatments can increase the rate 

of pathological complete response (pCR) [18]. 

 

3.4.2.4   ROLE OF RADIATION THERAPY IN BREAST CANCER 

The use of radiation therapy in breast cancer dates back as early as 1890’s. The first 

X-ray machine was assembled in Chicago in 1896 by Emile Grubbe and it has been 

documented that a patient with recurrent breast cancer was treated in the same year. In 

the present era, radiation therapy plays a major role in the treatment of both early 

stage and locally advanced breast cancers.  

Adjuvant radiation therapy in breast cancer not only involves treatment of chest wall/ 

breast, but also the draining lymph nodal regions according to specific indications. 

Indications for radiotherapy after mastectomy to chest wall are: tumour size >5cm, 
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positive axillary lymph nodes, positive surgical margins, inflammatory breast cancer 

and patients with recurrent breast cancer without prior radiation [22]. 

Indication for radiotherapy to drainage areas: 

a. Supraclavicular region: More than 4 axillary nodes with metastases 

b. Internal mammary chain: Medial quadrant tumours, T4b and N2 disease 

c. Axillary region: Inadequate axillary dissection, adequately dissected axilla with 

extranodal extension >2mm. 

 

The Early Breast Cancer Trialists Collaborative Group(EBCTCG), meta-analysis from 

randomised trials of post mastectomy radiotherapy patients followed for 10 years in 

2014 showed that radiotherapy for women with mastectomy and axillary dissection 

with one to three positive lymph nodes loco-regional recurrence, overall recurrence 

and breast cancer mortality rate were reduced. Radiotherapy for women with ≥4 

positive axillary lymph nodes also showed reduction in locoregional recurrence, 

overall recurrence and mortality rate [23].   

 

The MA20 and EORTC trials reported improved recurrence and disease free survival 

with regional nodal irradiation (RNI) including the internal mammary nodes (IMN) 

and supraclavicular nodes. A French multicenter prospective trial evaluated the impact 

of specific IMN targeting in patients undergoing total mastectomy and axillary 

dissection. Approximately 35% of locally advanced breast cancer patients received 

radiation to the chest wall, supraclavicular and apical axillary nodes and internal 

mammary nodes. Ten-year overall survival rates were 62.6% in the IMN-treated 
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group and 59.3% in the control group, but this difference was not statistically 

significant (p=0.8). 

 

Budach et al. performed a meta-analysis regarding regional nodal irradiation and 

found significant improvement in disease-free survival (HR 0.86; 95% CI, 0.78 to 

0.95), distant disease-free survival (HR 0.84; 95 % CI, 0.75 to 0.94), and significant 

overall survival (HR 0.90; 95% CI, 0.82 to 0.99) [24].   

 

3.5. POST MASTECTOMY RADIATION THERAPY IN BREAST CANCER: 

Radiation to chest wall is challenging as it involves treatment of a strip of curvilinear 

structure while sparing the underlying lungs and heart. Treatment of adjacent lymph 

node regions makes radiation therapy planning in breast cancers more complex. Two 

dimensional conventional radiation therapy(2D) has largely been replaced by various 

techniques such as 3DCRT, IMRT (forward and inverse planning IMRT), IGRT, 

Tomotherapy and Volumetric modulated arc therapy (VMAT). Positioning and 

Immobilization are crucial for accurate delivery of a prescribed radiation dose. 

 

3.5.1 TWO DIMENSIONAL CONVENTIONAL RADIOTHERAPY 

The conventional (2D) treatment is planned with the help of an X-ray simulator and a 

2D computer planning system. Two tangential parallel opposed fields are used for 

planning. The superior border is below the clavicle, inferior border 2cm below the 

contralateral breast lower limit, medial border at midline and lateral borders at the 
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mid-axillary line. Caution is taken to keep the Central Lung Distance(CLD) as 

minimum as possible without compromising target coverage.  

 

Various parameters such as Central Lung Distance (CLD), Maximum Lung Distance 

(MLD), Average Lung Distance (ALD) and Maximal Heart Distance (MHD) [Figure 

3.5] are measured from a simulator film to predict the volume of lung and heart being 

irradiated, which in turn predicts the probability of radiation induced pneumonitis or 

cardiac toxicity. A CLD of 1.5cm, 2.5cm and 3.5cm denotes the volume of lung 

receiving radiation to be 6%, 16% and 26% respectively and a CLD of than 3 cm in 

left side breast cancer, resulted in irradiation of a significant volume of heart. 

Similarly, grouped ALD (average of superior and inferior lung distance) values of 

<2cm, 2-3cm and >3cm show an increasing trend of radiation pneumonitis of 4%, 6% 

and 14% respectively, though not statistically significant [25]. 

 

Figure 3.5: Computerised radiograph showing medial tangential view of a whole 

breast radiotherapy plan with the various parameters of plan evaluation such as CLD 

(central lung distance) and MHD (maximum heart distance) marked: 
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The primary drawbacks of 2D conventional radiotherapy include: 

• Beam orientation in axial slice only. 

•Generating dose distribution only in single or few planes of the patient’s target 

volume. 

•Uncertainties in the actual spatial extent of the target. 

•Inadequate knowledge of the accurate shapes of organs at risk (OARs). 

• Cannot provide quantitative evaluation tools like dose volume histogram. 

 

3.5.2 THREE DIMENSIONAL CONFORMAL RADIOTHERAPY 

The introduction of computed tomography (CT) in planning and treatment has led to 

better tumour localisation, dose distribution and development of conformal 

radiotherapy [26,27]. 3D-CRT includes imaging, precise radiation dose calculation, 

computerized treatment planning and computerized treatment delivery. This technique 

uses irregularly shaped beams in different projections to match the size and shape of 

the tumour which can be achieved by linear accelerators, which are equipped with 

computer controlled beam shaping devices called multi-leaf collimators [27,28]. 

 

3.5.3 INTENSITY MODULATED RADIOTHERAPY (IMRT) 

Intensity modulated radiation therapy (IMRT) is an advanced form of radiation 

planning and delivery technique which uses sophisticated software to plan a precise 

dose of radiation, based on tumour size, shape and location which results in desired 

dose distribution and reduction in normal tissue toxicity.  
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IMRT uses multileaf collimator (MLC) to shape the beam. The two commonly used 

IMRT techniques for breast cancer include forward-planning “fields in field” (FP FIF) 

and inverse planning (IP). IMRT treatment has few side effects compared to 3DCRT, 

but generally takes more time for planning and to deliver the desired dose [29]. 

Although IMRT for breast planning provide better target dose uniformity, it resulted 

in excessive low dose bath to contralateral OAR’s (breast and lung) and normal 

tissues. 

 

Respiratory motion is thought to hinder the actual benefit of IMRT. In IMRT, beam 

intensity gradients are not limited to beam edges. Thus respiratory motion may result 

in major dose variations. This effect will be exacerbated by the interplay between 

motion of leaves of multi-leaf collimators and component of target motion 

perpendicular to the beam. 

Various studies have also documented dosimetric errors using single MLC based 

IMRT treatment, summing upto 20% within the field (in low dose gradients) and even 

higher in the edge of the field (high dose gradient region). These studies were film 

based and didn’t take into account target deformation [30,31]. Thus effect of 

respiratory motion on dose is of prime concern in IMRT. 

 

Yu et al demonstrated that fluence variations within the target tend to average out over 

a typical course of 25-30 fractions [32]. This was confirmed by other studies also. 

However, these studies assumed 1 dimensional movement and didn’t take into account 
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target deformation. Thus it was concluded that fractionation alone cannot be relied 

upon, especially for movement >1cm. 

From the literature we know that the mean amplitude of chest wall movement with 

respiration is 8-10mm. Considering the small amplitude, the influence of respiratory 

motion on dose may not be marked.  However, it can be postulated that patients with 

large chest wall movement with respiration (8mm) are likely to have significant target 

under-coverage. This may also reflect as over-dosage to organs at risk. 

 

3.5.4. UNCERTAINTIES IN RADIATION THERAPY DELIVERYOF BREAST 

CANCER: 

3.5.4.1. Set up errors: 

 Studies have shown wide variations in systematic errors of 1.0-14.4 mm and random 

errors of 1.7-5.8 mm in tangential breast/chest wall radiotherapy [33]. The use of 

immobilisation devices have significantly improved set up reproducibility in breast 

cancer treatments. Various immobilisation devices have been examined, such as 

wedge boards with or without arm supports, cushion with arm handle, plastic mask, 

vac-fix etc. It was also established that arm handles further reduced set up errors [34]. 

3.5.4.2. Respiratory motion induced errors:  

Breast/chest wall is mobile during respiration with a motion amplitude as high as 0.8-

10mm in the antero-posterior direction [35]. This movement is capable of contributing 

significantly to geometric uncertainties. 
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3.6 RESPIRATORY MOTION MANAGEMENT 

3.6.1    RESPIRATORY MOTION AND ITS EFFECT ON RADIATION 

THERAPY FOR BREAST CANCER 

 

If respiratory motion is not accounted during imaging, motion artefacts are created 

which distort the target volume. Planning Target Volumes (PTV) should be large 

enough to ensure target coverage through the treatment delivery. In case of post 

mastectomy breast cancer, expanding the target volume to account for respiratory 

motion would mean extending anteriorly into air and posteriorly into lung. This 

increases lung dose.  

 

Radiation delivery in the presence of organ motion causes an averaging or blurring of 

static dose distribution over a path of motion. This displacement results in deviation 

between intended and delivered dose distribution. Analysis of inter-fraction and intra-

fraction variation during tangential breast radiotherapy using Electronic Portal 

Imaging Device (EPID) revealed the effect of respiratory motion and movement 

during treatment was minimal. The maximum range of central lung distance for any 

patient on one day was 0.25cm. However, the day to day set up variation was greater, 

with CLD values ranging from 0.59 cm to 2.94 cm and it resulted in change in 

corresponding lung and heart areas during individual treatment fractions [36].  
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3.6.2    MAGNITUDE AND MEASUREMENT OF RESPIRATORY MOTION 

3.6.2.1. Mechanics of breathing 

Respiration being an involuntary movement continues even if the person is 

unconscious and breathing is non-rhythmic, unlike cardiac motion. Nevertheless, it is 

possible to control the pattern of breathing. 

Respiration is composed of 2 components, inspiration and expiration. The diaphragm 

is the most important muscle of inhalation (Figure 3.6). As the diaphragm contracts it 

forces the abdomen inferiorly and anteriorly, thereby increasing the size of chest 

cavity in the supero-inferior direction. The intercostals muscles which connect the ribs 

also play a part in normal inspiration. Contraction of these muscles, cause the chest 

wall to expand antero-posteriorly. Exhalation on the other hand is a passive process 

where in the lungs recoil into their pre inspiration position. 

 

Figure 3.6: During inhalation, the diaphragm contracts, the abdomen is forced down 

and forward, and the rib cage is lifted. (b) The intercostal muscles also contract to pull 

and rotate the ribs, resulting in increasing both the lateral and anterior- posterior (AP) 

diameters of the thorax[37]. 
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3.6.2.2. Measuring respiratory motion: 

Person’s breathing pattern varies in magnitude, regularity and period. It varies from 

person to person as well as time to time in the same person. Respiratory motion varies 

markedly between persons that an individual approach to respiratory management is 

advised. Audio-visual feedback has demonstrated to improve respiratory 

reproducibility. 

 

3.6.2.3. Motion observables: 

There is no fixed pattern of respiratory behaviour for a particular person prior to 

observation and treatment. Each person differs in terms of quiet versus deep, chest 

versus abdominal and healthy versus compromised. Hence, it has been shown that 

every person’s respiratory pattern has to be analysed prior to treatment. Both surface 

markers and spirometers provide signals that are surrogate of tumour motion. Their 

applications should be validated by performing fluoroscopic and CT imaging studies. 

 

3.6.3 RESPIRATORY MOTION MANAGEMENT TECHNIQUES AND ITS 

BENEFITS IN BREAST CANCER RADIOTHERAPY 

Organs which are known to move with breathing includes: lungs, oesophagus, liver, 

pancreas, breast, prostate and kidneys. Patients breathing patterns can vary in 

magnitude, period and regularity during imaging acquisition and treatment sessions. 

Several methods have been developed to reduce the impact of respiratory motion in 

radiotherapy and broadly divided into five major categories [37]. 
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A. Motion encompassing methods. 

B. Respiratory gating techniques. 

C. Breath hold methods. 

D. Forced shallow breathing methods. 

E. Respiration synchronized techniques. 

 

3.6.3A. Motion encompassing methods: 

Respiratory induced tumour motion present during delivery of radiation,makes 

essential to estimate the meanposition of target and range of motion during CT 

imaging[38].The three techniques available to include the entire range of tumour 

motion for respiration (at the time of CT acquisition) are:   

• Slow CT 

• Inhale and Exhale breath hold CT 

• Four dimensional (4-D) or respiration-correlated CT. 

The radiation exposure to the patient from these imaging techniques can be greater 

than standard CT simulation procedures by a factor of 2 to 15, if not performed well.  

 

3.6.3B. Respiratory gating techniques: 

An American team in 1987 observed that radiation during deep inspiration spared 

parts of the lungs, and suggested a need to develop “Radiotherapy Gated to 

Respiration”[39].The term “gating” refers to administration of radiation(during 

imaging and treatment delivery) in particular phase of the respiratory cycle. The width 
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and position of gate can be determined by using infrared camera or fiducial markers. 

Main strategies used to reduce respiratory motion effects include: 

1) integration of respiratory movements into treatment planning (geometrical or 

dosimetric), 

2) forced shallow breathing with abdominal compression,  

3) breath-hold techniques (active or voluntary),  

4) respiratory gating techniques and  

5) tracking techniques [37,40]. 

 

3.6.3C. Breath hold methods: 

There are various types of breath hold methods such as Active breath control(ABC), 

self-held breath hold using external marker and Deep inspirational breath hold 

method. 

 

3.6.3D. Forced shallow breathing methods: 

This technique was developed by Lax and Blomgren at Karolinska Hospital in 

Stockholm, for stereotactic irradiation of small lung and liver tumours. A stereotactic 

body frame equipped with pressure plate (this equipment commercially produced by 

Elekta Medical systems) pressed against the abdomen is used in this technique to 

minimise the diaphragmatic excursions, thereby controlling the gas exchange during 

free breathing. In Negoro’sstudy [41] pressure plate was used in 61% (11/18) patients 

with tumour motion >5 mm. The tumour motion before abdominal compression was 
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12.3mm (range, 8-20mm) and reduced to 7.0-mm (range, 2-11mm) after compression. 

This method is not inpractise for breast radiation [37]. 

 

3.6.3E. Respiration synchronised techniques: 

Respiratory synchronised or real time tracking technique refers to dynamically 

accommodating respiratory motion so as to follow the tumours changing positionin 

space to synchronise with normal respiratory cycle. This method is less practised due 

to need for technical expertise [37]. 

 

3.7. BREATH HOLD METHODS 

3.7a: Active breath control (ABC): 

This method facilitates reproducible breath hold in which the method is patient 

dependent, typically 15 to 30 seconds, should be well tolerated to allow for repeated 

(after a brief rest period) breath-holds without causing undue patient suffering. The 

ABC method was developed at William Beaumont Hospital and commercialised by 

Elekta. The patient breathes through a mouthpiece connected to a spirometer. The 

nares are held closed with a nose clip. To facilitate the patient’s ability to hold the 

mouthpiece, the connective tubing is supported by a flexible, metal gooseneck and 

base fixed to the couch above the patient’s head. The pneumotach spirometer is a 

differential pressure transducer that measures air flow; a computer program integrates 

the signal to obtain the volume of air breathed in and out, which is displayed and 

recorded as a function of time. While watching the display, the therapist coaches the 

patient through a modified version of the slow vital capacity manoeuvre, consisting of 
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a deep inhale, deep exhale, second deep inhale and breath hold. At each stage of the 

manoeuvre, the therapist waits for the breathing trace to plateau before coaching the 

patient to the next stage. The manoeuvre yields highly reproducible lung inflation at 

approximately 100% capacity, which can be maintained for 10-20seconds. After 

completion of each breath-hold, the mouthpiece is removed to prevent CO2buildup in 

the tubing, and the spirometer is reinitialized prior to mouthpiece reinsertion. Any 

predetermined phase at active inspiration or along the free breathing cycle can be 

suspended by ABC apparatus [37].  

 

3.7b: Self-held breath-hold without respiratory monitoring:  

In self-held breath hold technique, the patient voluntarily holds the breath at some 

point in the breathing cycle and the beam will be turned on and the dose is delivered 

to the tumour when the patient holds breath. A control system has been developed for 

the Varian C Series accelerators, which makes use of the “Customer Minor (CMNR)” 

interlock circuit where the patient can turn off the beam. 

 

3.7c: Self held breath hold with respiratory monitoring: 

This technique uses a commercially available device (Varian RPM), to monitor patient 

respiration and to control dose delivery. Here, patients are instructed to hold their 

breath in specific phase of respiratory cycle. The advantages of this technique include  

1) Simulation and treatments can be delivered more efficiently (~100 MU per 10 

seconds breath hold using 600MU/min dose rate) than with FB respiratory-gated 

techniques (same dose delivery would take 30 seconds in FB technique.  
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2) Constant monitoring of patient respiration using an external fiducial marker which 

disable the beam if the patient fails to hold the breath in a particular phase of 

respiration [37]. 

 

3.7d: Deep inspirational breath hold (DIBH): 

DIBH is a reproducible and controlled breathing technique of maximum breath hold 

during treatment is advantageous for treatment of thoracic and upper abdominal 

tumours, because it significantly reduces respiratory tumour motion and changes 

internal anatomy which protects critical normal tissues. 

The DIBH technique involves verbally coaching the patient to a reproducible deep 

inhale breath-hold during simulation and treatment. Several studies proved that heart 

moves away from chest wall during DIBH which enabled significant reduction of 

cardiac doses without compromising the target volume coverage [42-45]. 

 

Al-Hammadi N et al [46] showed significant reduction in heart and lung doses by 

adopting voluntary deep inspiration breath hold (V-DIBH) and compared its 

dosimetric outcome with free breathing (FB) technique, which resulted in a significant 

reduction of mean cardiac dose from 6.1 to 3.2Gy (p<0.001), maximum cardiac dose 

from 51.1 to 48.5Gy (p=0.005) and cardiac V25Gy from 8.5 to 3.2% (p<0.001). Heart 

volumes receiving high (30-50Gy) and low (10-20Gy) doses were also significantly 

reduced. Mean dose to the left anterior coronary artery was 14.8Gy (+/- 7.6) and 

23.0Gy (+/- 6.7) on V-DIBH and FB, respectively (p<0.001). DIBH technique proved 

to be more efficient and feasible technique to reduce the respiratory tumour motion 
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during treatment and spare the normal tissue by increasing the lung volume and 

significant reduction of late cardiac toxicities associated with the radiotherapy. 

The reproducibility of DIBH reported by Hanley et al [47] reduced the lung volume 

receiving more than 25Gy by 30% can reduce the volume by 18% in comparison from 

free-breathing to DIBH. The DIBH method was found to be highly reproducible, with 

intra breath-hold reproducibility of 1.0mm (+/-0.9) and inter breath-hold 

reproducibility of 2.5mm (+/-1.6) from lung diaphragm position while 26.4mm was 

the deviation in normal breathing for the same.  

The reproducibility of DIBH is beneficial to patients undergoing thoracic, upper 

abdominal and breast radiotherapy; it significantly reduces respiratory tumour motion 

and protects normal vital tissues. Several methods for implementing DIBH have been 

described. All techniques require patient compliance, active participation and often 

extra therapist participation. 

 

3.8. ORGANS AT RISK IN POST-MASTECTOMY RADIOTHERAPY AND 

ITS EFFECT: 

3.8.1. Lungs 

The incidence of radiation pneumonitis is low in chest wall only radiotherapy but the 

addition of supraclavicular and axillary radiation has shown to increases its incidence.  

Hockey stick radiation field which includes inter-mammary lymph nodal irradiation 

further increases its incidence. In the British Columbia experience, it has been 

documented that 1/164 patients treated with sequential chemotherapy and 

radiotherapy developed symptomatic radiation pneumonitis requiring corticosteroid 
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therapy[48]. The characteristic clinical features of radiation pneumonitis are cough, 

fever and non-specific infiltrates on Chest X-ray. RTOG clinical grading of radiation 

pneumonitis [49] is given in Annexure No. 2. 

 

3.8.2. Heart 

Cardiac toxicity following radiotherapy for left breast cancer has been recognized as 

an important issue. There is increased risk of cardiovascular diseases in patients 

exposed to ionising radiation for breast cancer. Though infrequent, acute and subacute 

complications of post-mastectomy radiotherapy such as pericarditis and cardiac failure 

have been reported. At the same time, long term complication of cardiac related 

morbidity has been reported more commonly. A meta-analysis of 10 randomised trial 

of PMRT has shown that the standard mortality ratio for heart disease was 1.62 times 

higher for irradiated patients (p<0.01) [50]. Though there are various factors such as 

chemotherapeutic regimen used and patient’s comorbid illnesses that add to the risk of 

long term cardiac toxicity, the most important treatment related factor is the volume of 

heart irradiated. Volume of heart irradiated increases considerably when internal 

mammary lymph nodal irradiation is done. Recent studies have shown that the doses 

to the heart from PMRT can be considerably reduced by using megavoltage energies 

and modern planning techniques. 

 

Adoption of modern techniques helped in reduction of cardiac compilations over the 

past few years. The mean heart dose in left tangential RT has been estimated to be 

2.3Gy in 2006 compared to 13.3Gy in 1970s. Even with modern techniques, there is  
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increased incidence of ischemic heart disease after left-sided RT compared to right-

sided RT because the anterior part of the heart may receive high doses of radiation 

[44] (Figure 3.7). 

 

Figure 3.7: Rate of Major Coronary Events According to Mean Radiation Dose to the 

Heart, as Compared with the Estimated Rate with No Radiation Exposure to the Heart 

[5]. 

 

Hooning et al [45] studied the treatment-specific incidence of cardiovascular disease 

in 4414 patients who had survived 10 years after treatment. Breast radiation alone was 

not associated with increased risk of cardiovascular disease, but patients who received 

radiation to the internal mammary nodes as part of their treatment had an increased 

risk of myocardial infarction (HR 2.55), congestive heart failure (HR 1.72) and 

valvular dysfunction (HR 3.2) compared to patients with no radiotherapy. 

 

Harris et al [51] performed a retrospective study of 961 patients with stages I and II 

breast cancer who were treated with breast-conservation treatment and received 

radiotherapy between 1977 and 1994. With a median follow up of 12 years, the 

authors found that 20 years after treatment, patients who received left-sided 
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radiotherapy had higher rates of cardiac death (cumulative risk of 6.4% vs 3.6%) 

coronary artery disease (25% vs. 10%) and MI (15% vs. 5%) compared to patients 

who received right-sided breast radiotherapy. Patients with hypertension were 

associated with a higher risk of coronary artery disease in left-sided patients than right 

sided patients. After breast radiotherapy for left sided breast cancer, the focus is on 

ischemic cardiac disease, since the LADCA is the closest and most often affected 

major coronary vessel to tangential breast fields.  

 

Risk Factors for a Major Coronary Heart disease:  

Women with left breast radiotherapy has higher rates of major coronary events than 

women treated for right breast cancer (p=0.002), but no other strong associations were 

noted between the rate of major coronary events and tumour characteristics or the 

cancer treatments administered in addition to radiotherapy (rate ratio, 1.20; p=0.06 for 

nodal status and p ≥0.10 for all other tumour or treatment characteristics). The overall 

rate ratio for a major coronary event among women with a history of ischemic heart 

disease compared to women without such history was 6.67 (95% CI, 4.37 to 10.18). 

During the first 10 years after the cancer diagnosis, the rate ratio was 13.43 (95% CI, 

7.65 to 23.58) compared with 2.09 (95% CI, 1.05 to 4.13) during later years 

(p<0.001). 

 

There is increased risk of major coronary events among women with a history of other 

circulatory diseases, diabetes, chronic obstructive lung disease, history of smoking, 

regular analgesic use or high body-mass index. The rate ratio for the presence of one 
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or more of these risk factors but no ischemic heart disease was 1.96 overall (95% CI, 

1.60 to 2.40). The rate ratio was 2.60 (95% CI, 1.89 to 3.57) during the first 10 years 

after the cancer diagnosis as compared with 1.63 (95% CI, 1.24 to 2.15) during later 

years (p=0.03) [5]. 

 

Variation with Time since Exposure:  

The rate of percentage increase of major coronary events per Gray of radiation 

according to the number of years since radiation exposure were as follows: 0 to 4 

years, 16.3% (95% CI, 3.0 to 64.3); 5 to 9 years, 15.5% (95% CI, 2.5 to 63.3); 10 to 

19 years, 1.2% (95% CI, −2.2 to 8.5); and 20 or more years, 8.2% (95% CI, 0.4 to 

26.6) [5]. 

 

3.8.3:  Brachial plexus  

Injury to brachial plexus in patients treated for breast cancer may be multifactorial 

(axillary surgery, radiation therapy and chemotherapy). However, incidence of 

brachial plexopathy due to radiation therapy is rare and is related to the use of a third 

field (supraclavicular +/- axillary fields) and dose to axilla. In the JCRT (Joint centre 

for Radiation therapy) experience, where axillary dose was less than or equal to 50Gy, 

the incidence of plexopathy was only 0.6% in the absence of chemotherapy and 4.5% 

with chemotherapy [52]. The rate of permanent plexopathy was also dependent on 

delivered dose and fraction size. 

 

 



34 
 

3.8.4:  Contralateral breast 

There is a risk of development of malignancy in the contralateral breast due to various 

causes. The estimated annual risk of a subsequent contralateral breast cancer (CBC) is 

0.5-1% and cumulative lifetime risk is nearly 2-15%, after treatment for sporadic 

unilateral breast cancer. CBC incidence rates are decreasing with adjuvant therapies 

and breast screening tests. The contralateral prophylactic mastectomy (CPM) rates 

have dramatically increased over the past 2 decades with no significant survival 

advantage with CPM for women without a BRCA1/2 mutation. The risk factors 

associated with CBC in women includes family history, genetic mutation status, 

estrogen receptor positivity and endocrine therapy use.  

 

3.8.5: Oesophagus, thyroid and spinal cord: According to Dumane VA et al [53], 

oesophagus, thyroid and spinal cord receive low dose of radiation in DIBH technique 

compared to Free breathing technique. 
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4.  MATERIALS AND METHODS 

 

PLACE OF STUDY: The study was conducted in the department of Radiation 

Oncology, Christian Medical College, Vellore. 

 

PERIOD OF STUDY: Patients who satisfied the eligibility criteria based on the deep 

breath-hold performance were enrolled during the study period from June 2017 to 

December 2018 and were followed up till August 2019. 

 

TARGET POPULATION: Patients with left sided carcinoma breast who had 

modified radical mastectomy having indications of adjuvant radiotherapy to chest wall 

and regional nodes including internal mammary chain. 

ETHICS APPROVAL: This study was approved by Institutional Review Board (IRB 

no. 11029), Christian Medical College, Vellore.   

 

Inclusion criteria: 

1) Women with left sided breast carcinoma who has undergone modified radical 

mastectomy requiring adjuvant radiotherapy to left chest wall and internal 

mammary chain along with other nodal regions. 

2) Patients with ECOG score 1-2, who could reproduce breath-holding for more 

than 20 seconds. 
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Exclusion criteria: 

1) Patients with right sided breast carcinoma. 

2) Patients with known cardiac disease, COPD, Interstitial lung disease, bronchial 

asthma. 

3) Patients with history of previous RT to the breast. 

4) Patients unwilling to take part in the trial. 

5) Patients with dextrocardia. 

 

4.1. Sample size: 

A sample of 10 subjects will be sufficient to detect a mean difference of 2 units 

between pre and post, with a standard deviation of 2 (based on pilot study), a power of 

80% and with a significance level of 5%. 

 

 

Where, µ1 =Pre mean    

µ2 = post mean    

σ1 = Standard deviation of pre   

 σ2 = Standard deviation of post    

Z1-α/2 = Desired confidence level   

 Z 1-β = Power  

 

We planned to recruit 5 more samples at the time of IRB submission, resulting a total 

of 15 samples. 

Procedure:  Prospective interventional study 
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4.2. ALGORITHM OF THE STUDY 

 

 

 

       

        

          

          

            

          

         

         

        

        

        

            

         

         

         

        

        

       

            

Patients with carcinoma left breast with mastectomy with 

indication for adjuvant radiotherapy to internal mammary chain 

and /or other nodal regions 

Screen for eligibility with inclusion and exclusion criteria. 

Informed the patient regarding the trial and obtained 

informed consent.  

Baseline ECHO and pulmonary function test (PFT) done 

Training of the patient for controlled breathing   
       
 

Simulation and Planning CT with markers 

CT in free breathing CT in DIBH 

Transferred images to Treatment planning 

system and Registration 

Contoured Target organs and Organs at risk according 

to RTOG breast contouring guidelines 

Plans were generated and dosimetric evaluation done 

DIBH monitoring with RPM (Real time position) 

device prior to starting of radiotherapy 
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4.3. PATIENT COMPLIANCE/TRAINING: 

Patient education regarding controlled breathing is an important step in DIBH 

technique. Each patient was trained for 15-30 minutes for atleast 3 days and also 

asked to practice at home before doing planning CT scan. 

 

Real time Position Monitoring (RPM): 

RPM device consists of Infrared camera(IR), RPM gating software, visual goggles. 

The Infrared camera is mounted on the wall surrounded by infrared lights aimed in the 

same direction as the camera. A marker box with reflective dots is placed on the 

patient and used as a surrogate to measure the expansion of the patient’s thorax during 

breathing.  The camera detects the marker box and calculates the position and 

movement of the thorax. Patient must voluntarily breathe and visual goggles (Figure: 

4.1) are given to patient to monitor and familiarize with her own respiratory breathing 

cycle pattern. Vocal feedback was given in their respective languages to take deep 

breath, hold the breath and to do normal breathing. 

Treatment of patients using DIBH 

Follow up at 6 and 12 months with ECHO and PFT 
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Fig 4.1. Visual goggles 

 

 4.4. PATIENT SIMULATION: 

Patient is positioned over Breast Board with the angle position which brings the chest 

wall parallel to the treatment couch and arm placed over arm support with appropriate 

angle ensuring there is no axillary fold. Patient was asked to face towards the opposite 

wall keeping symphysis menti away from treatment portal. Field borders were set with 

placing fiducials over upper, lower, medial, lateral borders and over mid axillary line.  

 

Tracking of respiratory cycle: 

The localizer box (Figure 4.2) was kept in the mid line position at a distance of 8cm 

below the xiphisternum.  The respiratory cycle of the patient was tracked by placing 

the localizer box on the patient in the treatment setup position. The baseline 

respiratory cycle was recorded.  
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Figure 4.2: RPM software and 6 point Localiser box 

4.5. Image acquisition: 

The patient was instructed through the audio-visual system to hold the breath in deep 

inspiration for about 20-30 seconds to record the respiratory phase in DIBH.  The 

planning CT images with the standard thorax imaging parameters were acquired with 

2mm slice thickness from the level of 2
nd

 cervical vertebra to the upper border of 
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adrenals with field of view of 700mm (maximum FOV) using Seimens Somatom 

Definition AS. For all the patients two sets of planning CT images were acquired with 

same setup, one during the normal/free breathing cycle and the other with during deep 

inspirational breath hold.  

 

4.6. Treatment Planning: 

The planning CT images were transferred to the Eclipse treatment planning system 

(TPS) (Varian Medical System, USA). The CT images acquired with free breathing 

and deep inspiration breath hold were renamed as CT FB and CT DIBH respectively. 

The target (chest wall, supraclavicular region, axilla and internal mammary region), 

OARs (Organs at risk- ipsilateral lung, contralateral lung, heart, LAD and 

contralateral breast) and other organs such as oesophagus, liver, thyroid and spine 

were delineated as per the RTOG contouring guidelines (Annexure No.2).  

 

The single isocenter 3D conformal field in field (FiF) treatment plans were generated 

in the Eclipse TPS for both FB and DIBH image sets. Two conformal tangent beams 

for the chest wall and one direct anterior beam for supraclavicular region were added 

and the FiFs were created in the medial tangential fields (Figure 4.3). Both 6 MV and 

15 MV photon beams were used for the chest wall and supraclavicular regions 

respectively. The standard fractionation regimen of 50 Gy in 25 fractions to target 

volume over 5 weeks was used for all the patients. 
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Figure 4.3. Single isocentric FiF RT technique 

4.7. Plan evaluation parameters:  

S 

No. 

Structure Dosimetric parameters 

1 Target(CTV+SC+IMC+/-Axilla) D95%, D2%, D98%,V90%,V95%, V100% and 

Dmean (Dose volume coverage) 

2 Target(CTV+SC+IMC+/-Axilla) HI and CI (Plan quality parameters) 

3 Ipsilateral lung 

 

V5 Gy, V10 Gy and V20 Gy 

4 Combined lung  

 

V5 Gy, V10 Gy and V20 Gy 

5 Contralateral lung 

 

V5 Gy, V10 Gy and V20 Gy 

6 Heart  

 

V5 Gy, V10 Gy, V20 Gy, V25 Gy and Dmean 

7 LAD 

 

Dmax and Dmean 

8 Contralateral breast 

 

Dmean 

9 Oesophagus 

 

Dmean 

10 Spinal cord Dmax 

11 Thyroid Dmean 
CTV: Clinical Target Volume, SC: Supraclavicular region, IMC: Internal Mammary Chain 

 

  
 

 

 

  

 

 

 

 

 

 

 

 

Lateral View Top View 

Isocenter/ 
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Medial 
Field 
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D95 corresponds to absorbed dose received by 95% of target volume 

D2 corresponds to absorbed dose received by 2% of target volume 

D98 corresponds to absorbed dose received by 98% of target volume 

V95 corresponds to the volume of the target receiving 95% of the prescription dose, 

V105 corresponds to the volume of the target receiving 105% of the prescription dose, 

V107 corresponds to the volume of the target receiving 107% of the prescription dose, 

Dmean is the mean dose received by the target volume respectively. 

 

 

       Deep Inspiratory breast hold  Free Breathing 

 

Figure 4.4. 95% dosimetric comparison between DIBH and FB technique 
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4.8. Dosimetric evaluation:  

Target: All the plans were evaluated by analyzing dose distribution and dose volume 

histogram(DVH) [Figure 4.4 & 4.5]. For the target volumes, the dosimetric 

parameters such as D95%, D2%, D98%, V90, V95, V100 and Dmean were obtained 

from the cumulative DVH and the comparison was made between the DVH of the FB 

and DIBH plans using Eclipse TPS. 

 

Triangle: Deep inspiratory breath hold (DIBH), Square: Free Breathing 

 

Figure 4.5. Dose volume histogram and dose statistics of DIBH and FB technique 
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Additionally, the homogeneity and conformity indices (HI and CI) of the FB and 

DIBH plans were determined and compared. The homogeneity index was calculated 

by the following formula recommended by the International commission of Radiation 

units and measures (ICRU, report 83) 

Homogeneity Index (HI) = D2-D98/Dmean 

 

In ICRU report 83, the dosimetric parameters Dmin and Dmax are redefined as D98 

and D2 which correspond to minimum and maximum absorbed dose or isodose 

received by the target volume respectively. 

The Conformity Index (CI) was calculated by the following formula, 

Conformity Index (CI) = VI/TV 

Where, VI represents the volume of reference or prescription isodose in cc and 

TV represents the volume of target in cc. 

 

4.9. Organs at risk (OAR’s): 

Ipsilateral lung, Contralateral lung and Combined lung: 

For each patient, V5, V10 and V20 of ipsilateral and combined lung volumes of the 

FB and DIBH treatment plans were analyzed and compared. 

Heart: Of all the OARs, heart and the coronary vessels are the most important critical 

structures owing to the long term complications. For each patient, V5, V10, V20, V25 

and Dmean were analyzed and compared (Figure 4.6). 

LAD: The volume of LAD receiving Dmax and Dmean in FB and DIBH plans were 

analysed (Figure 4.6). 
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Figure 4.6. 50% dosimetric evaluation of DIBH and FB techniques showing reduction 

in heart and LAD dose in DIBH technique. 

 

 

Contralateral breast: For contralateral breast volume, Dmean in FB and DIBH plans 

were compared.  

Oesophagus: The volume of Oesophagus receiving Dmean in FB and DIBH plans 

were compared 

Spinal cord: The volume of spinal cord receiving Dmax in FB and DIBH plans were 

analyzed and compared 

Thyroid: The volume of Thyroid receiving Dmean in FB and DIBH plans were 

compared 

In our study, all the patients had Spirometry and ECHO at baseline and at follow up of 

6 months and 1year.  Echocardiogram was done to assess left ventricular ejection 

fraction and Spirometry for the assessment of FVC and FEV1 at various timelines. 
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4.10: Statistical analysis: 

Data was summarized as Mean and SD or Median (Inter Quartile Range - IQR) for 

continuous variables and categorical variables was reported by using number and 

percentages. The difference between baseline CT scan and DIBH RT, wilcoxon-

signed rank test was used. To find out the correlation between BMI and other clinical 

parameters, Spearman’s rank correlation coefficient was reported. P value of <0.05 

was considered as statistical significant. All the analyses were done by using SPSS 

software version 21.0. 
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5. RESULTS 

5.1      OVERVIEW OF PATIENTS RECRUITED IN THE STUDY 

Left-side breast cancer patients who had mastectomy received radiotherapy for chest 

wall, supraclavicular region and internal mammary nodes and/or axillary nodes were 

included in this study. Out of the 17 patients screened, 15 were enrolled in the study. 

Two patients refused to participate in the study. 

 

All the fifteen patients had baseline Spirometry and ECHO and were trained for deep 

inspiratory breath hold (DIBH) atleast 3 days.  

 

5.2    PATIENT CHARACTERISTICS 

The patient demographics are depicted in Table 5.1. The mean age of the patients was 

48.6 years (range: 33-67 years). Ten out of 15 patients had BMI >25 and mean BMI 

was found to be 25.9 (ranging from 21.5-31.2) (Figure 5.1).   

 

Table 5.1: Demographic and clinical characteristics 

Total number of patient screened 17 

Patients who were recruited in to the study 15 

Age in years (n=15) 

 

 

Mean age- 48.6 years          

Range- 33 to 67 years 

31-40  2 

41-50  6 

51-60 5 

61-70 2 
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Body Mass Index Mean BMI              - 24.59 

Acceptable BMI     - 5 

Overweight            - 9 

Obese                     - 1 

Menopause Premenopausal           - 1 

Perimenopausal           -7 

Postmenopausal          - 6 

Primary Amenorrhoea -1 

Comorbidities Diabetes                              - 4 

Hypertension                       - 6 

Nil                                       – 8 

Diabetes and Hypertension – 3 

 

 

Figure 5.1: Body mass index of patients 

Seven patients were perimenopausal, 6 were postmenopausal, 1 was premenopausal 

and one had primary amenorrhoea due to uterine agenesis (Figure 5.2). Six out of 15 

patients had more than one co-morbidity (Diabetes and Hypertension). 

 

BMI 

Acceptable

Over weight

Obese

5 

9 

1 
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Figure 5.2: Menopausal status of patients 

All the fifteen patients had invasive ductal carcinoma, which included 2 grade 1, 8 

grade 2 and 5 grade 3 breast cancers. The tumour characteristics are shown in Table 

5.2. Most of the tumours are located in upper outer quadrant (8) followed by lower 

inner quadrant(3) (Figure 5.3).  

Table 5.2:  Tumour characteristics  

Tumour grade 

(Infiltrating ductal carcinoma – 15) 

Grade 1  – 2 

Grade 2 – 8 

Grade 3 – 5 

Tumour location (Quadrant) Upper Outer   – 8 

Upper Inner   – 1 

Lower Outer  – 2 

Lower Inner  – 3 

Central          – 1 

Stage IB    –  3 

IIB   – 2 

IIIB  – 8 

IIIC  – 1 

IV    – 1 

Menopause 

Premenopausal

Perimenopausal

Postmenopausal

Primary Amenorrhoea

1 

6 

7 

1 
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Hormone status ER positive      – 9; negative – 6 

PR positive      – 8; negative – 7 

HER2 positive – 8; negative – 7 

Molecular type Luminal A        – 4 

Luminal B        – 5 

Basal like         – 3 

HER2 enriched – 3 

 

 

UOQ: Upper Outer Quadrant; UIQ: Upper Inner Quadrant                                       

LOQ: Lower Outer Quadrant; LIQ: Lower Inner Quadrant 

 

Figure 5.3: Tumour location in various quadrants of breast 

 

Figure 5.4: TNM staging of breast cancer 
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Most of the patients were in TNM stage IIIB (Figure 5.4). Based on hormonal and 

epithelial growth factor, 5 patients were triple positive (ER+, PR+, HER2+), 4 patients 

with ER+, PR+, HER2-, 3 patients with triple negative (ER-, PR-, HER2-) and 3 

patients with HER2 enriched (ER-, PR-, HER2+) subtypes (Figure 5.5). Molecular 

classification revealed predominantly luminal B followed by luminal A type tumours 

(Figure 5.6). 

 

Figure 5.5: Hormonal status of breast cancer patients 

 

 

Figure 5.6: Molecular classification of breast cancer 
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5.4 Treatment characteristics: 

Among 15 patients, 8 received RT to chest wall, supraclavicular fossa, internal 

mammary region & axilla and 7 to chest wall, supraclavicular fossa & internal 

mammary region with a radiation dose of 50 Gy in 25 fractions, 5 days a week for 5 

weeks (Table 5.3). All the 15 patients received chemotherapy, 11 in the neoadjuvant 

chemotherapy and 6 as adjuvant chemotherapy. Two patients received neoadjuvant 

and adjuvant chemotherapy. The chemotherapy regimens included anthracyclins and 

taxanes. Out of the 8 patients with positive HER2 status, 7 received 

neoadjuvant/adjuvant Trastuzumab. 

 

Table 5.3: Treatment characteristics: 

Regions treated in RT Chest wall+SCF+IMC               -7 

Chest wall+SCF+IMC+Axilla  -8 

Chemotherapy (n=13) Neoadjuvant        - 11 

Adjuvant             -   6 

Chemotherapy  Anthracyclines - 13 

Taxanes            - 13 

Targeted therapy Trastuzumab:  Yes-7,   No-8 

Hormonal therapy Yes – 10, No- 5 

SCF: Supraclavicular fossa; IMC: Internal mammary chain 
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5.5 ANATOMICAL PARAMETERS OF PATIENT AND DOSIMETRIC 

CORRELATION: 

Maximum heart distance (MHD), central lung distance (CLD) and chest wall 

separation(CWS) were analyzed for free breathing and DIBH. Table 5.4 shows the 

parameters observed. The mean of the MHD in free breathing technique was found to 

be 2.57cm (range 1.93-3.13cm) and in DIBH technique was 1.57cm (range 0.87-

2.17cm). The mean of the CLD in free breathing technique was found to be 2.59cm 

(range 1.15-3.51cm) and in DIBH technique was noted as 3.06 (range 2.18-4.00cm). 

The mean of the CWS in free breathing technique was found to be 21.60cm 

(range18.89-25.22cm) and in DIBH technique was noted as 21.90cm (range 19.47-

25.40cm). Maximum heart distance, central lung distance and Haller index showed 

statistical significance between the two techniques. 

 

Table 5.4: Patient anatomical parameters and dosimetric correlation 

Parameter FB DIBH p-value 

 

Mean±SD Median 

(IQR) 

Mean±SD 

 

Median (IQR) 

Haller index 

 

2.32±0.19 2.2 

(2.1, 2.4) 

2.16±0.18 2.1 0.001 

MHD 

 

2.57±0.36 2.6 

(2.3, 2.9) 

1.57±0.36 (2.0, 2.3) 0.001 

CLD 

 

2.59±0.57 2.6 

(2.3, 2.9) 

3.06±0.46 1.6 0.011 

CWS 21.60±1.94 20.9 

(20.3, 23.6) 

21.9±1.78 (1.2, 1.8) 0.629 
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5.6 DOSIMETRIC CHARACTERISTICS OF TARGET VOLUME-CHEST WALL 

Various dosimetric parameters were used in this study to compare the FB and DIBH 

based treatment plans. The parameters V90, V95, V100, D2, D95, D98 and Dmean 

were analyzed. Table 5.5 shows that the target coverage (left chest wall) for 

parameters such as V90, V95, V100, D2, D95, D98 and Dmean were similar in both 

the FB and DIBH techniques and p values were insignificant as showed in Table 5.5. 

V90 and V95 parameters had a minimum dose of above 90% which suggests that 

generation of good plans is possible with both the techniques. D2 and D98 values 

show that FB had more hot and cold spots compared to DIBH and DIBH overall had a 

very homogenous distribution. 

Table 5.5: Dosimetric characteristics of target volume – Left chest wall 

Parameter FB DIBH p value 

Mean±SD Median IQR) Mean±SD Median IQR) 

V90 (%) 98.60±0.98 98.8 

(97.6, 99.2) 

99.05±0.53 98.9 

(98.5, 99.5) 

0.074 

V95 96.34±1.48 96.7 

(95.1, 97.9) 

96.91±1.71 97.0 

(96.3, 98.1) 

0.125 

V100 78.13±8.52 78.5 

(70.8, 84.0) 

75.91±7.06 76.0 

(70.2, 83.2) 

0.427 

D2 (Gy) 53.64±1.78 53.19 

(52.94,53.57) 

53.28±0.35 53.30 

(52.98,53.50) 

0.691 

D95 

 

48.24±0.67 48.22 

(47.72,48.74) 

48.28±0.49 48.25 

(47.92,48.60) 

0.691 

D98 45.61±2.91 46.46 

(43.80,47.71) 

46.76±0.88 46.70 

(45.82,47.54) 

0.256 

Dmean 50.91±0.96 50.70 

(50.40,51.01) 

50.79±0.28 50.71 

(50.64,51.09) 

0.426 
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5.7 DOSIMETRIC CHARACTERISTICS OF SUPRACLAVICULAR REGION 

The dosimetric parameters V90, V95, V100, D2, D95 and D98 analyzed for 

supraclavicular region in Table 5.6, compared between FB and DIBH plans showed 

93.75±2.85%, 86.16±7.62%, 59.97±15.36%, 53.22±0.76 Gy, 43.62±2.82 Gy and 

38.03±4.54 Gy for FB plans and 95.67±2.09%, 88.77±5.94%, 61.01±15.13%, 

52.39±2.49 Gy, 47.61±8.45 Gy and 41.74±5.16 Gy for DIBH plans. Among these 

parameters, V90, D95 and D98 showed statistically significant advantage with DIBH 

in comparison with FB, whereas V95, V100 and D2 showed no statistical 

significance. 

 

Table 5.6 Dosimetric characteristics of target volume – Left supraclavicular region 

Parameter FB DIBH p value 

Mean±SD Median (IQR) Mean±SD Median 

(IQR) 

V90 93.75±2.85 94.30 

(91.5, 96.7) 

95.67±2.09 96.20 

(94.0, 97.2) 

0.017 

V95 86.16±7.62 88.50 

(82.7, 90.9) 

88.77±5.94 88.90 

(84.5, 93.6) 

0.307 

V100 59.97±15.36 64.20 

(53.8, 70.5) 

61.01±15.13 59.90 

(50.2, 73.0) 

0.733 

D2 53.22±0.76 53.09 

(52.86,53.50) 

52.39±2.49 53.05 

(52.62,53.59) 

0.363 

D95 43.62±2.82 44.43 

(42.57,45.92) 

47.61±8.45 45.72 

(44.26,46.75) 

0.020 

D98 38.03±4.54 38.16 

(33.90,42.02) 

41.74±5.16 42.72 

(38.12,43.83) 

0.027 
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5.8 DOSIMETRIC CHARACTERISTICS OF INTERNAL MAMMARY NODAL 

REGION 

The dosimetric parameters V90, V95, V100, D2, D95, D98 and Dmean were analyzed 

for IMN region and is depicted in Table 5.7. Among these parameters, V90, V95, D98 

and Dmean showed statistically significant advantage with DIBH in comparison to 

FB, whereas V100, D2 and D95 showed no statistical significance. Figure 5.7 shows 

higher dosimetric coverage of IMN V90 with median-85 (IQR-70, 95) in DIBH 

technique compared to Free breathing technique (median 52.7; interquartile 49.3, 70). 

 

Table 5.7 Dosimetric characteristics of Internal Mammary Nodal Region 

Para 

meter 

FB DIBH p value 

Mean±SD Median (IQR) Mean±SD Median (IQR) 

V90 57.33±23.09 52.70 

(49.3, 69.7) 

82.39 84.9 

(69.5, 95.0) 

0.008 

 

V95 44.03±23.65 38.20 

(20.5, 58.7) 

63.82 67.5 

(50.0, 76.9) 

0.015 

 

V100 25.42±19.72 21.80 

(6.6,40.2) 

30.57 26.2 

(13.0, 43.3) 

0.307 

 

D2 52.59±2.11 52.66 

(50.75,53.64) 

52.20 51.96 

(51.45,53.35) 

0.820 

D95 29.07±12.20 33.56 

(17.82,35.20) 

37.19 43.17 

(35.88,45.12) 

0.053 

D98 25.87±11.35 30.35 

(15.38,32.39) 

34.97 41.10 

(30.18,43.89) 

0.031 

Dmean 42.51±7.03 44.23 

(39.75,46.71) 

47.10 48.03 

(46.32,48.77) 

0.041 
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Figure 5.7:  Box Plot of Internal Mammary Nodal Region shows higher dosimetric 

coverage of IMN V90 with median-85 (IQR-70, 95) in DIBH technique compared to 

free breathing technique (Median of 52.7; interquartile 49.3, 70). 

The p value of V90 between the DIBH and FB technique for IMR was 0.008. 
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5.9 DOSIMETRIC CHARACTERISTICS OF AXILLA 

The dosimetric parameters V90, V95, V100, D2, D95 and D98 were analyzed for 

axillary region in Table 5.8, compared between FB and DIBH plans showed 

90.30±8.80%, 71.10±16.50%, 34.30±14.70%, 51.14±3.78 Gy, 41.48±10.46 Gy, and 

41.24±12.54 Gy for FB plans and 83.20±26.90%, 68.80±24.40%, 33.80±18.20%, 

48.65±5.66 Gy, 36.69±16.71 Gy and36.97±19.09 Gy for DIBH plans. There is no 

statistical significance between free breathing and DIBH among the parameters tested. 

 

Table 5.8: Dosimetric characteristics of Axilla 

Para 

meter 

FB DIBH p value 

Mean±SD Median (IQR) Mean±SD Median (IQR) 

V90 90.30±8.80 91.20 

(81.9, 97.8) 

83.20±26.90 95.2(72.1, 97.8) 0.674 

V95 71.10±16.50 75.30 

(53.2, 84.8) 

68.80±24.40 77.0(54.2, 86.7) 1.000 

V100 34.30±14.70 37.60 

(19.1, 45.9) 

33.80±18.20 29.0(21.8, 49.1) 0.575 

D2 51.14±3.78 52.26 

(51.14, 53.22) 

48.65±5.66 51.36  

(43.01, 53.11) 

0.674 

D95 41.48±10.46 44.30 

(43.54, 46.82) 

36.69±16.71 45.25 

(22.32, 46.06) 

0.327 

D98 41.24±12.54 44.41 

(42.39, 46.46) 

36.97±19.09 44.13 

(17.75, 50.15) 

1.000 
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5.10   SIGNIFICANCE OF CONFORMITY AND HOMOGENEITY INDICES 

The mean values of homogeneity index for both FB and DIBH techniques are outlined 

in Table 5.9. The DIBH technique allowed more homogeneity distribution with HI 

values of 0.23± 0.14 and 0.13± 0.02 for FB and DIBH techniques respectively. The 

difference was significant p=0.002. The conformity index (CI) was similar for both 

FB and DIBH techniques (p=0.615). Figure 5.8 and 5.9 shows dosimetric Box Plot of 

homogeneity index and conformity index. 

Table 5.9: Significance of Conformity and Homogeneity indices 

Region FB DIBH p value 

Mean±SD Median (IQR) Mean±SD Median 

(IQR) 

Conformity 

index 

1.19±0.15 1.20 

(1.0, 1.3) 

1.20±0.16 1.1 

(1.0, 1.3) 

0.615 

Homogeneity 

index 

0.23±0.14 0.10 

(0.1, 0.2) 

0.13±0.02 0.1 

(0.1, 0.1) 

0.002 

 

 

Figure 5.8: Dosimetric Box Plot of Homogeneity index shows better Homogeneity index plan 

with DIBH technique with median of 0.1 (interquartile-0.1, 0.1) compared to Free breathing 

technique with median of 0.2 (interquartile 0.1, 0.2) with significant p value. 
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Figure 5.9: Dosimetric Box Plot of Conformity index shows poor conformity index 

plan with DIBH technique with median of 1.1 (interquartile-1.0, 1.3) compared to 

Free breathing technique with median of 1.20 (interquartile 1.0, 1.3) with no  

significant p value. 

 

5.11 DOSIMETRIC CHARACTERISTICS OF HEART 

Heart is one of the main organs at risk while delivering radiotherapy to thoracic region 

and during left breast cancer radiotherapy accounting for long term morbidity and 

mortality. In left breast radiotherapy, V25 and Dmean are more commonly used dose 

volume parameters for evaluating the breast radiotherapy plans.  In the present study, 

FB and DIBH plans were evaluated using different parameters like V5, V10, V20, 

V25 and Dmean. V5 corresponds to low dose spread to heart in percentage.          
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Table 5.10 shows values of parameters taken for heart analysis in both FB and DIBH 

techniques. 

 

Statistical analysis showed significant reduction in dose to heart in the DIBH plans for 

the parameters (V20, V25 and Dmean) that were analyzed as compared to FB plans 

with significant difference (p value 0.001). Figures 5.10 and 5.11 shows dosimetric 

box plot of V20 and Dmean of Heart. 

V20, V25 and Dmean parameters for heart volume clearly supports the DIBH 

technique for left sided breast cancer patients to reduce the radiation induced side 

effects without compromising the target coverage. 

 

Table 5.10: Dosimetric characteristics of Heart  

Para  

meter 

FB DIBH p value 

Mean±SD Median (IQR) Mean±SD Median (IQR) 

V5 37.38±12.77 33.5 

(29.7, 46.6) 

37.40±22.19 31.50 

(17.0, 56.3) 

0.776 

V10 17.87±6.23 16.9 

(13.1, 21.7) 

14.26±14.31 8.90 

(7.4, 16.3) 

0.053 

V20 12.83±3.53 13.0 

(10.5, 15.3) 

6.15±2.77 5.70 

(4.0, 7.3) 

0.001 

V25 11.90±3.46 12.0 

(9.6, 14.4) 

5.17±2.37 4.70 

(3.4, 6.1) 

0.001 

Dmean 8.69±1.65 8.9 

(7.58, 9.75) 

5.73±1.41 5.82 

(5.16, 6.06) 

0.001 
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Figure 5.10: Dosimetric box plot of V20 of Heart 

 

 

Figure 5.11: Box Plot of Dmean of Heart 
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5.12 DOSIMETRIC CHARACTERISTICS OF LEFT ANTERIOR DESCENDING 

ARTERY (LAD):  

LAD is involved while delivering radiation to the left chest wall as well as the dose is 

mostly received by the anterior part of the heart where it is located. Doses received by 

the LAD are directly proportional to the risk of development of radiation induced 

ischemic heart disease. In this study LAD doses were evaluated in FB and DIBH plans 

with two different volume parameters (Dmax and Dmean). Delineating and evaluating 

LAD is difficult since its volume is only about 1cc. In our study, delineation of LAD 

was restricted due to the slice thickness, motion artefacts (DIBH). Table 5.11 shows 

the LAD doses observed from the FB and DIBH plans. Very few studies dealt with the 

doses to LAD and no standard protocols for estimation of LAD doses were defined. 

A significant reduction in doses to the LAD in DIBH plan was observed in 

comparison to the FB plan. In FB plans there was lot of fluctuations in the doses to the 

LAD due to the respiratory motion which could be avoided in DIBH plans (Figure 

5.12). 

Table 5.11: Dosimetric characteristics of LAD 

Parameter Mean±SD Median (IQR) Mean± SD Median(IQR) p value 

Dmax 51.68±1.65 51.34 

(50.73, 52.31) 

46.91±9.90 49.16 

(47.67, 51.23) 

0.006 

Dmean 29.05±7.38 29.08 

(22.90, 32.93) 

20.95±7.65 23.10 

(12.22, 25.97) 

0.001 
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Fig.5.12. Box plot of mean LAD in FB and DIBH technique 

 

5.13 DOSIMETRIC CHARACTERISTICS OF IPSILATERAL, 

CONTRALATERAL AND COMBINED LUNGS 

Lung volumes (ipsilateral, contralateral and combined) were analyzed with various 

dose volume parameters. 

Ipsilateral lung: The ipsilateral lung volume parameters were analyzed using 3 

different volume parameters (V5, V10 and V20) among which V20 is widely used to 

estimate radiation induced side effects. Table 5.12 shows the dosimetric 

characteristics of ipsilateral lung. The mean of V5, V10 and V25 of ipsilateral lung 
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showed only a small difference in DIBH with respect to the FB plan, they were found 

to be statistically insignificant (p value >0.05). 

Contralateral lung: The contralateral lung is not involved in tangential FiF formal 

treatment plan and only V5(represents low dose spread) parameter was analyzed. 

Table 5.12 shows the dosimetric characteristics of contralateral lung. This table shows 

statistically insignificant difference between the FB and DIBH plans for V5 (p value 

0.096).  

Combined lung: The same dosimetric parameters of ipsilateral lung volume were 

analyzed for combined lungs. Since the combined lung includes the contralateral lung 

which is not involved in tangential FiF technique, the dosimetric parameters were 

found to be no significant difference. 

Table 5.12: Dosimetric characteristics of Ipsilateral, contralateral and combined lungs 

Region Para 

meter 

FB DIBH p value 

Mean±SD Median(IQR) Mean±SD Median(IQR) 

Left Lung V5 56.32±9.93 54.9  

(49.3, 58.2) 

58.31±11.4

9 

56.1 

(49.6, 67.4) 

0.394 

V10 40.04±6.14 39.9 

(36.5, 42.9) 

38.86±6.48 37.2 

(35.2, 44.1) 

0.307 

V20 30.08±4.31 29.7 

(27.0, 32.7) 

28.07±4.08 27.9 

(25.8, 31.4) 

0.078 

Right Lung V5 0.324±0.35 0.1 

(0.0, 0.6) 

0.95±3.14 0.1 

(0.0, 0.3) 

0.096 

Combined 

lungs 

V5 26.26±5.17 26.5 

(23.0, 28.7) 

28.25±6.87 25.8 

(23.4, 33.3) 

0.191 

V10 18.59±3.26 18.6 

(16.6, 19.5) 

18.48±3.46 17.7 

(16.2, 21.0) 

0.629 

V20 13.92±2.26 14.0 

(12.5, 15.0) 

13.30±2.03 13.4 

(12.0, 14.5) 

0.191 
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5.14 DOSIMETRIC CHARACTERISTICS OF ORGANS AT RISK (OAR) 

There is a probability of development of second malignancy in contralateral breast due 

to the scattered dose delivered to the contralateral breast volume during radiotherapy 

for breast cancer. In this study, we evaluated Dmean parameter (Table 5.13), which 

showed lower dose with DIBH technique (p value 0.027). Similarly, oesophagus also 

received lower dose with DIBH technique (p value 0.001).  However, the spinal cord 

and thyroid showed no statistical difference. 

Table 5.13: Dosimetric characteristics OAR 

Region Para 

meter 

FB DIBH p 

value Mean±SD Median 

(IQR) 

Mean±SD  Median 

(IQR) 

Contralateral 

Breast 

Dmean 0.76±0.42 0.71 

(0.39, 0.97) 

1.13±0.57 1.00 

(0.82,1.66) 

0.027 

Oesophagus Dmean 

 

10.60±3.17 9.21 

(8.00,13.44) 

8.24±3.03 8.61 

(5.71,9.10) 

0.001 

Spinal cord Dmax 33.19±3.72 32.88 

(29.59,35.38) 

31.30±6.64 33.13 

(30.18,34.69) 

0.691 

Thyroid Dmean 

 

29.00±5.80 27.44 

(24.02, 33.78) 

29.24±8.60 26.42 

(24.72,34.02) 

0.496 
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Follow up: 

The follow up ranged from 1 to 12 months. Out of 15 patients, 7 had one year follow 

up, one was lost to follow up and one died due to brain metastases before first follow 

up. There was no significant difference in ejection fraction, FEV1 and FVC levels 

compared to baseline among those who had one year follow up.  
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6. DISCUSSION 

 

This study was performed to evaluate the efficacy of DIBH technique and its 

dosimetric advantages over free breathing technique in terms of cardiac and lung 

sparing for patients with left sided chest-wall and regional supraclavicular, internal 

mammary and/or axillary nodal regions. 

 

The mean age of patients in our study cohort was 48.6 years (range: 33-67 years). Ten 

out of 15 patients had BMI >25 and mean BMI was found to be 25.9 (ranging from 

21.5 to 31.2) which was similar in a study reported by Darapu et al, where mean age 

was 50 and mean BMI was 26 [54]. However, we have included patient with IMN 

involvement for better dosimetric assessment.  

 

Kunheri, et al [2] analysed data of 45 patients with left sided breast cancer. The 

median age of the patients was 45.2 years (29–62 years). Nine patients had stage I 

(20%), 24 patients had Stage IIA (53.3%), eight patients had Stage IIB (17.8%), and 

four patients had Stage IIIA (8.9%) disease. In our study, most the patients were in 

TNM stage IIIB (8 patients) followed by IB (3 patients) and IIB (2 patients). Our 

study did not correlate with this as the group was selected patients requiring nodal 

irradiation which is locally advanced breast cancer. 
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Most of the tumours were located in upper outer quadrant (8 cases) followed by lower 

inner quadrant (3 cases). Cardiopulmonary comorbidities include diabetes mellitus (4 

patients), hypertension (6 patients), combined diabetes and hypertension (3 patients), 

and no comorbidities in 8 patients. 

 

In Huszno J et al study [55], among 166 patients, Estrogen receptor status (ER) was 

positive in 96 patients and negative in 70 patients; Progesterone receptor status (PR) 

was positive in 82 and negative in 84 patients; and HER2 positive in 150 patients. 

Hormonal status of patients showed 77 patients with ER positive/PR positive/Her 2 

neu positive, 18 with ER positive/PR negative/Her 2 neu positive, 7 with ER 

negative/PR positive/Her 2 neu positive and 64 patients with ER negative/PR 

negative/Her 2 neu positive receptor status. In the present study, hormonal status of 

patients showed 5 patients with triple positive (ER positive, PR positive, Her 2 neu 

positive) status followed by 4 patients with ER positive, PR positive, Her 2 neu 

negative cases, and then 3 patients with triple negative and 3 patients with Her 2 neu 

enriched. Molecular classification revealed predominantly luminal B followed by 

luminal A and equal HER2 enriched and basal–like tumours. 

 

In a study by Dell'Oro M et al [56], measured dosimetric parameters of ipsilateral lung 

(IL) and total lung volume (TLV) demonstrated a negative effect for the DIBH 

technique, suggesting that there is no relationship between the magnitude of dose 

reduction to OARs and CLD. The study also showed that the DIBH technique had 
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limited effect on chest wall separation (CWS) distance as the average mean length 

was the same 23.1 cm across both plans for the 15 patients.  

 

In our study, the dosimetric characteristics of ipsilateral lung volume parameters (V5, 

V10 and V20) with DIBH were found inconsistent as presented by other groups.  The 

difference observed in DIBH with respect to the FB plan were found to be statistically 

insignificant (p value >0.05). The mean of the chest wall separation in free breathing 

technique was found to be 21.6 (range 18.8-25.2cm) and in DIBH technique was 

noted as 21.9 (ranges between 19.4-25.4cm) which was similar to study stated above. 

 

According to Lowanichkiattikul et al [57], median lung volume was 3160.5cm
3
 

(1830.8–4754.0) and median Haller index was 2.43 (1.92–3.56). There was no 

significant effect of the type of surgery, BMI, lung volume, and the Haller index on 

the distances of chest wall movement. 

 

In our study, the median of the Haller index is 2.2 in free breathing compared to 2.1 in 

DIBH. It was statistically significant (p value 0.001), even though difference in 

median found to be only 0.1 less. 

 

In our study, the mean of the maximum heart distance in free breathing technique was 

found to be 2.5cm (range 1.9-3.1) and in DIBH technique was noted as 1.5 (ranges 

between 0.8-2.1cm). The mean of the central lung distance in free breathing technique 

was found to be 2.5 (ranges between 1.1-3.5cm) and in DIBH technique was noted as 
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3.0 (ranges between 2.1-4.0cm). Maximum heart distance, central lung distance and 

Haller index parameters showed statistical significance.  

 

Darapu et al [54] reported that the similar target volume parameters (V95, V105, 

V107, and Dmean) between FB plan (97.8 ± 0.9, 6.1 ± 3.4, 0.2 ± 0.3, 101.9 ± 0.5%) 

and DIBH plan (98.1 ± 0.8, 6.1 ± 3.2, 0.2 ± 0.3, 101.9 ± 0.4%), respectively. The 

conformity and homogeneity indices for the FB plans showed 1.3± 0.2 and 0.1 and for 

the DIBH plans 1.2±0.3 and 0.1, respectively. There was a significant reduction in 

dose to the heart in the DIBH plans compared to the FB plans, with statistically 

significant p values for the dosimetric parameters such as V5, V10, V25, V30 and 

Dmean. 

 

In the present study, the chest wall coverage parameters V90, V95, V100, D2, D95, 

D98 and Dmean were analyzed. The coverage when compared for V90 showed 

98.6±0.9% and 99.0±0.5% in FB and DIBH FiF plans respectively. The other dose 

regions V95, V100, D2, D95, D98 and Dmean when analyzed showed 96.3±1.4%, 

78.1±8.5%, 53.6±1.7 Gy, 48.2±0.6 Gy, 45.61±2.9 Gy and 50.91±0.9 Gy for FB plans 

and 96.9±1.7%, 75.9±7.0%, 53.2±0.3 Gy, 48.2±0.4 Gy, 46.7±0.8 Gy and 50.7±0.2 Gy 

for DIBH plans. There was no difference in the dosimetric parameters of FB and 

DIBH plans for chest wall. The p value was noted as insignificant for all the 

parameters. 
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Al-Hammadi N et al [46],  showed  voluntary DIBH resulted in a significant reduction 

of mean cardiac dose from 6.1±2.5 to 3.2±1.4 Gy (p < 0.001), maximum cardiac dose 

from 51.1±1.4 to 48.5±6.8 Gy (p=0.005) and cardiac V25 Gy from 8.5 ± 4.2 to 3.2 ± 

2.5% (p< 0.001) when compared with FB. Heart volumes receiving high (30–50 Gy) 

and low (10–20 Gy) doses were also significantly reduced. Mean dose to the left 

anterior coronary artery was 23.0 ± 6.7 Gy and 14.8 ± 7.6 Gy on FB and V-DIBH, 

respectively (p< 0.001). 

 

 

In a study by Vuong et al .[58], DIBH and FB plans showed a significant decrease in 

mean and maximum heart doses in all the patients with individual mean heart doses 

decreased by an average of 1.12 Gy. The average mean heart dose for DIBH plans 

was significantly lower when compared to FB plans (1.02 vs. 2.12 Gy; p <0.0001). 

Maximum heart dose was significantly lower in DIBH and decreased by an average of 

11.88 Gy when compared to FB plans (28.33 vs. 43.7Gy; p = 0.0001). In our study, 

statistical analysis showed significant reduction (mean difference of FB and DIBH 

doses in V20, V25 and Dmean were 12.83-6.15=6.33, 11.90-5.17=6.73 and 8.69-

5.73=2.96 respectively) in dose to heart in the DIBH plans for the parameters (V20, 

V25 and Dmean) that were analyzed as compared to FB plans with significant 

difference (p=0.001).V20, V25 and Dmean parameters for heart volume clearly 

supports the DIBH technique for left sided breast cancer patients to reduce the dose to 

the heart without compromising the target coverage. 
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Dosimetric characteristics of LAD showed statistically significant low dose (add 

actual doses) (mean difference of FB and DIBH doses were 51.68-46.91=4.77 and 

29.05-20.95=8.10) with DIBH (Dmax and Dmean, p<0.001) as compared to FB 

technique. 

 

Lin A and Sharieff et al [9] compared DVH of heart between FB and DIBH 

techniques for post-BCS and post-mastectomy patients. DIBH decreased V5 of heart 

by an absolute 4.5% (2.3 vs.6.8 %; p=0.0001) versus 2.4% (1.3 vs. 3.7 %; p=0.0028) 

in post-mastectomy group versus post-breast-conserving surgery (BCS) group. DIBH 

decreased the mean heart dose by 107.0 cGy (127.4vs. 234.4 cGy; p=0.0002) versus 

58.9 cGy (82.2 vs. 141.1 cGy; p=0.0012) in post-mastectomy group versus post BCS 

group. DIBH decreased mean LAD by 1201.6 cGy (670 vs.1872.5 cGy; p=0.0006) in 

post-mastectomy group, versus 799.0 cGy (425.3 vs. 1224.3 cGy; p=0.0003) in post-

BCS group. This study indicates that there is considerable reduction in cardiac 

exposure in most patients with DIBH compared to FB technique. 

 

Joo et al [4] in his study observed the dosimetric parameters of heart [(Dmean (cGy), 

V10, V20, V30, V40,V50 and MHD(cm)], lung [Dmean (cGy), V20, V40 and CLD 

(cm)] and LAD [Dmean (cGy) and Dmax (cGy)] showed significant reduction with p 

value <0.05 when compared DIBH with FB techniques. 

 

Al-Hammadi N et al [46] demonstrated that there was no statistical difference in 

cardiac dose volume histogram parameters among patients receiving left 
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supraclavicular fossa radiotherapy and patients treated with breast/chest wall 

radiotherapy alone. Mean dose to the left lung and lung volumes receiving V10, V20 

and V30, were statistically significant in the subgroup with inclusion of SCF both in 

voluntary DIBH and FB treatment plans respectively. 

 

In our study, V90, D95 and D98 showed statistically significant advantage while 

treating supraclavicular region with DIBH in comparison to FB, whereas V95, V100 

and D2 showed no statistical significance. 

 

Recent data [59] demonstrated reduced recurrence rate of breast-cancer, improved 

disease-free survival and distant disease free survival after irradiation of the loco-

regional lymph nodal system in node positive and node negative patients with risk 

factors. In another study [60], treatment of the IMN lymph nodes of right sided 

disease compared to left-sided disease where IMLNs were not treated showed a 3.7% 

8-year OS benefit. In our study, patients with T4b and N2 disease received IMN 

radiation also. 

 

In our study, IMN coverage was better with DIBH than in FB technique as it is moved 

closer to upper chest wall regions during DIBH. Treating IMN without respiratory 

gating could result in two potential causes,  

1. Complete or partial geometrical miss and  

2. Increased heart and lung doses.  
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Our results showed that the DIBH could help address these geometric and dosimetric 

concerns when treating IMN.  

 

Nguyen et al [61] in his study, reviewed 49 patients who received nodal irradiation, 

either to a supraclavicular field (SCF) and IMN (16), or to the SCF alone (33) and 

compared mean heart dose and dose volumes between free breathing (FB) and DIBH 

treatment plans. DIBH significantly reduced the average mean heart dose (p<0.001) in 

both the IMN treated group from 6.73Gy to 2.79Gy (−56.4%) and the IMN untreated 

group from 4.77Gy to 1.55Gy (−63.7%). There was a discrepancy of 7.3% difference 

in relative reduction between IMN treated and non-treated group which was not 

statistically significant (p=0.216). Relative reductions in heart dose volumes were all 

significantly lower for IMN-irradiated patients (p≤0.012), with the greatest separation 

in relative heart sparing at low doses (V5, difference = −20.5%, p<0.001) that 

gradually diminished with increasing dose (V25). 

 

In our study, the dosimetric parameters V90, V95, V100, D2, D95, D98 and Dmean 

were analyzed for IMN region and compared between FB and DIBH plans. Among 

these parameters, V90, V95, D98 and Dmean showed statistically significant 

advantage with DIBH in comparison to FB, whereas V100, D2 and D95 showed no 

statistical significance.  
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The study reported by Kunheri, et al [2] compared the dosimetric parameters such as 

V5, V15, V20, V25, V30, V35, V40, Dmean and Dmax of ipsilateral lung volume 

between FB and Active breathing coordinator (ABC) based treatment plans. They 

showed statistically insignificant difference for all the parameters, except for V15 with 

p value ≤0.02. Combined lung parameters [MLD, V20, TLV] and breast parameters 

[Dmax, D90, D95] when analysed almost all parameters except V20 (p<0.01) showed 

no statistical significance between FB and Active breathing coordinator (ABC) plans. 

In a study by et al [54], contralateral lung (V5, Dmean), combined lung (V5, V20, 

V30, Dmean) and contralateral breast (V5, Dmax, Dmean) when analysed showed no 

statistical significance between FB and DIBH plans respectively. 

 

In our study, the mean, V5, V10 and V25 of ipsilateral lung showed minor difference 

between DIBH and FB plans, and were found to be statistically insignificant (p>0.05). 

Further, the same dosimetric parameters of ipsilateral lung volume were also used to 

compare the combined lung volume and found to be statistically insignificant. Since 

majority of the prescribed dose was contributed from the opposing tangential fields,  

The contralateral lung was completely spared in both FB and DIBH plans. Therefore, 

the V5 was used to compare the low dose spread in the contralateral lung volumes. 

For both cases (DIBH vs FB), the V5 of contralateral lung was relatively similar and 

found to be statistically insignificant (p=0.096).  
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Dumane VA et al [53] reported the mean dose to the heart and maximum dose to the 

left anterior descending (LAD) artery was reduced with significant p (<0.05) value by 

means of DIBH. The V5 of heart, ipsilateral lung, contralateral lung and total lung 

showed average reduction of 29.6%, 5.8%, 15.4% and 10.8% respectively. No 

Statistical significance was seen in the ipsilateral lung as well as in the mean 

contralateral breast dose. Dosimetric comparison of other OAR such as oesophagus, 

thyroid and brachial plexus showed insignificant difference between FB and DIBH 

plans. 

 

In our study, Dmean of contralateral breast was lower with DIBH technique 

(p=0.027). Similarly, oesophagus also received lower dose with DIBH technique (p 

value 0.001).  However, the spinal cord and thyroid showed no statistical difference.  

 

According to Darby et al [5] radiation related coronary heart disease (CHD), usually 

occurs after until 10-20 years of completion of radiation therapy and the relative risk 

of CHD increases with higher RT doses. Hooning et al [45] studied the treatment-

specific incidence of cardiovascular disease in 4414 patients who had survived 10 

years after treatment and showed that patients who received radiation to the IMN as 

part of their treatment had an increased risk of myocardial infarction (HR 2.55), 

congestive heart failure (HR 1.72) and valvular dysfunction (HR 3.2) compared to 

patients with no radiotherapy to IMN. 
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According to Lind Parm and Hardenberg et al [25] increasing trend of radiation 

pneumonitis of 4%, 6% and 14% with ALD (average of superior and inferior lung 

distance) values of <2 cm, 2-3 cm and >3 cm respectively, though not statistically 

significant. One of the long term side effects of radiotherapy is radiation pneumonitis  

which occurs atleast 5 to 6 years after treatment. 

 

In our study, out of 15 patients, 7 completed one year follow-up. ECHO and 

spirometry done at baseline and at follow up did not show any significant difference in 

Ejection Fraction, FVC and FEV1. We did not find any difference in values compared 

to baseline as the duration of follow up is short, mostly less than 1 year.  
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7. CONCLUSION 

 

1. Long term cardiovascular and pulmonary toxicity have been documented in 

literature after radiotherapy to left-sided breast cancers causing increased 

mortality mainly due to cardiac complications. 

2. Significant efforts have been made to minimize the toxicity using conformal 

therapy, techniques with or without respiratory motion management strategies. 

It is challenging when regional nodes, particularly internal mammary nodes 

need to be treated. 

3. Comparison of target coverage showed statistically significant improvements 

using DIBH technique for regional nodal (SCF and IMN) volumes while 

preserving the chest wall coverage. 

4. Our patient cohort with regional nodes showed that the DIBH technique is 

advantageous in producing substantial sparing of heart and LAD even when 

treating IMN nodal region.  

5. In tangential RT, DIBH technique would produce consistent reduction in 

irradiated volume of heart and LAD structures due to its situated close 

proximity to the field edges while the ipsilateral lung sparing was inconsistent 

with DIBH due to increased volume of irradiation, as seen in this study.  
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6. DIBH technique requires appropriate patient screening protocol, training and 

technical expertise which can effectively reduce the cardiac morbidity without 

compromising chest wall target coverage and improving regional node 

coverage.  

7. DIBH should be considered for suitable left sided breast cancer patients who 

are capable of performing deep breath hold as per technical requirements.   
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Annexure No.1:  AJCC TNM staging of breast cancer 2018(8th edition)  

TX: Primary tumor cannot be assessed  

TO No evidence of primary tumor  

Tis 

(DCIS)* 

Ductal carcinoma in situ  

Tis 

(Paget's) 

Paget's disease of the nipple NOT associated with invasive 

carcinoma or carcinoma in situ (DCIS or LCIS) in the underlying 

breast parenchyma. Carcinomas in the breast parenchyma 

associated with Paget's disease are categorized based on the size 

and characteristics of the parenchymal disease, although the 

presence of Paget's disease should still be noted. 

T1 Tumor ≤ 20 mm in greatest dimension  

Tlmic Tumor ≤ 1 mm greatest dimension  

Tla Tumor > 1 mm, but ≤ 5 mm in greatest dimension  

T1b Tumor > 5 mm, but ≤10 mm in greatest dimension  

Tlc Tumor > 10 mm, but ≤20mm in greatest dimension  

T2 Tumor > 20 mm, but ≤ 50 mm in greatest dimension  

T3 Tumor > 50 mm in greatest dimension  

T4 

 

 

Tumor of any size with direct extension to chest wall and / or skin 

(Ulceration or skin nodules) (invasion of dermis alone does not 

qualify as T4) 

T4a Extension to chest wall; invasion or adherence to pectoralis 

muscle in the absence of invasion of chest wall structures does not 

qualify as T4 

T4b Ulceration or ipsilateral satellite nodules or edema (including 

peaud'orange) of the skin, which do not meet the criteria for 

inflammatory carcinoma  

T4c Both T4a and T4b  

T4d Inflammatory carcinoma  

*Note: Lobular carcinoma insitu (LCIS) is a benign entity and removed from TNM 

staging in the AJCC cancer staging manual, 8th edition. 

 

REGIONAL LYMPHNODES: 

NX 

 

Regional lymph nodes cannot be assessed (e.g., previously 

removed)  

N0 No regional lymph node metastasis  

N1 Metastasis to movable ipsilateral level I, II axillary lymphnodes 

N1mi Micrometastasis (approximately 200 cells, larger than 0.2mm, but 

none larger than 2.0mm 

N2 

 

 

Metastasis in ipsilateral level I, II axillary lymph nodes that are 

clinically fixed or matted; detected in ipsilateral internal mammary 

lymph nodes in the absence of axillary lymph node metastasis 

N2a 

 

Metastasis in ipsilateral level I, II axillary lymph nodes fixed to 

one another (matted) or to other structures.  



N2b 

 

Metastasis only in ipsilateral internal mammary lymph nodes in 

the absence of axillary lymph node metastases  

N3 

 

 

 

 

 

Metastasis in ipsilateralinfraclavicular (level III axillary) lymph 

nodes with or without level I, II axillary lymph nodes 

involvement; or in clinically detected ipsilateral internal mammary 

lymph nodes with clinically evident level I, II axillary lymphnode 

metastases or metastases in ipsilateal supraclavicular lymphnodes 

with or without axillary or internal mammary lymphnodes 

involvement. 

N3 a Metastasis in ipsilateralinfraclavicular lymph nodes  

N3b 

 

Metastases in ipsilateral internal mammary lymph nodes and 

axillary lymph nodes 

N3c Metastasis in ipsilateral supraclavicular lymph nodes  

 

DISTANT METASTASIS: 

M0 No clinical or radiographic evidence of distant metastasis 

M0i+ No clinical or radiographic evidence of distant metastasis in the 

presence of tumor cells or deposits no larger than 0.2mm detected 

microscopically or by molecular technique in circulating blood, bone 

marrow or other nonregional nodal tissue in a patient without 

symptoms or signs of metastasis 

M1  Distant metastasis detected by clinical or radiographic means 

 

STAGE GROUPING 

Stage 0  Tis  N0 M0 

Stage IA  T1  N0 M0 

Stage IB  T0 N1mi  M0 

Stage IB T1 N1mi M0 

StageIIA T0 N1  M0 

Stage IIA T1 N1 M0 

Stage IIA T2 N0 M0 

Stage IIB  T2  N1 M0 

Stage IIB T3 N0 M0 

Stage IIIA  T0 N2  M0 

Stage IIIA  T1 N2 M0 

Stage IIIA  T2 N2 M0 

Stage IIIA  T3 Ni M0 

Stage IIIA  T3 N2 M0 

Stage IIIB T4  N0 M0 

Stage IIIB T4 N1 M0 

Stage IIIB T4 N2 M0 

Stage IIIC  Any T  N3  M0 

Stage IV  Any T  Any N  M 1  

 



 

 

 

 

Annexure No.2: RTOG clinical grading of Radiation pneumonitis[49] 

Grade EARLY (<90 days) LATE (>90 days) 

1 Mild symptoms; dry cough or 

dyspnoea on exertion 

Asymptomatic or mild symptoms 

(like dry cough) 

Mild radiological changes 

2 Persistent cough requiring narcotic, 

antitussive agents 

Dyspnoea with minimal exercise 

Moderate symptomatic fibrosis or 

pneumonitis (severe cough) 

Sub-febrile fever 

Patched radiological change 

3 Cough not responding to narcotic, 

antitussive agents 

Clinical or radiological symptoms 

of acute pneumonia 

Intermittent oxygen need 

Fibrosis or pneumonitis presenting 

with severe symptoms 

Intense radiological changes 

4 Respiratory insufficiency requiring 

oxygen, or 

Severe respiratory insufficiency, need 

for oxygen therapy, or  

5 Mechanical ventilation 

continuously 

Mechanical ventilation continuously 

 

 

 

 

 

 



 

 

 

 

Annexure 3: RTOG guidelines 

Breast and Chest wall contour: Anatomical Boundaries 
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Regional Nodal Contours: Anatomical Boundaries 
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Department of Radiotherapy, Unit III 

Christian Medical College and Hospital, Vellore 

Information sheet for participants 

Study Title: Comparison of cardiac and lung doses with Deep Inspiratory Breath Hold (DIBH) and free 

breathing in patients receiving radiotherapy for carcinoma left breast - A pilot study. 

     Study Number: ____________ 

     Subject’s initials: __________________  

     Subject’s Name: _________________________________________ 

     Date of Birth / Age: ___________________________ 

 

This is to inform you that I need your consent for a study to assess the benefits of deep inspiration breath-

hold technique on the radiation doses to the heart and lungs in radiotherapy treatment of left breast 

cancer. 

1. What is this particular study? 

This study is to see the reduction in doses to the heart and lungs with and without deep inspiratory breath 

hold technique. 

2. Why is this study done?  

Radiotherapy for left breast carcinoma delivers some amount of radiation dose to the heart and lung which 

is within acceptable limits. Deep inspiratory breath hold technique reduces the radiation doses to the 

organs at risk like heart and lung. This study aims at analysing the cardiac and lung doses with deep 

inspiratory breath hold compared to standard free breathing of your radiotherapy plan. 

 

 



3. How is this study done? 

In this study you will be requested and trained to hold your breath in deep inspiration for 15-20 

seconds. Then, you will undergo planning CT scan in both free breathing and deep inspiratory breath 

hold. The treatment planning will be done and doses to the organs are compared in both the 

techniques. You will be asked to reproduce the same deep inspiratory breath hold in the machine 

during treatment. 

4. What will I gain from this study? 

This study helps in predicting the radiation dose that is being received by the vital organs in radiotherapy 

treatment of left breast carcinoma. This study will give direct benefits to you, by reducing the lung and 

heart doses. 

5. What is the adverse effect from taking part in this study? 

Two planning CT scans will be done for radiation therapy in the same setting. An effective dose of 0.7cGy 

will be absorbed by the body during each CT scan which is not significant radiation dose when compared to 

the radiation which will be received as part of the treatment. 

6. Was there any study related injury? 

Chance of developing study related injury is very low. A dose of 50 Gy in 25 fractions will be delivered to 

the chest wall. Thus an additional radiation exposure of 0.7cGy (700mGy) will not have adverse effect. 

7. Do I have to pay for the study? 

No extra payment is required for this study. 

8. Can I withdraw from the study, at any point of time? 

Yes. At any point, if you feel like withdrawing from the study, you can do so by contacting me (My contact 

details are given at the bottom of the page). However, if consent is withdrawn after the study being done; 

the data arising from you will still be used for the study. 

9. Will my data be revealed to anyone else? 



The data I obtain from you will not be disclosed to anyone else. However, the results of the study/research 

may be published in medical journal(s), but your identity will not be disclosed by name in any publication 

or presentation. However, the persons involved in this study may review your medical records without any 

additional permission.  

 

PERSONS TO CONTACT FOR FURTHER INFORMATION AND IN IMMEDIATE NEED:   

Dr. B.Swathi, Department of Radiotherapy, Christian Medical College, Vellore. 

Mobile no: +91 - 9677607463 

E-mail id: swathi.bapani@gmail.com 

 

Dr. Selvamani B, Department of Radiotherapy, CMC, Vellore. 

Dr. Rajesh B, Department of Radiotherapy, CMC, Vellore. 

Dr. Patricia S, Department of Radiotherapy, CMC, Vellore. 

Dr. Sunitha Susan Varghese, Department of Radiotherapy, CMC, Vellore. 
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Informed Consent form to participate in a research study 
 
 
Study Title: Comparison of cardiac and lung doses with Deep Inspiratory Breath 
Hold (DIBH) and free breathing in patients receiving radiotherapy for carcinoma 
left breast - A pilot study. 
 
Study Number: ____________ 
 
Subject’s Name/Hosp ID: ______________________________________                 Age: ________________ 
(Subject) 
 
(i)  I confirm that I have read and understood the information sheet dated ____________ 

for the above study and have had the opportunity to ask questions. [         ] 
 
(ii)  I understand that my participation in the study is voluntary and that I am free to 

withdraw at any time, without giving any reason, without my medical care or 
legal rights being affected. [        ] 
 

(iii)  I understand that the Sponsor of the clinical trial / others working on the 
Sponsor’s behalf, the Ethics Committee and the regulatory authorities will not 
need my permission to look at my health records both in respect of the current 
study and any further research that may be conducted in relation to it, even if I 
withdraw from the trial. I agree to this access. However, I understand that my 
identity will not be revealed in any information released to third parties or 
published. [        ] 

 
(iv)  I agree not to restrict the use of any data or results that arise from this study 

provided such a use is only for scientific purpose(s). [          ] 
 
(v)  I agree to take part in the above study. [          ] 
 
Signature (or Thumb impression) of the Subject/Legally Acceptable  
 
Date: _____/_____/______ 
 
 
 
 
 
Signature of the Investigator:  Dr. B. Swathi                Witness: ___________________________ 
 
Date: _____/_____/______                                                           Date: _____/_____/_______ 
 
                                                                                                     Address: ______________________________ 
 
 
 
 



CLINICAL RESEARCH PROFORMA SHEET 

ID No.:                                                                    

Name:                                          

Hospital No.:         

Age (years):  

Height (cms): 

Weight (Kgs): 

Body mass index (Kg/m2):  

Menopausal (pre/peri/post):               

Diabetes:         

Hypertension: 

Tuberculosis: 

Asthma:    

Diagnosis: 

Date of Diagnosis :(Biopsy date) 

Laterality:   Right / Left 

Quadrant:    Upper outer/Upper inner/Lower outer/Lower inner/Central  

Tumour size: 

Clinical Stage:  T   N   M  

Chemotherapy:      

Drugs No. of cycles     Last cycle date  

Paclitaxel/Docetaxel    

Doxorubicin/Epirubicin    

Trastuzumab    

 

ECHO:    

 Base line 6 months 12 months 

Global longitudinal 
strain (GLS) 

   

Left ventricular 
ejection fraction 
(LVEF) 

   

              



Pulmonary function tests: 

 Base line 6 months 12 months 

Forced vital capacity 
(Spirometry) 

   

FEV1    

 

Prescription 

Chest wall and nodal regions: 50Gy in 25 fractions 
 

Irradiated Regions:    

Chest wall/breast with tumour bed boost 
Supraclaviculr fossa 
 Axilla 
Internal mammary chain 
 

Targets treated: 

  Free Breathing DIBH 

Left chest wall/ 
breast with boost 

D95   

D2   

 D98   

 V90   

 V95   

 V100   

    

Supraclavicular area D95   

 D2   

 D98   

 V90   

 V95   

 V100   

    

Level I axillary 
lymphnodes 

D95   

 D2   

 D98   

 Dmean   

Axilla D95   

 D2   



 D98   

 V90   

 V95   

 V100   

 Dmean   

 CTV-95%   

Internal mammary 
chain 

D95   

 D2   

 D98   

 V90   

 V95   

 V100   

 Dmean   

 CTV   

Organs at risk: 

  Free Breathing DIBH 

Heart V5   

 V10   

 V20   

 V25   

 Dmean   

    

LAD Dmax   

 Dmean   

    

Ipsilateral lung V5   

 V10   

 V20   

    

Contralateral lung V5   

 V10   

 V20   

    

 
Combined lung 

 
 
V5 

  

 V10   

 V20   

    

Contralateral breast Dmean   

    

Esophagus Dmean   

    

Thyroid Dmean   



    

Spinal cord Dmax   

 
 

   

Conformity index(CI)    

    

Homogeneity 
index(HI) 

   

    

 

Side effects:  

  Free Breathing DIBH 

Acute Skin   

 Dysphagia   

 Others   

    

    

    

Late Pneumonitis   

 Cardiotoxicity   

 Others   

    

    

    

 

Date of last follow up:  

Condition at last follow up:     

        Local: 

       Regional: 

        Distant :           
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