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Abstract: Background: Breast cancer (BC) burden has increased drastically and has been ranked 2nd worldwide and 
most common in India, with an incidence of 13.5% of all newly diagnosed cancers. Surgery is the main modality of 
treatment. The aim of adjuvant radiation therapy is to reduce local recurrence and improve survival. In breast 
radiotherapy, the proximity of the target to sensitive structures together with the uncertainty introduced by respiratory 
movement, make this treatment one of the most studied to increase its effectiveness. Various techniques like 3DCRT 
(Three-Dimensional Conformal Radiation Therapy), IMRT (Intensity Modulated Radiation Therapy) and VMAT 
(Volumetric Modulated Arc Therapy) are used in RT (Radiation Therapy). Although 3DCRT lowers radiation exposure to 
normal tissues, it can result in suboptimal dosing of the tumor volume. Conversely, IMRT and VMAT achieve better 
tumor dose coverage but pose greater challenges in protecting organs at risk (OARs).  

Objectives: This retrospective study aims to highlight the Dosimetric study of OARS, and compare Dosimetric values of 
different RT Techniques in patients receiving left-sided breast irradiation. 

Methods: A total of 142 left breast carcinoma patients receiving either whole-breast irradiation or chest wall irradiation 
were enrolled in this study. The Dosimetric parameters of the heart, left lung and right breast were evaluated and 
compared, and possible correlations were studied.  

Results: Of the 142 patients assessed, 62 patients were stage III, 93 patients underwent post-mastectomy radiotherapy 
and 49 patients with Whole Breast Radiotherapy (WBRT). Majority of patients were treated by 3DCRT technique. 
Patients were planned for the 50 Gy in 25 fractions (n-72) and 40 Gy in 15 fractions (n-70) radiation dose regimens. 
Heart mean dose in 3DCRT, IMRT and VMAT is 6, 7.8 and 7.1Gy respectively (p-0.002).On comparing V20 (Volume of 
lung receiving 20Gy) of ipsilateral (I/L) Lung with 3DCRT, IMRT and VMAT (p-0.998) is 24.8%, 27.5 % and 22.5% 
respectively. Contralateral (C/L) breast mean dose in 3DCRT was 0.8Gy whereas 5.3Gy and 4Gy respectively in IMRT 
and VMAT which was statistically significant (p-0.05) 

Conclusion: Significant correlations for dosimetric parameters were registered between the OARs and RT Techniques. 
Our results suggest that heart mean dose and C/L breast dose is minimal in 3DCRT compared to IMRT and VMAT 
techniques. 
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INTRODUCTION 

Breast cancer (BC) burden has increased drastically 
and has been ranked 2nd worldwide as per the 
GLOBOCON data 2022.The incidence (42.9%) and 
mortality rates (47.3%)of BC is highest among Asian 
countries [1]. Amongst the Indian women, BC is the 
most common of all cancers with an incidence of 
13.5% in all newly diagnosed cancers [2]. There are 
many risk factors that have been studied in the 
causation of BC such as early menarche, late 
menopause, use of hormone Replacement Therapies 
and nulliparity. The relative risk increases by 2-4 fold in 
first degree relatives and more than 4 fold in patients 
with BRCA gene mutations and previous history of 
irradiation to chest wall [3-5]. The role of screening 
significantly helps in detecting lumps in an earlier stage 
which helps in better survival. Women with high risk as 
per the Gail models can be screened at an earlier  
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stage as per the ACS guidelines [6,7]. Treatment 
approach is based on the stage of the disease and 
hormonal status. Neoadjuvant chemotherapy is given 
to patients with tumour size more than 2cm and node 
positive. Chemotherapy regimens are based on 
hormonal status of the patient. Type of surgery is then 
planned with Sentinel Lymph Node Biopsy or Axillary 
Lymph node Dissection based on nodal status of the 
patient. Adjuvant radiotherapy is planned based on the 
type of surgery and post-operative HPE (Histo-
pathological Examination) features. Hormonal therapy 
or targeted therapy is then given as maintenance. In 
cases of less than 2 cm tumor size, approach is upfront 
surgery followed by Chemotherapy with/ without 
radiation [8].  

The aim of post mastectomy RT (PMRT) is to 
decrease the incidence of local recurrence which in 
turn improves survival. PMRT is recommended in 
patients with Tumor size >5 cm and node positive 
status [8,15]. Breast conservative surgery (BCS) itself 
remains the indication for Whole Breast RT followed by 
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Lumpectomy boost [9,10]. In the era of2D technique, in 
which a box was drawn to cover the breast volume, but 
the target volume was reduced to meet constraints of 
heart leading to under treatment of disease or organ 
toxicities like cardiotoxicity, pneumonitis and secondary 
malignancies [12]. This insufficiency lead to evolution 
of better techniques like 3DCRT followed by IMRT and 
VMAT. These advanced techniques delivered lesser 
dose to OARs while not compromising dose to target 
volumes. Darby et al., studied 2D technique versus 3D 
technique in 2168 patients which showed 7% increase 
in relative risk per Gray of mean heart dose, whereas 
2DRT had 35% of relative risk [11]. 

This study aims to analyse V20 of I/L lung and D 
mean (average dose received by the organ) of heart 
and C/L breast in various RT techniques and correlate 
the doses in each technique. This study reinforces the 
importance of selecting appropriate irradiation 
techniques to minimize exposure to critical organs 
during breast radiotherapy. 

MATERIALS AND METHODS 

Study Design 

This is a retrospective study which was conducted 
at a tertiary care cancer centre in South India from 
January 2020 to March 2024. A total of 142 left breast 

carcinoma patients receiving either whole-breast 
irradiation or chest wall irradiation were enrolled in this 
study.  

The main objective of the study was to Analyse 
Dosimetric parameters of OARs in left breast cancer 
patients treated with radiation therapy and to correlate 
Dosimetric values of OARs in different RT techniques 
(3DCRT, IMRT and VMAT). All the left breast 
cancerwith Post mastectomy or post BCS requiring 
radiotherapy were included in the study. Patients with 
metastatic carcinoma breast, patients requiring 
Palliative radiotherapy and Recurrent/ secondary 
breast cancer patients previously treated with RT were 
excluded. Organs at risk- heart, ipsilateral lung and 
contralateral breast were contoured according to 
Radiation Therapy Oncology Group (RTOG) breast 
cancer atlas guidelines [18]. The dosimetric parameters 
such as D mean to heart, right breast and V20 of left 
lung were evaluated and possible correlations were 
studied across 3DCRT, VMAT and IMRT techniques. In 
patients undergoing Hypofractionation Equivalent Dose 
(EQD2) was calculated for OARs before correlation 
across RT Techniques.  

STATISTICAL ANALYSIS 

The data were analysed using IBM SPSS version 
25. Continuous and categorical variables were 

Table 1: Patient and Tumour Characteristics 

Patient and Tumour Characteristics 

Variable N(Number) Percentage 

Age Mean 54   

Stage  I 27 19 

  IIa 28 20 

  IIb 36 25 

  III 30 21 

  IV 21 15 

RT  3DCRT 83 58 

  IMRT 46 32 

  VMAT 13 10 

RT Dose 50Gy/25 # 74 52 

  40Gy/15# 68 48 

Total   142 100 

 
Table 2: Comparison of D-Mean of Heart Across the Three Techniques Using ANOVA 

Technique  N  Mean (Gy)  Standard deviation  P value  

3DCRT 83 6.03 2.78 

IMRT 46 7.83 2.74 

VMAT 13 7.11 2.22 

.002 
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presented as mean ± standard deviation and 
percentages respectively. Comparison of the dosages 
against different techniques and total radiation doses 
was done using ANOVA followed by Tukey’s post-hoc 
analysis. A p value of ≤.05 was considered significant 
for all analyses. 

RESULTS 

142 patients diagnosed with left BC who have 
received adjuvant RT were included in our study and 
were analysed retrospectively. The age at diagnosis 
was found to be 26-79 years with a mean age of 
54years. The most common stage at diagnosis was 
Stage IIB (25.4%) followed by Stage III. 65.5% (n=93) 
of patients underwent MRM, 29.6% (n=42) underwent 
BCS and 4.9% (n=7) underwent Wide Local Excision 
(WLE). 

All patients were planned for Adjuvant RT based on 
Tumor characteristics and post operative histologic 
features. 52.1% (n=74) patients received 50Gy in 25 
fractions and 47.9% (n= 68) received 40Gy in 15 
fractions. Of these patients, 83 (45.8%) were treated by 
3DCRT technique, 46 (32.4%) by IMRT technique and 
13 (9.2%) by VMAT technique.  

The dose to the heart (D-mean) was noted and 
compared across the three techniques using ANOVA 
analysis, the p-value was found to be p - 0.002. A 
further Tukey’s post-hoc analysis revealed that the 
dose was higher for IMRT and VMAT compared to 
3DCRT which was statistically significant. 

The V20 (Volume receiving 20Gy) to the left lung 
was calculated and analysedover the three techniques. 
The p-value was 0.998 and it was found that the dose 

to lungs (V20) did not vary significantly with RT different 
techniques. 

Comparison of mean dose of C/L breast across the 
three techniques using ANOVA varied significantly with 
the technique. Tukey's post-hoc analysis revealed that 
the dose was significantly lesser for 3DCRT than IMRT 
and VMAT (P value-0.005). 

DISCUSSION 

In this study, over 45% and 21% of cases are in 
stages II and III respectively, revealing that breast 
cancer frequently presents at later stages in Indian 
population. This makes radiotherapy an indispensable 
tool for preventing local recurrence in carcinoma breast 
[13]. The proximity of breast to critical organs at risk 
makes it challenging to optimize tumor control while 
achieving minimal normal tissue exposure with better 
planning techniques. The main objective of the study 
was to Analyse Dosimetric parameters of OARs in left 
breast cancer patients treated with radiation therapy 
and to correlate Dosimetric values of OARs in different 
RT techniques (3DCRT, IMRT and VMAT).  

A study done by Darby SC et al. reported that 
exposure of the heart to ionizing radiation during 
radiotherapy for breast cancer increases the 
subsequent rate of ischemic heart disease, with 
increase in 7.4% per Gray (mean) to the heart, with 
increased absolute risk in previously existing cardiac 
risk factors [11]. Kryszak et al. conducted a study on 
heart mean dose in different techniques, which showed 
no better OAR protection in IMRT and VMAT compared 
to 3DCRT [16]. Ma et al. [14] found that IMRT had a 
better tumor coverage, but their results showed no 
significant difference in heart mean dose between 
IMRT and 3DCRT. Our study showed the mean heart 

Table 3: Comparison of V20 of I/Llung Across the Three Techniques Using ANOVA 

Technique  N  V20  Standard deviation  P value  

3DCRT 83 24.82 10.87 

IMRT 46 24.71 6.80 

VMAT 13 24.83 4.85 

.998 

 
Table 4: Comparison of C/L Breast Mean Dose Across the Three Techniques Using ANOVA 

Technique  N  Mean(Gy) Standard deviation  P value  

3DCRT 83 .896 2.41 

IMRT 46 3.56 1.062 

VMAT 13 3.83 1.24 

.005 
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dose was higher with IMRT and VMAT techniques 
when compared to 3DCRT (p-0.002) attributing to 
beam angles and MLC placement. 

Radiation pneumonitis is one of the most common 
side effects following PMRT. For patients treated with 
3DCRT, the volume of lung receiving 20Gy i.e., V20 has 
been found to predict the risk of symptomatic radiation 
pneumonitis in literature [19,20]. However, there is no 
absolute safe dose below which there is no 
pneumonitis [18]. Moorthy et al., [21] study showed that 
V20 of I/L lung was 37.9% for 3DCRT and 22.4% (p< 
0.01) for IMRT, concluding IMRT had better lung dose 
when compared to 3DCRT. A similar study, Li et al., 
[22] concluded that V20 and V30 of I/L lung were 
significantly higher 32% and 29% respectively (p < 
0.001) in 3DCRT and IMRT group respectively. Ma et 
al. [14] concluded an increase in mean lung dose by 
VMAT compared to 3DCRT and IMRT. Our results also 
shows that V20 to I/L lung is 24.82% in 3DCRT 
technique whereas 24.71% in IMRT and 24.83% in 
VMAT technique. This result was not statistically 
significant, although lung dose was minimally lesser in 
IMRT technique.  

Various literatures have shown approximately 2-3% 
risk for C/L BC after 5 years of radiation. However, 
other factors also play a role in secondary 
malignancies including age and BRCA gene mutation. 
Taylor et al., is a meta-analysis which showed relative 
risk of C/L BC of 1.20 in post - RT BC, with an increase 
in absolute risk to 1% in 15 years follow up(17). ICRP 
models and the BEIR VII report Lifetime Attributable 
Risk (LAR) of 5% per Gy of mean dose to the 
contralateral breast in young women [23].  

Ahmad et al., compared C/L breast dose in 3DCRT, 
IMRT and VMAT which were 1.3Gy, 2.1Gy and 3.47Gy 
respectively concluding better OAR dose tolerance in 
3DCRT technique followed by IMRT and VMAT [24]. 
Bhatnagar et al., study observed reduced C/L breast 
dose in IMRT when compared to conventional 
technique [25]. In our study, the radiation dose to the 
C/L breast in patients receiving IMRT, VMAT, and 
3DCRT were 3.56Gy, 3.83Gy and 0.896Gy 
respectively. Increased dose to C/L breast in VMAT 
and IMRT can be due to beam angles. A similar study, 
Khosla et al., reported C/L breast dose of 1.02Gy and 
2.6Gy in 3DCRT and VMAT techniques respectively 
[26]. Based on the above mentioned studies and this 
study, it is found that modern techniques like IMRT and 
VMAT increased the dose to the C/L breast. The study 
highlighted the need for careful planning in techniques 
like IMRT and VMAT to minimize unnecessary 

radiation exposure to healthy tissues, including the C/L 
breast [27,28]. 

The main limitations of our study were single 
institute and retrospective study with a smaller number 
of sample size. Large prospective studies are required 
to analyse the dosimetric parameters of these critical 
structures and a long term follow up would reveal a late 
toxicity associated with the different radiation 
techniques.  

CONCLUSION 

In conclusion, techniques with tangential fields’ 
arrangement resulted in overall better OARs dosimetry 
compared to those with multi-fields and arcs 
arrangements. 3DCRT offered better C/L breast dose 
and similar doses to I/L lung and heart when compared 
to IMRT and VMAT. This study collectively reinforces 
that while modern radiation techniques like IMRT and 
VMAT offer improved targeting of the tumor, they also 
require careful consideration of their effects on 
surrounding healthy tissues. 

CONFLICT OF INTEREST 

The authors have no conflict of interest to declare. 

REFERENCES 

[1] Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, 
Soerjomataram I, et al. Global Cancer Statistics 2022: 
GLOBOCAN Estimates of Incidence and Mortality Worldwide 
for 36 Cancers in 185 Countries. CA: A cancer journal for 
clinicians [Internet] 2024; 74(3): 229-63.  
https://doi.org/10.3322/caac.21834 

[2] Vaitheeswaran Kulothungan, Ramamoorthy T, Krishnan 
Sathishkumar, Mohan R, Nifty Tomy, Miller GJ, et al. Burden 
of female breast cancer in India: estimates of YLDs, YLLs, 
and DALYs at national and subnational levels based on the 
national cancer registry programme. Breast cancer research 
and treatment 2024. 
https://doi.org/10.1007/s10549-024-07264-3 

[3] Admoun C, Mayrovitz HN. The Etiology of Breast Cancer. 
Exon Publications; 2022. 
https://doi.org/10.36255/exon-publications-breast-cancer-
etiology 

[4] American Cancer Society. Breast Cancer Risk Factors You 
Can’t Change [Internet]. American Cancer Society 2021. 
Available from: https: //www.cancer.org/cancer/types/breast-
cancer/risk-and-prevention/breast-cancer-risk-factors-you-
cannot-change.html 

[5] TV, Lawrence TS, Rosenberg SA. DeVita, Hellman, and 
Rosenberg’s cancer: principles & practice of oncology. 
Philadelphia: Wolters Kluwer; 2019. 

[6] Azzurra Irelli, Leonardo Valerio Patruno, Sofia Chiatamone 
Ranieri, Daniela Di Giacomo, Malatesta S, Edoardo Alesse, 
et al. Role of Breast Cancer Risk Estimation Models to 
Identify Women Eligible for Genetic Testing and Risk-
Reducing Surgery. Biomedicines 2024; 12(4): 714-4. 
https://doi.org/10.3390/biomedicines12040714 

[7] American Cancer Society. ACS breast cancer screening 
guidelines [Internet]. www.cancer.org 2023. Available from: 
https://www.cancer.org/cancer/types/breast-



28     Journal of Analytical Oncology, 2025, Vol. 14 Namratha et al. 

cancer/screening-tests-and-early-detection/american-cancer-
society-recommendations-for-the-early-detection-of-breast-
cancer.html 

[8] Luo C, Zhong X, Fan Y, Wang C, Wang Y, Luo T. The effect 
of postmastectomy radiation therapy on high-risk patients 
with T1-2N0 breast cancer. The Breast [Internet] 2021; 60: 1-
5.  
https://doi.org/10.1016/j.breast.2021.08.006 

[9] Gulstene S, Raziee H. Radiation Boost After Adjuvant Whole 
Breast Radiotherapy: Does Evidence Support Practice for 
Close Margin and Altered Fractionation? Frontiers in 
Oncology [Internet] 2020 Jun 26 [cited 2025 Jun 19]; 10.  
https://doi.org/10.3389/fonc.2020.00772 

[10] Kindts I, Laenen A, Depuydt T, Weltens C. Tumour bed 
boost radiotherapy for women after breast-conserving 
surgery. Cochrane Database of Systematic Reviews 2017 
Nov 6; 
https://doi.org/10.1002/14651858.CD011987.pub2 

[11] Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman 
U, Brønnum D, et al. Risk of Ischemic Heart Disease in 
Women after Radiotherapy for Breast Cancer. New England 
Journal of Medicine 2013; 368(11): 987-98. 
https://doi.org/10.1056/NEJMoa1209825 

[12] Boero IJ, Paravati AJ, Triplett DP, Hwang L, Matsuno RK, 
Gillespie EF, et al. Modern Radiation Therapy and Cardiac 
Outcomes in Breast Cancer. International Journal of 
Radiation Oncology Biology Physics [Internet] 2016 Mar 15 
[cited 2022 Dec 15]; 94(4): 700-8.  
https://doi.org/10.1016/j.ijrobp.2015.12.018 

[13] Das Majumdar SK, Amritt A, Dhar SS, Barik S, Beura SS, 
Mishra T, et al. A Dosimetric Study Comparing 3D-CRT vs. 
IMRT vs. VMAT in Left-Sided Breast Cancer Patients After 
Mastectomy at a Tertiary Care Centre in Eastern India. 
Cureus 2022; 14(3). 

[14] Ma C, Zhang W, Lu J, Wu L, Wu F, Huang B, et al. 
Dosimetric Comparison and Evaluation of Three 
Radiotherapy Techniques for Use after Modified Radical 
Mastectomy for Locally Advanced Left-sided Breast Cancer. 
Scientific Reports 2015; 5(1). 
https://doi.org/10.1038/srep12274 

[15] 15. Remick J, Amin NP. Postmastectomy Breast Cancer 
Radiation Therapy [Internet]. PubMed. Treasure Island (FL): 
StatPearls Publishing; 2020. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK519034 

[16] Kuzba-Kryszak T, Nowakowski S, Winiecki J, Makarewicz R. 
Comparative analysis of the absorbed dose in the heart and 
anterior descending branch of the left coronary artery (LAD) 
in patients with left-sided breast cancer who received 
radiotherapy using 3D-CRT, IMRT and VMAT techniques. 
Journal of BUON: official journal of the Balkan Union of 
Oncology [Internet] 2021; 26(3): 753-8. Available from: 
https://pubmed.ncbi.nlm.nih.gov/34268931/ 

[17] Taylor C, Correa C, Duane FK, Aznar MC, Anderson SJ, 
Bergh J, et al. Estimating the Risks of Breast Cancer 
Radiotherapy: Evidence From Modern Radiation Doses to 
the Lungs and Heart and From Previous Randomized Trials. 
Journal of Clinical Oncology 2017; 35(15): 1641-9. 
https://doi.org/10.1200/JCO.2016.72.0722 

[18] Breast Cancer Atlas for Radiation Therapy Planning: 
Consensus Definitions [Internet]. [cited 2022 Feb 8]. 
Available from: https://www.srobf.cz/downloads/cilove-
objemy/breastcanceratlas.pdf 

[19] McKenzie E, Razvi Y, Bosnic S, Wronski M, Karam I, 
Vesprini D, et al. Case series of radiation pneumonitis in 
breast cancer. Journal of Medical Imaging and Radiation 
Sciences [Internet] 2021; 53(1): 167-74.  
https://doi.org/10.1016/j.jmir.2021.11.008 

[20] Wen G, Tan YT, Lan XW, He ZC, Huang JH, Shi JT, et al. 
New Clinical Features and Dosimetric Predictor Identification 
for Symptomatic Radiation Pneumonitis after Tangential 
Irradiation in Breast Cancer Patients. Journal of Cancer 
2017; 8(18): 3795-802. 
https://doi.org/10.7150/jca.21158 

[21] Moorthy S, Sakr H, Hasan S, Samuel J, Al-Janahi S, Murthy 
N. Dosimetric study of SIB-IMRT versus SIB-3DCRT for 
breast cancer with breath-hold gated technique. Int J Cancer 
Ther Oncol 2013; 1(1): 010110. 
https://doi.org/10.14319/ijcto.0101.10 

[22] Li W, Wang J, Cheng H, Yu X, Ma J. IMRT versus 3D-CRT 
for post-mastectomy irradiation of chest wall and regional 
nodes: a population-based cmparison of normal lung dose 
and radiation pneumonitis. International Journal of Clinical & 
Experimental Medicine 2016; 9(11). 

[23] Siegel JA, Greenspan BS, Maurer AH, Taylor AT, Phillips 
WT, Van Nostrand D, et al. The BEIR VII Estimates of Low-
Dose Radiation Health Risks Are Based on Faulty 
Assumptions and Data Analyses: A Call for Reassessment. 
Journal of Nuclear Medicine 2018; 59(7): 1017-9. 
https://doi.org/10.2967/jnumed.117.206219 

[24] Ahmad A, Das S, Kharade V, Gupta M, Pandey VP, K.V. A, 
et al. Dosimetric Study Comparing 3D Conformal 
Radiotherapy (3D-CRT), Intensity Modulated Radiotherapy 
(IMRT) and Volumetric Modulated Arc Therapy (VMAT) in 
Hypofractionated One-Week Radiotherapy Regimen in 
Breast Cancer. Cureus 2022. 
https://doi.org/10.7759/cureus.31860 

[25] Bhatnagar AK, Brandner E, Sonnik D, Wu A, Kalnicki S, 
Deutsch M, et al. Intensity-Modulated Radiation Therapy 
(IMRT) Reduces the Dose to the Contralateral Breast When 
Compared to Conventional Tangential Fields for Primary 
Breast Irradiation. The Cancer Journal 2004; 10(6): 381-5. 
https://doi.org/10.1097/00130404-200411000-00008 

[26] Khosla D, Kapoor R, Rana S, Tomar P, Periasamy K, Madan 
R, et al. Dosimetric Comparison of Three-Dimensional 
Conformal Radiotherapy (3DCRT) and Volumetric Modulated 
Arc Therapy (VMAT) Plans for Hypofractionated Whole 
Breast and Regional Nodes Irradiation in Breast Cancer 
Patients Following Breast Conservative Surgery. 
International Journal of Radiation Oncology Biology Physics 
2020; 108(3): e321. 
https://doi.org/10.1016/j.ijrobp.2020.07.767 

[27] Breast Cancer Radiation: Shrink Tumor & Limit Side Effects 
[Internet]. Cancer Treatment Centers of America 2018. 
Available from: https: //www.cancercenter.com/cancer-
types/breast-cancer/treatments/radiation-therapy 

[28] Fiorentino A, Ruggieri R, Niccolò Giaj-Levra, Sicignano G, 
Gioacchino Di Paola, Naccarato S, et al. Three-dimensional 
conformal versus intensity modulated radiotherapy in breast 
cancer treatment: is necessary a medical reversal? La 
Radiologia Medica 2016; 122(2): 146-53. 
https://doi.org/10.1007/s11547-016-0700-z 

 
 

 

Received on 29-04-2025 Accepted on 25-06-2025 Published on 21-07-2025 
 

https://doi.org/10.30683/1927-7229.2025.14.05 
 

© 2025 Namratha et al.; Licensee Neoplasia Research. 
This is an open-access article licensed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the work is properly cited. 


