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ABSTRACT  

Breast cancer remains one of the most prevalent and deadly malignancies globally, impacting 

millions of women annually and imposing a significant public health burden. In Indonesia, it 

ranks as the leading cause of cancer-related mortality in women, with a continuously rising 

incidence trend, including in major cities like Medan. Despite advancements in early 

detection and multimodal therapy, radiotherapy remains a crucial pillar in breast cancer 

management, aiming for tumor control while minimizing toxicity to surrounding healthy 

tissues. Modern radiotherapy techniques, particularly Intensity-Modulated Radiation Therapy 

(IMRT), have been developed to deliver more precise dose distributions compared to 

conventional techniques like Three-Dimensional Conformal Radiation Therapy (3D-CRT). 

However, empirical evidence directly comparing the efficacy, toxicity, and long-term clinical 

outcomes of these two techniques in the Indonesian breast cancer patient population, 

specifically in the Medan region, is limited, creating a critical research gap for optimizing 

clinical practice. This study aimed to comprehensively compare the clinical efficacy, acute 

and subacute toxicity profiles, and local tumor control rates of IMRT versus 3D-CRT in 

breast cancer patients in Medan, referencing the physical principles of radiotherapy and tumor 

control theory. A retrospective cohort design was employed, allowing for the analysis of 

historical data from patients undergoing radiotherapy at a prominent Cancer Center in Medan. 

The study sample comprised 150 early to advanced-stage breast cancer patients meeting 

inclusion criteria, divided proportionally into two groups: 75 patients receiving IMRT and 75 

patients receiving 3D-CRT, selected systematically based on medical records. Data were 

collected using standardized data collection forms detailing patient demographics, tumor 

characteristics, radiotherapy planning parameters, and medical records related to toxicity 

(using CTCAE v5.0) and local tumor control status up to 2 years post-therapy. Statistical 

analysis included Chi-square and independent t-tests for comparing baseline characteristics 

and outcomes, and Kaplan-Meier analysis for local recurrence-free and toxicity survival 

curves. Our findings revealed that patients receiving IMRT experienced a statistically 

significant reduction in acute toxicity rates for organs at risk, particularly skin toxicity (p < 

0.01) and mucositis (p < 0.05), with lower mean CTCAE scores compared to the 3D-CRT 

group. Furthermore, IMRT demonstrated a positive trend in improving local tumor control, 

with a lower local recurrence rate of 5% in the IMRT group versus 12% in the 3D-CRT group 

within the 2-year observation period, although this difference did not reach strong statistical 

significance (p = 0.08). Secondary analysis of dose distribution to critical organs (heart and 

lungs) confirmed IMRT's superiority in minimizing cumulative dose to healthy tissues, 

potentially reducing the risk of long-term toxicities. An unexpected significant finding was a 

positive correlation between more complex IMRT planning and improved patient adherence 

to therapy schedules. In conclusion, this study posits that IMRT offers a superior acute 

toxicity profile and potentially improved local tumor control compared to 3D-CRT in breast 
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cancer patients in Medan, thereby contributing to enhanced patient quality of life. These 

findings have theoretical implications for strengthening the understanding of modern 

radiotherapy techniques' superiority in minimizing side effects and improving cancer 

treatment effectiveness, as well as practical implications for clinicians and policymakers to 

consider broader adoption of IMRT in Indonesian breast cancer management protocols. 

Future research is recommended to extend observation periods for evaluating long-term 

outcomes and to conduct health economic analyses. 

 

Keywords: Breast Cancer, IMRT, 3D-CRT, Radiotherapy, Acute Toxicity, Local Tumor 

Control. 

 

 

STUDI PERBANDINGAN TEKNIK RADIOTERAPI IMRT DAN 3D-CRT PADA 

PASIEN KANKER PAYUDARA DI MEDAN 

 

ABSTRAK  

Kanker payudara tetap menjadi salah satu keganasan paling umum dan mematikan secara 

global, berdampak pada jutaan wanita setiap tahun dan menimbulkan beban kesehatan 

masyarakat yang signifikan. Di Indonesia, kanker payudara menempati peringkat sebagai 

penyebab utama kematian terkait kanker pada wanita, dengan tren insiden yang terus 

meningkat, termasuk di kota-kota besar seperti Medan. Meskipun ada kemajuan dalam deteksi 

dini dan terapi multimoda, radioterapi tetap menjadi pilar penting dalam manajemen kanker 

payudara, yang bertujuan untuk mengendalikan tumor sambil meminimalkan toksisitas pada 

jaringan sehat di sekitarnya. Teknik radioterapi modern, khususnya Terapi Radiasi 

Termodulasi Intensitas (IMRT), telah dikembangkan untuk memberikan distribusi dosis yang 

lebih tepat dibandingkan dengan teknik konvensional seperti Terapi Radiasi Konformal Tiga 

Dimensi (3D-CRT). Namun, bukti empiris yang secara langsung membandingkan efikasi, 

toksisitas, dan hasil klinis jangka panjang dari kedua teknik ini pada populasi pasien kanker 

payudara Indonesia, khususnya di wilayah Medan, terbatas, sehingga menciptakan 

kesenjangan penelitian yang kritis untuk mengoptimalkan praktik klinis. Penelitian ini 

bertujuan untuk membandingkan secara komprehensif efikasi klinis, profil toksisitas akut dan 

subakut, dan tingkat pengendalian tumor lokal IMRT versus 3D-CRT pada pasien kanker 

payudara di Medan, merujuk pada prinsip-prinsip fisik radioterapi dan teori pengendalian 

tumor. Desain kohort retrospektif digunakan, yang memungkinkan analisis data historis dari 

pasien yang menjalani radioterapi di Pusat Kanker terkemuka di Medan. Sampel penelitian 

terdiri dari 150 pasien kanker payudara stadium awal hingga lanjut yang memenuhi kriteria 

inklusi, dibagi secara proporsional menjadi dua kelompok: 75 pasien yang menerima IMRT 

dan 75 pasien yang menerima 3D-CRT, dipilih secara sistematis berdasarkan rekam medis. 

Data dikumpulkan menggunakan formulir pengumpulan data standar yang merinci demografi 

pasien, karakteristik tumor, parameter perencanaan radioterapi, dan rekam medis terkait 

toksisitas (menggunakan CTCAE v5.0) dan status pengendalian tumor lokal hingga 2 tahun 

pasca-terapi. Analisis statistik meliputi uji Chi-square dan uji-t independen untuk 

membandingkan karakteristik dasar dan luaran, dan analisis Kaplan-Meier untuk kurva bebas 

kekambuhan lokal dan kelangsungan hidup toksisitas. Temuan kami mengungkapkan bahwa 

pasien yang menerima IMRT mengalami pengurangan yang signifikan secara statistik dalam 

tingkat toksisitas akut untuk organ yang berisiko, khususnya toksisitas kulit (p < 0,01) dan 
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mukositis (p < 0,05), dengan skor CTCAE rata-rata yang lebih rendah dibandingkan dengan 

kelompok 3D-CRT. Lebih lanjut, IMRT menunjukkan tren positif dalam meningkatkan 

kontrol tumor lokal, dengan tingkat kekambuhan lokal yang lebih rendah sebesar 5% pada 

kelompok IMRT versus 12% pada kelompok 3D-CRT dalam periode observasi 2 tahun, 

meskipun perbedaan ini tidak mencapai signifikansi statistik yang kuat (p = 0,08). Analisis 

sekunder dari distribusi dosis ke organ-organ kritis (jantung dan paru-paru) mengonfirmasi 

keunggulan IMRT dalam meminimalkan dosis kumulatif ke jaringan sehat, yang berpotensi 

mengurangi risiko toksisitas jangka panjang. Temuan signifikan yang tidak terduga adalah 

korelasi positif antara perencanaan IMRT yang lebih kompleks dan peningkatan kepatuhan 

pasien terhadap jadwal terapi. Kesimpulannya, penelitian ini menyatakan bahwa IMRT 

menawarkan profil toksisitas akut yang lebih unggul dan berpotensi meningkatkan 

pengendalian tumor lokal dibandingkan dengan 3D-CRT pada pasien kanker payudara di 

Medan, sehingga berkontribusi pada peningkatan kualitas hidup pasien. Temuan ini memiliki 

implikasi teoretis untuk memperkuat pemahaman tentang keunggulan teknik radioterapi 

modern dalam meminimalkan efek samping dan meningkatkan efektivitas pengobatan kanker, 

serta implikasi praktis bagi klinisi dan pembuat kebijakan untuk mempertimbangkan adopsi 

IMRT yang lebih luas dalam protokol penatalaksanaan kanker payudara di Indonesia. 

Penelitian selanjutnya disarankan untuk memperpanjang periode observasi guna 

mengevaluasi luaran jangka panjang dan melakukan analisis ekonomi kesehatan. 

 

Kata Kunci: Kanker Payudara, IMRT, 3D-CRT, Radioterapi, Toksisitas Akut, Pengendalian 

Tumor Lokal. 

 

INTRODUCTION 

Breast cancer continues to represent a significant global health challenge, consistently 

ranking as the most prevalent cancer and a primary cause of cancer-related mortality among 

women worldwide, with incidence rates showing a concerning upward trend across many 

regions, including Southeast Asia (Sung et al., 2021). In Indonesia, breast cancer constitutes a 

substantial burden of new cancer cases and deaths, underscoring the urgent need for advanced 

and optimized therapeutic strategies to enhance patient outcomes and quality of life. Medan, 

as a major urban center, experiences a significant prevalence of this disease, necessitating the 

implementation of state-of-the-art treatment modalities. The evolution of radiotherapy has 

been pivotal in revolutionizing cancer management, offering improved tumor control while 

simultaneously minimizing damage to surrounding healthy tissues. Among these 

advancements, Intensity-Modulated Radiation Therapy (IMRT) has emerged as a significant 

progression from conventional 3D-Conformal Radiation Therapy (3D-CRT). While 3D-CRT 

utilizes fixed beams with uniform intensity to conform to the tumor, IMRT leverages 

sophisticated computational algorithms to modulate beam intensity, enabling highly 

conformal dose distributions and superior sparing of critical organs at risk (OARs) (Webb, 

2003; Boyer et al., 2001). This enhanced precision is particularly crucial in breast cancer 

treatment, where the proximity of OARs such as the heart, lungs, and contralateral breast 

presents a substantial challenge in delivering adequate radiation doses to the target volume 

without inflicting unacceptable toxicity (Curtis et al., 2019). Current epidemiological data 

reinforce this need; the International Agency for Research on Cancer (IARC) reported 2.3 

million new breast cancer cases globally in 2020, leading to approximately 685,000 deaths, 

https://ejournal.steitholabulilmi.ac.id/index.php/metadata


P a g e  | 346  

 

 

JURNAL ILMIAH METADATA, ISSN :2723 -7737, Vol. 6 No. 1 

Edition January 2024, Published : 30-01-2024, Page: 343-365 

DOI: 10.47652/metadata.v6i1.871 

 

 Metadata is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License (CC BY-NC 4.0). 

with Southeast Asia experiencing rising age-standardized incidence rates influenced by 

urbanization and lifestyle changes (Sung et al., 2021; Lim et al., 2020). While specific, up-to-

date incidence and mortality data for Medan require localized registry analysis, the national 

burden of breast cancer strongly suggests a significant patient population in major urban 

centers requiring advanced oncological care. The urgency for precision in radiotherapy is 

further amplified by the long-term sequelae of treatment, including radiation-induced cardiac 

toxicity, pulmonary fibrosis, and secondary malignancies, all well-documented concerns 

associated with conventional techniques (Darby et al., 2013; Boersma et al., 2019). Thus, the 

adoption and comparative evaluation of newer techniques like IMRT are paramount to 

mitigate these risks and enhance the long-term well-being of breast cancer survivors. The 

continuous drive towards greater precision in radiotherapy, from 2D to 3D-CRT, IMRT, and 

Volumetric Modulated Arc Therapy (VMAT), aims to deliver higher tumor doses while 

sparing normal tissues more effectively (Herman et al., 2009). IMRT, in particular, enables 

non-uniform dose distributions, allowing greater flexibility in shaping the dose to complex 

target volumes and avoiding sensitive OARs, a capability essential for breast cancer patients 

whose treatment fields often encompass the chest wall, regional lymph nodes, and can 

involve the heart and lungs, especially in left-sided tumors (Vargo et al., 2014). Despite the 

established benefits of IMRT in reducing dose to OARs, its implementation and impact in 

resource-limited settings like Medan, influenced by factors such as equipment availability, 

technical expertise, planning time, and cost-effectiveness, require careful assessment. This 

study aims to address this gap by providing a comparative analysis of IMRT and 3D-CRT in 

the treatment of breast cancer patients in Medan, shedding light on their dosimetric 

advantages and potential clinical implications within a specific regional healthcare landscape. 

The therapeutic landscape of breast cancer has been profoundly shaped by 

advancements in radiotherapy, with a strong emphasis on optimizing dose delivery for 

improved tumor control and reduced treatment-related toxicities. Intensity-Modulated 

Radiation Therapy (IMRT) has emerged as a leading technique for sophisticated dose 

planning, offering significant improvements over conventional 3D-Conformal Radiation 

Therapy (3D-CRT) through its ability to modulate beam intensity and conform the dose to 

irregular target volumes (Webb, 2003). Numerous studies have consistently demonstrated the 

dosimetric advantages of IMRT over 3D-CRT for breast cancer. A systematic review by 

Chen et al. (2018) indicated that IMRT consistently reduces the dose to organs at risk, 

including the heart, contralateral breast, and ipsilateral lung, particularly in left-sided breast 

cancers. Similarly, research by Patel et al. (2015) reported significant reductions in mean 

heart dose and lung V20 with IMRT, correlating with observed lower risks of cardiac events 

and pneumonitis in retrospective analyses. The clinical implications of these dosimetric 

improvements are substantial, with reduced cardiac dose linked to a lower incidence of 

radiation-induced heart disease, a critical concern for long-term survivors (Darby et al., 

2013), and sparing of lung tissue associated with a decreased risk of radiation pneumonitis 

and long-term pulmonary dysfunction (Boersma et al., 2019). However, the superiority of 

IMRT is not absolute and can be influenced by patient positioning, treatment planning 

complexity, and specific anatomical targets. Some studies have reported comparable local 

control rates between IMRT and 3D-CRT in certain breast cancer scenarios, suggesting that 

IMRT's primary advantage lies in toxicity reduction (Hassoun et al., 2012). Despite this 

growing body of evidence, research gaps persist, particularly concerning IMRT's application 
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in diverse healthcare settings. While many studies originate from high-resource countries, 

there is a scarcity of research from regions with different healthcare infrastructures and 

patient populations, such as Indonesia. Comparative studies specifically addressing the 

implementation and outcomes of IMRT versus 3D-CRT in Indonesian cities like Medan are 

notably absent. Furthermore, the cost-effectiveness and long-term clinical outcomes, 

including recurrence rates and survival, associated with these techniques in such settings 

remain underexplored. Critically examining the dominant approaches, much existing 

literature focuses on dosimetric comparisons, often utilizing phantom studies or retrospective 

analyses of limited cohorts (Yao et al., 2017). While valuable, these studies may not fully 

capture real-world clinical experiences, including treatment delivery challenges, inter-

observer variability in contouring, and the direct impact on patient-reported outcomes. 

Moreover, the evolution to more advanced techniques like VMAT necessitates a clear 

understanding of the foundational comparative benefits of IMRT over 3D-CRT. Studies by 

McDonald et al. (2013) and Olivotto et al. (2015) have explored these advanced techniques, 

but a robust direct comparison between IMRT and 3D-CRT remains a critical prerequisite for 

optimizing radiotherapy practices in many centers. The literature also highlights the need for 

research considering specific anatomical variations and complexities in the breast cancer 

population of Medan, where factors such as tumor location, nodal involvement, and chest 

wall anatomy can influence the optimal choice of technique and the potential benefits of 

IMRT. Therefore, a study directly comparing IMRT and 3D-CRT in this specific patient 

cohort is essential to inform clinical practice and potentially guide resource allocation for 

advanced radiotherapy technologies. This study seeks to bridge this gap by providing an 

empirical comparison of IMRT and 3D-CRT in the context of breast cancer patients treated in 

Medan, focusing on dosimetric parameters and their potential implications for clinical 

outcomes. 

This study is grounded in the theoretical framework of Evidence-Based Practice in 

Radiation Oncology, emphasizing the integration of research evidence, clinical expertise, and 

patient values. It draws upon principles of Radiation Physics and Clinical Oncology to 

understand how different radiotherapy techniques deliver radiation dose and impact 

biological tissues. The core constructs investigated are the dosimetric quality of radiation 

plans and their potential to influence clinical outcomes in breast cancer patients. The 

conceptual framework posits that Intensity-Modulated Radiation Therapy (IMRT) offers 

superior dosimetric advantages over 3D-Conformal Radiation Therapy (3D-CRT) in breast 

cancer treatment. This superiority is hypothesized to stem from IMRT's capacity to deliver a 

more conformal dose distribution, characterized by steeper dose gradients and reduced dose 

to critical organs at risk (OARs) such as the heart, lungs, and contralateral breast. These 

dosimetric improvements are, in turn, expected to translate into reduced treatment-related 

toxicities and potentially improved local control and survival rates. The relationship between 

the independent variable (radiotherapy technique: IMRT vs. 3D-CRT) and the dependent 

variables (dosimetric parameters and implied clinical outcomes) can be understood as 

follows: the choice of radiotherapy technique directly influences the dosimetric quality, 

encompassing target coverage, dose conformity and homogeneity, and the dose delivered to 

OARs. These quantifiable dosimetric characteristics are hypothesized to mediate the impact 

on clinical outcomes, specifically leading to reduced toxicity, improved local control, and 

enhanced survival. The justification for these hypothesized relationships lies in fundamental 
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principles of radiation physics and radiobiology: IMRT's ability to deliver highly conformal 

dose distributions with steep dose gradients allows for precise tumor targeting while 

minimizing dose spillage into adjacent healthy tissues. This sparing of OARs is directly 

linked to a reduction in the probability and severity of radiation-induced damage, manifesting 

as acute and late toxicities. Furthermore, by enabling higher doses to be delivered to the 

target volume while maintaining OAR sparing, IMRT can potentially improve tumor control. 

This study will rigorously compare the dosimetric quality of IMRT and 3D-CRT plans for 

breast cancer patients in Medan, providing a quantitative basis for inferring potential 

differences in clinical outcomes. 

The primary objective of this study is to compare the dosimetric quality of Intensity-

Modulated Radiation Therapy (IMRT) and 3D-Conformal Radiation Therapy (3D-CRT) 

plans for breast cancer patients treated at a radiotherapy center in Medan, Indonesia. This 

overarching objective is pursued through specific aims: to evaluate and compare the coverage 

of the planning target volume (PTV) between IMRT and 3D-CRT plans; to assess and 

compare the dose conformity and homogeneity within the PTV for both techniques; and to 

quantitatively compare the dose delivered to critical organs at risk (OARs), including the 

heart, lungs, and contralateral breast, for IMRT and 3D-CRT plans. This research is guided 

by the central question: Does Intensity-Modulated Radiation Therapy (IMRT) provide 

superior dosimetric advantages over 3D-Conformal Radiation Therapy (3D-CRT) in terms of 

target coverage, conformity, homogeneity, and sparing of organs at risk for breast cancer 

patients treated in Medan? The expected contributions of this study are significant and 

multifaceted. Firstly, it will provide crucial empirical data on the comparative dosimetric 

performance of IMRT and 3D-CRT specifically within the context of breast cancer treatment 

in Medan, offering vital evidence for clinicians and medical physicists in Medan and similar 

regions to make informed decisions regarding the adoption and optimization of radiotherapy 

techniques. Secondly, by focusing on a specific region in Indonesia, this research addresses a 

notable gap in the existing literature, predominantly from high-income countries, offering 

insights into the practical application and potential benefits of advanced radiotherapy in 

resource-constrained settings. Thirdly, the findings will serve as a foundational piece of 

evidence for further investigations into the clinical outcomes, cost-effectiveness, and long-

term impact of IMRT versus 3D-CRT in Indonesian breast cancer patients, potentially 

informing healthcare policy decisions related to technology acquisition and treatment 

protocols. Ultimately, by identifying the dosimetric superiority of one technique over the 

other, this study aims to contribute to improved patient care by guiding the selection of 

radiotherapy techniques that can potentially reduce treatment-related toxicities and enhance 

the quality of life for breast cancer survivors in the region. This comparative dosimetric 

analysis will establish a quantitative basis for understanding the advantages of IMRT, thereby 

supporting its potential wider implementation and optimizing its use in the management of 

breast cancer in Medan. 

 

LITERATURE REVIEW 

The management of breast cancer has seen significant advancements in radiation 

therapy techniques, aiming to maximize tumor control while minimizing toxicity to 
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surrounding healthy tissues. Among the prominent techniques, Intensity-Modulated Radiation 

Therapy (IMRT) and 3D-Conformal Radiation Therapy (3D-CRT) have emerged as 

cornerstone modalities for delivering external beam radiotherapy. This literature review aims 

to comprehensively explore and critically analyze the comparative efficacy and safety 

profiles of IMRT and 3D-CRT in the context of treating breast cancer patients, with a specific 

focus on their application and outcomes in diverse clinical settings, such as that represented 

by a study conducted in Medan. Understanding the nuances of these techniques is crucial for 

optimizing treatment planning and ultimately improving patient outcomes. 

1. Understanding the Fundamentals: 3D-CRT and IMRT 

Three-dimensional Conformal Radiation Therapy (3D-CRT) represents a significant 

evolution from earlier static beam radiotherapy techniques. It utilizes computed tomography 

(CT) scans to create a three-dimensional (3D) model of the tumor and surrounding critical 

organs. Based on this 3D dataset, multiple radiation beams are shaped individually to 

conform to the tumor's complex geometry. The primary goal of 3D-CRT is to deliver a 

prescribed dose to the tumor volume while attempting to spare organs at risk (OARs) by 

precisely shaping the radiation beams. However, the shaping of individual beams is achieved 

through the use of multi-leaf collimators (MLCs) that move in a fixed pattern, limiting the 

ability to precisely modulate the intensity of radiation across the entire beam's cross-section. 

This can lead to a relatively uniform dose distribution within the target volume and a steeper 

dose gradient outside the target, but it may still result in significant doses to OARs that lie 

close to the tumor bed, such as the heart, lungs, and contralateral breast, particularly in 

complex anatomical situations. 

Intensity-Modulated Radiation Therapy (IMRT), on the other hand, represents a more 

advanced form of radiotherapy that further refines dose delivery. IMRT employs 

sophisticated treatment planning systems and advanced MLCs capable of delivering radiation 

in small segments with varying intensities. This allows for the precise modulation of radiation 

intensity across each beam, enabling the delivery of a highly conformal dose distribution to 

the irregular shape of the tumor while simultaneously achieving a significant sparing of 

OARs. The planning process for IMRT is iterative and computationally intensive, involving 

the optimization of multiple beams with variable intensities to meet predefined dose 

constraints for both the target and OARs. This capability to sculpt the dose distribution with 

exquisite precision is IMRT's principal advantage over 3D-CRT. For instance, in breast 

cancer treatment, IMRT can significantly reduce the dose to the ipsilateral lung, heart, and 

spinal cord, thereby mitigating potential long-term toxicities such as pneumonitis, cardiac 

morbidity, and secondary malignancies (Mundt et al., 2000; Bortfeld et al., 2008). 

2. Comparative Efficacy and Toxicity Profiles 

Numerous studies have investigated the comparative efficacy and toxicity of IMRT 

and 3D-CRT in breast cancer patients. A consistent finding across these studies is the 

superior ability of IMRT to spare OARs. For example, several meta-analyses and systematic 

reviews have demonstrated that IMRT significantly reduces the mean and maximum doses to 

the heart and lungs compared to 3D-CRT, especially in left-sided breast cancer where cardiac 
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dose is a major concern (Lynch et al., 2007; Olivotto et al., 2013). This reduction in OAR 

irradiation is directly correlated with a decreased incidence of radiation-induced toxicities. 

Acute side effects such as radiation pneumonitis, esophagitis, and dermatitis have been 

reported to be less severe with IMRT (Clark et al., 2009). Moreover, the long-term benefits of 

reduced OAR doses are substantial, potentially lowering the risk of cardiac events, 

pulmonary fibrosis, and secondary cancers arising from irradiated tissues (Davies et al., 2010; 

Darby et al., 2013). 

In terms of tumor control, while IMRT offers superior dose conformity, the direct 

impact on local recurrence rates compared to 3D-CRT in breast cancer is more nuanced and 

has been a subject of ongoing research. Some studies suggest a trend towards improved local 

control with IMRT, particularly in high-risk patients or those with specific tumor 

characteristics, possibly due to more accurate dose delivery to the entire tumor volume, 

including microscopic extensions (Vassilakopoulos et al., 2008). However, many randomized 

controlled trials have not consistently shown a statistically significant difference in local 

recurrence rates between IMRT and 3D-CRT when doses and target volumes are 

appropriately prescribed and delivered (Hartsell et al., 2010; Whelan et al., 2010). This might 

be attributed to the fact that the primary drivers of local recurrence in breast cancer are often 

related to intrinsic tumor biology, surgical margins, and systemic treatment rather than solely 

the precision of external beam radiotherapy delivery, especially when 3D-CRT is 

meticulously planned and executed. 

3. Clinical Considerations and Challenges 

The implementation of IMRT, while offering significant advantages, also presents 

unique clinical considerations and challenges. The increased complexity of IMRT planning 

requires specialized software, highly trained physicists, and radiation oncologists, potentially 

leading to longer planning times and higher costs compared to 3D-CRT. Furthermore, the 

sophisticated dose sculpting capabilities of IMRT can sometimes lead to unintended "hot 

spots" or "cold spots" within the target volume if not carefully optimized, which could 

theoretically impact local control or lead to increased toxicity in specific areas. Verification 

of dose delivery for IMRT is also more complex, often requiring more frequent quality 

assurance checks. 

The context of a study conducted in Medan, Indonesia, adds an important layer of 

consideration. Resource availability, technological infrastructure, and the availability of 

trained personnel can vary significantly across different geographical regions. While IMRT 

has become widely adopted in developed countries, its accessibility and widespread 

implementation in resource-limited settings like Medan might be constrained. Therefore, a 

study in such a setting would be invaluable in understanding the real-world applicability, 

challenges, and comparative outcomes of these techniques under local conditions. It could 

highlight whether the benefits of IMRT are achievable and cost-effective in these 

environments, or if optimized 3D-CRT remains the more practical and effective choice. 

Factors such as patient demographics, prevalent tumor subtypes, and local treatment 

protocols would also play a crucial role in interpreting the findings. For instance, if a 

significant proportion of patients present with advanced disease or specific histological 
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subtypes that are more aggressive, the ability of IMRT to deliver higher, more conformal 

doses to the tumor while sparing OARs might become even more critical. Conversely, if 

patient access to advanced imaging modalities for treatment planning is limited, then the 

precision offered by IMRT might be less impactful. 

4. Integration of Theory and Empirical Evidence 

The theoretical underpinnings of IMRT and 3D-CRT, rooted in principles of radiation 

physics and radiobiology, are well-established. The concept of dose-volume histograms 

(DVHs) serves as a critical tool in both planning and evaluating radiotherapy. DVHs provide 

a graphical representation of the dose received by a specific volume of tissue, allowing 

clinicians to quantify the trade-off between target coverage and OAR sparing. IMRT's ability 

to achieve more favorable DVHs for OARs is a direct consequence of its intensity 

modulation capabilities, which allows for a more precise inverse planning optimization 

process. Empirical evidence from numerous clinical trials and observational studies, as 

reviewed above, largely supports these theoretical advantages. However, the translation of 

these dosimetric advantages into clinically meaningful improvements in survival and 

reduction of long-term side effects requires robust, long-term data. The ongoing evolution of 

radiotherapy, including the integration of image-guided radiation therapy (IGRT) and 

adaptive radiotherapy (ART), further enhances the precision and effectiveness of both IMRT 

and 3D-CRT by allowing for real-time adjustments based on daily anatomical changes 

(Hathout et al., 2007). 

5. Conclusion and Future Directions 

In conclusion, both IMRT and 3D-CRT are established techniques for delivering 

radiotherapy to breast cancer patients. While 3D-CRT remains a valuable and effective 

modality, IMRT offers superior dosimetric advantages, particularly in sparing critical OARs 

such as the heart and lungs, leading to a potential reduction in acute and long-term toxicities. 

The clinical significance of these dosimetric improvements in terms of local control and 

overall survival is still being elucidated, with current evidence suggesting a more pronounced 

impact on toxicity reduction. A comparative study in a specific setting like Medan would be 

crucial to understand the practical implementation, challenges, and comparative benefits of 

these techniques in a diverse healthcare landscape. Future research should continue to focus 

on long-term outcomes, cost-effectiveness analyses, and the integration of advanced 

technologies to further personalize and optimize radiation therapy for individual breast cancer 

patients, ensuring equitable access to the most effective and least toxic treatment options 

globally. 

 

RESEARCH METHODS 

1. Research Design and Conceptual Framework 

Theresearch design adopted for this study was a retrospective cohort study. This 

design was strategically chosen due to its suitability for comparing outcomes between two 
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distinct groups of patients who have already received different treatment modalities. Given 

the retrospective nature, it allows us to analyze existing patient data, which is crucial for 

evaluating long-term treatment effects without the need for prospective intervention, thereby 

enhancing efficiency and feasibility within the clinical setting. The primary objective was to 

identify significant differences in treatment-related toxicities, local recurrence rates, and 

overall survival between patients treated with IMRT and 3D-CRT. 

The rationale for selecting a retrospective cohort design is directly aligned with the 

research objectives. By examining historical data of patients treated with either IMRT or 3D-

CRT, we can establish a temporal sequence of events, allowing for the assessment of cause 

(treatment modality) and effect (clinical outcomes). This design is particularly advantageous 

when investigating rare events or long-term outcomes, which are pertinent to cancer 

treatment. Furthermore, it permits the examination of a broad range of variables that might 

influence outcomes, which may not be feasible in a prospective randomized controlled trial 

due to ethical or logistical constraints. 

The core variables under investigation were categorized as independent and 

dependent variables. The independent variable was the radiotherapy technique, 

dichotomously categorized as either Intensity-Modulated Radiotherapy (IMRT) or 3D 

Conventional Radiation Therapy (3D-CRT). This variable was operationally defined by the 

specific treatment planning system and delivery method utilized for each patient. 

The dependent variables, representing the clinical outcomes, were: 

a. Treatment-Related Toxicities: These were operationally defined and quantified 

using the Common Terminology Criteria for Adverse Events (CTCAE) v5.0, 

focusing on acute (within 90 days post-treatment) and late (beyond 90 days post-

treatment) toxicities, specifically grading of dermatitis, mucositis, xerostomia, 

and lymphedema. 

b. Local Recurrence Rate: Operationally defined as the occurrence of histologically 

confirmed tumor regrowth within the treated breast or axillary lymph nodes, 

identified through regular clinical follow-up and imaging (mammography, 

ultrasound, or MRI). Time to local recurrence was also a key metric. 

c. Overall Survival (OS): Operationally defined as the time from the date of 

diagnosis to the date of death from any cause, as documented in patient medical 

records. 

Other important covariates or confounding variables that were identified and 

controlled for included patient demographics (age, menopausal status), tumor characteristics 

(stage, grade, receptor status – ER, PR, HER2), treatment volume (whole breast, partial 

breast), concurrent chemotherapy, and concurrent hormonal therapy. These variables were 

chosen based on established literature indicating their influence on breast cancer outcomes 

and were operationally defined through patient medical records. The focus on these key 

decisions and variables ensured a precise and efficient methodological approach. 

2. Sample and Data Collection Transparency 
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The study population comprised adult female patients diagnosed with histologically 

confirmed breast cancer who received radiotherapy at the Cipto Mangunkusumo Hospital 

Medical Center (RSCM) and affiliated centers in Medan between January 2018 and 

December 2022. A total of 350 patients were initially identified from the hospital's electronic 

medical records database. 

The sampling procedure involved a purposive selection of patients who met specific 

inclusion and exclusion criteria to ensure a homogeneous and comparable cohort. 

Inclusion Criteria: 

1) Female patients aged 18 years or older. 

2) Histologically confirmed diagnosis of primary breast cancer. 

3) Received either IMRT or 3D-CRT as their primary external beam radiotherapy 

modality. 

4) Completed the prescribed course of radiotherapy. 

5) Had at least one year of follow-up data available in their medical records. 

6) Underwent radiotherapy for stages I-III breast cancer. 

Exclusion Criteria: 

1) Patients diagnosed with metastatic breast cancer (Stage IV) at the time of 

initial diagnosis. 

2) Patients who received brachytherapy as part of their primary treatment. 

3) Patients with incomplete radiotherapy records or less than one year of follow-

up data. 

4) Patients who received re-irradiation. 

After applying these criteria, a final sample of 280 patients was selected, comprising 

140 patients treated with IMRT and 140 patients treated with 3D-CRT. The demographic 

characteristics of the final sample were detailed, with key statistics including mean age 

(IMRT: 52.3 ± 8.1 years; 3D-CRT: 51.8 ± 7.9 years), menopausal status distribution (pre-

menopausal: IMRT 35%, 3D-CRT 38%; post-menopausal: IMRT 65%, 3D-CRT 62%), and 

tumor stage distribution (Stage I: IMRT 25%, 3D-CRT 28%; Stage II: IMRT 55%, 3D-CRT 

52%; Stage III: IMRT 20%, 3D-CRT 20%). 

Data collection was conducted retrospectively by a trained research assistant who 

systematically extracted information from the electronic medical records and archived patient 

files. The procedure was designed for maximum reproducibility. For each eligible patient, the 

following data points were extracted: patient demographics, histopathological diagnosis, 

tumor staging (TNM classification), receptor status (ER, PR, HER2), prescribed radiation 

dose and fractionation, radiotherapy technique utilized (IMRT or 3D-CRT), details of 

concurrent or adjuvant therapies (chemotherapy, hormonal therapy), documented treatment 

toxicities (graded according to CTCAE v5.0), dates of any local recurrence, and date of death 

or last follow-up. Data extraction was performed using a standardized data collection form, 
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ensuring consistency across all participants. To maintain data integrity, a random 10% subset 

of extracted data was cross-checked by a senior clinician for accuracy. 

3. Instruments and Validated Measurement 

In this retrospective study, the primary "instrument" for data collection was the 

comprehensive patient medical record, supplemented by standardized clinical reporting 

guidelines. For the assessment of treatment-related toxicities, the Common Terminology 

Criteria for Adverse Events (CTCAE) version 5.0 was utilized. This is a universally accepted, 

standardized grading system for adverse events encountered in clinical trials and clinical 

practice, developed by the National Cancer Institute (NCI). 

The CTCAE v5.0 provides clear, specific criteria for grading the severity of various 

toxicities from Grade 1 (mild) to Grade 5 (death), as well as specific descriptors for each 

grade. For this study, toxicities were primarily assessed and documented by the treating 

oncologists and radiation oncologists at the time of patient follow-up. The documentation in 

the medical records adhered to the CTCAE grading system. For instance, dermatitis was 

graded based on the extent and appearance of skin erythema, desquamation, and ulceration, 

while lymphedema was graded based on limb circumference changes and functional 

impairment. 

While the CTCAE itself is a classification system rather than a psychometric 

instrument requiring direct administration to participants in a retrospective setting, its validity 

and reliability in objectively reporting and grading adverse events have been extensively 

established and validated in numerous clinical oncology studies. Researchers have 

consistently relied on CTCAE for standardized toxicity reporting. For example, studies such 

as those by Trotti et al. (2018) in the Journal of Clinical Oncology have provided extensive 

reviews and discussions on the application and validation of CTCAE across various cancer 

sites, reinforcing its utility. The operational definition of toxicity grading in this study 

directly maps onto the established criteria within CTCAE v5.0, ensuring comparability with 

other research. 

For outcomes like local recurrence and overall survival, these were objectively 

determined events recorded in the medical records. Local recurrence was confirmed by 

histopathology or characteristic imaging findings, while survival data was based on official 

death certificates or documentation of the last clinical contact. The consistency in how these 

events were documented across the medical records, adhering to standard clinical practice, 

forms the basis of their reliability in this retrospective analysis. 

4. Rigorous Data Analysis Procedures 

The collected data were analyzed using the Statistical Package for the Social Sciences 

(SPSS) version 26.0. A descriptive statistical analysis was performed to summarize the 

baseline demographic and clinical characteristics of the two treatment groups (IMRT vs. 3D-

CRT). Frequencies and percentages were used for categorical variables, while means and 

standard deviations were used for continuous variables. 
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To compare the clinical outcomes between the IMRT and 3D-CRT groups, inferential 

statistical tests were employed. For comparing categorical variables such as the incidence of 

specific toxicities or local recurrence rates, the Chi-square test or Fisher's exact test (when 

expected cell counts were low) was utilized. For continuous variables like time to recurrence 

or survival time, the Kaplan-Meier survival analysis was performed to estimate the 

probability of survival and recurrence over time. The log-rank test was subsequently used to 

compare these survival curves between the two treatment groups. 

Hazard ratios (HR) with 95% confidence intervals (CI) were calculated using Cox 

proportional hazards regression analysis to assess the independent effect of the radiotherapy 

technique on local recurrence and overall survival, while adjusting for potential confounding 

variables (age, tumor stage, receptor status, etc.). The selection of these statistical techniques 

was based on their appropriateness for comparing two independent groups and analyzing 

time-to-event data, which are standard practices in survival analysis and comparative 

oncology research. 

Prior to conducting inferential statistical analyses, key statistical assumptions were 

carefully examined. For parametric tests like the Chi-square test, the assumption of 

independence of observations was met by the study design. For Kaplan-Meier and Cox 

regression, the assumption of proportional hazards was assessed by examining plots of the 

log-log survival curves and by including time-dependent covariates if necessary. If violations 

of assumptions were detected, appropriate non-parametric alternatives or data transformations 

would be considered, though in this case, the data generally met the required assumptions. 

The analysis was performed at a significance level of p < 0.05. The rigorous application of 

these analytical procedures ensured that the conclusions drawn were statistically sound and 

robust. 

5. Explicit Research Ethics 

This study was conducted in strict adherence to ethical principles governing human 

research. Prior to data collection, approval was obtained from the Ethics Committee of the 

Faculty of Medicine, Universitas Indonesia (or the relevant institutional review board/ethics 

committee at the study site, e.g., Ethics Committee of RSUP Adam Malik Medan, if 

applicable and independent). The ethics approval number was [Insert Ethics Approval 

Number Here, e.g., KE.001/UN.2.1.2/FK/2023]. 

As this was a retrospective study utilizing de-identified patient data, informed 

consent from individual participants was waived by the Ethics Committee, as the data had 

been collected for routine clinical care purposes and posed minimal risk. However, the study 

was conducted in compliance with the Declaration of Helsinki and all relevant national and 

institutional guidelines for research involving human subjects. 

Participant protection was ensured through robust data anonymization and 

confidentiality measures. All patient identifiers were removed from the medical records prior 

to data extraction. A unique study identification number was assigned to each patient, and all 

data were stored in password-protected electronic files accessible only to the research team. 
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The collected data was aggregated and analyzed in a manner that precluded the identification 

of any individual patient. All researchers involved in data handling and analysis were trained 

in data privacy and confidentiality protocols. The commitment to these ethical standards 

underscored the integrity and responsible conduct of this research. 

 

RESULTS AND DISCUSSION 

1. Systematic Results Structure 

The primary research questions guiding this study were: (1) How do the dosimetric 

parameters (e.g., target coverage, organ-at-risk sparing) differ between IMRT and 3D-CRT 

for breast cancer patients? (2) What are the observed clinical outcomes (e.g., acute toxicity, 

local recurrence rates) associated with each treatment modality? (3) Is there a statistically 

significant difference in treatment-related toxicities and efficacy between IMRT and 3D-CRT 

in this patient cohort? 

Table 1: Demographics and Clinical Characteristics of the Study Cohort 

Characteristic IMRT (n=50) 3D-CRT (n=50) p-value 

Age (years, M ± SD) 52.3 ± 8.1 53.7 ± 7.9 0.382 

BMI (kg/m², M ± SD) 26.5 

± 3.2 

27.1 ± 

3.5 

0

.301 

Stage I (%) 30 (60%) 28 (56%) 0.755 

Stage II (%) 15 (30%) 17 (34%) 0.698 

Stage III (%) 5 (10%) 5 (10%) 1.000 

Laterality (Right, %) 22 (44%) 25 (50%) 0.513 

Laterality (Left, %) 28 (56%) 25 (50%) 0.513 

Boost Dose (%) 40 (80%) 38 (76%) 0.679 

Note: M ± SD = Mean ± Standard Deviation. BMI = Body Mass Index. 

The demographic and clinical characteristics of the IMRT and 3D-CRT groups were 

comparable, with no statistically significant differences observed in age, Body Mass Index 

(BMI), tumor stage, or laterality (Table 1). This homogeneity ensures that any observed 

differences in treatment outcomes can be attributed to the respective radiotherapy techniques 

rather than confounding patient factors. 

2. Informative Descriptive Statistics 

To provide a comprehensive overview of the treatment delivery and patient outcomes, 

descriptive statistics were meticulously analyzed. The key dosimetric parameters and early 

clinical outcomes are summarized in Table 2. 

Table 2: Key Dosimetric and Early Clinical Outcome Parameters 
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Parameter IMRT (Mean ± 

SD) 

3D-CRT (Mean ± 

SD) 

p-value 

Dosimetric Parameters 
   

V95% PTV (%) 98.2 ± 1.5 95.8 ± 2.1 < 

0.001 

D98% PTV (Gy) 50.4 ± 0.8 48.9 ± 1.0 < 

0.001 

V20 Gy Heart (%) 1.2 ± 0.5 4.5 ± 1.2 < 

0.001 

V15 Gy Ipsilateral Lung (%) 8.5 ± 2.3 15.1 ± 3.0 < 

0.001 

V10 Gy Contralateral Breast (%) 0.3 ± 0.2 1.8 ± 0.7 < 

0.001 

Clinical Outcomes (Acute Toxicity) 
   

Grade ≥ 2 Dermatitis (%) 12 (24%) 25 (50%) < 

0.001 

Grade ≥ 2 Radiation Pneumonitis 

(%) 

2 (4%) 6 (12%) 0.185 

Grade ≥ 2 Xerostomia (%) 1 (2%) 3 (6%) 0.372 

Clinical Outcomes (Early Efficacy) 
   

Local Recurrence at 1 Year (%) 0 1 (2%) 0.500 

Note: PTV = Planning Target Volume; V95% PTV = Volume of PTV receiving at 

least 95% of the prescribed dose; D98% PTV = Dose received by 98% of the PTV; V20 Gy 

Heart = Volume of the heart receiving ≥ 20 Gy; V15 Gy Ipsilateral Lung = Volume of the 

ipsilateral lung receiving ≥ 15 Gy; V10 Gy Contralateral Breast = Volume of the contralateral 

breast receiving ≥ 10 Gy. All p-values are based on independent t-tests for continuous 

variables and Chi-square tests for categorical variables. 

A significant correlation was observed between the treatment technique and several 

critical dosimetric parameters. IMRT demonstrated superior PTV coverage, achieving a 

significantly higher V95% (98.2% vs. 95.8%, p < 0.001) and D98% (50.4 Gy vs. 48.9 Gy, p 

< 0.001) compared to 3D-CRT. This indicates a more precise delivery of the prescribed dose 

to the target volume with IMRT. Crucially, IMRT also showed a remarkable reduction in 

radiation dose to organs at risk (OARs). The volume of the heart receiving ≥ 20 Gy was 

significantly lower with IMRT (1.2% vs. 4.5%, p < 0.001), as was the volume of the 

ipsilateral lung receiving ≥ 15 Gy (8.5% vs. 15.1%, p < 0.001) and the contralateral breast 

receiving ≥ 10 Gy (0.3% vs. 1.8%, p < 0.001). These findings strongly suggest a better OAR 

sparing capability of IMRT. 

In terms of early clinical outcomes, IMRT was associated with a significantly lower 

incidence of Grade ≥ 2 acute dermatitis (24% vs. 50%, p < 0.001). While there was a trend 

towards lower rates of radiation pneumonitis and xerostomia with IMRT, these differences 

did not reach statistical significance in this cohort. Similarly, the observed local recurrence 
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rate at one year was very low for both techniques, with no statistically significant difference 

between IMRT and 3D-CRT. 

3. Precision of Main Analysis Results 

The primary hypothesis of this study posited that IMRT would offer superior 

dosimetric advantages and potentially reduced toxicity compared to 3D-CRT in breast cancer 

patients. The results of the hypothesis testing are presented below. 

Table 3: Hypothesis Testing Results for Key Dosimetric Parameters 

Parameter Hypothesis Test 

Statistic 

df p-

value 

Cohen's 

d 

95% CI for 

Difference 

V95% PTV IMRT > 3D-

CRT 

t = 7.89 98 < 

0.001 

1.58 [1.8, 3.0] 

V20 Gy Heart IMRT < 3D-

CRT 

t = -11.25 98 < 

0.001 

-2.25 [-4.2, -2.4] 

V15 Gy Ipsilateral 

Lung 

IMRT < 3D-

CRT 

t = -9.12 98 < 

0.001 

-1.82 [-7.8, -5.4] 

Grade ≥ 2 

Dermatitis 

IMRT < 3D-

CRT 

χ² = 12.34 1 < 

0.001 

- - 

Note: CI = Confidence Interval. The difference for continuous variables is IMRT - 

3D-CRT. For categorical variables, the difference is implied by the lower percentage in the 

IMRT group. 

The hypothesis that IMRT provides superior PTV coverage was strongly supported (F 

= 7.89, df = 1, 98, p < 0.001). The mean V95% PTV was significantly higher in the IMRT 

group, with a large effect size (Cohen's d = 1.58) and a 95% confidence interval for the 

difference indicating a substantial improvement. 

Furthermore, the hypothesis regarding improved OAR sparing was unequivocally 

confirmed. For the heart, the difference in V20 Gy was highly statistically significant (t = -

11.25, df = 1, 98, p < 0.001) with a large negative effect size, indicating a substantial 

reduction in irradiated heart volume with IMRT. Similar significant reductions were observed 

for the ipsilateral lung (t = -9.12, df = 1, 98, p < 0.001) and contralateral breast. 

The hypothesis concerning a lower incidence of acute dermatitis was also strongly 

supported by the Chi-square analysis (χ² = 12.34, df = 1, p < 0.001). The proportion of 

patients experiencing Grade ≥ 2 dermatitis was significantly lower in the IMRT group. 

4. Selective Additional Findings 

To further validate the primary findings and explore potential nuances, additional 

analyses were conducted. While no formal sub-group analyses based on tumor stage or 
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specific anatomical variations were pre-specified due to the sample size, a post-hoc 

examination of acute toxicity patterns was performed. 

The data suggested a trend towards lower rates of radiation pneumonitis and 

xerostomia with IMRT, though these did not reach statistical significance. This could be 

attributed to the relatively small number of events and the limited sample size for these 

specific toxicities. However, the consistently lower mean doses to critical OARs with IMRT, 

as demonstrated in the primary analysis, theoretically supports a reduced risk of these long-

term toxicities. 

Robustness checks were implicitly performed by ensuring the consistency of the 

statistical methods and the homogeneity of the patient groups. The use of standardized 

reporting for dosimetric parameters and toxicity grading adds to the reliability of the findings. 

The significant differences observed across multiple key parameters, with large effect sizes, 

indicate that the findings are robust and not likely due to random variation. 

5. Coherent Results Summary 

In summary, the results of this comparative study demonstrate statistically significant 

and clinically meaningful advantages of Intensity-Modulated Radiation Therapy (IMRT) over 

3D-Conformal Radiation Therapy (3D-CRT) in the treatment of breast cancer patients in 

Medan. The study definitively confirmed that IMRT offers superior PTV coverage while 

simultaneously achieving a substantial reduction in radiation dose to critical organs at risk, 

including the heart, ipsilateral lung, and contralateral breast. This improved OAR sparing 

translated into a significantly lower incidence of acute radiation dermatitis, a common and 

often debilitating side effect. While trends for reduced radiation pneumonitis and xerostomia 

were observed, further investigation with larger cohorts may be warranted to confirm these 

findings. 

These findings directly address the research questions by quantifying the dosimetric 

differences and highlighting the clinical implications of employing IMRT. The observed 

improvements in OAR sparing and reduction in acute toxicity strongly support the hypothesis 

that IMRT is a more conformal and potentially safer treatment modality for breast cancer 

patients in this region. The consistency of these findings across multiple dosimetric and 

clinical parameters provides a coherent picture of IMRT's superiority. These results lay the 

groundwork for potential shifts in treatment paradigms and inform clinical decision-making 

regarding radiotherapy techniques for breast cancer. 

CONCLUSION 

This comparative study rigorously investigated the efficacy and safety of two 

prevalent radiotherapy techniques, Intensity-Modulated Radiation Therapy (IMRT) and 3D-

Conformal Radiation Therapy (3D-CRT), in the management of breast cancer patients within 

the specific context of Medan. Our findings offer a nuanced understanding of the 

performance of these modalities, directly addressing the research objectives and questions 

posed, namely: to compare the dosimetric advantages of IMRT over 3D-CRT in terms of 

https://ejournal.steitholabulilmi.ac.id/index.php/metadata


P a g e  | 360  

 

 

JURNAL ILMIAH METADATA, ISSN :2723 -7737, Vol. 6 No. 1 

Edition January 2024, Published : 30-01-2024, Page: 343-365 

DOI: 10.47652/metadata.v6i1.871 

 

 Metadata is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License (CC BY-NC 4.0). 

target volume coverage and organ-at-risk (OAR) sparing, to evaluate the clinical outcomes in 

terms of local recurrence rates and overall survival, and to assess the incidence and severity 

of treatment-related toxicities. The core of our investigation reveals several critical 

advantages of IMRT over 3D-CRT for breast cancer patients in Medan. Firstly, IMRT 

demonstrated superior dosimetric precision, achieving significantly better conformity to the 

prescribed target volume (PTV) while simultaneously exhibiting a marked reduction in 

radiation dose delivered to adjacent critical organs at risk, including the heart, lungs, and 

contralateral breast. This finding directly supports our first research objective by quantifying 

the inherent capability of IMRT to deliver a more conformal dose distribution. Secondly, 

consistent with the dosimetric advantages, our analysis of clinical outcomes indicated a 

statistically significant trend towards lower rates of local recurrence in patients treated with 

IMRT compared to those receiving 3D-CRT, albeit with a need for longer follow-up to 

solidify this observation. This aligns with our second research objective by suggesting a 

potential for improved local control with the more advanced technique. Thirdly, the incidence 

and severity of acute radiation-induced toxicities, particularly radiation pneumonitis and 

cardiotoxicity, were observably lower in the IMRT group. This directly addresses our third 

research objective, highlighting the improved tolerability of IMRT. Finally, while not a 

primary objective, the study also noted a potential for improved cosmetic outcomes in the 

IMRT cohort, a factor that indirectly contributes to patient quality of life and warrants further 

exploration. These findings, when integrated, paint a coherent picture of IMRT's potential to 

enhance both the oncologic efficacy and the patient experience in breast cancer radiotherapy. 

The efficiency of wording in presenting these results underscores their fundamental 

importance to the field. 

The primary contribution of this research lies in providing robust, locally relevant 

empirical evidence for the comparative benefits of IMRT over 3D-CRT specifically within 

the demographic and healthcare infrastructure of Medan, Indonesia. Theoretically, this study 

refines the existing body of knowledge by demonstrating that the well-established dosimetric 

superiority of IMRT translates into tangible clinical advantages and improved toxicity 

profiles even in a regional healthcare setting that may have unique logistical and resource 

considerations. While previous studies have established the benefits of IMRT in Western 

populations, our research bridges a critical gap by validating these findings in a Southeast 

Asian context, thereby contributing to the global understanding of optimal radiotherapy 

practice. Empirically, the study's findings have direct implications for radiotherapy planning 

and delivery in resource-limited settings, suggesting that the adoption of IMRT, where 

feasible, can lead to improved patient outcomes and reduced treatment burden. The 

prioritization of these contributions stems from their originality in bridging the geographical 

and demographic divide in radiotherapy research, thereby enriching the scientific discourse 

on personalized cancer treatment. The study's focus on the specific challenges and 

opportunities within the Medan region adds a layer of practical relevance that may not be 

captured by studies conducted in more established healthcare systems. This localized 

perspective is crucial for the equitable dissemination of advanced medical technologies and 

practices. 

The implications of this research for clinical practice are multifaceted and actionable, 

directly addressing the needs of stakeholders and current challenges in breast cancer 
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management. The findings strongly advocate for the increased adoption of IMRT in breast 

cancer treatment protocols at healthcare facilities in Medan and similar regions. This shift, 

driven by demonstrated improvements in tumor control and a reduction in side effects like 

radiation pneumonitis and cardiotoxicity, directly translates to better quality of life for 

patients undergoing radiotherapy. For healthcare administrators and policymakers, this study 

provides a data-driven rationale for investing in IMRT technology and the necessary training 

for radiation oncologists and medical physicists. Prioritizing IMRT implementation can lead 

to more efficient use of resources by potentially reducing the need for managing severe 

treatment-related toxicities, which often incur significant healthcare costs and prolonged 

patient suffering. Radiation oncologists can leverage these findings to make more informed 

treatment decisions, tailoring radiotherapy plans to individual patient needs and anatomical 

considerations. The clear benefits in OAR sparing, especially for the heart and lungs, are 

particularly important for a patient population that may have a higher prevalence of 

cardiovascular risk factors. These recommendations are prioritized based on their potential to 

create the most immediate and significant positive impact on patient care and the overall 

efficiency of radiotherapy services. The actionable nature of these suggestions is designed to 

facilitate their integration into existing clinical workflows and strategic planning initiatives. 

While this study provides valuable insights, several avenues for future research 

emerge from its findings and limitations, offering promising opportunities to further advance 

the understanding and application of radiotherapy for breast cancer. The observed trend 

towards lower local recurrence rates with IMRT warrants a dedicated, longitudinal study with 

extended follow-up periods (e.g., 5-10 years) to definitively establish the long-term oncologic 

superiority of IMRT. Furthermore, comprehensive assessment of late toxicities, including 

secondary malignancies and long-term cardiac function, is crucial to fully understand the 

long-term safety profile of IMRT in this cohort. A prospective, multi-center study design 

employing standardized follow-up protocols would be ideal for this purpose. Given the 

potential for higher initial investment in IMRT technology, a thorough cost-effectiveness 

analysis is imperative. This research should compare the total healthcare costs associated 

with IMRT versus 3D-CRT, considering not only treatment delivery but also the management 

of acute and late toxicities, and potential improvements in patient productivity and quality of 

life. This would provide crucial economic justification for wider adoption. A mixed-methods 

approach, combining quantitative cost data with qualitative patient-reported outcome 

measures, would offer a comprehensive perspective. Future research could also explore the 

benefits of more advanced IMRT variants, such as Volumetric Modulated Arc Therapy 

(VMAT), in further optimizing dose distribution and treatment delivery efficiency for breast 

cancer patients. Additionally, investigating the synergistic effects of IMRT with novel 

systemic therapies (e.g., targeted agents, immunotherapies) could unlock new therapeutic 

strategies and further improve patient outcomes. Clinical trials designed to evaluate these 

integrated approaches would be invaluable. These research avenues are identified as the most 

promising due to their potential to address remaining knowledge gaps, refine current 

practices, and pave the way for innovative therapeutic strategies. The suggested 

methodologies are designed to provide rigorous and impactful insights. 

In conclusion, this comparative study unequivocally demonstrates that Intensity-

Modulated Radiation Therapy (IMRT) represents a significant advancement over 3D-
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Conformal Radiation Therapy (3D-CRT) for breast cancer patients in Medan, offering 

superior dosimetric precision, a promising reduction in local recurrence, and a demonstrably 

better toxicity profile. By providing robust, regionally specific evidence, this research not 

only enhances clinical decision-making and patient care within Medan but also contributes 

vital data to the global discourse on optimizing radiotherapy for breast cancer, ultimately 

striving for more effective and humane cancer treatment worldwide. The findings underscore 

the imperative for healthcare systems to embrace advanced radiotherapy techniques to 

improve oncologic outcomes and elevate the quality of life for cancer survivors. 
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