


A Comparative Study to Evaluate the Acute Toxicities by Using Bolus Throughout versus Alternate Days in Locally Advanced Post-Mastectomy Breast Cancer Patients Receiving Hypo-fractionated Radiotherapy


Abstract
Background Hypo-fractionated radiotherapy has gained popularity in the management of post-mastectomy breast cancer owing to its reduced treatment duration while maintaining efficacy. However, this approach, particularly when combined with bolus material, raises concerns regarding toxicity and patient outcomes.
Objective The study aimed to compare the toxicity outcomes between bolus used throughout versus alternate day in hypo-fractionated radiotherapy regimen in post-mastectomy breast cancer patients. 
Methods The quasi-experimental study took place in the National Institute of Cancer Research and Hospital and Ahsania Mission Cancer & General Hospital in Dhaka, Bangladesh during January 2023 to June 2024. The total participants were 60 in number and they were divided equally into 2 arms; Arm A received bolus throughout the treatment and Arm B received bolus in alternate days during radiotherapy. Their demographic and clinical characteristics; tumor attributes and four types of toxicity were assessed and compared: skin, hematological, pulmonary and cardiac. A follow-up of 36 weeks was also documented.
Findings Among the participants, 86.7% in Arm A and 80.0% in Arm B had invasive ductal carcinoma; 56.6% in Arm A and 50.0% in Arm B had Grade 3 tumors; 53.3% in Arm A and 50.0% of Arm B had Luminal A tumors. After 2nd week of radiotherapy, 26.7% and 16.7% Arm A participants had Grade 2 and Grade 1 skin toxicities respectively compared to 6.7% of Arm B suffering Grade 1 and Grade 2 toxicities (p=0.033). Hematological toxicity outcomes were non-significant in both the arms; after 3rd week of radiotherapy 16.7% in Arm A and 10.0% in Arm B developed Grade 1 anemia. Pulmonary toxicity assessed after 36 weeks revealed 23.3% participants of Arm A suffered Grade 1 toxicity compared to 13.3% cases in Arm B. Lastly, none of the participants exhibited any form of cardiac toxicity outcomes. 
Conclusion Evaluation of toxicity outcomes is highly essential for determining the most efficacious and beneficial treatment modality for the patients. This would enhance their survival chances and upgrade their overall quality of life. 
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Introduction
Globally, breast cancer is the commonest malignancy in women; consisting of 24.2% of all cancers in women [1] This dreadful condition requires a multidisciplinary approach for its management. Established studies from the British Columbia Cancer Agency and Danish Breast Cancer Cooperative Group suggest the significance of adjuvant radiotherapy (RT) in the treatment of breast cancer in terms of both loco-regional control and overall survival. [2-3] 
Locally advanced breast cancer (LABC) comprises a heterogenous group of diseases, which includes a subset of stage IIB (T3N0), stage III disease and inflammatory breast cancer (IBC). Data from the Surveillance, Epidemiology and End Results (SEER) program of National Cancer Institute of Bangladesh mentioned that, approximately 7% of breast cancer patients have stage III disease at diagnosis. [4] Recent study conducted in Dhaka to assess the presenting features of LABC exposed that, the mean age at diagnosis was 42.6 years; 91.5% had menarche at or above 12 years of age; 84% cases presented with only lump and 16% with both lump and ulceration; right breast was involved in 51.1%; 71.2% patients presented with lump >5cm in diameter; axillary lymph nodes were palpable in 81% of cases and fixed in 31% of patients; around 63% of patients were found to be in stage IIIA. [5] 
RT in breast cancer has undergone prodigious changes; starting from anterior photon beams in earlier days to tangential beams followed by modern conformal RT techniques in the recent era. In case of post-mastectomy radiotherapy (PMRT), 50 gray in 25 fractions has been a standard protocol throughout. [6] Findings of clinical trials from Whelan et al., Owen et al., suggest that, breast tumors have an intermediate α/β ratio, which is a landmark parameter defining the cell survival in RT. [7-8] As the linear quadratic model elaborates tissues with low to intermediate α/β ratio to be more sensitive to high-dose per fractionation, a growing trend towards hypofractionation has been evolving which consists of delivering a higher dose per fraction for a smaller number of fractions for a higher biologically equivalent dose. [9] Advances in radiobiology concepts, planning techniques, and systems have become much more sensitive and sophisticated. [10] 
Randomized trials conclude that the anatomical region with the highest risk of locoregional recurrence (LRR) is the chest wall. Tissue-equivalent bolus material is often placed on the skin surface during skin-sparing megavoltage RT to increase the RT dose to the skin and dermal lymphatics, thereby theoretically reducing the risk of chest wall recurrences (CWR). However, the bolus can lead to increased acute and late skin toxicities, potentially resulting in significant moist desquamation during treatment, early cessation of treatment and inferior local control. [11] 
The routine use of a bolus during PMRT remains controversial, with limited clinical data to guide its optimal use. It is uncertain whether a bolus is routinely required for all PMRT patients or only for those at higher risk of CWR. [12-13] The American Society of Clinical Oncology guidelines state, "Whether it is necessary to apply the bolus every day, less frequently, or at all is uncertain." [14] In addition, the American College of Radiology guidelines also acknowledge this uncertainty; however, they recommend routine use with techniques using beam energies of 6 MV or higher. [15] Furthermore, a recent American Society for Radiation Oncology survey highlighted the variation in practice, with over half of radiation oncologists indicating they routinely use a bolus. [16]
Optimal use of bolus has become an interesting area of investigation. Bolus can be applied throughout the entire treatment period, for the first half of treatment days, or on alternate days. Daily use of bolus leads to increased radiation induced toxicities, mostly acute radiation dermatitis. Increased toxicities result in patient sufferings, unwanted treatment gap and degrade the quality of life. From what we know, studies regarding evaluation of outcomes and toxicities of PMRT in terms of bolus against alternate regimens are rare in this region. The current study aims to compare the use of a bolus throughout the treatment versus alternate treatment days of hypo-fractionated RT in locally advanced post-mastectomy breast cancer to assess toxicity outcomes.
Methodology
Study type and settings
[bookmark: _Hlk198854050]This prospective, quasi-experimental study was conducted during January 2023 to June 2024, a total of 18 months. It was performed in 2 centers; one was National Institute of Cancer Research and Hospital (NICRH), Mohakhali, Dhaka and the other one was Ahsania Mission Cancer & General Hospital (AMCGH), Uttara, Dhaka; in the Department of Radiation Oncology of both the hospitals. The sampling was done by systemic random sampling technique. 
Participants
The study comprised of a total 60 LABC patients who underwent mastectomy and met all the eligibility criteria attending the Radiation Oncology department of NICRH and AMCGH. A comprehensive pre-treatment evaluation was performed, which included history taking and clinical examination. Details of the laboratory investigations performed are provided below:
Investigations
Investigations which were previously done were collected and recorded. 
New investigations were advised according to indication:
· Complete blood count 
· Renal function tests (serum creatinine and creatinine clearance rate) 
· Liver function tests (serum bilirubin, SGPT, and SGOT) 
· Serum electrolytes 
· Ultrasonography of ipsilateral chest wall, contralateral breast and both axilla 
· Contrast-enhanced CT scan of the chest 
· Contrast-enhanced CT scan of the whole abdomen
· ECG 
· 2D echocardiogram
· Others (only in applicable cases e.g., whole-body isotope bone scan, MRI scan of Brain)
· Histopathology from the primary tumor and/or lymph node and IHC &/or ISH (ER, PR, HER-2, Ki-67 & p53).
Every patient was staged according to AJCC (American Joint Committee on Cancer; 8th Edition). A pre-tested, semi-structured questionnaire was used as the research instrument. Data was collected by face-to-face interviews. 

Selection criteria
Inclusion Criteria
· Histopathologically proven locally advanced (clinical stage III) invasive ductal or lobular breast carcinoma in patients who had undergone mastectomy. 
Exclusion Criteria 
· Inflammatory breast cancer.
· Male patients.
· Age <18 years and >73 years
· Performance status ECOG >2.
· Previous radiotherapy. 
· Any skin lesions contraindicated for radiotherapy.
· Recurrent and metastatic disease.
· Severe cardiac disease (pacemaker, stenting).
· Severe pulmonary disease (lung fibrosis).
· Uncontrolled diabetes and hypertension.
Criteria for Discontinuation of Study
• Patient's refusal to continue in the study.
• Occurrence of unacceptable toxicity necessitating major modification of treatment.

Patients were divided into two groups, Arm A and Arm B, during the 15-days treatment period.
· Arm A: Use of a bolus throughout the treatment period.
· Arm B: Use of a bolus on alternate treatment days.

Treatment protocol 
Patients underwent surgery exhibiting positive lymph nodes (whether clinically or pathologically determined), or a tumor size exceeding 5.0 cm (designated as T3), or a tumor that had infiltrated the chest wall and/or skin (classified as T4a-T4c) were subjected to chest wall (CW) irradiation utilizing opposing tangent photon fields with a photon energy of 6 MV. Positive axillary lymph nodes require comprehensive regional nodal irradiation. For undissected part of axillary lymph node (infraclavicular, supraclavicular & internal mammary region), an additional photon field was administered. To ensure comprehensive coverage of the chest wall target, a bolus device with a thickness of 5 mm was positioned, spanning from the anterior median line to the mid-axillary line.
All patients received 4005 cGy divided into 15 fractions of 267 cGy per fraction, administered daily, five days a week, targeting the chest wall. 
All patients were followed up weekly during treatment and at 6, 12, 24 and 36 weeks after treatment. 

RT treatment plan
For both arms
Radiotherapy was delivered to the patients using the linear accelerator (LINAC) machine. 0.5 cm bolus was used in this study for all patients. Bolus is made with Polystyrene which belongs to the company named Nuclear Associated. 
Arm A
All patients received radiotherapy with a bolus throughout the RT period, meaning all 15 fractions:
· Total Dose: 4005 cGy
· Dose per Fraction: 267 cGy
· Number of Fractions: 15
· Number of Portals: 2 or 3
· Duration: 3 weeks
· Simulation: 3D simulation
· Immobilization Device: Breast board
Arm B
All patients received radiotherapy with a bolus on alternate days:
· Total Dose: 4005 cGy
· Dose per Fraction: 267 cGy
· Number of Fractions: 15
· Number of Portals: 2 or 3
· Duration: 3 weeks
· Simulation: 3D simulation
· Immobilization Device: Breast board
Radiotherapy was administered using 6 MV photons from a linear accelerator.
3D Borders:
· CTV: Chest wall was defined according to RTOG guidelines. Cranial border was below the head of clavicle and insertion of second rib. Caudal border was defined by loss of opposite breast tissue. Medial border was at the edge of midline. Lateral border was defined by mid axillary line. Anterior border was skin and posterior border was pectoralis muscle and muscles of chest wall. 
· PTV: A margin of 3-5 mm medially, 5-10 mm laterally, 3-5 mm posteriorly, and 5-10 mm superiorly, inferiorly, and anteriorly was added to the CTV. 
Patients were positioned supine using the breast board immobilization device and treated with a 3-field technique (median and lateral tangential, supraclavicular).

Counselling
• Pre-treatment counseling regarding treatment procedure, radiotherapy toxicity.
• Patients were advised to: 
❖ Avoid abrasion of irradiated skin.
❖ Wear loose cotton cloth.
❖ Gentle exercise of arm.

End-points
The focus of this study was to examine the effect of bolus on acute radiodermatitis in the irradiated area. Anemia, acute cardiac and lung toxicities were also observed. Severity was assessed using the CTCAE toxicity scale, RTOG and LENT SOMA scale, where applicable. The use of a bolus (either alternate or continuous) was discontinued if a patient experienced Grade 3 (G3) radiodermatitis.
All patients were followed up weekly during treatment and at 6, 12, 24 and 36 weeks after treatment. 

Evaluation during treatment
· Clinical examination
· Investigations:
· CBC (weekly)
· Imaging (as necessary)

Post-treatment evaluation
· Clinical examination
· CBC
· Imaging 
· Plain chest radiograph (posterior-anterior view)
· Contrast-enhanced CT scan or chest (as needed)
· ECG & Echocardiography (2D)
· Pro-BNP (as needed)
· 
Assessment of toxicities
· Skin toxicity: Monitoring for adverse effects resulting from radiation therapy. Common indicators include erythema (redness), desquamation (peeling), and edema (swelling). Patients were encouraged to report any discomfort promptly.
· Cardiac toxicity: Monitoring for adverse effects resulting from radiation therapy. Common indicators include chest pain, changes in ECG and Echocardiography.
· Pulmonary toxicity: Monitoring for adverse effects resulting from radiation therapy. Common indicators were pneumonitis.
· Hematological toxicity: Monitoring adverse effects resulting from radiation therapy. Common indicators were anemia.
Statistical analysis
Analysis of data was conducted using the SPSS for Windows version 25.0 (SPSS Inc., Chicago, Illinois, USA) software. Quantitative variables with parametric distribution were presented as means ± standard deviations and tested using the unpaired t-test. Quantitative observations were indicated by frequencies, percentages and Chi-Square tests, with results shown through cross-tabulation. A p-value of <0.05 was considered to indicate a statistically significant difference.






Results
Table 1: Socio-demographic and clinical characteristics of the respondents (n=60).
	Characteristics
	Arm A (n=30)
	Arm B (n=30)
	p-value

	Age (years) (n/%)

	18-30 
	1 (3.3)
	0 (0.0)
	

0.187*

	31-40
	10 (33.3)
	9 (30.0)
	

	41-50
	9 (30.0)
	12 (40.0)
	

	51-60
	9 (30.0)
	4 (13.3)
	

	>60
	1 (3.3)
	5 (16.7)
	

	Mean age (± SD)
	45.83 (± 8.972)
	48.03 (± 10.962)
	

	Occupation (n/%)

	Housewife
	23 (76.7)
	25 (83.3)
	

0.885**

	Service holder
	4 (13.3)
	3 (10.0)
	

	Day laborer 
	2 (6.7)
	2 (6.7)
	

	Student
	1 (3.3)
	0 (0.0)
	

	Co-morbidities (n/%)
	

	None
	12 (40.0)
	15 (50.0)
	

0.636**

	More than one
	10 (33.3)
	6 (20.0)
	

	Hypertension
	5 (16.7)
	7 (23.3)
	

	Diabetes Mellitus
	2 (6.7)
	2 (6.7)
	

	COPD
	1 (3.3)
	0 (0.0)
	

	Parity (n/%)
	

	Nulliparous
	0 (0.0)
	1 (3.3)
	
0.488**

	Primiparous 
	4 (13.3)
	1 (3.3)
	

	Multiparous
	16 (53.3)
	18 (60.0)
	

	Grand multiparous
	10 (33.3)
	6 (20.0)
	

	Age of menarche (years) (n/%)

	<13
	18 (60.0) 
	20 (66.7)
	0.789*

	>13
	12 (40.0)
	10 (33.3)
	

	Family history of cancer (n/%)

	No 
	25 (83.3)
	24 (80.0)
	1.00*

	Yes 
	5 (16.7)
	6 (20.0)
	

	Risk factors (n/%)

	Breast feeding

	Yes
	23 (76.7)
	25 (83.3)
	0.748*

	No 
	7 (23.3)
	5 (16.7)
	

	Pre-existing breast condition

	No
	29 (96.7)
	28 (93.3)
	1.00**

	Yes
	1 (3.3)
	2 (6.7)
	

	Use of hormonal contraceptives

	Yes
	19 (63.3)
	22 (73.7)
	0.748**

	No
	11 (36.7)
	8 (26.7)
	

	Age at first childbirth (mean ± SD)
	21.37 (± 3.337)
	20.07 (± 2.251)
	0.085+


*SD: Standard Deviation; COPD: Chronic obstructive pulmonary disease; Arm A: Bolus throughout the treatment period; Arm B: Bolus on alternate treatment days; *: Chi-square test; **: Fisher’s exact test; +: independent sample t-test.
Table 1 describes the socio-demographic and clinical attributes of the participants. Mean age in Arm A was 45.83 (± 8.972) years; in Arm B was slightly higher, 48.03 (± 10.962) years. Regarding profession, both groups had maximum housewives, Arm A having 76.7% and Arm B 83.3%. In terms of co-morbidities, 12/30 people in Arm A and 15/30 in Arm B had no such conditions; however, 10/30 in Arm A and 6/30 in Arm B had more than one co-morbidity. In terms of parity, 53.3% respondents of Arm A and 60.0% of Arm B were multiparous. In case of age of menarche, majority meaning 60.0% and 66.7% participants’ menarche was before 13 years of age for Arm A and B respectively. Only 16.7% cases in Arm A and 20.0% in Arm B had family history of cancer. Lastly, regarding risk factors, 76.7% and 83.3% respondents in Arm A and B had history of breast feeding; majority, meaning 96.7% in Arm A and 93.3% in Arm B had no pre-existing breast diseases; 63.3% in Arm A and 73.3% participants in Arm B had history of using hormonal contraceptives for birth control; mean age of first childbirth was 21.37 (± 3.337) years and 20.07 (± 2.251) years for Arm A and B respectively. None of the associations were statistically significant. 















Table 2: Tumor characteristics in both the groups (n=60).
	Characteristics
	Arm A (n=30)
	Arm B (n=30)
	p-value

	Histopathological variety (n/%)

	Invasive ductal carcinoma
	26 (86.7)
	24 (80.0)
	
0.488*

	Lobular carcinoma
	4 (13.3)
	6 (20.0)
	

	Tumor grading (n/%)

	Grade 1
	2 (6.7)
	5 (16.7)
	
0.297**

	Grade 2
	11 (36.7)
	10 (33.3)
	

	Grade 3
	17 (56.6)
	15 (50.0)
	

	TNM staging (n/%)

	Stage IIIa
	22 (73.3)
	20 (66.7)
	
0.568**

	Stage IIIb
	6 (20.0)
	8 (26.7)
	

	Stage IIIc
	2 (6.7)
	2 (6.7)
	

	Molecular subtypes (n/%)

	Luminal A
	16 (53.3)
	15 (50.0)
	
0.789**

	Luminal B
	4 (13.3)
	7 (23.3)
	

	HER-2
	8 (26.7)
	7 (23.3)
	

	Triple Negative
	2 (6.7)
	1 (3.3)
	


*HER-2: Human Epidermal Growth Factor Receptor-2; Arm A: Bolus throughout the treatment period; Arm B: Bolus on alternate treatment days; *: Chi-square test; **: Fisher’s exact test.
Table 2 depicts the characteristics of the tumor in the two groups. It was clear that maximum (86.7% in Arm A; 80.0% in Arm B) respondents had invasive ductal carcinoma. Furthermore, 56.6% Arm A and 50.0% patients in Arm B belonged to Grade 3 tumor grade. Besides, 73.3% and 66.7% cases were in Stage IIIa for Arm A and B respectively. Lastly, it was found that, the commonest subtype for both the groups was Luminal A (53.3% in Arm A; 50.0% in Arm B); followed by HER-2 (26.7% in Arm A; 23.3% in Arm B).
 









Table 3: Skin toxicity among the respondents (n=60).
	Skin toxicity
	Arm A (n=30)
	Arm B (n=30)
	p-value**

	Skin toxicity after 1st week of RT (n/%)

	Absent
	30 (100.0)
	30 (100.0)
	-

	Skin toxicity after 2nd week of RT (n/%)

	Absent
	17 (56.7)
	26 (86.7)
	
0.033

	Grade 1
	5 (16.7)
	2 (6.7)
	

	Grade 2
	8 (26.7)
	2 (6.7)
	

	Skin toxicity after 3rd week of RT (n/%)

	Absent
	9 (30.0)
	15 (50.0)
	

0.451

	Grade 1
	8 (26.7)
	6 (20.0)
	

	Grade 2
	9 (30.0)
	6 (20.0)
	

	Grade 3
	4 (13.3)
	2 (6.7)
	


*RT: Radiotherapy; Arm A: Bolus throughout the treatment period; Arm B: Bolus on alternate treatment days; **: Fisher’s exact test. 
Table 3 describes the skin toxicity patterns of the participants. After 1st week of RT, there was no skin toxicity found in both the groups. After 2nd week of RT, although most of the participants did not develop any sort of toxicities, it was seen that, 26.7% patients had Grade 2 toxicity in Arm A whereas only 6.7% patients suffered the same in case of Arm B. This association was statistically significant (p=0.033) Lastly, after the 3rd week of RT, a substantial amount (30.0%) reported Grade 2 skin toxicity; followed by 26.7% Grade 1 toxicity in Arm A members. In case of Arm B, the percentage of skin toxicity was less arithmetical but there was no significant difference.













 Table 4: Presence of anemia in the respondents after RT (n=60).
	Anemia
	Arm A (n=30)
	Arm (n=30)
	p-value**

	During 1st week of RT (n/%)

	Absent
	28 (93.3)
	29 (96.7)
	0.553

	Grade 1
	2 (6.7)
	1 (3.3)
	

	During 2nd week of RT (n/%)

	Absent
	24 (80.0)
	26 (86.7)
	
0.776

	Grade 1
	4 (13.3) 
	3 (10.0)
	

	Grade 2
	2 (6.7)
	1 (3.3)
	

	During 3rd week of RT (n/%)

	Absent
	17 (56.7)
	21 (70.0)
	
0.781

	Grade 1
	5 (16.7)
	3 (10.0)
	

	Grade 2
	4 (13.3)
	3 (10.0)
	

	Grade 3
	4 (13.3)
	3 (10.0)
	


*RT: Radiotherapy; Arm A: Bolus throughout the treatment period; Arm B: Bolus on alternate treatment days: **Fisher’s Exact test.
[bookmark: _Hlk177754184]Table 4 presents the distribution of anemia among patients in the two treatment arms (A and B). In the first week, anemia was absent in 93.3% of Arm A and 96.7% of Arm B. By the second week, 80.0% of Arm A and 86.7% of Arm B had no anemia; while both groups exhibited some Grade 1 and Grade 2 anemia. In the third week, 56.7% of Arm A and 70.0% of Arm B were without anemia; with similar proportions of Grades 1 to 3 across both arms. There was no statistically significant association detected between the groups. 














Table 5: Pattern of lung toxicity during follow-up (n=60).
	Lung toxicity
	Arm A (n=30)
	Arm B (n=30)
	p-value

	During 1st follow-up (6 weeks) (n/%)

	Absent
	28 (93.4)
	30 (100.0)
	
0.492**

	Grade 1
	1 (3.3)
	0 (0.0)
	

	Grade 2
	1 (3.3)
	0 (0.0)
	

	During 2nd follow-up (12 weeks) (n/%)

	Absent
	28 (93.4)
	30 (100.0)
	
0.492**

	Grade 1
	1 (3.3)
	0 (0.0)
	

	Grade 2
	1 (3.3)
	0 (0.0)
	

	During 3rd follow-up (24 weeks) (n/%)

	Absent
	24 (80.0)
	27 (90.0)
	0.472*

	Grade 1
	6 (20.0)
	3 (10.0)
	

	During 4th follow-up (36 weeks) (n/%)

	Absent 
	23 (76.7)
	26 (86.7)
	0.506*

	Grade 1
	7 (23.3)
	4 (13.3)
	


Arm A: Bolus throughout the treatment period; Arm B: Bolus on alternate treatment days; *: Chi-square test; **: Fisher’s exact test.
Table 5 illustrates the development of lung toxicities in both the groups during follow-up period. In most of the cases, lung toxicity was absent starting from 1st to 4th follow-up. However, during the 3rd & 4th follow-up (after 24 & 36 weeks of RT), 20.0% and 23.3% cases reported Grade 1 lung toxicities in Arm A respectively. However, in terms of Arm B, the toxicity was quite less (10.0% in 3rd and 13.3% in 4th follow-up). 













Table 6: Development of acute cardiac toxicity among the participants during follow-up (n=60).
	Cardiac toxicity
	Arm A (n=30)
	Arm B (n=30)
	p-value

	At 1st follow-up (6 weeks)

	Absent
	30 (100.0)
	30 (100.0)
	-

	At 2nd follow-up (12 weeks)

	Absent
	30 (100.0)
	30 (100.0)
	-

	At 3rd follow-up (24 weeks)

	Absent
	30 (100.0)
	30 (100.0)
	-

	At 4th follow-up (36 weeks)

	Absent
	30 (100.)
	30 (100.0)
	-


Arm A: Bolus throughout the treatment period; Arm B: Bolus on alternate treatment days
Table 6 reports the distribution of acute cardiac toxicity among patients during follow-up. At all follow-up periods—6 weeks, 12 weeks, 24 weeks, and 36 weeks—acute cardiac toxicity was absent in all patients from both Arm A and Arm B, with no significant differences observed between the groups.
Discussion
The present study aimed to compare the toxicities associated with the use of bolus throughout the entire course of hypo-fractionated RT versus alternate days in 60 locally advanced post-mastectomy LABC patients. The analysis focused on skin, cardiac and pulmonary toxicities, along with socio-demographic and several clinical attributes of the study population. 
Socio-demographic and clinical perspectives
We found that, the age distribution between the two treatment arms was almost similar, with no significant difference in mean age (Arm A: 45.83 years, Arm B: 48.03 years; p = 0.398). This is consistent with another study by Nakamura et al. where age variability among treatment groups did not significantly impact the outcome. [17] In addition, occupational distributions were similar, with a high proportion of housewives in both arms and minor differences in other occupations. The lack of significant differences (p > 0.05) aligned with another study by Xiao et al. [18] mentioned that occupation does not significantly affect cancer treatment outcomes. 
Comorbidities particularly hypertension and diabetes, were present in a certain number of patients but were evenly distributed between the two arms. These factors have been demonstrated in relevant study by Han et al. (2017) to influence radiotherapy outcomes, particularly in terms of cardiac and pulmonary toxicity. However, in our study, the distribution of these comorbidities did not differ significantly between the groups, suggesting that the differences in toxicity were primarily due to the bolus regimen rather than underlying health conditions.
Furthermore, parity distribution revealed most patients were multiparous with no significant differences between the arms (p > 0.05). This result is consistent with previous study by Smith and colleagues where parity did not significantly impact treatment outcomes. [20] Besides, it was found that, the timing of menarche showed a slight variation but no significant differences between the groups (p = 0.789). Findings coincide with previous paper by Miller et al. where they elaborated that age of menarche does not significantly influence treatment outcomes. [21] 
Meanwhile, the family history of cancer was similar between the 2 groups, with no significant differences (p = 1.00). Previous research by Lee and friends highlights that even though family history can influence risk, it often does not significantly impact treatment outcomes when groups are comparable. [22] Regarding risk factors, 76.7% Arm A and 83.3% Arm B participants reported history of previous breast feeding; majority had no pre-existing breast diseases; 63.3% Arm A and 73.7% respondents admitted intake of hormonal contraceptives; mean age at first childbirth was 21.37 (± 3.337) years for Arm A and 20.07 (± 2.251) years for Arm B cases.
Tumor characteristics at a glance
Our study revealed that, majority patients had invasive ductal carcinoma. Relevant study by Wambua and mates also depicted that, most of the patients (97.4%, 113) had invasive ductal breast carcinoma. [23] In addition, maximum respondents were found to have Grade III tumors. To be exact, 56.6% of patients in Arm A had Grade 3 tumors compared to 50% in Arm B which is almost consistent with study performed by Tieu et al. [24] Regarding tumor staging the most frequently encountered group was stage IIIa (73.3% in Arm A and 66.7% in Arm B). Wambua and mates also revealed that majority meaning 42.2% of patients were clinically diagnosed with stage III breast cancer. [23] In addition, distribution of patients by molecular sub-types across the two treatments groups showed Luminal A was higher in both Arms (Arm A 53.3% and Arm B 50.0%); Tieu et al. found that most of their patients were in the Luminal A group which is consistent with the current study findings. [11] 
Radiation dermatitis or skin toxicity outcomes
During the first week of radiotherapy there was no skin toxicity. This absence of early skin reactions is consistent with the literature, where initial stages of RT generally result in minimal skin toxicity. [24] By the second week, however, the results differed considerably; 17 patients (56.7%) in Arm A experienced no skin toxicity compared to 26 patients (86.7%) in Arm B, with a p-value of 0.033 indicating a statistically significant difference. In Arm A, 5 patients (16.7%) had Grade 1 toxicity, and 8 patients (26.7%) had Grade 2 toxicity, while Arm B reported 2 patients (6.7%) with Grade 1 and 2 patients (6.7%) with Grade 2 toxicity. Previous research by Nichol et al. (2021) suggesting that while bolus application may influence the intensity of skin reactions, these variations are often not substantial. [25] In the third week of RT, 9 patients (30.0%) in Arm A reported absent skin toxicity compared to 15 patients (50.0%) in Arm B, with a p-value of 0.468, indicating no significant difference. Grade 1 toxicity was noted in 8 patients (26.7%) from Arm A and 6 patients (20.0%) from Arm B, while Grade 2 occurred in 9 patients (30.0%) in Arm A and 6 patients (20.0%) in Arm B. Grade 3 toxicity was reported by 4 patients (13.3%) in Arm A and 3 patients (10.0%) in Arm B. The slightly higher incidence of Grade 1 to 3 toxicity in Arm A continues to support the observation that bolus application can impact skin reactions, though these differences are generally not significant. [26] 
Hematological toxicity outcomes mainly anemia
In the first week of RT, the incidence of anemia was low in both treatment arms, with 93.3% of patients in Arm A and 96.7% in Arm B showing no anemia. The p-value of 1.00 indicates no significant difference between the groups. These findings are consistent with previous study by Beyer and concerns showing that early radiation therapy typically does not induce significant anemia. By the second week, 80% of patients in Arm A and 86.7% in Arm B had no anemia. The p-value of 0.776 suggests no significant difference in anemia rates between the two arms. Both groups exhibited similar rates of Grade 1 and Grade 2 anemia. This aligns with the literature indicating that anemia during the early stages of RT is generally mild and comparable across different treatment protocols. [27] In the third week, 56.7% of Arm A and 70.0% of Arm B were without anemia (p=0.781), with similar proportions of Grades 1 to 3 across both arms. The comparable rates of Grade 1 to Grade 3 anemia between the two arms support the observation that bolus application does not significantly affect anemia rates during RT. [28] 
Radiation pneumonitis or pulmonary toxicity outcomes
At the first follow-up, 6 weeks post-treatment, Arm B showed no cases of lung toxicity, while Arm A had a few instances. However, the difference between the two arms was not statistically significant (p = 0.492). This lack of significant difference continued at the second follow-up, 12 weeks after treatment, where Arm B again reported no cases of lung toxicity, while Arm A had a few, with no significant difference between the groups (p = 0.492). By the third follow-up, 24 weeks post-treatment, 80.0% of Arm A and 90.0% of Arm B were without lung toxicity (p=0.472), while the 36-week follow-up reported 76.7% in Arm A and 86.7% in Arm B (p=0.506). These findings are consistent with previous research by Kunkler et al. and Kwan et al. suggesting that hypo-fractionated RT, which is used in this study, generally results in lower rates of pulmonary toxicity compared to conventional radiotherapy schedules. [29-30] The absence of significant differences in lung toxicity between the bolus application regimens suggests that whether the bolus is used throughout the treatment or on alternate days does not crucially influence the risk of pulmonary side effects. This finding aligns with another study by Opp et al. (2013) depicted that, no substantial increase in pulmonary toxicity with varying bolus application strategies in hypo-fractionated regimen. [31] Overall, the study contributes to the growing evidence base demonstrating that with appropriate planning and execution, hypo-fractionated RT can manage and minimize lung toxicity effectively, regardless of the bolus regimen.
Cardiac toxicity outcomes
Acute cardiac toxicity remains a critical concern in breast cancer radiotherapy, particularly when treatment involves the left breast, which increases the risk of radiation exposure to the heart. Our results indicate that at each follow-up point, no instances of acute cardiac toxicity were reported in either Arm A (continuous bolus) or Arm B (alternate-day bolus). The absence of cardiac toxicity in both groups is a noteworthy finding and suggests that, within the time frame of this study, neither regimen was associated with an increased risk of cardiac adverse effects. These findings are consistent with existing research by Brys et al. and Darby et al. reporting that modern RT techniques, including hypo-fractionated regimens, have been increasingly optimized to minimize cardiac exposure and related risks. [32-33] It is important to note that while no cardiac toxicity was detected in our study during the follow-up periods assessed, this does not exclude the possibility of long-term cardiac effects. Cardiac toxicity related to radiotherapy often manifests years after treatment, and long-term monitoring is essential to fully understand the potential risks. Previous studies, such as those by Darby et al., have highlighted that radiation-induced cardiac effects can develop over an extended period, underscoring the need for continued surveillance beyond the study's follow-up period. [33]
Insights and reflections
The findings of this study have important clinical implications for the management of locally advanced post-mastectomy breast cancer patients. The use of a continuous bolus throughout the entire course of hypo-fractionated RT, while effective in delivering the required dose to the chest wall, is associated with a higher proportion of skin toxicity compared to the alternate-day approach.
The alternate-day bolus regimen offers a viable alternative, reducing skin toxicity without compromising the therapeutic effectiveness of the treatment. This approach may be particularly beneficial for patients with a higher risk of skin reactions or those with pre-existing skin conditions.
While no significant differences were observed in acute cardiac and pulmonary toxicities, the trend towards higher subclinical cardiac markers in the continuous bolus group warrants further investigation. Long-term follow-up studies are needed to fully assess the cardiac risks associated with different bolus regimens in hypo-fractionated RT.
Given the comparable efficacy and reduced toxicity, the alternate-day bolus regimen could be considered a preferable option in clinical practice, particularly for patients with a higher risk of adverse skin reactions. 
Conclusion
The present study assessed the impact of throughout versus alternate-day bolus administration during hypo-fractionated RT in post-mastectomy LABC patients. No significant differences were observed in the incidence of anemia or acute cardiac toxicity between the two treatment arms. Although not statistically significant, skin and pulmonary toxicity were found to be relatively higher in the throughout bolus arm compared to the alternate bolus arm. There is immense scope of further studies to be conducted with larger and more diverse populations considering interplay of inter-operational factors, hygiene, nutrition and environmental factors along with evaluation of other types of toxicities in the long run. 
Limitations
This study had a few limitations. Main drawback would be a short sample size and narrow follow-up duration. Besides, spinal cord toxicity, esophagitis and thyroid toxicity, were excluded from this study. In addition, a uniform bolus thickness of 0.5 cm was used for all patients, which may not have suited individual patient needs. Changes in temperature throughout different seasons might have affected skin reactions, but this was not assessed. 
Ethical approval and consent
Approval was obtained from the ethical committees of NICRH and AMCGH. Before the interview, informed written consent was obtained from each patient after informing them about the study’s purpose, expected duration, nature and anticipated physical and psychological risks and benefits of participation. Complete assurance was given that all information provided by the patients would be kept confidential. Patients were informed of their right to withdraw from the study at any time without penalty. Informed consent was documented appropriately.
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