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COMPARISON OF 13 FRACTIONS VERSUS 15 FRACTIONS ADJUVANT RADIOTHERAPY SCHEDULES IN EARLY BREAST CANCER FOR EARLY POSTRADIOTHERAPY ADVERSE REACTIONS

ABSTRACT:

[bookmark: _GoBack]Background: Cancer is listed among the leading causes of mortality and morbidity worldwide, with approx 19.97 million newly diagnosed cases and 9.74 million cancer deaths in 2022.  6,66,103 cases died out of 2.29 million new cases of breast cancer diagnosed in 2022. Radiotherapy is an integral component of the multidisciplinary management of breast cancer. Hypofractionated radiation therapy is radiation treatment in which the total dose of radiation is divided into large doses and treatments are given once a day or less often. This study is intended to compare a hypo-fractionated radiotherapy regimen delivered over 2.5 weeks as 39 Gy in 13 fractions at 3Gy per fraction against 40 Gy in 15 fractions at 2.67Gy per fraction over 3 weeks after mastectomy for early adverse reactions as radiation pneumonitis, dermatitis, dysphagia, and arm edema. 

Material and Methods: The study was conducted at Acharya Tulsi Regional Cancer Treatment and Research Institute, Sardar Patel Medical College, Bikaner. It was done on 60 histologically proven postoperative, post-chemotherapy, early breast cancer with a mean age of 50.7 years and 54.1 years respectively Arm A and Arm B. Patients were treated by radiotherapy and randomized into either of the two arms Arm A(Study) and Arm B(Control). On ARM A Hypo-fractionated radiotherapy 39Gy/13# in 3Gy/# and on ARM B Hypo-fractionated radiotherapy 40Gy/15# in 2.67Gy/# postoperative, post-chemotherapy in terms of radiation pneumonitis, dysphagia, skin reaction and arm edema were given. Toxicities were graded at 1st week, 3rd week, 1st, 3rd, 6th and 9th months. Data was analyzed using percentage, mean, and p-value. 

Results: The majority of the patients were in their 51 to 60 years of life and all patients were female. Majority of the population had ECOG Performance Score of 1. Histologically, patients had infiltrating ductal carcinoma non otherwise specified. In study vs control arm where 3(10%) vs 3(10%) patients were I, 21(70%) vs 20(66.67%) in II A, 6(20%) vs 7(23.33%) in II B respectively. All 30(100%) patients in both arms completed treatment. In this study pneumonitis was not found to be statistically significant in both arms during follow-up of radiotherapy at 1st week, 3rd week,1st month, 3rd month, 6th month, and 9th month as evident by p-value (≥ 1.000 in grade 0, 0.268 for Grade 1, ≥1.000 in grade 2). The grade of dysphagia was not statistically significant when compared to both arms. (p ≥ 1.000 in grade 0, p ≥ 0.200 in grade 1, p ≥ 0.721 in grade 2). Dysphagia grade 2 toxicity was found only in 2 patients (6.6%) in each arm. Arm edema was not statistically significant in both arms. In both arms, patients of grade 2 arm edema increased at every follow-up and maximum [8(26.6%) in Arm-A and 5 (16.6%) in Arm-B] at 9-month follow-up (P value 0.185). Grade 1st skin reaction was observed in 26.66% of patients in arm A and 20.00% of patients in arm B which is statistically significant (P value 0.049). 

Conclusions: In conclusion, both hypo-fractionated arms were comparable in terms of acute toxicity. However, more such trials with a larger sample size and larger follow-up are required to have more concrete evidence for late toxicities and locoregional control. 
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INTRODUCTION:
Cancer is listed among the leading causes of mortality and morbidity worldwide, with approx. 19.97 million newly diagnosed cases and 9.74 million cancer deaths in 2022. 6,66,103 cases died out of 2.29 million new cases of breast cancer (BC) diagnosed in 20221. 
Although the majority of breast cancers in the industrialized world are diagnosed in the early stages and the great majority are cured, more than half of the breast cancer patients in low and middle-income countries (LMC) are diagnosed in late stages (III and IV), with the majority of them dying of metastatic breast cancer. 
The treatment of breast cancer has a multidisciplinary approach including surgery, chemotherapy, radiotherapy, and/or hormonal therapy. Radiotherapy(RT) is an integral component of the multidisciplinary management of breast cancer. External Beam Radiotherapy (EBRT) can be delivered using photon beams at either a Cobalt-60 unit or Linear Accelerator.4 The absolute benefit gained from post-mastectomy radiotherapy (PMRT) is believed greatest for those at high risk of locoregional failure (LRF). There is consensus that PMRT should be considered when the risk of LRF is greater than 20%, such as for patients with positive axillary lymph nodes, primary tumor size more than 5 cm (pT3 disease), and positive/very close margin (< 1mm).
For many decades, schedules of adjuvant radiotherapy for these patients delivered 25 fractions of 2 Gy over 5 weeks. Randomized controlled trials (RCT) with long-term follow-up have confirmed that fewer, larger fractions giving a lower total dose are at least as safe and effective as the previously used international standard regimen.5-6 The increasing interest in reducing the duration of RT with hypo fractionated regimens is due to different reasons: the radiobiological one is based on a relatively low α/β ratio - for breast cancer cells it is estimated to be 4 and then quite close to those of late reacting normal tissues; this observation means that breast cancer appears to be sensitive to the fraction size.2,3 
From the radiobiologic perspective, if the fractionation response of the tumor is similar to that of late-responding normal tissues (low α/β ratio), there is little therapeutic advantage to be gained from conventional dose fractionation and, instead, moderate hypofractionation should be considered. Accelerated tumor repopulation would not be expected in tumors with low α/β ratios, so this is unlikely to be a factor. Acute toxicity may be increased, as might the risk of geographic miss and “cold spots,” and tumor cure compromised by poor reoxygenation, but these may be countered by giving enough fractions.4,5
According to the NCI dictionary of cancer terms, Hypofractionated radiation therapy is "Radiation treatment in which the total dose of radiation is divided into large doses and treatments are given once a day or less often. Hypofractionated radiation therapy is given over a shorter period of time (fewer days or weeks) than standard radiation therapy". Hypo-fractionation in breast cancer has been practiced extensively in Western countries, especially UK. Various hypo-fractionated schedules with or without acceleration have been tried in various trials in different parts of the world with results equivalent to conventional fractionation.7-8 One of the largest studies on hypofractionation in breast cancer was the UK standardization of breast radiotherapy (START A&B). Specifically, mature data confirm the safety and non-inferiority of 15 or 16 fractions of about 2·67Gy per fraction to total doses of 40·0Gy or 42·5 Gy.6,7 A 3weeks schedule of 15 fractions has been the UK standard of care for adjuvant locoregional radiotherapy for early breast cancer since 2009 and is now an international standard for adjuvant local radiotherapy.6,7 This study is intended to compare a hypo-fractionated radiotherapy regimen delivered over 2.5 week as 39 Gy in 13 fractions at 3Gy per fraction against 40 Gy in 15 fractions at 2.67Gy per fraction over 3 weeks after mastectomy for early adverse reactions as radiation pneumonitis grading and severity, dermatitis grading and severity, dysphagia grading and severity, and arm edema grading.

AIMS AND OBJECTIVES:
To Compare, radiation-induced acute treatment-related toxicities in below motioned arms in terms of grading of radiation pneumonitis, dermatitis, dysphagia, and arm edema.
1. Study Arm Dose 3 Gy/#, 1#/day, 5 days a week, Total tumor dose: 39Gy. (Total number of fractions: 13)
2. Control Arm Dose 2.67 Gy/#, 1#/day, 5 days a week, Total tumor dose: 40 Gy. (Total number of fractions: 15)
MATERIALS & METHODS:
The present comparative Prospective observational study was conducted at Acharya Tulsi Regional Cancer Treatment and Research Institute, Sardar Patel Medical College, Bikaner. It was done on 60 histologically proven, post-mastectomy, post-chemotherapy, cases of early breast cancer with age <65 years with European Co-operative Oncology Group (ECOG) performance status 0-2. Patients with distant metastases, breast conservative surgery, and ECOG 3-4 were excluded from the study. A complete history with general physical and systemic examination was done. Complete blood count, Liver and Renal function test, X-ray Chest PA View, Ultrasonography abdomen, and CECT Scan of chest and abdomen were done wherever required. Tissue diagnosis was done by biopsy and IHC (ER/PR/HER2/Ki67).

STUDY DESIGN: 
	All 60 enrolled patients of early breast cancer pT1-3, pN0-1, M0 were treated by post-mastectomy radiotherapy (PMRT) and randomized into either of the two arms Arm A(Study) and Arm B(Control). On ARM A (Study Arm) Hypo-fractionated radiotherapy 39Gy/13# in 3 Gy/# in 2.5 weeks (5# per week) and on ARM B (Control Arm) hypo-fractionated radiotherapy 40 Gy/15 # in 2.67 Gy/# in 3.0 weeks (5# per week) was given. Treatment with radiation therapy was given using 6 MV photon beam on Linear Accelerator. 

Biological effective dose (BED) : 
	BED of both hypo-fractionated arms was compared. α/β for breast is 3. For Hypo-fractionated Arm A as 3Gy/#/13# (total Dose – 39 Gy), BED was 78.00 and for hypofractionated Arm B as 2.67 Gy/#/15# (total Dose -40Gy), BED was 75.56. Toxicities were graded using the CTCAE criteria at the end of RT, after 1st month, 3rd month, and 6th month, patients were assessed in detail as in the first visit. Data was analyzed using tools like percentage, mean, and p-value. These were calculated by epi info software 7.2.5.0. p-value of <0.05 was considered significant. Data is presented in the form of tables and bar diagrams.

OVERSVATIONS & RESULTS:
Majority of the patients were in their 51 to 60 years of life and all patients were female. Majority of the population had ECOG Performance Score of 1. Histologically, patients had infiltrating ductal carcinoma non otherwise specified. In study vs control arm where 3(10%) vs 3(10%) patients were I, 21(70%) vs 20(66.67%) in II A, 6(20%) vs 7(23.33%) in II B respectively. All 30(100%) patients in both arms completed treatment. In this study pneumonitis was not found to be statistically significant in both arms during follow-up of radiotherapy at 1st week, 3rd week,1st month, 3rd month, 6th month, and 9th month as evident by p-value (≥ 1.000 in grade 0, 0.268 for Grade 1, ≥1.000 in grade 2). The grade of dysphagia was not statistically significant when compared to both arms. (p ≥ 1.000 in grade 0, p ≥ 0.200 in grade 1, p ≥ 0.721 in grade 2). Dysphagia grade 2 toxicity was found only in 2 patients (6.6%) in each arm. Arm edema was not statistically significant in both arms. In both arms, patients of grade 2 arm edema increased at every follow-up and maximum [8(26.6%) in Arm-A and 5 (16.6%) in Arm-B] at 9-month follow-up (P value 0.185). Grade 1st skin reaction was observed in 26.66% of patients in arm A and 20.00% of patients in arm B which is statistically significant (P value 0.049).

DISCUSSION:
Worldwide, breast cancer is the most frequently diagnosed cancer and the leading cause of cancer death among females, accounting for 25% of cancer cases and 15% of cancer deaths, although there is a 4-fold variation in mortality rates and over 10-fold variation in incidence rates between high-incidence areas such as the United States and Western Europe and low-incidence areas such as Africa and Asia. In 2022 year, 22,96,840 new cases were diagnosed with breast cancer, and around 6,66,103 patients died due to breast cancer in the world1. 
 	The incidence rate continues to increase slowly in both developed and underdeveloped countries. Survival of breast cancer has improved in the last 20 years, approximately 1.4% annually, mainly due to the early detection of this neoplasm, improvements in surgical techniques, systemic treatments, and radiotherapy1. 
[bookmark: _Hlk170653883] The Early Breast Cancer Trialists’ Collaborative Group systematic overview confirms that radiotherapy after primary surgery in women with early-stage cancers reduces locoregional cancer recurrence and breast cancer deaths, including patients with positive lymph nodes treated by mastectomy8. 
 For many decades, schedules of adjuvant radiotherapy for these patients delivered 25 fractions of 2 Gy over 5 weeks. Randomized controlled trials with long-term follow-up have since confirmed that fewer, larger fractions giving a lower total dose are at least as safe and effective as the previously used international standard. 
A 3-week schedule of 15 fractions has been the UK standard of care for adjuvant locoregional radiotherapy for early breast cancer since 2009 and is now an international standard for adjuvant local radiotherapy. There is no reason to assume that 15 fractions represent the lower limits of this hypo-fractionated and accelerated approach. 
This study is intended to compare a hypo-fractionated radiotherapy regimen delivered over 2.5 weeks as 39 Gy in 13 fractions at 3Gy per fraction against 40 Gy in 15 fractions at 2.67Gy per fraction over 3 weeks after mastectomy for early adverse reactions 
The present study was conducted from August 2023 to Jun 2024 at Acharya Tulsi cancer treatment and Research Centre & associated group of Hospital, Bikaner. A total number of 60 Patients of post-mastectomy carcinoma breast stage IA-IIB (pT1-3, pN0-1) presenting to the Department of Radiotherapy, Acharya Tulsi Regional Cancer Treatment and Research Centre, Bikaner were enrolled for the study. 
According to data presented in Table 1, advanced age was found to be more associated with breast cancer, as several research suggested risk for breast cancer increases with age. Most breast cancers are diagnosed after age 50. Most of the study subjects in both arms were from rural areas. That might be due to rural people mostly visiting government treatment centers. The ECOG Scale of Performance Status (PS) is widely used to quantify the functional status of cancer patients, and is an important factor determining prognosis in a number of malignant conditions. In the present study, it was found that maximum subjects had shown grade 1 ECOG PS. In the present study, it was found postmenopausal women were at more risk of breast cancer (table 1). A pooled analysis of data from 117 studies done by Susan G. Komen et al,9-14 organization looked at age at menopause and breast cancer risk. For every year older a woman was when she started going through menopause, breast cancer risk increased by about 3 percent. This study found that most of the subjects in both arms were more prone to breast cancer, those who had menarche age at 13 or less. (Table no. 1). A pooled analysis of data from more than 100 studies done by Susan G. Komen et al,15-21 organization found for every year younger a woman was when she began her periods her breast cancer risk increased by 5%.  
Breathlessness in cancer patients has a broad differential diagnosis including the disease process itself, infection, pulmonary embolism or treatment-related effects. Identifying the correct etiology is vital as treatment strategies differ significantly. In the present study, pneumonitis was not found to be statistically significant in both arm during follow up of radiotherapy at 1st week, 3rd week ,1 st month, 3rd month, 6th month , 9 month ( table no. 1) as evident by p value . This study was similar to study conducted by Plataniotis et al22. 
 According to data presented in Table 1, found the grade of dysphagia was not statistically significant when compared to both arms. (p ≥ 1.000 in grade 0, p ≥ 0.200 in grade 1st , p ≥ 0.721 in grade 2nd ). This study was similar to the study of J. Gadea et al23 (2021) study. 
In this study grade 1st skin reaction was observed 26.66% of patients in arm A and  20.00% of patients in arm B, statistically significant in this study. (Table 1).  This study was similar to the study of Abhilash et al24 (2016).
 Regarding arm edema patients were present with grade 0, 1st and 2nd toxicity in both arms with p value of 0.714, 1.000 and 0.185 respectively even though arm edema was slightly more in arm A, they were statistically insignificant (Table 1). This study was similar to the study of Abhilash et al24 (2016). 	 
Finally, we concluded that there is no significant difference in between Arm A and Arm-B regarding to acute toxicities as pneumonitis and Dysphagia. While we have observed skin reactions were slightly higher in Arm A as compared to Arm B. Arm edema was slightly more significant in Arm A than Arm B, but none of them were statistically significant.  
        All above mentioned similar studies so relevant to this study in terms of acute toxicities but due to shorter periods of follow-up, late toxicities and locoregional recurrence results are inadequate to conclude that 39 Gy in 13 fractions at 3Gy per fraction against 40 Gy in 15 fractions at 2.67Gy per fraction over 3 weeks after mastectomy in term of treatment efficacy and late treatment toxicity.

CONCLUSION:
In conclusion, both hypo-fractionated arms were comparable in terms of acute toxicity. However, more such trials with a larger sample size and larger follow-up are required to have more concrete evidence for late toxicities and locoregional control.
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Table No. 1: Demographic and Clinical Characteristics of the patients:
	Demographic Characteristics
	Arm A
	Arm B

	Age Groups (in Years)
	≤ 30
	1
	0

	
	31-40
	4
	1

	
	41-50
	7
	7

	
	51-60
	13
	17

	
	>60
	5
	5

	Area
	Rural
	16
	25

	
	Urban
	14
	5

	ECOG
	0
	5
	6

	
	1
	20
	19

	
	2
	5
	5

	Menstrual History
	Premenopausal
	11
	6

	
	postmenopausal
	19
	24

	Age At Menarche
	13 years or less
	22
	23

	
	14-15 years
	3
	6

	
	16 years or more
	5
	1

	Hormone Receptor Status
	ER+/PR+/HER2-
	4
	13

	
	ER+/PR+/HER2+
	0
	3

	
	ER-/PR-/HER2+
	6
	5

	
	TNBC
	13
	5

	
	OTHERS
	7
	4

	Quadrant
	Central
	5
	4

	
	Lower outer
	2
	2

	
	Upper inner
	7
	3

	
	Upper outer
	16
	21

	
	Lower inner
	0
	0

	Tumor laterality
	Left
	14
	13

	
	right
	16
	17

	Group Staging
	I
	3
	3

	
	II A
	21
	20

	
	II B
	6
	7


ER – 	Estrogen Receptor; PR – Progesterone Receptor; 
HER2-human epidermal growth factor receptor
TNBC –Triple-negative breast cancer
Table 2: Toxicities among the patients:
	Toxicities
	Grade
	EOT
	1st month F/U
	3rd month F/U
	6th month F/U
	P value

	
	
	Arm A
	Arm B
	Arm A
	Arm B
	Arm A
	Arm B
	Arm A
	Arm B
	

	Pneumonitis
	0
	30
	30
	30
	30
	27
	28
	28
	29
	1.000

	
	1
	0
	0
	0
	0
	3
	2
	2
	1
	0.268

	
	2
	0
	0
	0
	0
	0
	0
	0
	0
	1.000

	dermatitis
	0
	18
	23
	18
	22
	23
	26
	27
	28
	1.000

	
	1
	8
	6
	8
	6
	6
	4
	3
	2
	0.049

	
	2
	3
	1
	3
	2
	1
	0
	0
	0
	0.180

	
	3
	1
	0
	1
	0
	0
	0
	0
	0
	0.475

	Dysphagia
	0
	28
	22
	26
	25
	26
	27
	29
	28
	1.000

	
	1
	2
	6
	2
	4
	3
	2
	1
	1
	0.200

	
	2
	0
	2
	2
	1
	1
	1
	0
	1
	0.721

	Arm Edema
	0
	20
	22
	16
	15
	14
	12
	11
	11
	0.714

	
	1
	10
	7
	11
	13
	11
	16
	15
	15
	1.000

	
	2
	0
	1
	3
	2
	5
	2
	4
	4
	0.185










Graph 1: Tumor Stage of the patients:
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