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Abstract: Background: Radiotherapy is an integral part of management in breast cancer that can be delivered 

by external beam or brachytherapy. Interruptions during radiotherapy are frequent and sometimes inevitable 

that may cause loss in the efficacy of the radiation. To account for real dose delivered after treatment gaps 

biological equivalent dose is calculated. The proposed study intended to evaluate effect of BED taking into 

account overall treatment time and source activity in brachytherapy on the outcome in breast cancer patients. 

Materials and methods: This retrospective study included 50 patients of breast cancer after BCS who received 

WBRT followed by lumpectomy cavity boost by brachytherapy (Arm-A, n=20) and 6 MV photon EBRT (Arm-

B, n=30). The prescribed dose of EBRT was 40Gy in 15 fractions with 2.67Gy dose per fraction. Boost dose 

delivered in both arms were 14Gy in 4fractions with 3.5Gy dose per fraction. The modified equation of BED 

was used for calculation taking into account overall treatment time, repopulation effect of tumor cells and 

intracellular time repair factor in brachytherapy.  

Results: Median follow up duration of the cohort was 56 months (range: 30-89). All patients completed RT 

within 7weeks. Median treatment gap in Arm-A was 12.5days compared to 0.50days in Arm-B. Taking into 

account the time factor, mean calculated BED for late reacting tissue and tumor control was 94.27Gy3 and 

81.54Gy4 in Arm-A and 101.7Gy3 and 88.40Gy4 in Arm-B, respectively.Median overall survival and disease free 

survival was 35 months (range: 24-45) and 32 months (range: 22-41). Three year OS and DFS were 94% and 

88% respectively.Four patients in arm A and 2 in arm B developed loco-regional recurrence.  

Conclusion: Overall treatment time and dose rate of brachytherapy source equally carries importance during 

treatment delivery and predicting the outcome. With prolong gap and decay in source activity, chances of local 

recurrence increases. Appropriate measures should be taken to minimize treatment interruption.  
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Introduction  

Breast cancer is one of the most common cancers worldwide[1]. In the past decade, treatment approaches mainly 

focussing on improved outcome and decreasing the overall treatment time are established[2]. Radiotherapy is an 

integral part of the breast cancer treatment which includes external beam radiotherapy (EBRT)to the whole breast 

followed by tumor bed boost (TBB), which can be delivered by electron beam therapy, photon beam therapy or 

brachytherapy (BT). Brachytherapy has an edge over other modalities in delivering high dose to the local region 

without compromising dose constraints of nearby normal organs. Various fractionation schedules have been studied in 

the past which is feasible to the patients and provide good tumor control[3–6]. 

Interruptions during radiotherapy are frequent and sometimes inevitable that may cause loss in the efficacy of the 

radiation. Also, the effect of radiation delivered by external beam and brachytherapy differs due to different doses, 

timing and difference in daily source activity in case of brachytherapy.  Radiobiological models have shown that 

breast tissue is late reacting and hence hypofractionated schemes have been studied that gave equivalent results as 

conventional RT in term of OS and DFS[7]. BED method has been used traditionally to evaluate the biological 

effectiveness of these schedules[8]. Interstitial brachytherapy with Ir-192 source is used to give additional dose to the 

tumor bed. This HDR source is installed in the initial strength of 10Curie. Due to short half life, it is required to 

change this source every 3-4 months. However, in resource deprived setup, where timely source replacement is 

challenging, source strength may fall down by factor of 2 or 3, and hence increasing the treatment duration. This 

situation does not arise when patient is treated by EBRT and tumor bed boost is given by the same.  

Although role of BT has been extensively studied with various doses per fraction, the actual data on BED taking into 

account time gap between whole breast irradiation (WBI) and delivery of BT is lacking.  Taking into account this 

http://www.ijsdr.org/


ISSN: 2455-2631                                                 June 2024 IJSDR | Volume 9 Issue 6 

IJSDR2406026 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  215 

 

issue, we conducted retrospective BRIDGE (Breast cancer Radiotherapy and Impact of Dose rate and treatment Gap 

effect on outcome) study where we evaluated effect of combined BED from external beam whole breast irradiation 

and tumor bed boost by EBRT or BT by two different formulas, taking into account treatment interruptions and 

source activity or dose rate at the time of treatment.  

Materials and methods 

In this retrospective study, 50 patients of early stage breast cancer from 2017 to 2021 who underwent breast 

conserving surgery were recruited. Patients with lumpectomy and axillary lymph node dissection received WBI using 

6MV photon followed by TBB by HDR interstitial brachytherapy (Arm A, n=20 patients) or 6MV photon (Arm B, 

n=30 patients). Lumpectomy cavity for boost delivery was determined by pre operative clinical and mammographic 

findings, changes on CT scan, seroma, USG breast findings and surgical clips. Standard accepted field limits were 

used for treatment delivery. Treatment technique used for WBI was 3DCRT/IMRT/VMAT. Patients who were 

randomized in EBRT photon boost arm, received boost to tumor bed by 3DCRT technique. Regional lymph nodes 

(SCF and axilla) were irradiated in node positive patients.  

Radiotherapy dose 

The dose delivered by external beam radiotherapy (EBRT) was 40Gy in 15 fractions, 2.66Gy daily fraction followed 

by TBB either by BT or external beam photon therapy. Boost dose delivered in both arms were 14Gy in 4fractions 

with 3.5Gy per fraction. In BT group, boost dose was delivered 6 hours apart, 2 fractions per day, completed in two 

days. In Arm B, dingle fraction was delivered daily, completed in four days. 

Calculation of BED 

To assess the clinical outcome, BED was calculated in both groups of patients, taking into account time gap between 

completions of WBRT and starting of boost treatment. This correction factor considers the repopulation effect of 

tumor cells due to time gap and intracellular time repair factor in BT. Using the LQ cell survival model, total BED for 

whole breast and boost volume was calculated. For this calculation, α/β for tumor control was taken as 4Gy. 

Biological comparison between standard conventional schedule and experimented schedule of current study was also 

assessed.  

BED formula for patients treated by EBRT (equation 1) 

BED = [nd (1 +
dWBRT

α

β

)] + [nd (1 +
dboost

α

β

)] – K(T − Tk )  

BED formula for patients treated by brachytherapy (equation 2) 

BED = [nd (1 +  
dWBRT

α

β

) +  nd ( 1 +  
gdboost

α

β

)] – K(T − Tk )  

Where, 

BED = biological equivalent dose, n  = no. of fractions, d = dose per fraction, dWBRT = 2.66Gy, dboost = 3.5 Gy, α/β = 

4Gy ( for tumor control), α/β = 3Gy ( for late effect), k = 0.693/ αTpot, α = 0.08, Tpot = 14 days, T = total treatment 

duration starting from day 1 of radiotherapy upto last day of radiation, Tk = kick off time (21 days), g is dose rate 

factor for intracellular repair of radiation lesions and is calculated as: 

g = 2 [μT − 1 + exp(−μT)]/(μT)2 

In another calculation, g factor was not considered in BT and only OTT was used to calculate the BED and its impact 

with the outcome was assessed.  

Statistical analysis 

Statistical analysis was performed using student paired t- test to determine statistical difference between the BT and 

EBRT boost group. The p value of <0.05 were considered as significant 
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Overall survival was determined from the day to diagnosis to the date of death due to any cause. Disease free survival 

was assessed from the day of surgery to the date of appearance of disease locally or loco-regionally. Kaplan Meir 

graph was used to determine OS and DFS in both the groups.  

Result  

A total of 50 patients were included in this study. Median follow up duration was 56 months (range: 30-89). All 

patients had early stage breast cancer of stage I or II. Taxane based neoadjuvant chemotherapy were received by 15 

patients. All patients of luminal A or B received either tamoxifen or anastrazole depending on menopausal status 

while her2neu positive patients received 17 cycles of transtuzumab in adjuvant setting. 

RT schedule was 40Gy in 15 fractions for whole breast irradiation either by 3DCRT or IMRT followed by tumor bed 

boost by interstitial brachytherapy (n=20) or by 6MV photon beam external beam therapy (n=30). All patients 

received RT within 6 months of the surgery. Radiotherapy was completed within within 7 weeks in current study 

(table1). Patients in EBRT boost arm completed treatment earlier than the brachytherapy boost arm patients 

(p=0.006). Gap between WBRT and boost was also less in EBRT group patients. Significant difference in treatment 

gap was observed in BT boost group with a median of 12.5 days compared to 0.50 days in EBRT boost group 

(p=0.006).  

BED value with and without g factor 

Without taking into account time factor and g factor, BED of the cohort was 105.89 Gy3 (late effect) and 92.92 Gy4 

(tumor control) as shown in table 2. However, with time factor and decay factor in consideration as shown in equation 

1 and 2, mean BED was reduced to 97.97Gy3for late effect and 85Gy4for tumor effect in BT patients.As there was 

minimal treatment gap in arm B patients, this did not affect the BED in this subgroup. 

BED was also calculated without taking into account g factor for brachytherapy patients. Graph was plotted to depict 

fall in BED with OTT and the relation between the calculated BED with and without g factor. It was observed that 

below 40days of OTT, g factor had more effect on decreasing BED compared to time factor. However, as treatment 

gap was increased beyond 40 days, the effect of g factor on sloping down the graph was less compared to increasing 

OTT where drastic drop in BED value was seen (Graph 1). In subgroup analysis, it was observed that increasing g 

value was significantly associated with disease recurrence and mortality (p= 0.006) as shown in graph 2. 

Survival analysis 

There was no significant difference in OS and DFS in both the groups (Graph 3 and 4). Median overall survival and 

disease free survival was 35 months (range: 24-45) and 32 months (range: 22-41). Three year OS and DFS of the 

cohort were 94% and 88% respectively. Four patients in arm A and two in arm B developed loco-regional recurrence. 

Two patients in arm A died due to metastasis after 2 years of treatment completion. In arm B, 1 patient died due to 

pneumonitis. With the increasing BED, trend of improve survival in terms of OS and DFS was observed (Graph 5). 

Discussion  

Treatment of Early stage breast cancer has now been widely accepted as breast conserving surgery followed by 

radiotherapy to whole breast and lumpectomy cavity. TBB has been proven to improve the local control. Standard 

radiotherapy schedule has now been replaced by hypofractionated regimen in order to reduce the OTT[7]. This 

reduction in treatment time is feasible for both patients and hospital administration. Also, several studies have 

reported that increasing treatment time is associated with increase in local recurrence[9–11]. 

OTT is an important factor that determines probability of recurrence of disease. OTT is mainly important in fast 

proliferating tumors like head and neck cancers where repopulation occurs 4 +/- 1 week of starting of 

radiotherapy[12]. The role of overall treatment time in slowly growing tumors like breast and prostate cancer has also 

been studied.  It is not clear that repopulation factor is required in cancers other than squamous cell carcinomas[13]. 

Dubray et al., in 1971 analysed 398 breast cancer patients treated by external beam radiotherapy followed by 

interstitial brachytherapy and concluded that if there is a long time interval between external beam RT and 

brachytherapy , then there is probability of increasing recurrence[9].In our study, patients planned for brachytherapy 

faced longer treatment duration due to more gap between WBRT and starting of brachytherapy procedure. This can be 

explained by the fact that brachytherapy is done under general anesthesia, for which pre anesthetic checkup is 

mandatory. Additional investigations are required for the same which requires time after completion of first phase of 

treatment. Financial arrangement for brachytherapy procedure and arrangements for hospital stay by the patients also 

delayed the starting of procedure.  
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According to Clarke et al., higher risk of recurrence in breast cancer patients were reported if time duration between 

initial biopsy and radiation therapy was more than 7 weeks, though it was marginally significant[10]. In the 

retrospective study by Van Limbergen et al., local control in breast cancer patients were significantly lower when total 

treatment time was more than 75 days[11]. 

Fourquet  et al.,  compared tumor bed boost technique by Ir-192 implant of median dose rate of 0.64 Gy-1 versus 

cobalt-60 EBRT[14]. This study was later analysed by Guerrero et al., to determine TCP by the two modalities. They 

found that local control with Ir-192 implant was superior to Co-60 boost therapy due to the fact that total treatment 

time was less in former. But in this study, they have not considered any treatment gap between WBRT and delivery of 

boost[15]. 

In the present study we have considered potential doubling time of breast cancer as 14 days, according to the 

recommendations by Hall et al[16]. In another study by Haustersman et al., the author found median Tpot of 15 days 

(Range 4-74). Tpot is the cell cycle time divided by the proportion of the cell actually in the cycle and is the inverse of 

the cell birth rate[17]. 

It has been hypothesized that approximately 0.6Gy per days wasted in compensating tumor cell proliferation in breast 

cancer after whole breast irradiation. Median follow up data of 10 years based on UK START trial suggests that OTT 

is significantly associated with loco-regional recurrence (LRR). Knowledge of tumor cell kinetics is of utmost 

importance before commenting on effects of treatment time. In breast cancer, high thymidine labeling index is 

considered to be of worse prognosis compared to low index. Also, proportion of cell in S phase carry poor prognosis. 

Even though breast tumor is considered as slowly proliferating, growth rate may show wide range of variation due to 

tumor heterogeneity which may consists of both slowly and rapidly proliferating tissue[18].  Cell kinetics is 

considered as important prognostic marker in breast cancer. Hence, OTT and BED should be considered in breast 

cancer treatment also[19]. 

Interstitial brachytherapy is an effective modality to accelerate tumor bed dose without compromising OARs 

constraints and hence, measures should be taken to reduce the time gap between the WBRT and brachytherapy. 

Measures like lumpectomy cavity delineation before starting of WBRT by appropriate imaging and preoperative 

clinical findings, conducting pre anesthetic checkup during last week of EBRT and proper counseling of 

brachytherapy patients regarding hospital stay and financial arrangements should be taken to minimize treatment gap. 

The major advantage of EBRT photon boost is that the entire treatment is planned before starting of radiotherapy in 

same CT simulated images and treatment of both the phases (WBRT and tumor bed boost) can be continued without 

any interruptions. This adds to higher BED than brachytherapy when repopulation effect is considered.   

Conclusion 

The present study is the first study conducted in our institution in which we have emphasized on realizing the 

importance of difference in time gap between WBRT and tumor bed boost in patients treated either by EBRT photon 

or brachytherapy. Measures like preEBRT planning, patient counseling and effective lumpectomy cavity delineation 

should be taken to minimize the gap and complete treatment in prescribed duration. Like in rapidly proliferating 

tumors, repopulation factor in calculating BED should be considered in breast cancer also. This will provide an exact 

picture of local control and late effects. Dose rate of brachytherapy source also carries equal importance during 

treatment delivery. With prolong gap and decay in source activity, chances of local recurrence increases.  
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Table 1: Patient and treatment characteristics 

Parameters  Brachytherapy boost 

arm (20 patients) 

Photon boost arm 

(30 patients) 

p value 

Age  

Mean (SD) 

Median  

Range  

 

42.87 ± 9.16 

41 

28-67 

 

50.20 ± 13.07 

50 

30-70 

 

 

0.38 

Clinical stage  

Stage 1 

Stage 2 

Stage 3 

 

4 

14 

2 

 

6 

20 

4 

 

 

1.000 

Pathological  stage  

Stage 1 

Stage 2 

Stage 3 

 

6 

10 

4 

 

8 

18 

4 

 

 

0.481 
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WBRT technique 

3DCRT 

IMRT 

VMAT 

 

16 

4 

0 

 

17 

10 

3 

 

 

0.660 

Treatment duration 

Less than 4 weeks 

5-6 weeks 

More than 6 weeks 

 

2 

12 

6 

 

14 

16 

0 

 

 

0.006 

Treatment gap (days) 

Mean 

Median 

Range  

 

15.2 

12.5 

4-31 

 

1.6 

0.50 

0-7 

 

 

0.006 

BED3 for late effect 

Mean  

Median  

Range  

 

94.27 

95.17 

84.82 -99.57 

 

101.66 

101.73 

100.51- 102.95 

 

 

0.020 

BED4 for tumor control 

Mean  

Median  

Range 

 

81.54 

82.35 

71.97 – 86.89 

 

88.40 

88.52 

87.28 – 89.76 

 

 

0.024 

 

Table 2: Comparison of BED between standard conventional schedule and current study 

Adjuvant 

WBRT dose 

Adjuvant 

tumor bed 

boost dose 

BED late effect 

α/β = 3Gy-1 

BED tumor 

control α/β = 

4Gy-1 

BED late effect 

α/β = 3Gy-1 ( 

including time 

factor and g 

factor) 

BED tumor 

control α/β = 

4Gy-1 ( 

including time 

factor and g 

factor) 

50Gy/25# 

(conventional 

schedule) 

10Gy/5# 100 90  

   ----- 

 

   ----- 

40Gy/15# 

(START B 

trial) 

10Gy/5# 92.33 81.67  

   ----- 

 

      ----- 

40Gy/15# 

(current study) 

14Gy/4# 105.89 92.92 Mean = 97.97 

Median = 

100.40 

Range = 84.82 

– 102.95 

Mean = 85.00 

Median = 

87.08 

Range = 71.97 

– 89.76 

 

 

 

 

 

 

 

Graph 1: Showing effect of OTT and g factor on BED 

http://www.ijsdr.org/


ISSN: 2455-2631                                                 June 2024 IJSDR | Volume 9 Issue 6 

IJSDR2406026 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  221 

 

 

Graph 2: Correlation of g value and the disease status 

 

 

 

 

 

 

 

Graph 3: Kaplan-Meier graph showing overall survival in arm A and B 
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Graph 4: Kaplan-Meier graph showing disease free survival in arm A and B 

 

 

 

Graph 5: Showing effect of increased BED on OS and DFS 
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