
Introduction 

Breast cancer is the most common cancer among women world-

wide. The number of new cases in 2020 was approximately 2.3 mil-

lion, with 684,996 deaths [1]. In Thailand, the mean annual age 

standardized incidence rate per 100,000 women diagnosed with 

breast cancer was 31.36 [2]. For early-stage breast cancer, 

breast-conserving surgery (BCS) followed by postoperative radio-

therapy is one of the standard treatments and has oncologic out-
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comes comparable to those of mastectomy [3-5]. Generally, postop-

erative radiotherapy after BCS consists of whole breast irradiation 

(WBI) with or without a tumor bed boost [6]. The recommended 

conventional radiation dose of WBI is 45–50 Gy in 25 daily fractions 

followed by a sequential tumor bed boost of 10–16 Gy in 5–8 daily 

fractions, resulting in a radiotherapy treatment course of up to 7 

weeks [7].  

To decrease the treatment course, hypofractionated WBI has 

been accepted as a standard treatment in early breast cancer with 
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oncologic and cosmetic outcomes comparable to those of conven-

tional fractionation [8-10]. The dose of moderate hypofractionated 

WBI varied from 40–42.5 Gy in 13–16 daily fractions, which could 

shorten the treatment course from approximately 5 to 3 weeks. 

However, sequential tumor bed boost was still administered in a 

number of centers, which eventually prolonged the overall treat-

ment course. 

In recent decades, there has been growing interest in the deliv-

ery of a simultaneous integrated boost (SIB) to the tumor bed 

during WBI. This technique resulted in less radiotherapy fractions. 

Typically, SIB can be performed with conventional fractionation as 

well as hypofractionation. Thus, the total dose per fraction of SIB 

to the tumor bed could be approximately 2.4–2.6 Gy for conven-

tional fractionation and 3.0–3.2 Gy for hypofractionation [11]. 

Many studies have revealed that both conventional fractionation 

and hypofractionation with SIB seem to be safe and feasible [12-

25]. The toxicities and cosmetic outcomes of hypofractionation 

with SIB (H-SIB) were evaluated and were comparable to those of 

conventional fractionation with SIB (C-SIB) [26,27]. Recently, we 

reported the results of acute and late toxicities and cosmetic out-

comes between the C-SIB and H-SIB groups in early-stage breast 

cancer patients at our institution. H-SIB provided better cosmetic 

outcomes than C-SIB [28]. 

Despite favorable toxicities and cosmetic results, the long-term 

oncologic outcomes of H-SIB are essential and still lacking. There-

fore, we further analyzed and compared the oncologic outcomes 

between C-SIB and H-SIB in early-stage breast cancer patients 

who received BCS at our institution. The primary objective was to 

evaluate and compare local control (LC) between both groups. The 

secondary outcomes were locoregional control (LRC), distant me-

tastasis-free survival (DMFS), disease-free survival (DFS), and over-

all survival (OS). 

Materials and Methods 

We retrospectively collected data from early breast cancer patients 

who received adjuvant WBI with the SIB technique at King Chu-

lalongkorn Memorial Hospital, from January 2008 to December 

2017. The inclusion criteria were women ≥18 years old with histo-

pathologically confirmed stage I–II (AJCC 7th edition) breast cancer 

who underwent adjuvant WBI with SIB after BCS. Exclusion criteria 

included evidence of skin invasion by the tumor, bilateral breast 

cancer, history of connective tissue disease, previous treatment 

with radiation therapy, postmastectomy, concomitant chemoradia-

tion, history of other cancers, or loss to follow-up after completion 

of the radiotherapy session. 

Radiotherapy was delivered with either C-SIB or H-SIB. Patients 

in the C-SIB group received WBI of 50 Gy in 25 daily fractions with 

an SIB of 0.6 Gy per fraction to the tumor bed, for a total dose of 

65 Gy in 25 fractions. The corresponding dose in the H-SIB group 

was 43.2 Gy in 16 daily fractions with the same dose of SIB, result-

ing in a total dose of 52.8 Gy in 16 fractions. 

All patients were treated with opposing tangential fields to the 

affected breast in the supine position using a breastboard (MT350; 

CIVCO Medical Solutions, Coralville, IA, USA). Conventional two-di-

mensional (2D) planning was performed between 2008 and 2011. 

Afterward, three-dimensional (3D) planning was delivered. A com-

puted tomography (CT) simulation was performed, and data were 

transferred to Eclipse Planning System version 8.10 (Varian Medical 

system, Palo Alto, CA, USA). For WBI, photon 6 MV were used in all 

patients. Tumor bed boost volume was defined by surgical clips or 

postoperative seroma and correlated with preoperative imaging. A 

2-cm margin around the tumor bed volume was irradiated with an 

en-face electron beam of 6–12 MeV. Regional nodal irradiation 

(RNI) was given to patients with node positivity, patients who did 

not have surgical node staging, and some patients with other high-

risk features (e.g., clinical N0 but no surgical node staging or lym-

phovascular invasion). The anterior supraclavicular field typically 

covered supraclavicular, axillary node level II, III and some parts of 

axillary node level I. 

This study protocol was approved by the ethics committee of 

Faculty of Medicine, Chulalongkorn University (No. 172/62). 

1. Statistical analysis 
To compare LC, LRC, DMFS, DFS and survival outcomes between 

C-SIB and H-SIB, we used Kaplan-Meier and log-rank tests. The 

base of follow-up time was the first date that the patient received 

irradiation, LC was defined as the time to ipsilateral breast tumor 

recurrence. LRC was defined as the time to any local or regional re-

currence. DMFS was defined as time to distant failure. DFS was de-

fined as the time to any disease progression or death. OS was de-

fined as time to death from any cause. A p-value <0.05 was con-

sidered statistically significant. Descriptive analysis, the 

Mann-Whitney U test and Fisher exact test were used to report 

patient and tumor characteristics, adjuvant treatment and differ-

ences in these variables between the two groups. The prognostic 

impact for local recurrence and death of variables were assessed in 

univariate analysis and multivariate analysis by Cox proportional 

hazards modeling. Variables that tended to be significant in univar-

iate analysis (p <  0.10) were selected for multivariate analysis. The 

propensity scores matching using covariate adjustment method—

i.e., age, RNI, stage grouping, nodal (N) stage, chemotherapy status, 

and histologic grade—was used to reduce the effect of confounders 

on outcomes following H-SIB and C-SIB and used number of 
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neighbors to calculate the matched outcomes. Stata version 15.1 

(Stata Corp., College Station, Texas) and SPSS version 22 (IBM 

Corp., Armonk, NY, USA) were used for analysis. 

Results 

1. Patients, tumor characteristics and adjuvant treatment 
A total of 188 patients were included in this study: 103 patients 

were treated with C-SIB, while 85 patients received H-SIB. The me-

dian age of the entire cohort was 50. The majority of both groups 

were diagnosed with stage T1, and the most common histology 

subtype was invasive ductal carcinoma. There was a significantly 

higher proportion of patients who were ≥50 years old in the H-SIB 

group, while the C-SIB group had a significantly higher proportion 

of positive nodes, advanced stages and more high-grade tumors 

(Table 1). 

Table 1. Baseline patients and tumor characteristics

All patients (n =  188) C-SIB (n =  103) H-SIB (n =  85) p-value
Age (yr) 50 (42–57) 46 (39–51) 55 (49–62) <0.001
 <50 92 (48.94) 70 (67.96) 22 (25.88)
 ≥50 96 (51.06) 33 (32.04) 63 (74.12)
Laterality
 Left 104 (55.32) 55 (53.40) 49 (57.65) 0.659
 Right 84 (44.68) 48 (46.60) 36 (42.35)
T stage
 T1 115 (61.17) 59 (57.28) 56 (65.88) 0.083
 T2 73 (38.83) 44 (42.72) 29 (34.12)
N stage
 N0 168 (89.36) 85 (82.52) 83 (97.65) 0.001
 N1 20 (10.64) 18 (17.48) 2 (2.35)
Stage grouping (AJCC 7th 
edition)
 IA 109 (57.98) 54 (52.43) 55 (64.71) 0.012
 IB 1 (0.53) 1 (0.97) 0 (0)
 IIA 65 (34.57) 36 (34.95) 29 (34.12)
 IIB 13 (6.92) 12 (11.65) 1 (1.17)
Estrogen receptor
 Positive 137 (72.87) 74 (71.84) 63 (74.12) 0.745
 Negative 51 (27.13) 29 (28.16) 22 (25.88)
Progesterone receptor
 Positive 131 (69.68) 75 (72.82) 56 (65.88) 0.341
 Negative 57 (30.32) 28 (27.18) 29 (34.12)
HER2
 Overexpression 27 (14.36) 15 (14.56) 12 (14.12) 0.764
 Negative (0–1+) 122 (64.89) 69 (66.99) 53 (62.35)
 Equivocal (2+) 36 (19.15) 17 (16.51) 19 (22.35)
 Unknown 3 (1.60) 2 (1.94) 1 (1.18)
Histologic grade
 1 29 (15.43) 8 (7.77) 21 (24.71) 0.014
 2 97 (51.60) 58 (56.31) 39 (45.88)
 3 42 (22.34) 24 (23.30) 18 (21.18)
 Unknown 20 (10.63) 13 (12.62) 7 (8.23)
Surgical margin (mm)
 <1 18 (9.57) 13 (12.62) 5 (5.88) 0.139
 1–2 72 (38.30) 43 (41.75) 29 (34.12)
 >2 81 (43.09) 37 (35.92) 44 (51.76)
 Positive 10 (5.32) 7 (6.80) 3 (3.53)
 Unknown 7 (3.72) 3 (2.91) 4 (4.71)

Values are presented as median (range) or number (%).
C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with simultaneous integrated boost; HER2, human 
epidermal growth factor receptor 2; AJCC, American Joint Committee on Cancer.
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Negative surgical margins were achieved in approximately 91% 

of patients, and 6.8% and 3.5% of patients had positive surgical 

margins in the C-SIB and H-SIB groups, respectively. For information 

of surgical node staging, 78 and 102 patients had axillary node dis-

section and sentinel node biopsy, respectively. Other eight patients 

did not have surgical node staging or the type of axillary node sur-

gery was not specified. The majority of patients were estrogen re-

ceptor (ER) or progesterone receptor (PR) positive, and most of them 

received anti-hormonal treatment. Overall, HER2 overexpression 

was found in 14.4% of patients, and only 5.9% of patients received 

trastuzumab. Approximately one-fifth of patients had equivocal or 

unknown HER2 results with no further molecular test confirmation 

since trastuzumab could not be reimbursed at that period. The pro-

portion of patients who received chemotherapy in the C-SIB group 

was significantly higher than that in the H-SIB group, 71.8% and 

49.4%, respectively (Tables 1, 2). The most common chemotherapy 

regimen for both groups was anthracycline+cyclophosphamide. 

Other regimens included anthracycline+cyclophosphamide+taxol, 

taxol+cyclophosphamide, cyclophosphamide+methotrexate+fluoro-

uracil, fluorouracil+anthracycline+cyclophosphamide, fluoroura-

cil+epirubicin+cyclophosphamide, carboplatin+taxol, and taxol only.  

Almost 90% of patients received the 3D radiation technique. 

Only 15 and 6 patients were treated with conventional techniques 

in the C-SIB and H-SIB groups, respectively. Only one patient in the 

C-SIB group was treated with intensity-modulated radiotherapy 

(IMRT), while none in the H-SIB group received IMRT. Correspond-

ing with the proportion of node positivity, 21.4% of the C-SIB 

group received regional node irradiation, which was significantly 

higher than in the H-SIB group (only 3.5%) (Table 2). Treatment 

plan for patients who received regional node irradiation composed 

of two tangential fields and a supraclavicular field. 

2. Oncologic outcomes 
The median follow-up time was 87 months (range, 18 to 147 

months; interquartile range [IQR], 65 to 112 months) for the entire 

cohort, 83 months (range, 18 to 147 months; IQR, 62 to 116 

months) in the C-SIB group and 89 months (range, 36 to 132 

months; IQR, 67 to 107 months) in the H-SIB group. Local recur-

rence occurred in four patients (3.9%) in the C-SIB group and two 

patients (2.6%) in the H-SIB group, with 7-year LCs of 95.8% and 

98.6% in the C-SIB and H-SIB groups, respectively (p =  0.619) (Fig. 

1A). Regional recurrence occurred in four patients (3.9%) in the 

C-SIB group and three patients (3.5%) in the H-SIB group. The 

7-year LRC was 95.8% in the C-SIB group and 97.4% in the H-SIB 

group (p =  0.964) (Fig. 1B). Ten patients (9.7%) in the C-SIB group 

and three patients (3.5%) in the H-SIB group developed distant 

metastasis in which the common sites were the bone, lung and liv-

er. Seven-year DMFS was 89.9% and 95.9% (p =  0.111), and 

7-year DFS was 84.2% versus 95.4% (p =  0.176) in the C-SIB and 

H-SIB groups, respectively (Fig. 2A, 2B). Death from any cause oc-

curred in eight patients (7.8%) in the C-SIB group and one patient 

(1.9%) in the H-SIB group, with 7-year OS rates of 92.1 % and 

98.2% in the C-SIB and H-SIB groups, respectively (p =  0.040) (Fig. 

2C). 

For the association between variables and local recurrence or 

death, due to small sample size, some factors could not be evaluat-

ed. HER2 receptor overexpression status and invasive lobular carci-

noma showed a significant association with local recurrence, and 

the hazard ratios (HRs) were 15.4 and 14.2, respectively (p =  0.02 

and p =  0.02), while estrogen receptor positivity and hormonal 

therapy tended to be associated with less local recurrence in uni-

variate analysis. However, only invasive lobular carcinoma was 

found to be significantly associated with local recurrence in multi-

Table 2. Adjuvant treatment

All patients (n =  188) C-SIB (n =  103) H-SIB (n =  85) p-value
Chemotherapy 116 (61.70) 74 (71.84) 42 (49.41) 0.002
Hormone therapy 140 (74.47) 76 (73.79) 64 (75.29) 0.867
Targeted therapy 11 (5.85) 6 (5.83) 5 (5.88) 1.000
RNI 25 (13.30) 22 (21.36) 3 (3.53)
 SPC 24 (12.77) 21 (20.39) 3 (3.53) 0.001
 SPC + axilla 1 (0.53) 1 (0.97) 0 (0)
Radiation technique
 2D 21 (11.17) 15 (14.56) 6 (7.06) 0.133
 3D 166 (88.30) 87 (84.47) 79 (92.94)
 IMRT 1 (0.53) 1 (0.97) 0 (0)

Values are presented as number (%).
C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with simultaneous integrated boost; RNI, regional 
lymph node irradiation; SPC, supraclavicular lymph node; 2D, two-dimensional radiotherapy; 3D, three-dimensional radiotherapy; IMRT, intensi-
ty-modulated radiotherapy.
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variate analysis (HR =  16.01, p =  0.03) (Table 3). For death, uni-

variate analysis showed that H-SIB tended to be associated with 

better survival (HR =  0.15, p =  0.08). However, after adjusting for 

other factors, different SIB technique did not show a significant 

impact on survival (Table 4). 

To reduce the bias of imbalanced factors between both groups, 

82 out of 188 patients were included for propensity score match-

ing. There was no significant difference in baseline patients and 

tumor characteristics and adjuvant treatment between both groups 

(Supplementary Tables S1, S2). The 7-year OS in C-SIB and H-SIB 

groups were 84.4% and 96.9%, respectively. There was no statisti-

cal difference in OS between both groups (HR =  0.16, 95% confi-

dence interval 0.02–1.39, p =  0.097). Both 7-year LC and LRC in 

C-SIB and H-SIB groups were 94.9% and 100%, respectively. Due 

to no event of local recurrence in H-SIB group after performing 

propensity score matching, the difference of LC and LRC between 

both groups could not be analyzed (Supplementary Figs. S1, S2). 

3. Cosmetic outcomes 
As we reported in our previous publication, the cosmetic outcomes 

were satisfactory. Patient-rated cosmetic outcomes in both groups 

were mostly “excellent,” 40.3% and 45.6%, while “poor” outcomes 

were 5.3% and 1.8% in C-SIB and H-SIB group, respectively. In ad-

dition, more than half of corresponding satisfaction in both groups 

was “very satisfied” while “unsatisfied” was found only 0% and 

1.8% in C-SIB and H-SIB group, respectively [28].  

Discussion and Conclusion 

This retrospective cohort study was performed to compare long-

term oncologic outcomes between C-SIB and H-SIB in early-stage 

breast cancer. Various dose fractionations have been used in many 

published studies to evaluate the outcomes of H-SIB and C-SIB. 

The biological effective dose (BED) was calculated with alpha over 

beta: α/β =  4 Gy for tumor control [29,30] and α/β =  3 Gy for late 

normal tissue toxicity [31]. Our study applied equivalent doses in 2 

Fig. 1. Tumor control outcomes of patients who received either C-SIB (solid line) or H-SIB (dashed line). (A) Local control. (B) Locoregional con-
trol. C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with simultaneous integrated boost.

Fig. 2. Survival outcomes of patients who received either C-SIB (solid line) or H-SIB (dashed line). (A) Distant metastasis-free survival. (B) Dis-
ease-free survival. (C) Overall survival. C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with si-
multaneous integrated boost.
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Table 3. Risk factor associated with local recurrence

Univariate Multivariate
HR (95% CI) p-value aHR (95% CI) p-value

Radiotherapy fractionation
 C-SIB 1.00
 H-SIB 1.53 (0.28–8.39) 0.62
Age (yr)
 <50 1.00
 ≥50 1.02 (0.21–5.06) 0.98
Menopausal status
 Postmenopausal 1.00
 Premenopausal 1.38 (0.25–7.57) 0.71
Side
 Left 1.00
 Right 1.15 (0.23–5.72) 0.86
T stage
 T1 1.00
 T2 1.46 (0.30–7.26) 0.64
N stage
 N0 1.00
 N1 1.56 (0.18–13.37) 0.68
Stage
 I 1.00
 IIA 1.06 (0.18–6.34) 0.95
 IIB 2.72 (0.28–26.17) 0.39
Estrogen receptor status
 Negative 1.00 1.00
 Positive 0.2 (0.04–1.09) 0.06 0.71 (0.01–39.61) 0.87
Progesterone receptor status
 Negative 1.00 1.00
 Positive 0.24 (0.04–1.32) 0.10 N/A N/A
HER2 receptor status
 Negative (0-1+) 1.00 1.00
 Overexpression 15.4 (1.58–150) 0.02 9.07 (0.72–114.65) 0.09
 Equivocal (2+) 6.56 (0.59–72.37) 0.13 6.72 (0.56–80.13) 0.13
 Unknown N/A N/A N/A N/A
Histologic grade
 1 1.00 1.00
 2 14.2 (1.49–135.64) 0.02 16.01 (1.37–187.53) 0.03
 3 3.55 (0.40–31.82) 0.26 2.29 (0.19–26.94) 0.51
Surgical margin (mm)
 >2 1.00 0.83
 ≤2 1.86 (0.34–10.26) 0.47
 Positive margin N/A N/A
 Unknown N/A N/A
Chemotherapy status
 No 1.00
 Yes 0.57 (0.11–2.82) 0.49
Hormone therapy status
 No 1.00
 Yes 0.18 (0.03–1) 0.05
Radiation technique
 2D 1.00
 3D 1.32 (0.15–11.36) 0.80
 IMRT N/A N/A
Radiation field
 Breast only 1.00
 Breast with RNI 1.17 (0.14–10.06) 0.88

C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with simultaneous integrated boost; HER2, human 
epidermal growth factor receptor 2; 2D, two-dimensional radiotherapy; 3D, three-dimensional radiotherapy; IMRT, intensity-modulated radiotherapy; 
RNI, regional lymph node irradiation; HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval; N/A, not applicable.
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Table 4. Risk factors associated with death

Univariate Multivariate
HR (95% CI) p-value aHR (95% CI) p-value

Radiotherapy fractionation
 C-SIB 1.00 1.00
 H-SIB 0.15 (0.02–1.22) 0.08 0.16 (0.02-1.25) 0.08
Age (yr)
 <50 1.00
 ≥50 0.82 (0.22–3.04) 0.76
Menopausal status
 Postmenopausal 1.00
 Premenopausal 1.48 (0.37–5.90) 0.58
Side
 Left 1.00
 Right 0.53 (0.13–2.14) 0.38
T stage
 T1 1.00
 T2 1.18 (0.32–4.41) 0.81
Stage
 I 1.00
 IIA 1.25 (0.33–4.67) 0.74
 IIB N/A N/A
Estrogen receptor status
 Negative 1.00
 Positive 0.52 (0.14-1.95) 0.34
Progesterone receptor status
 Negative 1.00
 Positive 0.66 (0.18–2.46) 0.53
HER2 receptor status
 Negative (0–1+) 1.00
 Overexpression 2.26 (0.41–12.36) 0.35
 Equivocal (2+) 2.69 (0.60–12.06) 0.20
 Unknown N/A N/A
Histologic grade
 1 1.00
 2 N/A N/A
 3 1.80 (0.22–14.42) 0.58
Surgical margin (mm)
 <1 1.00
 1–2 0.78 (0.08–7.52) 0.83
 >2 1.33 (0.16–11.45) 0.79
 Positive margin N/A N/A
 Unknown N/A N/A
Chemotherapy status
 No 1.00
 Yes 1.19 (0.30–4.79) 0.80
Hormone therapy status
 No 1.00
 Yes 0.5 (0.13–1.86) 0.30
Radiation technique
 2D 1.00
 3D 1.75 (0.36–8.51) 0.49
 IMRT N/A N/A

C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with simultaneous integrated boost; HER2, human 
epidermal growth factor receptor 2; 2D, two-dimensional radiotherapy; 3D, three-dimensional radiotherapy; IMRT, intensity-modulated radiotherapy; 
HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval; N/A, not applicable.
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Gy fractions (EQD2) of 64.24 Gy (α/β =  4 Gy) and 66.53 (α/β =  3 

Gy) in the H-SIB group and 71.5 Gy (α/β =  4Gy) and 72.8 Gy (α/β 

=  3Gy) in C-SIB group. Despite high EQD2 to the tumor bed in both 

groups, our previous publication rarely found unfavorable toxicities 

or cosmetic outcomes [28]. In addition, regardless of the lower BED 

of the H-SIB group, our findings show comparable LC, LRC, DMFS 

and DFS between the two groups. Although significantly better OS 

was found in the H-SIB group owing to better prognostic factors 

(Table 1), there was no statistical difference in OS after propensity 

score matching. A significantly higher proportion of poor prognos-

tic factors, i.e., younger age, greater node positivity, advanced 

group stage, and high-grade histology were found in the C-SIB 

group, which could directly affect OS. After adjusting for other 

prognostic factors, radiation therapy technique was not significant 

factor for OS. However, only invasive lobular carcinoma was signifi-

cantly associated with local recurrence in multivariate analysis. 

Nonetheless, our findings were in line with other studies that re-

ported excellent tumor control and survival outcomes in both 

H-SIB [14,19] and C-SIB [12] Moreover, our results are also similar 

to historical data of sequential tumor bed boost following both 

conventional and hypofractionated WBI [9,10]. 

Breast cancer is one of the most common diseases that require 

radiation. In particular, in patients who undergo BCS, WBI is given 

as an adjuvant treatment in most cases. Since conventional frac-

tionation requires more than a month of treatment, it is not only 

inconvenient for patients to go forth and back to receive treatment 

but also consumes radiotherapy medical resources, which are still 

scarce in some regions. According to the radiobiological parameter 

of breast cancer, its α/β is typically estimated to be approximately 

4, which is less than that of most other malignant tumors [29,30]. 

The relatively low α/β suggests that a short course of treatment 

with a high radiation dose per fraction may be beneficial. Several 

studies have supported this postulation and showed that hypofrac-

tionation is not inferior to the conventional fraction in both toxici-

ty and efficacy [8-10,30]. Thus, hypofractionated radiotherapy has 

become the well-accepted standard treatment in early-stage 

breast cancer. 

To enhance LC, tumor bed boosts were incorporated with WBI 

[6,32-34]. As a consequence, the treatment course has to be extend-

ed by approximately 1–2 weeks. According to the low α/β, SIB, with 

the advantages of both biological effects and shorter treatment 

courses, were introduced for tumor bed boost [12,17,20]. Later, H-SIB 

gained popularity. Since the dose per fraction at the tumor bed boost 

for H-SIB is quite high, toxicities and cosmetic outcomes are of con-

cern. However, previous H-SIB studies showed promising oncologic 

outcomes and acceptable toxicities [13,14,16,35]. Consistent with 

our institution’s findings, we confirmed excellent oncologic outcomes 

and favorable toxicities and cosmetic outcomes in the H-SIB group 

[28]. Therefore, H-SIB, which reduces the radiotherapy treatment 

course of both WBI and tumor bed boost, could be a good and ac-

ceptable option. Randomized controlled studies comparing H-SIB 

and C-SIB are ongoing. However, to our knowledge, the results have 

not yet been reported [35,36]. 

In addition to the moderate hypofractionated radiotherapy that 

we generally used, ultrahypofractionated WBI has also been stud-

ied. Results from the United Kingdom showed that the ultrahypof-

raction regimen, 26 Gy in 5 fractions over 1 week, was noninferior 

to moderate hypofractionation, 40 Gy in 15 fractions over 3 weeks, 

in terms of LC and toxicities [37]. However, the 5-year results 

might be too short to validate their findings. Therefore, ultrahypof-

ractionated WBI should be used with caution, and moderate hy-

pofractionation should remain the standard adjuvant WBI in most 

patients [38]. Moreover, the tumor bed boost in this study was ad-

ministered sequentially in 5–6 daily fractions, which doubled the 

length of the radiotherapy course in the ultrahypofractionation 

group. To date, no data on SIB in ultrahypofractionation have been 

reported.  

Although this study has provided insight into SIB in WBI, there 

were several limitations. First, the number of patients might be un-

derpowered to demonstrate the difference in oncologic outcomes 

and might be too small to report the association of some variables 

with local recurrence or death. Second, late relapse could possibly 

occur in early-stage breast cancer especially in hormone-positive 

breast cancer. Reports with longer follow-up times are needed. Third, 

since this was a retrospective study, the imbalance of patient char-

acteristics between the two groups, especially nodal stage, possibly 

affected the oncologic outcomes. However, in multivariate analysis, 

there was no significant predictor for OS, but invasive lobular carci-

noma was associated with local recurrence. Also, there was no sig-

nificant difference in OS between both groups after performing pro-

pensity score matching. Further prospective randomized studies are 

warranted to explore these limitations. The strength of this study in-

cluded it has a long median follow-up time and a use of homoge-

neous radiation technique in a tertiary care center. 

In conclusion, our results showed that H-SIB after BCS in ear-

ly-stage breast cancer provided comparable locoregional control to 

C-SIB. To shorten the overall radiotherapy course, H-SIB is a feasi-

ble option in patients who require WBI with a tumor bed boost af-

ter BCS. 

Conflict of Interest 

No potential conflict of interest relevant to this article was report-

ed. 

https://doi.org/10.3857/roj.2021.00927148

Chawalit Lertbutsayanukul, et al.



Author Contribution

Conceptualization: CL, MP; Funding acquisition: CL; Investigation 

and methodology: CL, CN, MP; Project administration: CL, MP; Re-

sources: CL, MP; Supervision: CL; Writing of the original draft: CL, 

MP, CN; Writing of the review and editing: CL, CN; Software: MP, 

CN; Validation: CL, CN; Formal analysis: CL, MP, CN; Data curation: 

CL, CN; Visualization: CL, CN.

Supplementary Materials 

Supplementary materials can be found via https://doi.org/10.3857/

roj.2021.00927. 

References 

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: 

GLOBOCAN estimates of incidence and mortality worldwide for 

36 cancers in 185 countries. CA Cancer J Clin 2021;71:209–49. 

2. Imsamran W, Pattatang A, Supattagorn P, et al. Cancer in Thai-

land vol. IX, 2013-2015. Bangkok, Thailand: Cancer Registry Unit, 

National Cancer Institute; 2018. 

3. Clarke M, Collins R, Darby S, et al. Effects of radiotherapy and of 

differences in the extent of surgery for early breast cancer on lo-

cal recurrence and 15-year survival: an overview of the ran-

domised trials. Lancet 2005;366:2087–106. 

4. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG), Dar-

by S, McGale P, et al. Effect of radiotherapy after breast-conserv-

ing surgery on 10-year recurrence and 15-year breast cancer 

death: meta-analysis of individual patient data for 10,801 wom-

en in 17 randomised trials. Lancet 2011;378:1707–16. 

5. Vinh-Hung V, Verschraegen C. Breast-conserving surgery with or 

without radiotherapy: pooled-analysis for risks of ipsilateral 

breast tumor recurrence and mortality. J Natl Cancer Inst 2004; 

96:115–21. 

6. Bartelink H, Horiot JC, Poortmans PM, et al. Impact of a higher 

radiation dose on local control and survival in breast-conserving 

therapy of early breast cancer: 10-year results of the randomized 

boost versus no boost EORTC 22881-10882 trial. J Clin Oncol 

2007;25:3259–65. 

7. Bartelink H, Horiot JC, Poortmans P, et al. Recurrence rates after 

treatment of breast cancer with standard radiotherapy with or 

without additional radiation. N Engl J Med 2001;345:1378–87. 

8. Whelan TJ, Pignol JP, Levine MN, et al. Long-term results of hy-

pofractionated radiation therapy for breast cancer. N Engl J Med 

2010;362:513–20. 

9. START Trialists’ Group, Bentzen SM, Agrawal RK, et al. The UK 

Standardisation of Breast Radiotherapy (START) Trial A of radio-

therapy hypofractionation for treatment of early breast cancer: a 

randomised trial. Lancet Oncol 2008;9:331–41. 

10. START Trialists’ Group, Bentzen SM, Agrawal RK, et al. The UK 

Standardisation of Breast Radiotherapy (START) Trial B of radio-

therapy hypofractionation for treatment of early breast cancer: a 

randomised trial. Lancet 2008;371:1098–107. 

11. Sedlmayer F, Sautter-Bihl ML, Budach W, et al. Is the simultane-

ously integrated boost (SIB) technique for early breast cancer 

ready to be adopted for routine adjuvant radiotherapy?: state-

ment of the German and the Austrian Societies of Radiooncology 

(DEGRO/OGRO). Strahlenther Onkol 2013;189:193–6. 

12. Bantema-Joppe EJ, Schilstra C, de Bock GH, et al. Simultaneous 

integrated boost irradiation after breast-conserving surgery: 

physician-rated toxicity and cosmetic outcome at 30 months’ 

follow-up. Int J Radiat Oncol Biol Phys 2012;83:e471–7. 

13. Cante D, Rosa La Porta M, Casanova-Borca V, et al. Accelerated 

hypofractionated adjuvant whole breast radiotherapy with con-

comitant photon boost after conserving surgery for early stage 

breast cancer: a prospective evaluation on 463 patients. Breast J 

2011;17:586–93. 

14. Chadha M, Woode R, Sillanpaa J, et al. Early-stage breast cancer 

treated with 3-week accelerated whole-breast radiation therapy 

and concomitant boost. Int J Radiat Oncol Biol Phys 2013;86:40–

4. 

15. De Rose F, Fogliata A, Franceschini D, et al. Phase II trial of hypof-

ractionated VMAT-based treatment for early stage breast cancer: 

2-year toxicity and clinical results. Radiat Oncol 2016;11:120. 

16. Dellas K, Vonthein R, Zimmer J, et al. Hypofractionation with si-

multaneous integrated boost for early breast cancer: results of 

the German multicenter phase II trial (ARO-2010-01). Strahlen-

ther Onkol 2014;190:646–53. 

17. Fiorentino A, Mazzola R, Ricchetti F, et al. Intensity modulated 

radiation therapy with simultaneous integrated boost in early 

breast cancer irradiation: report of feasibility and preliminary 

toxicity. Cancer Radiother 2015;19:289–94. 

18. Formenti SC, Gidea-Addeo D, Goldberg JD, et al. Phase I-II trial of 

prone accelerated intensity modulated radiation therapy to the 

breast to optimally spare normal tissue. J Clin Oncol 2007;25: 

2236–42. 

19. Freedman GM, Anderson PR, Bleicher RJ, et al. Five-year local 

control in a phase II study of hypofractionated intensity modu-

lated radiation therapy with an incorporated boost for early 

stage breast cancer. Int J Radiat Oncol Biol Phys 2012;84:888–

93. 

20. McDonald MW, Godette KD, Whitaker DJ, Davis LW, Johnstone 

PA. Three-year outcomes of breast intensity-modulated radiation 

149https://doi.org/10.3857/roj.2021.00927

H-SIB vs. C-SIB in early-stage breast cancer

https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/16360786
https://www.ncbi.nlm.nih.gov/pubmed/16360786
https://www.ncbi.nlm.nih.gov/pubmed/16360786
https://www.ncbi.nlm.nih.gov/pubmed/16360786
https://www.ncbi.nlm.nih.gov/pubmed/22019144
https://www.ncbi.nlm.nih.gov/pubmed/22019144
https://www.ncbi.nlm.nih.gov/pubmed/22019144
https://www.ncbi.nlm.nih.gov/pubmed/22019144
https://doi.org/10.1093/jnci/djh013
https://doi.org/10.1093/jnci/djh013
https://doi.org/10.1093/jnci/djh013
https://doi.org/10.1093/jnci/djh013
https://doi.org/10.1200/jco.2007.11.4991
https://doi.org/10.1200/jco.2007.11.4991
https://doi.org/10.1200/jco.2007.11.4991
https://doi.org/10.1056/nejmoa010874
https://doi.org/10.1056/nejmoa010874
https://doi.org/10.1056/nejmoa010874
https://doi.org/10.1056/nejmoa0906260
https://doi.org/10.1056/nejmoa0906260
https://doi.org/10.1056/nejmoa0906260
https://www.ncbi.nlm.nih.gov/pubmed/18356109
https://www.ncbi.nlm.nih.gov/pubmed/18356109
https://www.ncbi.nlm.nih.gov/pubmed/18356109
https://www.ncbi.nlm.nih.gov/pubmed/18356109
https://www.ncbi.nlm.nih.gov/pubmed/18355913
https://www.ncbi.nlm.nih.gov/pubmed/18355913
https://www.ncbi.nlm.nih.gov/pubmed/18355913
https://www.ncbi.nlm.nih.gov/pubmed/18355913
https://doi.org/10.1007/s00066-012-0300-3
https://doi.org/10.1007/s00066-012-0300-3
https://doi.org/10.1007/s00066-012-0300-3
https://doi.org/10.1007/s00066-012-0300-3
https://doi.org/10.1016/j.ijrobp.2012.01.050
https://doi.org/10.1016/j.ijrobp.2012.01.050
https://doi.org/10.1016/j.ijrobp.2012.01.050
https://doi.org/10.1016/j.ijrobp.2012.01.050
https://doi.org/10.1111/j.1524-4741.2011.01159.x
https://doi.org/10.1111/j.1524-4741.2011.01159.x
https://doi.org/10.1111/j.1524-4741.2011.01159.x
https://doi.org/10.1111/j.1524-4741.2011.01159.x
https://doi.org/10.1016/j.ijrobp.2012.11.010
https://doi.org/10.1016/j.ijrobp.2012.11.010
https://doi.org/10.1016/j.ijrobp.2012.11.010
https://www.ncbi.nlm.nih.gov/pubmed/27639373
https://www.ncbi.nlm.nih.gov/pubmed/27639373
https://www.ncbi.nlm.nih.gov/pubmed/27639373
https://doi.org/10.1007/s00066-014-0658-5
https://doi.org/10.1007/s00066-014-0658-5
https://doi.org/10.1007/s00066-014-0658-5
https://doi.org/10.1007/s00066-014-0658-5
https://doi.org/10.1016/j.canrad.2015.02.013
https://doi.org/10.1016/j.canrad.2015.02.013
https://doi.org/10.1016/j.canrad.2015.02.013
https://doi.org/10.1016/j.canrad.2015.02.013
https://doi.org/10.1200/jco.2006.09.1041
https://doi.org/10.1200/jco.2006.09.1041
https://doi.org/10.1200/jco.2006.09.1041
https://doi.org/10.1200/jco.2006.09.1041
https://doi.org/10.1016/j.ijrobp.2012.01.091
https://doi.org/10.1016/j.ijrobp.2012.01.091
https://doi.org/10.1016/j.ijrobp.2012.01.091
https://doi.org/10.1016/j.ijrobp.2012.01.091
https://doi.org/10.1016/j.ijrobp.2009.05.042
https://doi.org/10.1016/j.ijrobp.2009.05.042


therapy with simultaneous integrated boost. Int J Radiat Oncol 

Biol Phys 2010;77:523–30. 

21. Raiyawa T, Lertbutsayanukul C, Rojpornpradit P. Late effects and 

cosmetic results of simultaneous integrated boost versus se-

quential boost after conventional irradiation in breast-conserv-

ing therapy; out come of 7 months follow-up. J Med Assoc Thai 

2009;92:390–7.  

22. Saksornchai K, Rojpornpradit P, Shotelersak K, Lertbutsayanukul C, 

Chakkabat C, Raiyawa T. Skin toxicity and cosmesis after hypof-

ractionated whole breast irradiation for early breast cancer. J 

Med Assoc Thai 2012;95:229–40. 

23. Scorsetti M, Alongi F, Fogliata A, et al. Phase I-II study of hypof-

ractionated simultaneous integrated boost using volumetric 

modulated arc therapy for adjuvant radiation therapy in breast 

cancer patients: a report of feasibility and early toxicity results in 

the first 50 treatments. Radiat Oncol 2012;7:145. 

24. Teh AY, Walsh L, Purdie TG, et al. Concomitant intensity modulat-

ed boost during whole breast hypofractionated radiotherapy: a 

feasibility and toxicity study. Radiother Oncol 2012;102:89–95. 

25. Van Parijs H, Miedema G, Vinh-Hung V, et al. Short course radio-

therapy with simultaneous integrated boost for stage I-II breast 

cancer, early toxicities of a randomized clinical trial. Radiat Oncol 

2012;7:80. 

26. Morganti AG, Cilla S, Valentini V, et al. Phase I-II studies on ac-

celerated IMRT in breast carcinoma: technical comparison and 

acute toxicity in 332 patients. Radiother Oncol 2009;90:86–92. 

27. Raza S, Lymberis SC, Ciervide R, et al. Comparison of acute and 

late toxicity of two regimens of 3- and 5-week concomitant 

boost prone IMRT to standard 6-week breast radiotherapy. Front 

Oncol 2012;2:44. 

28. Lertbutsayanukul C, Pitak M, Ajchariyasongkram N, Rakkiet N, 

Seuree F, Prayongrat A. Long-term patient-rated cosmetic and 

satisfactory outcomes of early breast cancer treated with con-

ventional versus hypofractionated breast irradiation with simul-

taneous integrated boost technique. Breast J 2020;26:1946–52. 

29. Owen JR, Ashton A, Bliss JM, et al. Effect of radiotherapy fraction 

size on tumour control in patients with early-stage breast cancer 

after local tumour excision: long-term results of a randomised 

trial. Lancet Oncol 2006;7:467–71. 

30. Haviland JS, Owen JR, Dewar JA, et al. The UK Standardisation of 

Breast Radiotherapy (START) trials of radiotherapy hypofraction-

ation for treatment of early breast cancer: 10-year follow-up re-

sults of two randomised controlled trials. Lancet Oncol 2013;14: 

1086–94. 

31. Yarnold J, Ashton A, Bliss J, et al. Fractionation sensitivity and 

dose response of late adverse effects in the breast after radio-

therapy for early breast cancer: long-term results of a ran-

domised trial. Radiother Oncol 2005;75:9–17. 

32. Bartelink H, Maingon P, Poortmans P, et al. Whole-breast irradia-

tion with or without a boost for patients treated with 

breast-conserving surgery for early breast cancer: 20-year fol-

low-up of a randomised phase 3 trial. Lancet Oncol 2015;16:47–

56. 

33. Romestaing P, Lehingue Y, Carrie C, et al. Role of a 10-Gy boost in 

the conservative treatment of early breast cancer: results of a 

randomized clinical trial in Lyon, France. J Clin Oncol 1997;15: 

963–8. 

34. Polgar C, Fodor J, Orosz Z, et al. Electron and high-dose-rate 

brachytherapy boost in the conservative treatment of stage I-II 

breast cancer first results of the randomized Budapest boost tri-

al. Strahlenther Onkol 2002;178:615–23. 

35. Freedman GM, White JR, Arthur DW, Allen Li X, Vicini FA. Accel-

erated fractionation with a concurrent boost for early stage 

breast cancer. Radiother Oncol 2013;106:15–20. 

36. Coles C, Yarnold J; IMPORT Trials Management Group. The IM-

PORT trials are launched (September 2006). Clin Oncol (R Coll 

Radiol) 2006;18:587–90. 

37. Murray Brunt A, Haviland JS, Wheatley DA, et al. Hypofractionat-

ed breast radiotherapy for 1 week versus 3 weeks (FAST-For-

ward): 5-year efficacy and late normal tissue effects results from 

a multicentre, non-inferiority, randomised, phase 3 trial. Lancet 

2020;395:1613–26. 

38. Krug D, Baumann R, Combs SE, et al. Moderate hypofractionation 

remains the standard of care for whole-breast radiotherapy in 

breast cancer: considerations regarding FAST and FAST-Forward. 

Strahlenther Onkol 2021;197:269–80. 

https://doi.org/10.3857/roj.2021.00927150

Chawalit Lertbutsayanukul, et al.

https://doi.org/10.1016/j.ijrobp.2009.05.042
https://doi.org/10.1016/j.ijrobp.2009.05.042
https://www.ncbi.nlm.nih.gov/pubmed/19301734
https://www.ncbi.nlm.nih.gov/pubmed/19301734
https://www.ncbi.nlm.nih.gov/pubmed/19301734
https://www.ncbi.nlm.nih.gov/pubmed/19301734
https://www.ncbi.nlm.nih.gov/pubmed/22435254
https://www.ncbi.nlm.nih.gov/pubmed/22435254
https://www.ncbi.nlm.nih.gov/pubmed/22435254
https://www.ncbi.nlm.nih.gov/pubmed/22435254
https://doi.org/10.1186/1748-717x-7-145
https://doi.org/10.1186/1748-717x-7-145
https://doi.org/10.1186/1748-717x-7-145
https://doi.org/10.1186/1748-717x-7-145
https://doi.org/10.1016/j.radonc.2011.10.015
https://doi.org/10.1016/j.radonc.2011.10.015
https://doi.org/10.1016/j.radonc.2011.10.015
https://www.ncbi.nlm.nih.gov/pubmed/22656865
https://www.ncbi.nlm.nih.gov/pubmed/22656865
https://www.ncbi.nlm.nih.gov/pubmed/22656865
https://www.ncbi.nlm.nih.gov/pubmed/22656865
https://doi.org/10.1016/j.radonc.2008.10.017
https://doi.org/10.1016/j.radonc.2008.10.017
https://doi.org/10.1016/j.radonc.2008.10.017
https://doi.org/10.3389/fonc.2012.00044
https://doi.org/10.3389/fonc.2012.00044
https://doi.org/10.3389/fonc.2012.00044
https://doi.org/10.1111/tbj.13960
https://doi.org/10.1111/tbj.13960
https://doi.org/10.1111/tbj.13960
https://doi.org/10.1111/tbj.13960
https://doi.org/10.1016/s1470-2045(06)70699-4
https://doi.org/10.1016/s1470-2045(06)70699-4
https://doi.org/10.1016/s1470-2045(06)70699-4
https://doi.org/10.1016/s1470-2045(06)70699-4
https://doi.org/10.1016/s1470-2045(13)70386-3
https://doi.org/10.1016/s1470-2045(13)70386-3
https://doi.org/10.1016/s1470-2045(13)70386-3
https://doi.org/10.1016/s1470-2045(13)70386-3
https://doi.org/10.1016/j.radonc.2005.01.005
https://doi.org/10.1016/j.radonc.2005.01.005
https://doi.org/10.1016/j.radonc.2005.01.005
https://doi.org/10.1016/j.radonc.2005.01.005
https://doi.org/10.1016/s1470-2045(14)71156-8
https://doi.org/10.1016/s1470-2045(14)71156-8
https://doi.org/10.1016/s1470-2045(14)71156-8
https://doi.org/10.1016/s1470-2045(14)71156-8
https://doi.org/10.1200/jco.1997.15.3.963
https://doi.org/10.1200/jco.1997.15.3.963
https://doi.org/10.1200/jco.1997.15.3.963
https://doi.org/10.1200/jco.1997.15.3.963
https://www.ncbi.nlm.nih.gov/pubmed/12426672
https://www.ncbi.nlm.nih.gov/pubmed/12426672
https://www.ncbi.nlm.nih.gov/pubmed/12426672
https://www.ncbi.nlm.nih.gov/pubmed/12426672
https://doi.org/10.1016/j.radonc.2012.12.001
https://doi.org/10.1016/j.radonc.2012.12.001
https://doi.org/10.1016/j.radonc.2012.12.001
https://doi.org/10.1016/j.clon.2006.07.010
https://doi.org/10.1016/j.clon.2006.07.010
https://doi.org/10.1016/j.clon.2006.07.010
https://www.ncbi.nlm.nih.gov/pubmed/32580883
https://www.ncbi.nlm.nih.gov/pubmed/32580883
https://www.ncbi.nlm.nih.gov/pubmed/32580883
https://www.ncbi.nlm.nih.gov/pubmed/32580883
https://doi.org/10.1007/s00066-020-01744-3
https://doi.org/10.1007/s00066-020-01744-3
https://doi.org/10.1007/s00066-020-01744-3
https://doi.org/10.1007/s00066-020-01744-3

	Introduction
	Materials and Methods 
	1. Statistical analysis 

	Results
	1. Patients, tumor characteristics and adjuvant treatment 
	2. Oncologic outcomes 
	3. Cosmetic outcomes 

	Discussion and Conclusion 
	Conflict of Interest 
	Supplementary Materials 
	References

