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Objective: Radiotherapy (RT) for synchronous bilateral 
breast cancer (SBBC) is technically very challenging. 
This study reports the clinical feasibility, dosimetry and 
safety of helical tomotherapy (HT) with simultaneous 
integrated boost (SIB) in patients treated with adjuvant 
radiotherapy for SBBC.
Methods: 21  women with SBBC treated with HT from 
January 2013 to June 2016 were retrospectively eval-
uated. Radiation lung toxicity was assessed using  
pulmonary function test (PFT) and high-resolution comput-
erized tomography scan (HRCT) scan at baseline and 1 year  
post‐RT in 18 patients. Survival was calculated using 
Kaplan–Meier curves. Significance of the difference 
between pre- and post-RT PFT values was assessed using 
paired t-test.
Results: The dose prescription was 50 Gy to the breast, 
chest wall or regional nodes and 61 Gy to the tumour 
bed as SIB, delivered in 25 fractions. Dosimetric 

outcome was excellent both for target volumes and 
normal tissues. Acute skin and oesophageal toxicities 
were minimal. Symptomatic radiation-induced pnue-
monitis was not observed. Subclinical radiological 
Grade I–II changes were apparent in 14 patients. Only 
one patient developed Grade III radiological change 
whereas no change was documented for three patients. 
PFTs did not show any significant change in any of the 
measured parameters. At a median follow-up of 25 
months, 3-year  disease-free survival, overall survival 
and loco-regional control were 65.6%, 83.3%  and 
85.7% respectively.
Conclusion:    Women with SBBC can be safely treated 
with HT and this is not associated with adverse short- to 
intermediate term radiation toxicity.
Advances in knowledge: This is the first report that 
establishes the safety of HT for adjuvant RT using SIB 
technique in SBBC.
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INTRODUCTION
The occurrence of synchronous bilateral breast cancer 
(SBBC) is rare with a reported incidence ranging between 
0.4% and 2.8% of all breast cancers.1,2 Radiotherapy in SBBC 
is technically challenging in view of the large and complex 
treatment volumes and proximity to critical structures. Target 
volumes typically involve bilateral breasts/chest wall with or 
without regional nodal irradiation (supraclavicular, axillary 
or internal mammary nodal region). Conventional tangents 
involving multiple field junctions may not cover target 
volumes adequately, especially in medially located tumours 
or if the target volume involves the internal mammary chain 
where electron/photon matching leads to significant dose 

heterogeneity.3 Moreover, delivering boost to tumour bed 
cavity either sequentially or with the simultaneous integrated 
boost (SIB) technique further increases the complexity of 
treatment planning as well as delivery. In our earlier study, 
we have demonstrated that helical tomotherapy (HT) has 
the ability to reduce high doses of radiation to the organs at 
risk (OARs) specifically while delivering SIB in the setting 
of SBBC.4 The use of HT for unilateral targets for breast 
cancer may lead to significant irradiation of the contra-
lateral breast and lung with low doses owing to fan beam  
geometry.5,6 However, this disadvantage of HT is offset in the 
case of SBBC as targets on both sides need to be treated, which 
makes treatment planning simpler. This report describes the 
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clinical use of HT with SIB for SBBC, covering the dosimetric 
results along with short-term clinical outcomes. To the best of our 
knowledge, this is the largest series of SBBC reported to date with 
all patients uniformly treated at a single institute. Secondly, this is 
the first report describing the use of HT involving the SIB tech-
nique for the clinical condition under consideration, although a 
smaller series has been reported with volumetric arc therapy.7

METHODS AND MATERIALS
Study design and patients
Women diagnosed to have SBBC and who had undergone bilateral 
breast/chest wall irradiation with or without regional nodal irradia-
tion using HT technique between January 2013 and June 2016 were 
identified. In this retrospective audit, hospital medical records and 
other pertinent details were reviewed for patient demographics, 
family history, clinical management, radiotherapy treatment plan-
ning parameters and acute and late toxicities. Ethical clearance 
was obtained for the dosimetric study, the results of which formed 
the basis of adoption of HT for routine treatment of SBBC at our 
institute. The cohort constituted a total of 21 patients inclusive of 
13  patients who had breast-conserving surgery (BCS) on both 
sides, 2 who had modified radical mastectomy (MRM) on both 
sides and rest of the 6 women who had mastectomy on one side (3 
left side and 3 right side) and breast conservation on the other side. 
Planning computerized tomography (CT) data sets were retrieved 
from the treatment planning system for reporting the dosimetric 
outcome.

Immobilization and volume delineation
All patients were immobilized using an individualized vacuum 
bag with both arms abducted above the head. Non-contrast 
CT scans with 2.75 mm slice thickness were taken from the 
level of mandible to mid-abdomen on the CT simulator (GE 
DISCOVERY IQ). Images were imported into the tomotherapy 
treatment planning system (Accuray Inc., Sunnyvale, CA, 
version 5.1.0). The clinical target volume (CTV) for the breast 
and/or chest wall was contoured with the help of a wire placed on 
the patient during planning CT scan. A 5 mm margin was grown 
from CTV to generate the PTV (planning target volume)_Breast. 
The PTV_Breast was cropped from the skin by 5 mm in case 
of BCS and 3 mm in case of MRM. The pectoral muscles were 
excluded from the CTV in BCS but included in MRM cases. In 
MRM cases, chest wall and ribs were included in advanced stage 
disease. Supraclavicular and internal mammary lymph nodes 
were drawn according to Radiation Therapy Oncology Group 
(RTOG) consensus guidelines and the respective PTVs grown 
by giving 5 mm margin isotropically.8 None of the patients 
received axillary irradiation. Furthermore, tumour bed (TB) 
was delineated with the help of seroma, surgical clips, post- 
operative changes and the metallic wire placed over the scar. A 
5 mm margin was given to make PTV_boost, to be confined 
within the PTV_Breast. Organs at risk (OARs) such as the lung 
on each side, heart, oesophagus and spinal cord were contoured.

Helical tomotherapy planning
The details of the planning process have been published in the 
earlier report.4 The dose prescribed to the PTV_Breast and nodal 
PTVs (whole breast irradiation/chest wall ± regional nodal area) 

was 50 Gy in 25 fractions whereas 61 Gy in 25 fractions was deliv-
ered as SIB to the PTV_Boost in case of BCS. The plan’s objec-
tives were set with reference to the International Commission 
on Radiation Units criteria of 95% of the target volume getting 
covered with 95% of the prescribed dose with minimum spillage 
to the surrounding normal tissue. For OARs, the planning objec-
tives were set as V20 Gy <25%, V30 Gy <15% and V5 Gy <60% 
for both lungs and heart.

Plan evaluation
Evaluation of plans was based on dose volume histogram (DVH) 
analysis. For all the PTVs, the values of mean, minimum and 
maximum doses and V95%, V90% and V107% (the volumes 
receiving at least 95%, 90% or 107% of the prescribed dose) were 
recorded. For OARs, the analysis included the mean dose and 
a set of VX Gy (OAR volume receiving at least X Gy) such as 
V5, V10, V20, V30 and V40 for lungs and heart respectively. 
The homogeneity of the dose distribution for both primary 
PTV excluding boost volume and boost PTV was calculated by 
following formula:

	 Homogeneity index (HIRTOG) = Imax/IR9�

where Imax is the maximum isodose inside the target and IR is the 
reference isodose. Ideally it should be 1.

Conformity of the dose distribution was calculated using the 
following formula

	 Conformity index (CIPaddick) = TV2
PI/(TV× VPI)10�

where TV is the target volume, TVPI is the target volume covered 
by the prescription isodose and VPI is the total volume covered 
by the prescription isodose. Ideally, it should be close to 1.

Monitoring of treatment toxicity
All patients were reviewed once a week during radiotherapy and 
patients were assessed for radiation dermatitis and oesophageal 
toxicity. Acute toxicity was graded according to RTOG criteria.11

Pre- and post-treatment evaluation of pulmonary 
function
All patients underwent baseline pulmonary function test (PFT) 
and high-resolution computerized tomography scan (HRCT) 
before initiation of RT and 1 year after completion of RT (if they 
were disease free) to assess the status of pulmonary function and 
to record late changes thereafter. On HRCT, lung alterations were 
scored according to the scoring system of Nishioka et al.12

In PFT, the following parameters were assessed after bronchodi-
lator effect: forced vital capacity (FVC), forced expiratory volume 
in 1 s (FEV1), FEV1/FVC, forced expiratory flow at 25% (FEF 25) 
and 75 (FEF 75) of the vital capacity. FVC is a measure of lung 
volume; FEV1 reflects the mechanical properties of large and 
medium-sized airways and FEF 25 and FEF 75 are the measure of 
the average rate of airflow in the bronchioles and small airways. 
All these parameters are reduced in case of pulmonary fibrosis. 
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Table 1. Patient characteristics

Characteristics N (21) %

Age grouping Age ≤ 52 years 11 52.0

Age > 52 years 10 48.0

Family history Positive 9 42.8

Negative 12 57.2

Menopausal status Pre-menopausal 10 47.6

Post-menopausal 10 47.6

Peri-menopausal 1 4.8

Focality of tumoura Unifocal 18 85.7

Multifocal 3 14.3

Clinical stageb II 9 42.9

III 12 57.1

Treatment sequence NACT->Sx->RT 11 52.4

NACT->Sx->CT->RT 3 14.3

Sx->CT->RT 5 23.8

Sx->RT 1 4.8

Missing 1 4.8

BCT, breast conservation therapy; CT, chemotherapy; MRM, modified 
radical mastectomy; NACT, neoadjuvant chemotherapy; RT, radition 
therapy; Sx, sugery.
aFocality on either side.
bConsidering higher clinical stage on either side.

Table 2. Tumour characteristicsa

Parameter N %
Histology IDC on both sides 19 90.5

IDC on one side and 
other histology on 
contralateral side

2 9.5

Grade III 18 85.7

II 3 14.3

ER status Positive 17 81.0

Negative 4 19.0

PR status Positive 15 71.4

Negative 6 28.6

Her2neu status Positive 8 38.0

Negative 13 62.0

PNI Present 0 0

Absent 21 100.0

LVE Present 9 43.0

Absent 12 57.0

EIC Present 6 28.6

Absent 15 71.4

Skin involvement Present 1 5.0

Absent 20 95.0

Margins   Negative 21 100.0

PNE Present 11 52.4

Absent 10 47.6

DCIS, ductal carcinoma in situ; EIC, extensive intraductal component; 
ER, estrogen receptor; IDC, infiltrating ductal carcinoma;  
LVE,  lymphovascular emboli;     PNE, perinodal extension; PNI, 
perineural invasion; PR, progesterone receptor.
aTumour characteristic positive on either side was considered overall 
positive and reported here.

All measurements are expressed as a percentage of the predicted 
values adjusted for age, gender, and height.

Statistical analysis
Statistical analysis was done using SPSS software version 18. Patient 
demographics were tabulated and reported as proportions. Simi-
larly, dosimetric parameters were reported with appropriate values 
along with range. Significance of the difference between pre- 
and post-RT PFT values was assessed using paired t-test. HRCT 
changes were reported as numbers and percentage. Disease-related 
outcomes were analysed using Kaplan–Meier curves, and time to 
event analysis was done for locoregional control (LRC), disease-
free survival (DFS) and overall survival (OS).

RESULTS
Patient and tumour characteristics
Clinicopathological characteristics and treatment strat-
egies of 21 females with SBBC were studied. Patient and 
tumour characteristics are summarized in Tables  1 and 2. 
The median age was 52 years (Range: 29–70 years). Chemo-
therapy was anthracycline and taxane based in all patients. 
4 patients had complete pathological response to  neoadju-
vant chemotherapy whereas 10 patients had partial response. 
Median time to start RT from the  last intervention was 1 
month. Radiation target volumes are described in Table  3. 
SIB was given in 18 patients. Three patients with BCS did 
not receive boost on any side owing to small tumour size 

and favourable histology. All hormone receptor-positive 
pre-menopausal females received adjuvant tamoxifen whereas 
post-menopausal females received aromatase inhibitors  
(letrozole/anastrozole) along with radiation.

Dosimetric characteristics
Radiation treatment volumes of primary, boost and nodal region 
are summarized in Table 4. PTV coverage on both sides with 95% 
isodose was 94.4%. 95% coverage of nodal PTV and tumour bed 
PTV were 92.6% and 96.7% respectively. Spillage of the 107% vol 
of prescribed dose (50 Gy) was 50 cc, which was confined to the 
area adjacent to the boost PTV. Homogeneity index for PTV was 
1.09 for the right side and 1.11 for the left side, and for the tumour 
bed it was 1.1 for the right and 1.04 for the left side respectively. 
The mean conformity index was 0.71. The doses to the OARs are 
described in Table 5. Figure 1 depicts the target volumes and dose 
distribution in a case of bilateral BCT with SIB delivered on both 
sides.
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Table 3. Radiation target volumes

Target volumes N %
Primary B/L Breasts 13 61.5

B/L chest wall 2 9.5

Rt breast + Lt chest wall 3 14.5

Lt breast + Rt chest wall 3 14.5

Nodal B/L SCF 9 42.8

Rt SCF only 4 19.0

Lt SCF only 5 23.8

Lt SCF+IMN 1 4.8

None 2 9.5

Boost Both side 10 47.6

Left side 4 19.0

Right side 4 19.0

Not given 3 14.4

IMN: internal mammary node, SCF, Supraclavicular fossa.

Table 4. Dosimetric parameters indicative of PTV coverage

Volume Right Left
PTV_Primary Volume 625 cc (216.0–1157.0 cc) 648.3 cc (308.4–1067.0 cc)

V95 94.2% (92.7–99.7%) 94.6% (91.6–99.7%)

V90 98% (96.7–99.9%) 98% (95.0–99.9%)

V100 75.0% (44.2–97.0%) 76.7% (45.5–97.0%)

V107 49.0 cc (0–133.5 cc) 52.0 cc (2.0–126.0 cc)

Mean dose 51.2 Gy (49.2–52.6 Gy) 51.2 Gy (49.5–52.0 Gy)

Maximum dose 60.0 Gy (54.0–65.0 Gy) 60.6 Gy (55.6–66. 0 Gy)

Minimum dose 35.2 Gy (27.0–41.2 Gy) 34.0 Gy (21.6–41.2 Gy)

PTV_Nodal_SCF Volume 66.4 cc (40.0–90.4 cc) 62.6 cc (40.0–90.4 cc)

V95 93.3% (90–100.0%) 92% (89.0–99.9%)

V90 98.4% (95.4–100.0%) 98.6% (95.0–100.0%)

V107 1.28 cc (0–9.0cc) 1.28 cc (0–11.0 cc)

Mean dose 50.5 Gy (49.0–52.0 Gy) 50.4 Gy (49.0–52.0 Gy)

Maximum dose 54.5 Gy (52.0–59.3 Gy) 54.0 Gy (52.3–57.4 Gy)

Minimum dose 41.0 Gy (30.5–48 Gy) 42.2 Gy (34.6–49.8 Gy)

PTV_TB Volume 85.6 cc (25.5–160 cc) 84.8 cc (37.7–142.2 cc)

V95 97.0% (91.8–99.94%) 96.4% (92.6–99.7%)

V90 99.7% (98.6–100%) 99.8% (99.0–100.0%)

V107 0.07 cc (0–0.69.0 cc) 0.2 cc (0–1.6 cc)

Mean dose 61.0 Gy (57.0–62.5 Gy) 61.0 Gy (56.6–62.4 Gy)

Maximum dose 64.2 Gy (60.0–65.6 Gy) 64.5 Gy (59.8–66.4 Gy)

Minimum dose 52.8 Gy (43.0–57.0 Gy) 52.6 Gy (49.0–56.7 Gy)

V95, V90, V100, V107—volume of PTV receiving 95%, 90%, 100% and 107% of prescribed dose respectively, recorded in overlap mode.

Treatment compliance and toxicity
Median duration of radiation was 5 weeks (5–7 weeks). 14 patients 
developed Grade I, 6 Grade II and 1 Grade III acute dermatitis 
during RT. Eleven patients developed Grade I, 3 Grade II and 1 
Grade III acute dysphagia and  the remaining 6 did not experience 
any dysphagia. This has been shown in Table 6. None of the patients 
had acute symptoms suggestive of radiation pneumonitis.

Compared with baseline, intermediate-term lung toxicity of 18 
patients could be assessed with 1 year post-RT PFT and HRCT 
thorax. An elderly patient could not come for follow-up because 
of long distance and hence preferred follow-up at a local place. 
Two patients developed recurrence after a very short DFS (within 
1 year) and hence could not be evaluated for lung toxicity. None 
of the patients developed clinical symptoms suggestive of radiation 
pnuemonitis on follow-up. Two patients had baseline postinfective 
bronchiectatic changes and another 2 had patchy fibrotic areas. 
One patient had Grade III post-RT fibrosis, 7 patients had Grade 
II lung changes, 7 patients had Grade 1 changes whereas 3 showed 
no radiological change. Parenchymal changes were mostly seen 
in apical lung corresponding to the junction of breast/chest wall 
and SCF field or in the area where the tumour bed was close to 
the ipsilateral chest wall. Grade III fibrosis was seen in a patient 
who had poorly controlled baseline asthma and atelectasis-like 

http://birpublications.org/bjr


5 of 7 birpublications.org/bjr Br J Radiol;90:20170152

BJR Full paper: Helical tomotherapy for bilateral breast cancer

Table 5. Dose and volume parameters for organs at risk

Parameter Right lung Left lung B/L total lungs Heart
Mean Lung dose (range) 10.8 Gy (5.4–14.7 Gy) 9  Gy (5.0–15.3  Gy) 9.2 Gy (5.8–13.2 Gy) 5.7 Gy (2.2–10.8 Gy)

V5 Gy (range) 48.6% (20.0–93.0%) 45.2% (15.9–81.5%) 46.8% (18.6–70.5%) 31.2% (1.2–88.4%)

V10 Gy (range) 27.0% (10.5–47.0%) 24.2% (7.4–48.7%) 25.7% (14.6–39.3%) 12.6% (0–31.0%)

V20 Gy (range) 14.6% (5.0–27.4%) 12.6% (2.0–29.0%) 13.3% (4.0–23.0%) 4.2% (0–15.0%)

V30 Gy (range) 8.0% (0.9–17.9%) 7.0% (0.5–16.8%) 7.0% (0.8–13.4%) 1.4% (0–8.3%)

V40 Gy (range) 2.8% (0–8.0%) 2.5% (0–9.0%) 2.5% (0–5.5%) 0.4% (0–3.8%)

Figure 1. Target volumes and dose distribution in a case of 
bilateral breast conservation therapy with simultaneous inte-
grated boost delivered on both sides. White: 95% dose wash 
of boost dose (58 Gy); grey: 95% dose wash of breast/SCF 
dose (45 Gy) and black: 50% dose wash of breast/SCF dose 
(25 Gy). Table 6. Acute toxicity of treatment as per Radiation Therapy 

Oncology Group scoring

Toxicity Dermatitis 
(N/percent)

Oesophageal 
(N/percent)

Grade 0 – 6 (28.5%)

Grade 1 14 (66.7%) 11 (52.4%)

Grade 2 6 (28.5%) 3 (14.3%)

Grade 3 1 (4.8%) 1 (4.8%)

Total 21 (100%) 21 (100%)

changes. Baseline PFT parameters of five patients were deviated 
from normal, though it was not clinically significant. Of the total 
18 patients, 9 patients had drop in at least one of the FVC, FEV1 or 
FEF25-75 values post-radiation, but the difference was not signifi-
cant statistically. Out of these, only one patient had baseline asthma 
while the rest had normal baseline PFT values.

Disease-related outcome
Median DFS was 23 months (range: 10 to 47 months). During 
this study period, one patient developed regional (axillary 
recurrence), two developed distant recurrences and one patient 
developed both local and distant recurrence. Only one patient 
who developed distant (liver and skeletal metastasis) failure 
succumbed, whereas the rest of the females are alive. At a median 
follow-up of 25 months, 3-year DFS, OS and LRC were 65.6%, 
83.3% and 85.7% respectively.

DISCUSSION
Various technical advancements in the field of radiation 
oncology have broadened the armamentarium and made treat-
ment planning easy for different sites that are difficult to treat 
with conventional techniques. While treating with the conven-
tional bitangential technique in the case of SBCC, dose hetero-
geneity at field junctions and increased hot spot over the large 
target volume are matters of concern. Moreover, setup diffi-
culties with bitangential technique may occasionally amount 
to patient repositioning for the contralateral side. Hence 
intensity-modulated radiotherapy (IMRT) using HT offsets all 
these disadvantages and makes treatment delivery for SBCC 

much easier. It delivers a conformal and homogeneous dose 
to the complex target volumes as shown in our earlier dosi-
metric study, which was carried out in 10 patients without 
considering regional nodal irradiation.4 HT helps in achieving 
a differential dose distribution, thereby allowing delivery of 
higher dose to the tumour bed cavity and a lower spill to the 
remaining breast using the SIB technique. SIB technique was 
chosen to deliver boost as it results in significant reduction 
in the spillage of high dose volume to the remaining low-risk 
breast, decreased acute skin reactions as well as decreased 
overall treatment time.13–15 Among the earlier reports on the 
use of HT for locoregional RT in the setting of SBBC, SIB tech-
nique was employed in only one study.7,16,17

Kaidar-Person et al studied only nine patients, out of which four had 
recurrent disease and two underwent re-irradiation.16 All patients 
in their study received internal mammary nodal (IMN) irradia-
tion either unilaterally or bilaterally and eight out of nine patients 
received axillary irradiation as well. Moreover, differential dose and 
fractionation schedules were employed  for locoregional as well as 
boost RT along with an accelerated regimen. As majority of patients 
had gross disease, bolus was also used. As expected, acute and late 
toxicities were much higher in their patient population, owing to 
the large treatment volumes as well as inappropriate case selection. 
Moreover, this study does not report the dosimetric criteria with 
respect to target volumes; only those for OARs have been described. 
Our policy is to consider IMN irradiation only if there are grossly  
visualized IMN nodes on pre-therapy imaging and axillary irra-
diation when there is incomplete axillary clearance or residual 
disease, owing to concerns of higher toxicities.18 The most notable 
difference is that we have employed HT for adjuvant RT and not 
in patients with gross disease. All patients were non-metastatic 
and had undergone optimal surgery and systemic therapy with 
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curative intent. All patients were uniformly treated with single 
dose fractionation regimen using SIB technique. In our study, only 
one patient received unilateral IMN RT and none received axillary 
RT. In our patient cohort, HT was tolerated very well and females 
had much lower acute skin and oesophageal toxicities as well as 
late sequelae. Kemal Ekici et al have achieved encouraging results 
with tomotherapy in 14 patients treated in adjuvant setting.17 They 
used sequential boost (to a dose of 8–10 Gy in 4–5 fractions) for 
patients with breast conservation. However, the method of boost 
delivery has not been reported and the paper describes only short-
term outcome limited to treatment tolerance and acute toxicity. 
Similar to the study by Kaider-Person et al, this study also does not 
report dosimetric indices for the target volumes except homoge-
neity index (HI) and conformity index (CI). In our study, we have 
reported much more detailed demographic, dosimetric and short/
mid-term clinical outcome data of 21 patients consecutively treated 
in our institute. In the current study, acceptable target coverage was 
achieved with V95 for breast/chest wall PTV (Table 4). The spillage of 
the volume of 107% of the prescription dose to the breast/chest wall  
(i.e. 53.5 Gy volume) was also within acceptable range and reflects 
the ability of HT to conform high dose to the tumour bed while 
restricting the same in the adjacent low-risk breast volume. 
Although the maximum absolute volume of 107% was up to 133 cc, 
it is only 11.5% of the whole breast volume. We calculated HI sepa-
rately for both the tumour bed cavity and the remaining low-risk 
breast. HI was ~1 for both the volumes, which reflects good homo-
geneity in spite of differential dose distribution inside the target. 
The formula proposed by Paddick et al was chosen for calculating 
the CI as it is more appropriate in considering the geometric spatial 
overlap between the target and treated volumes.10

As expected in IMRT technique, low dose volumes were compar-
atively higher, mean V5 being 46.8% and 31.2% and mean V10 
being 25.7% and 12.6% for lungs and heart respectively. It was 
noticed that the low dose spillage was higher in the two cases 
with bilateral mastectomy as compared to patients with breast 
conservation on at least one side. Nonetheless, the low dose 
volumes are much lower than that reported by the Italian investi-
gators.7 It also probably reflects a learning curve in the planning 
process because the low dose constraints for IMRT planning 
are generally not validated. Hence subsequent to the initial few 
patients, attempt to achieve the dose constraint for the low dose 
spill was intentionally made, which reflected in lowering of this 
value in the remaining cases. However, the low dose constraint 
was still not achieved in four patients. At the same time, we 
could achieve significantly less high dose volumes, withmedian 
V30 being 7 and 1.4% and V40 being 2.5% and 0.4% for lungs 
and heart respectively. According to some studies, more the 
high dose volume more is the risk of development of radiation- 
induced malignancies.19 Significantly lower V40 and V30 
volumes and acceptable low dose volumes in the current study, 

therefore, favour the treatment technique. However, as the rela-
tionship of radiation-induced secondary neoplasms (SN) within 
the low dose volumes is still not clear, concerns regarding SN will 
remain with any IMRT technique.20,21

Several studies have assessed post‐RT lung parenchymal 
changes using plain radiographs or conventional CT scan using 
the classification proposed by Arriagada et al.22 However, both 
of these modalities are less sensitive as compared to HRCT in 
the assessment of changes in lung parenchyma.23 We analysed 
the long-term radiological as well as functional abnormalities 
using HRCT and PFT parameters and also correlated it with 
the dosimetric data. Nishioka scoring was used for defining 
lung parenchymal changes in HRCT scan, which has been used 
traditionally in many studies and is a better way of assessing 
early post-RT lung parenchymal changes, especially in the 
absence of clinical symptoms.12,24,25 Nishioka scoring however 
defines Grade  2 post-RT lung fibrosis as pulmonary paren-
chymal changes in less than 50% of irradiated area. We realized 
that parenchymal changes in even one or two axial CT slices 
had to be labelled as Grade 2 changes, which is actually an over-
estimate and there can be a division in grading as early and late 
Grade 2 changes (e.g. changes in <15% or 15–50% of irradiated 
volume). Assuming that post-bronchodilator values are better 
as compared to prebronchodilator ones, we compared PFT 
parameters after bronchodilator effect. Although not clinically 
significant as reflected by the mean values, we observed more 
decrease in FEF 25 and FEF 75 values post-RT representing 
more small airway and bronchiolar changes, which is consis-
tent with the findings of Marco Krengli et al.24 Not the least, it 
was very reassuring to find that HT was pulmonary safe with 
respect to the clinicoradiological and functional assessment, in 
the limited cohort studied here.

The main limitation of the study is the limited number of 
patients, which is related to the rarity of SBBC. Despite this, 
the current series comprising of 21 patients is the largest one 
reported so far. We have not reported the daily set up vari-
ations and other practical issues during treatment delivery 
as it was beyond the scope of this study. The short follow-up 
time also limits the assessment of safety of HT with respect to 
second malignancies and late toxicity for other organs such as 
heart and subcutaneous tissue.

CONCLUSION
Based on our preliminary results, HT can be considered a safe 
and well-tolerated treatment technique for females with SBBC. 
Excellent dosimetric outcomes are achieved with respect to PTV 
coverage and OAR sparing by using the SIB technique. However, 
limited number and lack of long-term clinical outcomes do warrant 
further multi-institutional prospective studies for better assessment 
of outcomes and radiotherapy techniques for SBCC.
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