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ABSTRACT 

Objective: To explore the effects of laterality of breast cancer upon the irradiated lung dose.  
Study Design: Retrospective observational study. 
Place and Duration of Study: Tertiary care hospital Pakistan on patients treated between Jan to Jul 2023.  
Methodology: The records of a total of 103 patients of breast cancers treated with curative intent radiotherapy were analysed. 
All had received an equivalent of 50 grays in 25 fractions or more of radiotherapy. The volume of lung irradiated in 95% 
isodose line was determined by central lung distance (CLD) and effect of laterality of tumour was seen on lung dose. The 
effect of presence of heart and its effect on potential reduction in lung dose in left sided breast cancer was determined and 
compared with the respective doses in right sided breast cancers. 
Results: Among 103 patients, 57(45.3%) patients were having right sided breast cancer and 46(44.7%) were having left sided 
breast cancer. Mean CLD on right was 2.83±0.63 cm and on left side was 2.32±0.51 with a p-value of <0.001. 
Conclusion: In appropriately planned Intensity modulated radiotherapy (IMRT) of breast, presence of heart leads to cautious 
planning on left side and decreased ipsilateral lung doses, as compared with right sided tumours, so if similar cautious 
approach is used in right sided breast IMRT, dose and toxicity of right lung be decreased. 
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INTRODUCTION 

Breast cancers accounting for 24.5% of all cancer 
cases in world and 28.7% in PakistanError! Reference 

source not found..1 Breast or chest wall radiotherapy 
can cause acute and late toxicities including lung 
toxicity.2 Deep inspiratory breath hold (DIBH) is used 
to spare the heart, but it can lead to altered lung 
radiotherapy doses.3 Lung toxicity can be predicted by 
amount of lung volume irradiated or present in the 
treatment field. Most common field arrangements are 
tangential beams. Tangents can be medial or lateral 
tangents with intensity modulated radiotherapy 
(IMRT) by field in field technique. Total volume of 
lung radiated includes the portion of lung present in 
anterior supraclavicular beam as well.  

We aimed to estimate the volume of lung in 
tangents alone with superior border at the level of 
lower medial end of clavicle. Central Lung Distance 
(CLD) is good surrogate of lung volume irradiated in 
tangents and is under use for very long time. It is the 
“perpendicular distance measured at the centre of the 
field, from the posterior part of the anterior chest wall 
to the posterior tangential field edge”. While planning 
IMRT other very important organ at risk (OAR) is 

heart.4,5 As radiotherapy to the heart can increase the 
risk of coronary artery disease,6,7 many methods have 
been devised to lessen the dose to the heart. The most 
used technique is DIBH.8-10 To determine the potential 
reduction in lung dose due to the effect of cardiac dose 
volume constraints in left sided radiotherapy, the 
plans of left sided breast carcinomas with those of 
right sided breast carcinomas were compared. 

The purpose of this study was to evaluate the 
impact of laterality on lung volume irradiated, and if it 
is less on left side due to overcautious behaviour in 
treatment planning because of presence of heart, then 
suggest this cautious behaviour while planning the 
radiation of right side as well. This study was 
conducted to investigate the effect of laterality of 
breast cancer on the irradiated ipsilateral lung dose.   

METHODOLOGY 

It was a retrospective observational study 
including patients having breast cancers and given 
radiotherapy at Department of radiation oncology at a 
tertiary care Hospital. This study was performed in 
Aug 2023, on patients treated between January 2023 to 
31 Jul 2023. Ethical review committee (ERC) / 
Institutional review board permission was sought 
(vide reference number 441) of the tertiary care 
hospital. This study included a total of 103 patients. 
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The sample size was calculated by using WHO sample 
size calculator where the power of study was kept at 
90%, alpha value was taken at 1%. Estimated 
difference in means was 12.4 “The ipsilateral lung V20 
Gy reduced from 45.3 +/- 13.3% to 32.9”.11 Calculated 
sample size was 66. We included a greater number of 
patients to improve study accuracy. Informed consent 
was attained from all the partakers of the study. A 
short history was taken prior to enrolment of the 
patients into the study.  

Inclusion Criteria: We included the records of only 
female patients, between 20 to 80 years of age, having 
diagnosed breast cancer or ductal carcinoma in situ 
(DCIS), and undergone radiotherapy to chest wall or 
breast, to an equivalent of 50 Gray (Gy) in 25 fractions 
(Fx) or more. The most used dose fractionation was 40 
Gy in 15 fractions. All patients received intensity 
modulated radiotherapy (IMRT) with tangential 
beams by field in field technique. 
Exclusion Criteria: Records of patients with age <20 
years or >80 years were excluded. We also excluded 
patients receiving <50 Gy or equivalent dose. Patients 
planned by volumetric arc therapy (VMAT) were also 
excluded.  

The treatment plans for radiotherapy were 
assessed and CLD on 95% isodose line was calculated. 
Central Lung Distance (CLD) was the perpendicular 
distance measured at the centre of the radiation 
tangential field, from the posterior part of the anterior 
chest wall to its posterior field edge. Laterality (right 
sided versus left sided) was noted and CLD in each 
case was recorded. Statistical analysis was made using 
Statistical package for Social Sciences version 22.0. 
Frequencies were calculated for categorical variables 
like laterality. Mean and standard deviation was 
calculated for numerical variables. The difference in 
CLD in right sided cancers and left sided cancers was 
then analysed and ANOVA test was applied to 
determine the statistical significance in the difference 
of means. A p-value below and equal to 0.05 was 
considered as significant. 

RESULTS 
A total number of 103 patients undergoing 

radiation to chest wall or breast were analysed. All the 
patients were females. Out of total 103 patients, 
57(55.3%) of the patients were having right sided 
breast cancer and 46(44.7%) were having left sided 
breast cancer (Figure-1). 

Figure-2 shows that CLD had a normal 
distribution, so parametric tests were applied. 

 
Figure-1: Distribution of patients by laterality (n=103) 
 

 
Figure-2: Distribution of Central Lung Distance in cm (n=103) 
 

Table: Mean of Central Lung Distance and Laterality of Breast 
Cancer (n=103) 

Parameter 
Group-1 

Right (n=57) 
Group-2 

Left (n=46) 
p-value 

Mean CLD (cm) 2.83±0.63 2.32±0.51 <0.001 
 

Pearson correlation between laterality of the 
breast cancer and CLD was determined. Pearson’s 
corelation coefficient (r) was -0.40, with a p-value of 
<0.001 which was statistically significant. Table shows 
the statistical analysis results applied to the data set. 
Means of the CLD of right sided tumours were 
compared with CLD of left sided tumours by applying 
ANOVA. Mean right sided CLD was 2.83±0.63) and 
left sided was 2.32±0.51, with a p-value of <0.001 
showing a statistically significant difference. 

DISCUSSION 

Higher mean right sided CLD in our study 
signifies that heart has a protective role for the left 
lung. It cannot obstruct the radiation, and the 
attenuation effect may be minimal or negligible, due to 
high energy. But due to meticulous radiotherapy 
simulation on the left side, to protect heart, overall 
radiotherapy dose to the left lung decreases.  

Radiation induced heart disease (RIHD) is a 
serious long-term complication of breast or chest wall 
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radiotherapy.12 Radiotherapy to the heart can lead to 
many long-term side effects.13 Maximum heart volume 
in the field can be estimated by maximum heart 
distance (MHD).14 The radiation oncologists are 
meticulous while planning radiotherapy in left sided 
breast cancers.  

Deep inspiratory breath hold (DIBH) can reduce 
the radiotherapy dose to heart. It is mostly employed 
in radiotherapy of breast cancers of left side.15 This 
technique was not available at our centre at the time of 
study. Later voluntary DIBH came into practice for left 
sided cancers when DIBH instruments are not 
available.16 DIBH also reduces the dose to liver and 
lung.17,18 We conducted this study, to determine the 
possibility of lung dose reduction in right sided 
tumors as well. Study done by Pandeli et al, on 
reduction of lung dose in radiotherapy right sided 
cancers suggests that DIBH should be used for right 
sided cancers.11 Although it will prolong the treatment 
planning and delivery time and hence, lesser number 
of patients can be treated on a machine per day.19 
Ultimately, quality comes with the investment of time 
and resources. However, there are conflicting and 
contrary findings. Some studies suggest the 
asymmetry between left and right-sided cases, while 
others indicate similarities in mean lung doses. So, we 
believe there is need for further research. 

Several other factors can influence a lower 
radiation dose received by the left-sided lung as 
compared to the right-sided lung in ipsilateral breast 
cancer radiotherapy like individual anatomy, breast 
size, and lung volume play a role in lung dose 
variation. Similarly, a variation in radiotherapy 
techniques (e.g., tangential fields, breath-hold, IMRT) 
profoundly influence dose distribution to the lungs. 
But in this study, investigators have used a similar 
technique (field in field IMRT) for all patients. The 
choice of boost technique (sequential vs. simultaneous 
integrated boosts) might affect lung dosage in left-
sided breast cancer radiotherapy.20 Intra-operative 
radiotherapy can also be used to boost the tumor 
bed.21  

While making a radiotherapy plan, use of 
multileaf collimators can help to reduce the dose to the 
underlying lung and heart. Their use should be done 
carefully, so that it does not shield the target volume. 
Field-in-filed intensity modulation (IMRT) also helps 
to get uniform dose in the target volume. IMRT also 
helps to reduce the dose to the lung. For the difficult 
cases, where we cannot achieve our aimed target 

volume doses and doses ton the organs at risk are 
higher, use of volumetric arc therapy can help to 
achieve target volume uniformity and reduce the 
doses to organs at risk. VMAT can be used as a non-
co-planer technique to achieve the desired results.22 
These innovations in radiotherapy are helpful to get 
therapeutic gain and increase the therapeutic window 
of breast radiotherapy.  

This study can be a milestone in therapeutic 
approach. The proven difference in radiation dose 
received by the left and right lungs during ipsilateral 
breast cancer radiotherapy has significant implications 
for treatment planning. Understanding factors that 
contribute to variability in lung exposure is crucial for 
minimizing the risk of radiation-induced pulmonary 
complications. It raises the possibility of refining 
treatment strategies to minimize lung toxicity without 
compromising therapeutic efficacy. Further 
investigations and larger study populations are 
necessary to authenticate these findings and provide 
more convincing evidence. 

This highlights the need for further research to 
conduct studies with larger patient cohorts to better 
establish the heart's shielding effect in the context of 
diverse anatomical presentations. We need to promote 
standardization in radiotherapy techniques to allow 
for a more accurate comparison of lung doses across 
different studies. Authors also emphasize the 
importance of individualized treatment plans 
considering unique patient anatomy to optimize dose 
distribution and minimize lung exposure.  

Further studies then should be conducted to find 
out the treatment planning factors which lead to 
reduced lung volume on left side and employ all those 
techniques while planning right sided radiotherapy as 
well. Attempts should be made not to take right lung 
for granted and rather attain its “as low as reasonably 
achievable” (ALARA) dose, and reduce right lung 
toxicity, without any added cost. This will help 
radiation/clinical oncologists and physicists to 
understand that they were not doing justice with the 
right lung. 

LIMITATION OF STUDY 

This study was done on smaller sample size and at a 
single institution. Multicentric studies on different treatment 
planning systems and more number of patients are 
suggested. 
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CONCLUSION 

This study sheds light on the potential differences in 
lung radiation doses between right and left-sided breast 
cancer external beam radiotherapy. The presence of the heart 
plays a role in reducing ipsilateral lung doses in left-sided 
cancers because of cautious treatment planning on left sided 
cancers. Application of similar planning techniques in right 
sided carcinomas might decrease the lung toxicity in right 
side as well.  
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