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Introduction

Breast cancer is the most common malignant disease in Iranian 
women with 6160 new cases each year and 1063 cases lead to 
death [1-3]. Radiotherapy (RT) plays an important role in the 

treatment of breast cancer as a post-operative modality increasing lo-
coregional control and survival rate [4, 5]. Radiotherapy of breast cancer 
typically included two tangential opposed fields to cover chest wall or 
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ABSTRACT
Background: Radiotherapy plays an important role in the treatment of breast 
cancer. In the process of radiotherapy, the underling lung tissue receives higher doses 
from treatment field, which led to incidence of radiation pneumonitis. 
Objective: The present study aims to evaluate the predictive factors of radiation 
pneumonitis and related changes in pulmonary function after 3D-conformal radio-
therapy of breast cancer.
Material and Methods: In prospective basis study, thirty-two patients with 
breast cancer who received radiotherapy after surgery, were followed up to 6 months. 
Respiratory symptoms, lung radiologic changes and pulmonary function were evalu-
ated. Radiation pneumonitis (RP) was graded according to common terminology 
criteria for adverse events (CTCAE) version 3.0. Dose-volume parameters, which 
included percentage of lung volume receiving dose of d Gy (V5-V50) and mean lung 
dose (MLD), were evaluated for RP prediction. Pulmonary function evaluated by 
spirometry test and changes of FEV1 and FVC parameters. 
Results: Eight patients developed RP. Among the dose-volume parameters, V10 
was associated to RP incidence. When V10<40% and V10≥40% the incidences of RP 
were 5.26% and 61.54%, respectively. The FEV1 and FVC had a reduction 3 and 
6 months after radiotherapy, while only FEV1 showed significant reduction. The 
FEV1 had more reduction in the patients who developed RP than patients without RP 
(15.25±3.81 vs. 9.2±0.93).  
Conclusion: Pulmonary function parameters, especially FEV1, significantly de-
creased at 3 and 6 months after radiotherapy. Since most patients with breast cancer 
who developed RP did not show obvious clinical symptoms, so spirometry test is 
beneficial to identify patients with risk of radiation pneumonitis.
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breast tissue. Because of the adjacency of lung 
to breast tissue, the lung inevitably receives 
higher doses from treatment field; this lead to 
incidence of lung injury after radiotherapy [6]. 
One of the most common radiation-induced 
lung injuries is radiation pneumonitis (RP) de-
veloping 3 to 6 months after radiotherapy. RP 
is an inflammatory reaction in alveolar region 
of lung that in severe cases decreases patient 
quality of life and can be fatal [7]. Symptoms 
of RP included dry cough, chest pain and low-
level fever. This complication can be detect-
ed by radiological and pulmonary function 
changes after radiotherapy [8]. Many clinical 
factors such as age [9], smoking history [10], 
chemotherapy [11] are associated with RP 
risk. In addition, three-dimensional (3D) treat-
ment planning systems provides the data of 
dose distribution and irradiated volume in the 
organ of interest. Many studies reported that 
the irradiated lung volume, total dose and dose 
per fraction influence the risk of RP [12, 13]. 

The present study aims to investigate predic-
tive factors of RP incidence and pulmonary 
function changes after breast cancer radio-
therapy to manifest how pulmonary function 
changes can predict the risk of radiation pneu-
monitis.

Material and Methods
Forty women, who were referred for adju-

vant RT after surgery to Imam Reza hospital, 
Tabriz, Iran, were recruited to this prospec-
tive basis study. The ethics committee of Ta-
briz University of medical sciences approved 
the study and informed consent was obtained 
from each patient included in the study. Two 
patients were omitted from the study because 
early metastasis and incomplete RT treatment 
and 6 patients refused to continue follow-ups. 
The remaining 32 patients were followed up to 
6 months after RT. Most of the patients under-
went modified radical mastectomy (MRM), 
and all patients had pathology of invasive 
ductal carcinoma and received 6-8 cycles of 
chemotherapy concluded 3–4 weeks before 

RT. 30 patients received nodal irradiation to 
supraclavicular and axillary region.

Treatment technique
All patients were placed in supine position, 

with the arms elevated above the head, during 
the CT simulation and treatment. Two tangen-
tial opposed fields were used to cover chest 
wall and breast tissue in patients who under-
went MRM and breast conserving surgery 
(BCS), respectively. In the patients with pos-
sibility of lymph node metastasis, one anterior 
photon field (with 10-12 degree angel) was 
used to cover axillary lymph node and supra-
clavicular fossa. An additional electron beam 
(6-9 MeV) as a boost to surgical scar was de-
livered in patients who had undergone BCS. 
Radiotherapy was delivered with total dose of 
50 Gy in 25 fractions (5 days per week).

Chemotherapy regimen included Adriamy-
cin (60 mg/m2), cyclophosphamide (500-600 
mg/ m2) and taxol or taxotere (75 mg/m2).

All patients received 3D-conformal RT with 
multileaf collimator to reduce lung and heart 
volume in the treatment field. The dose-vol-
ume parameters of mean lung dose (MLD), 
lung volume, percentage of lung volume re-
ceiving at least dose of 5-50Gy (V5-V50) were 
derived from dose-volume histogram.

Pulmonary function evaluation
The spirometry tests were obtained before, 

3 and 6 months after RT. Two important fac-
tors measured by spirometry are Forced vital 
capacity (FVC) measuring lung volume and 
Forced expiratory volume in 1 second (FEV1) 
revealing the properties of large and medium 
size airways [14]. Changes of these parameters 
were recorded as the difference between pre- 
and post-RT values relative to pre-RT values.

Radiation pneumonitis 
All patients were followed up to 6 months af-

ter RT for clinical examination and assessment 
of respiratory symptoms. Patients underwent 
computed tomography (CT) scan 4 months 
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after RT. The common radiographic features 
in the irradiated lung included ground-glass 
opacities and airspace consolidation. RP was 
graded based on common terminology criteria 
for adverse events version 3 (CTCAE v3.0.). 
The grade 1 is asymptomatic with only radio-
graphic findings, and grade 2 is symptomatic, 
but not interfering with activities of daily liv-
ing (ADL). Grade 3 is symptomatic and inter-
fering with ADL and O2 indicated; in addition 
to, grade 4 is life-threatening with ventilator 
support indicated, while grade 5 is equal to 
death [15].

Statistical analysis
Paired t-test used to compare spirometry pa-

rameters before and after RT. The correlation 
between RP and spirometry changes was eval-
uated by independent t-test. Univariate and 
multivariate regressions methods were used to 
analyze correlation between RP and dose-vol-
ume factors. All the statistical analysis were 
performed by Stata version 14.2 (StataCrop, 
Texas).

Results
Patients and related factors of treatment are 

shown in Table 1. Eight patients developed 
grade 1 and 2 RP. There were no severe cases 
(grade ≥3) in this study. From 8 patients, who 
developed RP, only one patient showed clini-
cal symptom of dry cough, but in the other 
patients, the grade1 of RP was defined by ra-
diographic features. The area of consolidation 
and opacities was seen on CT. Sometimes fea-
tures of atelectasis and ipsilateral pleural effu-
sion were observed. 

According to results of univariate analysis, 
all the dose-volume parameters correlated to 
RP incidence, except V45 and MLD. None of 
patient and treatment-related factors correlat-
ed to RP incidence. The results of univariate 
analysis about the associated factors to RP are 
summarized in Table 2.

To multivariate analysis, the parameters 
which highly correlated to each other (cor-

relation>0.85) were omitted from analysis. 
Among the dose-volume parameters, only the 
V10 significantly was associated to RP inci-
dence (P<0.05). The mean value of V10 was 
higher in patients who developed RP (44.03% 
vs. 35.75%, P<0.0001). For V10<40% and 
V10≥40%, the RP incidence were 5.26% and 
61.54%, respectively.

Spirometry parameters at 3 and 6 months af-
ter RT were compared with pre-RT value and 
mean relative changes of FEV1 and FVC were 
compared between two groups with and with-
out RP. The mean values of FEV1 reduction 
were significantly higher in the group with 
RP at 3 and 6 months. Figure 1 illustrated the 
changes of FEV1 and FVC at 3 and 6 months 
after RT. The mean relative decrease of FEV1 
and FVC in the patients group who developed 
RP was 15.25± 3.81, 9.97 ± 2.52 at 3 months 
and 15.26 ± 2.37, 12.25 ± 2.35 at 6 months 
after RT. Both parameters of FEV1 and FVC 

Factors Patient Number (%)
Gender

female 32
Age

Average(range) 49.37 (28-77)
Tumor location

right 15 (46.88)
left 17 (53.12)

Surgery
BCS 12 (37.5)
MRM 20 (62.5) 

MLD(Gy)
mean± SD 10.76 ± 3.11

Mean lung volume(cc)
mean± SD 2807/80 ± 526.48

Mean FEV1 before RT
mean± SD 108.28 ± 20.23

Mean FVC before RT
mean± SD 105.75 ± 19.03

BCS: breast conserving surgery, MRM: modified radical mastec-
tomy MLD: mean lung dose, FEV1: Forced expiratory volume in 1 
second, FVC: Forced vital capacity, RT: Radiotherapy

Table 1: Patients and treatment related fac-
tors
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had a reduction 3 and 6 months after RT but 
FVC changes were not significantly associ-
ated to RP incidence. 

None of the patient and treatment related 
factors were associated to pulmonary function 
reduction at 3 and 6 months after RT. The cor-
relation analysis did not show any relation be-
tween dose-volume parameters and FEV1 and 
FVC reduction after RT.

Discussion
Radiation pneumonitis is one of the most 

common adverse effects after thoracic radio-

therapy [16]. Identifying patients at risk of 
RP is important to modify treatment plan and 
minimize volume and dose received by lung. 
Since 3-D conformal RT and multileaf colli-
mation reduces lung volume in the treatment 
field, no severe cases of RP was seen in this 
study.

Several clinical and dose-volume factors 
(MLD, percentage of lung volume receiving 
at least dose of d Gy) suggested as predictive 
parameters for RP, but the results are inconsis-
tent. Zhou et al. evaluated predictors of radia-
tion induced lung injury (RILI) in 109 patients 
with breast cancer who underwent intensity 
modulated radiation therapy (IMRT). They 
found that the parameters of age, clinical stag-
ing and operation has no effect on RILI inci-
dence and suggested the V20 (threshold value: 
29.03 %) as an independent predictor for RILI 
[17]. Lee et al. also reported the ipsilateral V20, 
age and low BMI as predictors of RP in breast 
cancer patients who underwent hybrid-IMRT 

Factors P-value Hazard ratio (95% CI)
gender 0.494 1.036 (0.394-2.728)

age 0.212 1.042 (0.976-1.111)
Tumor loca-

tion
0.566 0.657 (0.156-2.760)

grade 0.897 1.070 (0.383-2.986)

stage 0.353 1.941 (0.478-7.881)
Surgery 

type
0.292 0.429 (0.089-2.070)

*MLD 0.067 1.226 (0.986 -1.524)
Lung 

volume
0.010 0.997 (0.994 -0.999)

**V5 0.001 1.129 (1.052-1.213)

V10 0.002 1.265 (1.092-1.464)

V15 0.002 1.258 (1.089-1.454)

V20 0.003 1.220 (1.071-1.315)

V25 0.003 1.212 (1.065-1.378)

V30 0.005 1.197(1.054-1.360)

V35 0.011 1.170 (1.037-1.327)

V40 0.012 1.158 (1.033-1.299)

V45 0.145 1.066 (0.978-1.162)

V50 0.022 1.109 (1.014-1.212)
*MLD: Mean lung dose, **V5-V50: percentage of lung volume 
receiving at least dose of 5-50 Gy

Table 2: Results of univariate analysis about 
the patient, treatment-related factors and 
dose-volume parameters for association 
with radiation pneumonitis.

Figure 1: Changes of Spirometry parameters 
(Forced expiratory volume in 1 (FEV1) and 
Forced vital capacity (FVC) ) over time; the 
left graph shows changes of  FEV1, 90 and 
180 days after radiotherapy in comparison to 
before radiotherapy (day 0). The right graph 
shows changes of  FVC, 90 and 180 days after 
radiotherapy in comparison to before radio-
therapy (day 0). FEV1: forced expiatory vol-
ume in 1 second, FVC: forced vital capacity.
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[18]. In the present study, the V20 was eliminat-
ed from multivariate analysis due to high cor-
relation with other dose-volume parameters. 
The clinical factors did not show any correla-
tion to RP incidence; it can be related to small 
sample size in this study. From all dose-vol-
ume parameters, the V10 statistically was as-
sociated to RP. The RP incidence in the group 
with V10<40% and V10≥40% were 5.26% and 
61.54%, respectively. Our results are in agree-
ment with study of Shi et al. which found that 
V10>50% was associated to severe acute RP in 
lung cancer patients treated with concurrent 
chemotherapy and IMRT [19]. 

The pulmonary function parameters showed 
significant reductions after radiotherapy, es-
pecially in the patients who developed grade 
1 and 2 radiation pneumonitis. Decrease in 
FEV1 and FVC 3 to 6 months after RT rep-
resents early inflammatory reaction in the al-
veolar region known as radiation pneumonitis. 
Our results are in agreement with other studies 
that assessed changes of pulmonary function 
after RT. Spyropoulou et al evaluated pulmo-
nary function changes, 3 months after breast 
cancer radiotherapy. They found the signifi-
cant reduction in pulmonary function only in 
the patients group who received locoregional 
radiotherapy and chemotherapy [14]. Because 
the most patients in this study received supra-
clavicular field, we could not compare FEV1 
and FVC changes in the two patients group 
with and without loco-regional RT. Erven et 
al. evaluated changes of pulmonary function, 
3, 6, 12 months and 8 to 10 years in 75 patients 
with breast cancer who received locoregional 
RT. They reported that all the pulmonary func-
tion parameters significantly had reduction 3 
and 6 months after RT and late reduction of 
parameters were clinically significant in the 
patients with lower baseline lung function. In 
addition, they found that the patients with right 
breast cancer showed more reduced FEV1, 8 
to 10 years after RT because the left lung vol-
ume is smaller due to heart, while larger lung 
volume is irradiated in right breast cancer [20]. 

In the present study, most incidence of RP was 
seen in the patients with lower pre-RT values 
of FEV1 and FVC. Nevertheless, there was no 
difference in pulmonary function reduction in 
the right and left breast cancer. 

Park et al. evaluated predictive factors of RP 
and pulmonary function changes after defini-
tive concurrent chemoradiotherapy for non-
small cell lung cancer; they found all param-
eters of the pulmonary function had reduction 
after RT and the magnitude of changes was as-
sociated to dose-volume parameters. In the pa-
tients with grade≥2 RP, mean relative reduc-
tion of 15.7% and 9.7% for FEV1 and FVC 
at 3 months and 17.9% and 4.6% at 6 months 
were observed. The MLD was associated to 
FEV1 and FVC reduction at 6 and 12 months 
after RT. The parameters of V20 and V30 were 
associated to FEV1 reduction at 6 months and 
FVC reduction at 12 months [21]. While, in 
the present study none of dose-volume param-
eters correlated to pulmonary function chang-
es after RT (only V10 and V15 showed trend, 
P=0.06).

Conclusion
In the breast cancer patients, pulmonary 

function parameters especially FEV1 de-
creased at 3 and 6 months after RT, while most 
of these patients did not show obvious clini-
cal symptoms. Therefor in the breast cancer, 
3D-conformal radiotherapy spirometry test is 
valuable to identify patients at the risk of ra-
diation pneumonitis.
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