
Purpose: This study was designed to assess the incidence
of pulmonary toxicity (PT) and related risk factors in breast
cancer patients treated with postoperative adjuvant radiother-
apy (RT) with or without the use of chemotherapy. Methods:
The whole breast or chest wall was irradiated with two tan-
gential photon fields to a total dose of 50.4 Gy in 261 patients.
A single anterior oblique photon field for a supraclavicular
(SCL) node included if indicated. All patients underwent three-
dimensional RT planning (3D RTP), and the calculation of
dose volume histogram (DVH) parameters (i.e., ipsilateral
lung volume that received ≥≥15 Gy [V15], V20, V30, and mean
lung dose [MLD]). The relationship of symptomatic radiation
pneumonitis (SRP) and pulmonary toxicity as discerned by
radiographic features (radiographic pulmonary toxicity or
RPT) with the clinical and DVH parameters were evaluated.
In addition, the relationship of severity of RPT with the DVH
parameters was assessed. Results: SRP and RPT devel-

oped in 1.9% (5/261) and 22.6% (59/261) of patients, respec-
tively. Age (p=0.008), inclusion of an SCL field (p<0.0001),
use of chemotherapy (p<0.0001), use of taxane (p<0.0001),
and all DVH parameters (p<0.0001) were associated with
RPT in univariate analysis. Based on the results of multiva-
riate analysis, V30 (p<0.001), age (p=0.001) and use of taxane
(p=0.036) were significant risk factors in the development
of RPT. None of the DVH parameters was associated with
the severity of RPT. Conclusion: The incidence rate of SRP
was very low and there was no correlation between any
clinical factor or DVH parameters and SRP. Age, the use of
taxane-based chemotherapy and V30 were correlated with
the development of RPT.
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INTRODUCTION

Radiation pneumonitis (RP) is an inflammatory process

that affects the lung and usually occurrs 1-6 months

after radiotherapy (RT). Although symptomatic radiation

pneumonitis (SRP) including cough, dyspnea, and/or low-

grade fever, is relatively rare, radiographic pulmonary

toxicity (RPT), which is defined as pulmonary toxicity as

discerned by the presence of specific radiographic fea-

tures, is relatively common after RT for breast cancer.

As available data on the histopathological changes in

irradiated human lungs is limited, existing findings have

mostly obtained from the use of animal models. Findings

in animal studies have indicated that increased vascular

permeability with alveolar vascular congestion is an early

histopathological finding, and the alveoli are filled with

inflammatory cells and the alveolar septa are thickened

with fibroblast proliferation and increased collagen accu-

mulation, resulting in respiratory symptoms.(1-3)

A prediction of the risk of RP is important to reduce

normal tissue complications as well as to maximize tumor
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control probability. Recently, a three-dimensional RT

planning (3D-RTP) system, which is able to provide deta-

iled information about the dose-volume distribution in

the target, has been routinely used to improve the thera-

peutic ratio in clinical practice for various cancers includ-

ing breast cancer. It is challenging to relate quantitative

volumetric parameters to the development of SRP and

RPT. Although several studies have reported about the

dose-volumetric relationship with pulmonary toxicity in

lung cancer, few findings are available concerning lung

toxicity after RT in breast cancer.(4-6)

The purpose of this study was to evaluate retrospec-

tively the incidence and potential predictive factors for

SRP and RPT after the use of adjuvant RT for breast

cancer. The correlation of the severity of RPT with dose

volume histogram (DVH) parameters using 3D-RTP were

also evaluated.

METHODS

Patient characteristics

Between September 2003 and February 2007, a total

of 315 patients were treated with adjuvant RT after breast

conserving surgery or a mastectomy at Seoul National

University Bundang Hospital. Of the 315 patients, 54

patients were excluded from the study due to the follow-

ing reasons. The use of 3-D RTP was not performed for

33 patients, ten patients were lost at follow-up, five

patients had unavailable follow-up chest radiographs,

two patients did not complete the RT schedule, two pa-

tients had bilateral breast cancer, one patient received

double primary lung cancer surgery immediately after

RT and one patient had the sternum included in the

clinical target volume due to the presence of a suspicious

bone metastasis. The median age of patients was 46 yr

(range, 16-78 yr). A total of 164 patients received systemic

chemotherapy (CTx). Of these patients, a taxane-based

chemotherapeutic regimen was used in 89 patients, with

paclitaxel and docetaxel used in 62 and 27 patients, res-

pectively. Regional RT to the supraclavicular (SCL) nodal

area was indicated in 87 patients. The patient charac-

teristics are summarized in Table 1. A diagnosis of SRP

was based on clinical and/or radiographic changes and

RPT was reviewed with chest radiographs. The relation-

ship of RPT with the clinical and DVH parameters was

evaluated, and the relationship between severity of RPT

and the DVH parameters was also assessed.

Treatment technique

The post-lumpectomy breast was typically treated with

two opposing tangential 6 MV photon fields to a total

dose of 50-50.4 Gy (Clinac; Varian, Palo Alto, USA). The

tumor bed was generally treated with an additional 9-10

Gy by an en face electron field for patients with invasive

carcinoma after lumpectomy. The postmastectomy chest

wall was treated in a similar fashion with tangential pho-

ton fields to a dose of 50.4 Gy. The SCL fossa was treated

with an anterior oblique photon fields to a total dose of

50.4 Gy for patients with a primary tumor size ≥5 cm

and/or ≥4 positive axillary nodes. The border between
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Table 1. Patient characteristics

Number (%)Patient characteristics

General
Age Range: 16-78 (median: 47)
Smoking 10
Pre-existing lung disease 14

Laterality
Right 102
Left 159

Surgery
Breast conserving surgery 202
Modified radical mastectomy 59

Stage
0 44
I 96
II 90
III 31

Chemotherapy
Yes 164
No 97

Chemotherapeutic agent
Taxane based 89 (Paclitaxel: 62, Docetaxel: 27)
Non-taxane based 75

Hormonal therapy 154
Tamoxifen 113
Arimidex 41

RT field
TNG only 174
TNG+SCL 87

RT=radiotherapy; TNG=tangential; SCL=supraclavicular.



the tangential fields and the SCL field was typically at the

level of the inferior aspect of the clavicular head. Routine

irradiation of the internal mammary lymph nodes was

not applied because of a concern about potential cardio-

pulmonary toxicity.

To evaluate the relationship with RPT, DVH parameters

including the overall percentage of the ipsilateral lung

volume that received ≥15 Gy (V15), 20 Gy (V20), 30 Gy (V30)

and the mean lung dose (MLD) were calculated based on

the cumulative DVH.

Follow-up and statistical analysis

All patients received follow-up by a radiation oncologist

at one month after completion of RT, then at every three

months for the first year and every six months thereafter.

A chest radiologist reviewed serial follow-up chest radio-

graphs, with a minimum follow-up of 1 yr. Radiation

Therapy Oncology Group (RTOG) toxicity criteria were

used for grading SRP and patients with RTOG grade 2

or higher RP were considered to have SRP. A modified

WHO grading system based on comprehensive scoring

analysis of the RPT area of the ipsilateral lung, the degree

of shadowing and the distortion of anatomy was used to

evaluate the severity of RPT (Table 2). 

Statistical analysis were performed by use of SPSS

software (release 12.0.1, SPSS Inc., Chicago, USA). Logi-

stic regression analysis was used to identify potential

risk factors for RPT. Pearson’s correlation was applied to

identify the correlation between the severity of RPT and

the DVH parameters.

RESULTS

Of 261 patients, only five patients (1.9%) developed SRP.

All patients complained of dry cough and dyspnea and/

or low-grade fever that were associated with radiogra-

phical evidence of pneumonitis. One patient with grade 3

SRP required hospitalization and the remainder of symp-

toms were resolved with supportive care with the use of

steroid therapy. Two of the patients received regional RT

to the SCL nodal area and three of the patients received

CTx (two patients underwent taxane-based CTx and one

patient underwent non-taxane-based CTx). As a small

number of patients developed SRP, we could not identify

any clinical variables and DVH parameters that were

associated with SRP.

A total of 59 patients (22.6%) developed RPT from a

review of the serial chest radiographs. Univariate and

multivariate analysis were performed to identify correla-

tions between RPT and various variables, including age,

smoking, pre-existing lung disease, inclusion of the SCL

field, use of CTx, use of taxane, use of hormonal therapy

and all of the DVH parameters. Based on univariate ana-

lysis, age (p=0.008), pre-existing lung disease (p=0.044),

inclusion of the SCL field (p<0.0001), use of CTx (p<

0.0001), the use of taxane (p<0.0001) and all of the DVH

parameters (p<0.0001) were associated with RPT. The

incidence of RPT was much higher in patients that rece-

ived regional RT to the SCL nodal area than in patients

that did not receive regional RT to the SCL nodal area

(49.8% vs 9.2%). Based on multivariate analysis, V30 (p<

0.001), age (p=0.001) and the use of taxane (p=0.036) had

a significant relationship with RPT. RPT was observed

in 27 (17.0%) of 158 patients less than 50 yr-old and in

32 (31.1%) of 103 patients with an age equal or more than

50 yr. RPTs were observed in 41 (46.1%) of 99 patients

that had received taxane-based CTx and in 18 (10.5%)

of 172 patients that did not receive taxane-based CTx.
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Table 2. Modified WHO grading system for radiographic pul-
monary toxicity

Score

Area of ipsilateral lung involved
None 0
<1/3 1
1/3-2/3 2
>2/3 3

Degree of shadowing
None 0
Faint* 0.5
Moderate� 1
Dense� 1.5

Distortion of anatomy
None 0
Volume loss 2

*ground glass opacity only with well-visualization of the normal anatomy;
�degree of shadowing between a faint and dense shadow; �patch or
confluent opacity without visualization of the normal anatomy.



RPT was observed in four (4.1%) of 98 patients with a V30

of less than 10%, in 12 (15.2%) of 79 patients with a V30

of 10-14.9%, in 7 (29.2%) of 24 patients with a V30 of 15-

19.9%, in 19 (59.3%) of 32 patients with a V30 of 20-24.9%,

and in 17 (60.7%) of 28 patients with a V30 of equal or more

than 25%. The results of univariate and multivariate ana-

lysis to assess the relationship between variables and RPT

are summarized in Table 3. The distribution of V30 accor-

ding to development of RPT is shown in Figure 1.

The severity of RPTs were assessed according to a mo-

dified WHO grading system and the median RP score was

1.5 (range, 1.5-5.5). None of the DVH parameters was

associated with the severity of RPT.

DISCUSSION

Pulmonary toxicities following radiation therapy for

thoracic malignancies are well-known complications, and

the incidences of SRP are reported 1% to 34%.(7) Although

RP in breast cancer patients treated with RT develops

relatively less often than other malignancies such as lung

cancer or Hodgkin’s disease, this complication should be

kept as low as possible since these patients are expected

to be long-term survivors. Chest radiographic abnormal-

ities are more common than SRP, with a frequency of

13% to 100%.(7) In our study, the incidence rates of SRP

and RPT were 1.9% and 22.6%, respectively.

Factors that increase the risk of damage to lung tissue

include age, smoking, the use of an additional SCL field,

irradiated lung volume, sequential CTx and concurrent

hormonal therapy.(8-13)Actually, it is difficult to estimate

the effect of patient-related factors such as age, gender,

smoking and performance status on RP as there are many

confounding factors for patients who are often treated

with different regimens and have diverse comorbidities.

In our study, we could not find an association between

the development of SRP and any clinical factors or DVH

parameters. This result may be due to the low incidence

of SRP in our population. However, age, the use of taxane-

based CTx and V30 were associated with the presence of

radiographic lung abnormalities.

Studies examining the effect of the use of combined

CTx and RT on the development of RP have been reported

and have demonstrated an increased incidence of RP.(11,

12,14) With the increasing use of paclitaxel, several studies

have been reported investigations on the role of paclitaxel

in the development of RP.(14-17) There have been con-

flicting results on the relationship of the use of taxane-

based CTx with RP, depending on the sequence of CTx-

RT (Table 4). In our study, all patients were treated with

CTx and sequential RT. The results determined in our

study were consistent with the findings of the previous
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Figure 1. Distribution of V30 according to the development of
radiographic pulmonary toxicity.
0=absence of pneumonitis; 1=presence of pneumonitis.

Table 3. Univariate and multivariate analysis of clinical and dose
volume histogram parameters for the prediction of radiographic
pulmonary toxicity

p-value

Univariate Multivariate
Variable

Age 0.008 0.001
Smoking NS NS
Pre-existing lung disease 0.004 NS
Inclusion of SCL field <0.001 NS
Use of CTx <0.001 NS
Use of taxane <0.001 0.036
Use of hormonal therapy 0.694 NS
V15 <0.001 NS
V20 <0.001 NS
V30 <0.001 <0.001
MLD <0.001 NS

SCL=supraclavicular; CTx=chemotherapy; MLD=mean lung dose;
NS=not significant.



study(17)where taxane-based CTx used sequentially with

RT was not associated with the risk of SRP. The incidence

of SRP was low (1.9%), but the incidence of RPT was higher

in patients that received taxane-based CTx than in pa-

tients that did not receive taxane-based CTx (46.1% vs

10.5%). There is a possible explanation for this result. In

our study, most of the patients treated with taxane-based

CTx, were irradiated on the SCL fossa, which led increased

lung volume included in RT ports. The incidence of RPT

might be higher in such patients, though inclusion of the

SCL field had no statistical significance for the develop-

ment of RPT. The mechanism that taxane-based CTx

tends to increase the risk of RPT is not clear, though the

use of taxane is known to increase the cytotoxicity of

RT. The association between the risk of RP and RT with

the use of taxane-based CTx given either concurrently

or sequentially has yet to be resolved with additional

clinical studies.

Recently, data obtained from 3D-RTP has made it po-

ssible to estimate dose-volume effects on lung injury.

Several studies have demonstrated a correlation of dosi-

metric parameters with the incidence of RP in lung cancer

patients treated with adjuvant RT.(4,6,18) However, few

studies have analyzed the effect of the dose-volumetric

parameters on RP in breast cancer patients, as the risk

for SRP after radiation therapy for breast cancer is rela-

tively low. In our study, we could not find any DVH para-

meters associated with SRP. However, our study showed

that V30 was a useful RT parameter to predict RPT. RPT

was observed in approximately 30% of patients with a

V30 of 15-19.9% and RPT was greater than 50% in patients

with a V30 of equal or more than 20%. Considering that

RPT would be a detrimental effect on lung function, stud-

ies of the clinical importance of RPT should be inves-

tigated.

Unlike as described in previous reports, we failed to

find an association between other factors including the

use of hormonal therapy or smoking and the risk of both

SRP and RPT.(10,11) Further studies using conformal RT

are needed to analyze the risk factors associated with RPT

as well as SRP in order to minimize radiation induced car-

diopulmonary toxicities.(19)

CONCLUSION

The incidence of SRP was acceptable and the risk of

SRPs was not affected by any clinical factors and the

DVH parameters. Therefore, adjuvant RT using 3D-RTP

for breast cancer can be used safely without concerns

for SRP. However, the risk of RPT was associated with

age, the use of taxane-based CTx and V30.
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