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Radiation-induced Pulmonary Toxicity following
Adjuvant Radiotherapy for Breast Cancer
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Purpose: To evaluate the incidences and potential predictive factors for symptomatic radiation pneumonitis
(SRP) and radiographic pulmonary toxicity (RPT) following adjuvant radiotherapy (RT) for patients with breast
cancer. A particular focus was made to correlate RPT with the dose volume histogram (DVH) parameters
based on three—dimensional RT planning (3D-RTP) data.

Materials and Methods: From September 2003 through February 2006, 171 patients with breast cancer were
treated with adjuvant RT following breast surgery. A radiation dose of 50.4 Gy was delivered with tangential
photon fields on the whole breast or chest wall. A single anterior oblique photon field for supraclavicular
(SCL) nodes was added if indicated. Serial follow-up chest radiographs were reviewed by a chest radiologist.
Radiation Therapy Oncology Group (RTOG) toxicity criteria were used for grading SRP and a modified World
Health Organization (WHO) grading system was used to evaluate RPT. The overall percentage of the
ipsilateral lung volume that received =15 Gy (Vis), 20 Gy (Vag), and 30 Gy (Vao) and the mean lung dose
(MLD) were calculated. We divided the ipsilateral lung into two territories, and defined separate DVH
parameters, /6., Vis mar, Voo mver, Vao mar, MLD mer, and Vis s, Voo sci, V ososc, MLD sou to assess the
relationship between these parameters and RPT.

Results: Four patients (2.1%) developed SRP (three with grade 3 and one with grade 2, respectively). There
was no significant association of SRP with clinical parameters such as, age, pre—existing lung disease,
smoking, chemotherapy, hormonal therapy and regional RT. When 137 patients treated with 3D-RTP were
evaluated, 13.9% developed RPT in the tangent (TNGT) territory and 49.2% of 59 patients with regional RT
developed RPT in the SCL territory. Regional RT (p<0.001) and age (p=0.039) was significantly correlated
with RPT. All DVH parameters except for Vis g Showed a significant correlation with RPT (p<0.05).
MLDmer was a better predictor for RPT for the TNGT territory than Vis scu for the SCL territory.
Conclusion: The incidence of SRP was acceptable with the RT technique that was used. Age and regional RT
were significant factors to predict RPT. The DVH parameter was good predictor for RPT for the SCL territory
while MLD et was a better predictor for RPT for the TNGT territory.
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External beam radiotherapy (RT) is an important component
of post-lumpectomy therapy in patients with breast cancer that
wish to maintain breast conservation. It is also efficacious in
the postmastectomy setting by increasing the rate of
" Both

local-regional RT are generally well tolerated. Nevertheless,

local-regional control and survival. local and

cardiopulmonary toxicity can arise from incidental irradiation
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of nontarget tissues in the vicinity of the breast/chest wall or

of the regional lymph nodes.'™®

Symptomatic radiation
pneumonitis (SRP) has been a relatively rare complication in
these patients, occurring 1~6 months after RT in approxi-
mately 0~29% of cases.” '" Limited data are available on
the potential confounding effects of patient-specific and multi-
modality therapy factors such as age, smoking habits,
sequential chemotherapy, and treatment with tamoxifen on the
development of RT-induced lung damage.”™"

The ability to predict and quantify the risk of radiation
pneumonitis has clear benefits both in reducing normal tissue
complications, as well as in maximizing tumor control pro-
bability. It is challenging to relate quantitative dosimetric
parameters to the subsequent development of pulmonary
toxicity. In clinical studies, it has been common to report the
incidence of lung toxicity in patient subgroups, defined by
arbitrary cut points of the parameter. The total dose, the dose
per fraction, and the incidentally irradiated lung volume
primarily influence both the probability and severity of early
and late RT-induced lung injuries. The exact tolerance dose of
normal lung tissue is not fully known in humans, but previous
reports suggest that it is in the order of 20~30 Gy.*" 1t is
unclear whether there is a linear/exponential correspondence
between the irradiated lung volume and toxicity or whether a
threshold value exists for the development of radiation
pheumonitis.

In this study, we tried to evaluate the incidence and
potential ~predictive factors for symptomatic radiation
pneumonitis (SRP) and radiographic pulmonary toxicity (RPT)
following adjuvant radiotherapy for patients with breast
cancer. We particularly focused on the correlation of RPT
with dose volume histogram (DVH) parameters obtained from

the use of three-dimensional RT planning (3D-RTP).

Materials and Methods
1. Patient population

A review was performed of 184 patients irradiated to the
breast/chest wall, with or without comprehensive nodal
coverage between September 2003 and February 2006. Of the
171 patients initially included for evaluation in the study, 13
patients were excluded due to the following reasons: seven

patients for follow-up loss, four patients with unavailable

follow-up chest radiographs, one patient that received double
primary lung cancer surgery immediately after RT, and one
patient with the sternum included in the clinical target volume
(CTV) due to a suspicious bone metastasis.

One hundred fifteen patients (67%) were treated with breast
conserving surgery (BCS) and 56 patients (23%) underwent a
modified radical mastectomy (MRM). The majority of patients
(81%) received systemic chemotherapy before RT and 18%
received neoadjuvant chemotherapy. A taxane-based chemo-
therapeutic regimen was used in 55% of the patients, with
paclitaxel and docetaxel used in 38% and 17%, of the
patients, respectively.

To improve the therapeutic ratio, three-dimensional RT plan-
ning (3D-RTP) (Pinnacle, Phlilips, Madison, WI, USA) was
performed for all patients that received adjuvant RT since July
2004. Regional RT to the supraclavicular nodal area was
indicated in 65 patients (38%). There was a large intrapatient
variability in the height of the lung shadow in the superior

Table 1. Patients Characteristics

Characteristic (n) n (%)

General (171)

Age (years) Range: 25~76
Median: 47

Smoking 5 (3)

Pre-existing lung disease 5 (3)
Surgery (171)

BCS* 115 (67)

MRM" 56 (23)
Stage (171) »

0 23 (14)

I 48 (28)

II 44 (26)

I 56 (32)
Chemotherapy (112)

Adjuvant 91 (81)

Neoadjuvant 21 (18)
Chemotherapeutic agent (112)

Taxane based 61 (55)

Non-taxane based 51 (45)
Hormonal therapy (104)

Tamoxifen 78 (75)

Aromatase inhibitor 26 (25)
RT technique (171)

Conventjonal 34 (20)

3D-RTP* 137 (80)
Regional RT (65)

Conventional 6 (9)

3D-RTP 59 (91)

*breast conserving surgery, Tmodified radical mastectomy,
T three-dimentional radiotherapy planning
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and inferior aspect of the tangential fields. Furthermore,
because of anatomic differences, thete were marked inter-
patient differences, as well. The incidence of SRP/RPT was
reviewed. Others factors associated with RPT in previous
studies were also reexamined. The patient characteristics are

summarized in Table 1.
2. Treatment technique including RT planning

The postlumpectomy breast was typically treated with two
opposing tangential 6 MV photon fields to a total does of 50
~50.4 Gy (Clinac, Varian, Palo Alto, CA, 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 BCS. The postmastectomy chest wall was treated in a
similar fashion with tangential photon fields to a dose of 50.4
Gy. The supraclavicular fossa was treated with an anterior
oblique photon field to a total dose of 50.4 Gy for N2
disease. The border between the tangential fields and the
supraclavicular 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
concern about potential cardiopulmonary toxicity.

To evaluate the relationship with RPT, dose volume
histogram (DVH) parameters including the overall percentage
of ipsilateral lung volume that received =15 Gy (Vis), 20 Gy
(Va0), and 30 Gy (Vsp) and the mean lung dose (MLD) were
calculated based on the cumulative DVH. Since irradiation for

any one territory of either tangent portals (TNGT) or the

' anatomy,

Sung Ho Moon, et al: Pulmonary Toxicity following Breast RT

supraclavicular portal (SCL) is unrelated with the development
of RPT in another territory, we divided the ipsilateral lung
into two territories. Separate dose volumetric parameters were
defined, i.e, Vis g1, V20 86T, V3o mvet, MLD gt versus
Vis scts V20 scL, Vao sc, MLD sci to assess the possible

association between these parameters and RPT.
3. Follow up evaluation of patients

All patients received follow-up by a radiation oncologist at
one month after completion of RT, every three months for the
first year, and 6 months thereafter. Serial follow-up chest
radiographs were reviewed by a chest radiologist. RTOG

toxicity criteria were used for grading SRP and a modified

Table 2. Modified WHO Grading System for Radiographic
Pulmonary Toxicity

Score

[es]

Area of ipsilateral lung None
involved (A) <1/3
1/3~2/3
>2/3
Degree of shadowing (S) None
Faint*
Moderate "
Dense"
Distortion of anatomy (D) None
Volume loss

NORROSOWNRR
[T

Sum (A+S+D)

*ground glass opacity only with well-visualization of normal
degree of shadowing between faint and dense

shadow, Tpatch or confluent opacity without visualization of
normal anatomy

Fig. 1. Typical cases of radiographic pulmonary toxicity. (A) Area of ipsilateral lung involved >2/3 (score 3), (B) Dense shadowing

(score 1.5), (C) Presence of volume loss (score 2).
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WHO grading system was used to evaluate RPT. According to
the RTOG toxicity criteria, patients with RTOG grade 2 or
higher radiation pneumonitis were considered to have symp-
tomatic radiation pneumonitis (SRP). A modified WHO grading
system that was based on comprehensive scoring analysis of
RPT area of ipsilateral lung, degree of shadowing, and distor-
tion of anatomy was developed for evaluation of RPT (Table

2)."*7% Fig. 1 shows typical cases of each grade of RPT.
4. Statistical methods

Statistical analysis was performed using SPSS software
(release 12.0.1, SPSS Inc., Chicago, IL, USA). A Logistic
regression analysis was used to identify potential risk factors
for SRP or RPT. A simple linear regression analysis was
applied to identify the correlation between the severity of RPT
and SRP. Receiver operating characteristic (ROC) curves were
generated to assess the predictive ability of individual DVH
parameters for the development of RPT. The probability of
chance occurrence of less than 0.05 was regarded as

statistically significant.

Results
1. Symptomatic radiation pneumonitis

Of 171 patients included in this study, only four patients
(2.3%) developed SRP: three were classified as having RTOG
grade 3 and one was classified as having grade 2. SRP was
developed one month (1 patient), two months (2 patients), and
three months (1 patient) after completion of RT. All patients

complained of dry cough and dyspnea and/or low-grade fever

100 +
90 {1 SCL territory
80 Hl TNGT territory
70 1
60 50.8%
50
40 A
30
20 - 12.9% 13.9%
10

49.2%

All (n=171) 3D-RTP (n=137)

Fig. 2. Incidence and distribution of radiographic pulmonary
toxicity (RPT).

with associated radiographical evidence of pneumonitis. Three
patients with SRP were resolved with supportive care with or
without steroid therapy and one of the grade 3 SRP patients
required hospitalization. Three of the patients received regional
RT to the supraclavicular nodal area, and two of the patients
received taxane-based chemotherapy. Two of the patients were
treated with 3D-RTP. In this study, we could not identify any
clinical variable that was associated with development of SRP
(Table 3).

2. Radiographic pulmonary toxicities

Four patients developed SRP that required steroid therapy.
Forty-five patients showed RPT from the review of the serial

Table 3. The Relationship between Clinical Variables and
Symptomatic Radiation Pneumonitis (SRP) or Radiographic
Pulmonary Toxicity (RPT) (Forward Stepwise Logistic
Regression Analysis)

SRP RPT
Variable
OR* 95%Cl" p  OR 9%%Cl p
Age NS  1.046 1.002~1.092 0.039
Pre-existing lung NS
disease
Smoking NS
Chemotherapy NS
Hormonal therapy NS
Regional RT NS 10323 2T <oom
23.501

3D-RTPT NS

*odds ratio, T confidence interval, Tthree dimentional radio-
therapy planning

Table 4. Dose Volume Histogram (DVH) Parameters Based
on 3 Dimensional Radiotherapy Treatment Planning

Territory DVH parameter 95% CI (Gy)
Overall Vis 21.4+1.7
Vo 19.0t1.6
Vio 15.5+14
MLD 10.3+0.7
TNGT Vis et 14.0+0.7
V2 neT 13.3+0.7
V3o NGT 10.6+0.7
MLD +neT 7.5+03
SCL Vis scL 14.3+1.0
V2 scL 13.5£1.0
V3o scL 11.4+1.0
MLD scL 6.710.4

*Vx 1o percentage of ipsilateral lung volume covered by
TNGT >x Gy, Vi « percentage of ipsilateral lung volume
covered by SCL >x Gy, Tmean lung dose
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chest radiographs. The incidence of RPT in TNGT were
129% of the initial 171 patients and 13.9% of the 137
patients that were subjected to 3D-RTP, respectively. The
incidence of RPT was much higher in patients that received
regional RT to the supraclavicular node area: 50.8% in all 65
patients and 49.2% in the 59 patients subjected to 3D-RTP,
respectively (Fig. 2). Of all clinical variables, regional RT (p
<0.001) and age (p=0.039) were significantly associated with
RPT by a forward stepwise regression analysis (Table 3). In a
simple linear regression analysis, a statistically significant
association was found between SRP and the summed RPT
score (r2=1.249, p<0.001)(data not shown). No further
statistical analyses were applied to evaluate relationship
between the DVH parameters and SRP as only two patients
treated with 3D-RTP developed SRP.

DVH parameters of the individual lung tetritories in detail

A 1.0 1
0.87 Vis vt
=
s 067
:“%
5
o 0.4
0.2 1
AUC 0.608 (p=0.132)
00 T T T ¥ 1
0.0 0.2 04 0.6 0.8 1.0
1-specificity
c
1.0 1
0.8 1 Vi TNGT
2
R
.l‘%
&
» 0.4+
0.2
AUC 0.668 (p=0.019)
00 T T T L 1
0.0 0.2 04 0.6 0.8 1.0

1-specificity
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based on 3D RTP are summarized in Table 4. All listed DVH
parameters of the individual lung territories except Vis ot
showed significant associations with RPT in a simple logistic
regression analysis. We planned to select one representative
DVH parameter of the individual lung territories, which had
the closest area under curve (AUC) value to 1 from the ROC
analysis. Therefore, MLD ngr and Vis sc. were selected as
the representative DVH parameter of Tmwor and Tscy,
respectively, even though they showed modest predictive
capacities (Fig. 3). Those representative DVH parameters
together with clinical variables were included in a stepwise
logistic regression analysis for RPT in the SCL or TNGT
territories. With increasing the age of patents, the incidence of
RPT in TNGT territory was increased in its tendency. MLD
gt Were statistically significant for RPT in the TNGT

territory, while Vis sc. was the only significant variable for

B
1.0
0.8 VaotneT
)
£ 061
.“U:’
®
» 044
0.2 1
AUC 0.682 (p=0.011)
O-O T T T T 1
0.0 0.2 04 0.6 0.8 1.0
1-specificity
D
1.0 9
0.8 1 MLD qyer
>
:‘g 0.6 1
B
5
»w 044
0.2
AUC 0.711 (p=0.003)
00 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

1-specificity

Fig. 3-I. Result of receiver operating characteristic (ROC) curve analysis for radiographic pulmonary toxicity (RPT) of tangent portals
(TNGT){I A-D) and supraclavicular portal (SCL)(II A-D) territories and corresponding DVH parameters. AUC: area under curve, Vy
NGt percentage of ipsilateral lung volume covered by TNGT >x Gy, Vi s percentage of ipsilateral lung volume covered by SCL

>x Gy, MLD y: mean lung dose of TNGT or SCL territory.
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Fig. 3-II. Result of receiver operating characteristic (ROC) curve analysis for radiographic pulmonary toxicity (RPT) of tangent portals
(TNGT)(I A-D) and supraclavicular portal (SCL)(I A-D) territories and corresponding DVH parameters. AUC: area under curve, Vy
NGT: percentage of ipsilateral lung volume covered by TNGT >x Gy, Vi sa: percentage of ipsilateral lung volume covered by SCL

>x Gy, MLD y: mean lung dose of TNGT or SCL territory.

Table 5. The Relationship between Clinical and DVH
Parameters and Radiographic Pulmonary Toxicity (RPT) of
Tangent Portals (TNGT) and Supraclavicular Portal (SCL)
Territories (Forward Stepwise Logistic Regression Analysis)

TNGT territory SCL territory

Variable T
OR* %%C" p OR %% C p
1.008~
Age 1062 ' g 0024
Pre-emst?ng NS
lung disease
Smoking NS
Chemotherapy NS
Hormonal therapy NS
MLD ner' a1 B8~ 0007
INGT . 1880
I 1.037~

Vis scL 1.201 1391 0.014

*odds ratio, 'confidence interval, Tthree dimentional radiothe-
rapy planning, $mean lung dose of TNGT territory, ! percentage
of ipsilateral lung volume covered by SCL territory >15 Gy

RPT in the SCL territory (Table 5).

Discussion

Pulmonary toxicities following radiation therapy for thoracic
malignancies are relatively common. Of the patients treated
with radiotherapy for tumors close to the lungs, the patients
with breast cancer consist of one of the largest groups and are
also expected to be long-term survivors. Because of the
adjuvant nature of postoperative radiotherapy in breast cancer,
the extent and the severity of complications should be kept as
low as possible. In this patients group, pulmonary com-
plications can be divided into two major clinical syndromes:

an early effect-radiation pneumonitis; and a later effect-
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pulmonary fibrosis,” "

Radiation pneumonitis after RT for breast cancer has been
reported to be related to the following factors: the amount of
the lung irradiated within the tangential fields,"* the use of
an additional supraclavicular field,” prior exposure to chemo-

13,14)

therapy, concurrent tamoxifen medication,” smoking ha-

= 26,
bits, %"

and age."”” In this study, regional RT and age were
significantly correlated with RPT although we could not
identify any clinical variable that was associated with the
development of SRP probably due to the extremely small
number of events.

In view of the therapeutic ratio, the optimal sequencing of
radiation therapy and chemotherapy has been a long-term
issue. Radiation therapy is usually administered after the
completion of adjuvant chemotherapy, though in principle
radiation therapy could be given before or concurrently with
chemotherapy. Concurrent chemotherapy and radiation therapy
remain an appealing clinical option for breast cancer and
might improve local-regional treatment outcomes. A report
from the MD. Anderson Cancer Center suggests that
sequential adjuvant taxane therapy followed by radiotherapy
for breast cancer was associated with a 4~5% risk of
clinically apparent pneumonitis.”® Prior experience with cyclo-
phosphamide, methotrexate, fluorouracil (CMF) therapy and
concurrent chemotherapy was associated with only one case of
radiation pneumonitis among 112 women receiving treat-
ment”” However, these patients had Stage I or II breast
cancer and received tangents only, without the addition of
nodal radiation. There are several possible explanations for the
apparent increase in pneumonitis; Because of clinical selection
factors governing the use of taxane-based adjuvant chemo-
therapy, many women in this study were at a high risk for
recurrence, with large tumors andfor multiple involved axillary
lymph nodes. More than two-thirds of the patients had nodal
irradiation, which by necessity increases lung exposure, and
the pneumonitis tended to be more common in such patients,
though the differences were not statistically significant, because
of the small number of patients. It is not known whether
limiting patient eligibility to low-risk patients receiving only
tangential field radiotherapy might have led to different
conclusions. A series from MGH have been reported that
paclitaxel and concurrent radiation cannot be safely given after

adjuvant cyclophosphamide, doxorubicin (AC) chemotherapy
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in terms of pulmonary toxicities."”"*" Among women receiving
standard dose taxane therapy as part of their adjuvant chemo-
therapy regimen, our practice remains sequential treatment
with chemotherapy followed by radiation.

In the view of the evaluation of normal tissue complications
following irradiation, the biophysical models describing dose-
response relationships to include data from 3D-RTP represents
an important tool in the calculation of normal tissue com-
plication probabilities (NTCP), and consequently, in the
evaluation and comparison of treatment plans. Despite the
potential impact of NTCP modeling in radiotherapy, the data
available for NTCP modeling is still scarce, and a consensus
on the dose-response curves describing a specific endpoint for
a specific organ has not yet been established.” "

An alternative and efficient way to display and assess the
predictive ability of a parameter/model throughout a range of
cut points is the use of receiver operating characteristic (ROC)
curves. ROC curves are regularly used in radiology studies but
have not been applied frequently in the clinical field of
radiation oncology.”

In this study, we evaluate the occurrence of RPT in relation
to the dosimetric factors with the use of ROC curves. We first
analyzed a patient dataset, consisting of the individual out-
comes and the individual lung DVHs and tried to determine
the optimum parameters. Second, the optimum parameter set
was then used to evaluate a correlation with RPT. Age and
MLD tngr were statistically significant for RPT in the TNGT
territory, while Vs sc. was the only significant variable for
RPT in the SCL territory. All DVH parameters except Vis
tNeT showed a significant correlation with RPT (p<0.05);
MLD 1ngr was a better predictor for RPT for the TNGT
territory than Vs go. for the SCL territory.

In summary, the incidence of SRP was acceptable with the
RT technique we used. Age and regional RT were significant
factors to predict the development of RPT. The DVH
parameter was a good predictor for RPT in the SCL territory
while MLD 1ngr was a better predictor for RPT in the TNGT
territory. Taken together, this study supports the predictive
value of 3D RTP data for radiation induced pulmonary
toxicities. Studies using conformal RT or intensity modulated
RT for the whole breast or partial breast irradiation to
minimize radiation induced cardiopulmonary toxicities are

ongoing and reporting early promising results in terms of
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pulmonary toxicities have been reported,”® but these potential

benefits still need to be defined.
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