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Radiation Pneumonitis after Adjuvant Radiotherapy for Breast Cancer:
A Volumetric Analysis Using CT Simulator
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Purpose: To assess clinical factors and volumetric para-
meters associated with clinically significant symptomatic
radiation pneumonitis (RP), which requires steroid medica-
tion after radiotherapy (RT). Methods: Medical records of
204 irradiated breast cancer patients were reviewed. Percent
lung volume (PLV) receiving more than 20 Gy was measured
from CT-based treatment plan and was correlated with the
central lung distance (CLD) of local and regional fields. PLV
was also evaluated as a predictive factor of symptomatic RP,
along with other previously reported clinical factors. Results:
Average (% standard deviation) actual irradiated lung volume
and PLV for breast/chest wall irradiation were 169 (=% 50.6)
cm® and 14.9 (£ 3.8)%, respectively. Addition of regional
irradiation resulted in increase of 183 (£ 80.2) cm? in actual
irradiated lung volume and 16.5 (% 6.2)% in PLV. The corre-
lation between CLD of the local fields and PLV was signifi-
cant, with 1 cm of CLD corresponding to approximately 6%

of PLV. CLD of the regional field was also significantly asso-
ciated with PLV: a CLD of 3 cm corresponds to a PLV of
approximately 13%; a CLD of 4 cm, approximately 17%; and
a CLD of 5 cm, approximately 21%. RP developed in 11
patients (5.4%). There was an increased incidence of RP
among patients who underwent local RT vs local and regio-
nal RT (2.4% vs 12.1%, p=0.0192). In terms of PLV, total
PLV >23% was associated with the development of RP (p=
0.0467). Previously reported clinical factors failed to show
statistically significant association. Conclusion: Correlation
between CLD and PLV for local and regional fields was sig-
nificant on volumetric analysis. Although symptomatic RP
requiring steroid medication was a rare complication, regional
irradiation increased the incidence of RP, and such relationship
can be expressed with a volumetric parameter of PLV.
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INTRODUCTION

Radiation pneumonitis (RP) is one of the most common
complications after adjuvant radiotherapy (RT) for breast
cancer. The incidence of clinically significant RP, defined
as symptomatic pneumonitis requiring steroid medication,
varies from 1% to 29%.(1,2) Several risk factors for RP

have been evaluated, and the treated lung volume has
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been best studied. (I—4) Central lung distance (CLD) meas—
ured on 2—dimensional simulation film has been shown
to estimate the irradiated lung volume, (5—7) This para—
meter helped to predict the development of RP. However,
several reports failed to show the significant correlation
between CLD and RP.(1,3,8) To date, no reliable volume—
tric variable to predict RP has been established in breast
cancer, whereas several variables have been suggested
in lung cancer. (9-11)

Computed tomography (CT) simulation using a dedicat—
ed CT simulator was performed for every breast cancer
patient at our institution. By analyzing the dose—volume
histograms, the percent lung volume receiving more than
20 Gy (PLV) was calculated and it was compared with
CLD. Through this volumetric analysis, the predictive
value of PLV on the development of RP in patients treated

with adjuvant RT for breast cancer was evaluated. Pre—
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viously reported clinical factors, such as smoking, un—
derlying lung disease, chemotherapy, and hormonal ther—

apy associated with RP were also evaluated.

METHODS

Between July 2001 and September 2002, the medical
records of 204 patients who received adjuvant RT for
breast cancer with 2 or more follow—up visits over more
than 6 months period were reviewed. One hundred and
fifty—two patients underwent breast conserving surgery,
and 52 patients underwent mastectomy. Of these, 174
patients received adjuvant systemic chemotherapy. One
hundred and twenty patients received chemotherapy

before RT, 34 patients concurrently with RT, 13 patients

after RT, and 7 patients in a sandwich style. Chemo—

Figure 1. Typical local fields using photon half beam and a dose-
volume histogram.
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therapy regimen consisted of cyclophosphamide, metho—
trexate, and 5—fluorouracil for 36 patients; cyclophos—
phamide, doxorubicin, and 5—fluorouracil for 40 patients;
doxorubicin and cyclophosphamide for 16 patients; and
a taxane—containing regimen for 78 patients. Adjuvant
hormonal therapy with tamoxifen was given to 132 pa—
tients.

All patients underwent planning CT in the treatment
position (supine on the breast angle board [MedTec,
Orange City, USA] with ipsilateral arm elevated). Using
a CT simulator (AcQSim; Phillips Medical Systems, Best,
the Netherlands), CT images were obtained at 1 cm inter—
val. The CT images were directly transferred to the 3—
dimensional treatment planning system (AcQPlan, ver—
sion 4.2; Phillips Medical Systems).

Opposing tangential 6MV photon was used for local RT.
RT dose to breast or chest wall was 50 Gy at 2 Gy per
fraction (Figure 1). Tumor bed boost was supplemented
up to 10 Gy in 5 fractions for patients who underwent
breast conserving surgery, using single en—face electron
beam. Seventy—four patients received regional RT to sup—
raclavicular fossa and axilla, using anterior—oblique 6MV
photon up to 50 Gy. No patients received a posterior ax—
illary boost.

Simulation film taken from the conventional simulator
was used to measure CLD. CLD of the local field was
defined as the perpendicular distance from the posterior
tangential field edge to the posterior part of the anterior
chest wall (Figure 2A). CLD of the regional field was de—

fined as the longitudinal distance from the matching line

Figure 2. (A) Central lung dis-
tance (CLD) in the local field. (B)
CLD in the regional field.
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with tangents to the apex of the lung at the central axis
(Figure 2B). PLV was defined as a lung volume receiving
more than 20 Gy (V20), expressed in percent of the total
volume of the ipsilateral lung. PLV was calculated from
dose—volume histograms (Figure 1). Electron boost dose
was not considered in the calculation of PLV,

Clinically significant RP was defined as symptomatic
pneumonitis requiring steroid medication. Patients medi—
cal records and medication prescriptions were reviewed.
Steroid prescription for other reasons such as anti—emetic
medication for on—going chemotherapy or symptomatic
management for brain metastases and/or cord compre—
ssion was censored.,

The correlation between CLD and PLV was analyzed by
two statistical methods: one—way ANOVA was used when
CLD was considered a categorical variable and linear

regression when CLD was considered a continuous varia—

Table 1. Correlation between central lung distance and irra-
diated percent lung volume for local and regional fields

. PLV (mean <+ standard .
Central lung distance - p-value
deviation)
Local field
<20cm 9.90+2.64% <0.0001
2.0-25¢cm 14.25+3.52%
2.5-3.0cm 16.31+3.00%
>3.0cm 20.21+5.46%
Regional field
<85cm 13.12+6.00% <0.0001
3.5-45¢cm 15.89+4.26%
>45cm 21.17£6.06%

PLV=percent lung volume.
*by one-way ANOVA.
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ble. In both cases, PLV was considered a continuous varia—
ble. Fisher's exact test was used to analyze risk factors
for RP. Multivariate analysis was performed using logistic
regression analysis. All statistical analyses were done using
SPSS software (release 12.0.1, SPSS Inc., Chicago, USA).

RESULTS

Average (+standard deviation) of measured total lung
volume was 1,141 (£ 247) ecm®, Trradiated actual lung vol—
ume and PLV of the local fields was 169 (£50.6) cm® and
14.9 (£3.8)%, respectively. The PLV and CLD was signif—
icantly correlated (Table 1). Using the linear regression,
the PLV of the local fields can be expressed as,

PLV (local)=1.14+5.86 % CLD (local) (r=0.46, p<0.0001)

(Figure 3A)
where r is the regression coefficient.

When 74 patients who received regional irradiation
were analyzed separately, addition of regional irradiation
resulted in increase of 183 (£80.2) cm® in actual irra—
diated lung volume and 16.5 (£6.2)% in PLV. Overall,
irradiated actual lung volume and PLV in patients receiv—
ing regional irradiation was 349 (£100.9) cm® and 31.2
(£17.3)%, respectively. The association between PLV and
CLD was also statistically significant (Table 1), Using the
linear regression, the PLV corresponding to the regional
field can be expressed as,

PLV (regional)=—0.11+4.30 X CLD (regional) (r=0.68,

p<0.0001) (Figure 3B)

where r is the regression coefficient.
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Figure 3. (A) Scattergram for the local field. (B) Scattergram for the regional field.



76

Table 2. Factors influencing symptomatic radiation pneumonitis

No. of patients

Variables p-value*
RP (-) RP (+)

Age
<40yrs 47 2 1.0000
>40 yrs 146 9

Regional irradiation
No 127 3 0.0192
Yes 66 8

Smoking
No 181 10 0.5245
Yes 12 1

Underlying lung disease
No 180 10 0.5519
Yes 13 1

Chemotherapy
No 28 2 0.6667
Yes 165 9

Concurrent chemotherapy
No 161 9 1.0000
Yes 32 2

Taxane chemotherapy
No 122 4 0.1088
Yes 71 7

Tamoxifen
No 66 6 0.2008
Yes 127 5

Percent lung volume
<23% 131 4 0.0467
>23% 62 7

RP=radiation pneumonitis.
*by Fisher's exact test.

There was an increased incidence of symptomatic RP
among patients treated with local RT vs. local and regional
RT (2.4% vs 12.1%, p=0.0192). When patients were grouped
according to the total PLV, total PLV >23% was asso—
ciated with the development of RP (p=0.0467). However,
other patient—, tumor— and treatment—related factors
failed to show the significant correlation with symptomatic
RP (Table 2). On multivariate analysis incorporating the
use of taxane, concurrent chemotherapy, and PLV, PLV
was the only predictive factor for the development of RP
(p=0.043).

DISCUSSION

CLD of the local field is a simple, but useful simulation
parameter that predicts PLV. According to an early report
from the Joint Center for Radiation Therapy, a CLD of
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1.5 cm corresponds to a PLV of approximately 6%; a CLD
of 2.5 cm, approximately 16%; and a CLD of 3.5 cm, ap—
proximately 26%.(5) Das et al.(6) also showed that PLV
could be expressed as a function of CLD, This study reaf—
firmed these findings, but the correlation between CLD
and PLV is rather weak (r=0.46). Breathing movement
during field verification on the conventional simulator
as well as set—up uncertainty might be responsible at
least in part for the relatively weak correlation. However,
our study may reflect the actual everyday clinical setting
where various uncertainties are involved throughout the
entire course of RT.

As for the PLV corresponding to the regional field, no
useful predictor has been established yet. Bornstein et
al.(5) only demonstrated that the mean value of PLV
encompassed by the regional field was 12%, which was
comparable to the PLV provided by the local field. Das
et al.(6) noted a similar finding: 12% of ipsilateral lung
was irradiated by the regional field on average, while
8.3% and 6.6% by the local field for left and right breasts,
respectively. Given these observations, PLV by the region—
al irradiation is at least 50% of the total PLV when local
and regional field is treated. Thus simulation parameter
information from regional field in addition to that from
local field would better predict PLV in this treatment
setting. In the present study, CLD of the regional field
was significantly associated with PLV: a CLD of 3 cm
corresponds to a PLV of approximately 13%; a CLD of 4
cm, approximately 17%; and a CLD of 5 cm, approximately
21%.

Despite the correlation between CLD and PLV, increased
CLD did not result in increased symptomatic RP in breast
cancer patients. (1,3,8) As for lung cancer, on the contrary,
the incidence of RP is proportional to the volume of treat—
ed lung. (9-11) Possible explanation for the negative results
in breast cancer is the limited range of CLD of less than
3 cm in most patients, which would be of limited lung
volume and this in turn leads to the low incidence of RP.
Moreover, most studies analyzed only CLD of the local
fields and did not consider the PLV provided by the region—
al fields. However, the PLV corresponding to the regional
field accounts for at least 50% of the total PLV when local
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and regional field is treated, as mentioned previously. It
should also be noted that regional irradiation increases
the incidence of symptomatic RP, which reflects the con—
tribution of the PLV by the regional irradiation on devel—
opment of symptomatic RP.(1,3) Given these observa—
tions, we evaluated the predictive value of total PLV on
the development of RP, and showed that total PLV =23%
was associated with RP. Therefore, CLD of both local and
regional field measured from 2—dimensional simulation
film may provide more accurately estimated PLV and
hence may better predict the risk of RP. Recently, Blom—
Goldman et al. (12) suggested a PLV <30% was a reason—
able dose—volume constraint for patients undergoing
both local and regional RT. However, Allen et al. (4) failed
to show any correlation between PLV and RP (p>0.5).
Therefore, further studies are needed to confirm the pre—
dictive value of PLV on the development of RP.

There are limitations regarding dosimetric analysis.
First, electron boost offered to patients after conserving
surgery was not considered in the analysis. However,
lung dose would not be altered after electron boost dose
is added to the whole breast photon beam treatment when
given factors are considered. First, opposing tangential
beam arrangement was used for photon treatment, which
would minimize dose gradient as shown in included case
example, Second, en face beam arrangement with low
energy electron (9-12 MeV) was used, which would not
significantly alter lung dose past dose barrier made thro—
ugh tangential photon beam. It should also be noted that
in this study only V20 was used to correlate CLD with
PLV and then incidence of symptomatic RP. Significance
of other dose bin has been reported for other thoracic
malignancies, such as lung cancer and esophageal cancer.
However, other dose bin values such as V15 or V10 would
have limited additional meaning in our study. Because,
unlike lung cancer or esophageal cancer treatment where
multiple beams are used, opposing tangential field arrange—
ment was used in analyzed breast cancer patients. Thus,
variability for volume percentage at given dose bin was
very limited. This could be readily confirmed through
Figure 1, where dose—volume curve for treated lung is
nearly a plateau from V5 to V30. In addition to PLV, other
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dose—volumetric parameters such as mean lung dose(13)
and normal tissue complication probability(2) should be
also evaluated to establish more reliable predictors of RP.

The role of taxane regimen in the development of RP
is unclear, Taghian et al. (14) reported the increased in—
cidence of RP in patients treated with paclitaxel. However,
Yu et al. (15) noted much lower incidence when paclitaxel
was given before anthracycline—based chemotherapy,
suggesting the importance of time interval between pacli—
taxel and RT. In our study, the use of paclitaxel seemed
to increase the development of RP with a marginal signif—
icance., However, significance of paclitaxel use on devel—
opment of RP was lost after multivariate analysis. Con—
comitant chemotherapy other than taxane regimen was
reported to be not related to increased incidence of RP, (16)

and our study reaffirmed these findings.

CONCLUSION

Symptomatic RP requiring steroid medication was a
rare complication after adjuvant RT for breast cancer.
But, correlation between CLD and PLV for local and re—
gional fields showed significance with volumetric analysis.
Furthermore, addition of regional irradiation increased
the incidence of RP, and such a relationship can be ex—

pressed with a volumetric parameter of PLV.
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