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Abstract
Background: To evaluate the association between the clinical, dosimetric factors and severe acute radiation 
pneumonitis (SARP) in patients with locally advanced non-small cell lung cancer (LANSCLC) treated with concurrent 
chemotherapy and intensity-modulated radiotherapy (IMRT).

Methods: We analyzed 94 LANSCLC patients treated with concurrent chemotherapy and IMRT between May 2005 and 
September 2006. SARP was defined as greater than or equal 3 side effects and graded according to Common 
Terminology Criteria for Adverse Events (CTCAE) version 3.0.

The clinical and dosimetric factors were analyzed. Univariate and multivariate logistic regression analyses were
performed to evaluate the relationship between clinical, dosimetric factors and SARP.

Results: Median follow-up was 10.5 months (range 6.5-24). Of 94 patients, 11 (11.7%) developed SARP. Univariate 
analyses showed that the normal tissue complication probability (NTCP), mean lung dose (MLD), relative volumes of 
lung receiving more than a threshold dose of 5-60 Gy at increments of 5 Gy (V5-V60), chronic obstructive pulmonary 
disease (COPD) and Forced Expiratory Volume in the first second (FEV1) were associated with SARP (p < 0.05). In 
multivariate analysis, NTCP value (p = 0.001) and V10 (p = 0.015) were the most significant factors associated with SARP. 
The incidences of SARP in the group with NTCP > 4.2% and NTCP ≤4.2% were 43.5% and 1.4%, respectively (p < 0.01). 
The incidences of SARP in the group with V10 ≤50% and V10 >50% were 5.7% and 29.2%, respectively (p < 0.01).

Conclusions: NTCP value and V10 are the useful indicators for predicting SARP in NSCLC patients treated with 
concurrent chemotherapy and IMRT.

Background
Lung cancer is the leading cause of cancer-related death
in the urban areas of China, accounting for approximately
600,000 deaths per year [1]. Radiotherapy plays an impor-
tant role in the treatment of lung cancer, especially in

patients with unresectable tumors. Recent studies have
shown that concurrent chemoradiotherapy (CCRT) pro-
duced better survival rates than the sequential adminis-
tration of these two modalities [2-4]. Concurrent
chemoradiotherapy has become a standard method for
the management of unresectable locally advanced non-
small cell lung cancer (NSCLC). Unfortunately, the longer
survival is achieved at the price of greater toxicity of the
lung and the esophageal mucosa [3-5].
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Radiation pneumonitis is one of the most common
dose-limiting toxicities in lung cancer patients receiving
CCRT. Severe radiation pneumonitis is life-threatening
[5,6]. Many studies showed that dose and volume of radi-
ation to lung are associated with the risk of radiation
pneumonitis, such as mean lung dose (MLD) [7-11], nor-
mal tissue complication probability (NTCP) [8,12,13]
value and relative volume of lung receiving more than a
threshold dose (Vdose) [7,10,14-19]. Technology such as
intensity-modulated radiotherapy (IMRT) that could
reduce the dose and volume of radiation to lung would
potentially decrease the risk of severe radiation pneu-
monitis, as demonstrated in a planning study by Musherd
[20] et al. Further more, Yom et al reported that IMRT
was associated with a significantly reduced radiation
pneumonitis rate in NSCLC patients treated with concur-
rent chemotherapy and so far, this is the only study that
looked at concurrent chemotherapy and IMRT [21].
More clinical evidence on using IMRT in treating lung
cancer is needed.

We started using IMRT to treat lung cancer in 2005,
and we evaluated clinical and dosimetric factors associ-
ated with severe acute radiation pneumonitis (SARP) in
94 patients with a diagnosis of locally advanced NSCLC
treated with concurrent chemotherapy and IMRT. The
results are reported here.

Methods
Patients
Between May 2005 and September 2006, 94 consecutive
locally advanced NSCLC patients were treated with con-
current chemotherapy and IMRT in the Department of
Radiation Oncology at the Peking University School of
Oncology, Beijing Cancer Hospital & Institute. Patients
were included if they had pathologically confirmed
NSCLC and clinically staged as IIIa or IIIb (AJCC 2002),
treated with concurrent chemoradiotherapy. Patients
were excluded if they received amifostine during concur-
rent chemotherapy and IMRT.

Treatment planning
Patients were positioned in the treatment position (gen-
erally supine with arms above their heads) and immobi-
lized by using a patient fixation device (Pelvicast Base
Plate, 35781-N1, Orfit industries) to improve the setup
reproducibility during CT simulation and delivery of
treatment. Treatment-planning CT scan was performed
using intravenous contrast if the patient was not allergic
to contrast agent. CT scans with slices 5 mm thick were
obtained from the mandible to the lower edge of the liver.
The CT image data were directly transferred to the IMRT
planning system (Varian Eclipse Treatment Planning Sys-
tems 7.0). Radiotherapy targets were defined according to
the International Commission on Radiation Units and

Measurements Report Nos. 50 and 62 [22,23], and the
internal target volume (ITV), which was used if the
required margin for target motion was visualized using
fluoroscopy, was defined as a three dimensional (3D)
expansion of the CTVprimary to account for target motion,
according to tumor motion. All patients' IMRT treatment
plans were designed on Varian Eclipse Treatment Plan-
ning Systems to deliver the prescribed dose (1.8-2.0 Gy
once per day, 60 Gy/30 fraction/6 weeks or 63 Gy/35 frac-
toin/7 weeks) to 95% of the planning target volume. Five
to seven fields were usually used in the treatment plan.
Heterogeneity correction with Eclipse-modified Batho
method was applied to all dose calculations. Lung dose-
volume histograms (DVH) were computed from the 3D
dose distributions. Dose limitation for OAR was defined
as follows: the V20 of lung less than 31%, the V55 of
esophagus less than 50%, the V40 of heart less than 40 Gy,
and the maximum dose administered to the spinal cord
was 40 Gy. The concurrent chemotherapy consisted of
two courses of Cisplatin-based chemotherapy regimen,
49 patients in all, and Paclitaxel regimen, 45 patients in
all.

Evaluation of SARP
Patients were generally evaluated by their radiation
oncologist weekly during concurrent chemoradiotherapy,
3-4 weeks after completion of treatment, every 3 months
in the first two years and 6 month intervals during years
three to five and once a year thereafter. Chest X-ray or
CT scan was performed at each follow-up after comple-
tion of chemoradiotherapy. If patients had symptoms,
such as fever, cough or shortness of breath, they would be
required to have an immediate examination or interven-
tion. A diagnosis of SARP was made with consensus by at
least two of three radiation oncologists and was based on
clinical symptoms and radiographic infiltrate changes
corresponding to the radiation portal observed during
concurrent chemoradiotherapy, within the first 6 months
after treatment and in the absence of any other likely
cause. SARP was defined as greater than or equal to grade
3 side effects (symptomatic, interfering with activities of
daily living, O2 indicated) and graded according to Com-
mon Terminology Criteria for Adverse Events (CTCAE)
version 3.0. [24].

Dosimetric parameters/NTCP models
The total normal lung volume was defined as the total
lung volume minus the primary GTV and volume of the
trachea and main bronchi. From each lung DVH, the fol-
lowing dosimetric factors were extracted: Vdose, MLD,
and NTCP, as derived from the Lyman and Kutcher mod-
els. The Vdose was defined as the percentage of total nor-
mal lung volume receiving more than a threshold dose D
of radiation (Vd), where values of D considered were 5-60
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Gy in increments of 5 Gy. The MLD was calculated as the
average dose to total normal lung volume [25]. For the
NTCP calculations, the Lyman empiric model was used
with the following parameters [9]: TD50 = 30.5 Gy, m =
0.3, and n = 1.

Statistical analysis
We evaluated clinical and dosimetric factors associated
with SARP in patients after concurrent chemoradiother-
apy. The following clinical parameters were considered:
gender, age, smoking and diabetes history, history of
COPD, induction chemotherapy, concurrent chemother-
apy regimens, performance status and forced expiratory
volume in 1 second (FEV1). Dosimetric factors including
MLD, V5-V60 and NTCP values were analysed. DVH
data and NTCP values were collected for both lungs con-
sidered as a parallel organ, Pearson Chi-Square test was
performed to compare clinical parameters between
patients who developed SARP and those who did not.
Univariate and multivariate logistic regression analyses
were performed to evaluate data for association between
clinical and dosimetric factors and SARP. All statistical
tests were 2-sided and p ≤ 0.05 was considered statisti-
cally significant.

Results
All patients were followed up more than 6 months. The
median follow-up for all patients was 10.5 months (range,
6.5-24.0 months). Of the 94 patients, 11 (11.7%) develop
SARP; 6 (6.4%), grade 3; 2(2.1%), grade 4; and 3 (3.2%)
grade 5. The SARP occurred between 4 week and 12 week
(median, 8 week) from commencement of radiation treat-
ment. There was no significant difference in the distribu-
tion of clinical parameters between the two groups of
patients who developed SARP and those who did not.
However, COPD and FEV1 were significant associated
with SARP (p < 0.05) (Table 1).

In univariate analysis, NTCP, MLD and V5-V60 were
associated with SARP (p < 0.05), and were summarized in
Table 2. In multivariate analysis, NTCP (p = 0.001) and
V10 (p = 0.015) were the most significant factors associ-
ated with SARP (Table 3). Table 4 shows the association
between the dosimetric Parameters (NTCP/V10) and the
incidence of SARP for 94 patients; the incidences of
SARP in the group with NTCP > 4.2% and NTCP ≤ 4.2%
were 43.5% and 1.4%, respectively (p < 0.01); the inci-
dences of SARP in the group with V10 ≤50% and V10
>50% were 5.7% and 29.2%, respectively (p < 0.01).

Discussion
To the best of our knowledge, this is the first study to
evaluate clinical, dosimetric factors to predicate the risk
for developing SARP in locally advanced NSCLC patients
during or after concurrent chemotherapy and IMRT in

Chinese population. The univariate and multivariate
logistic regression analysis results suggest that NTCP and
V10 were the most significant factors associated with
SARP (p < 0.05).

Radiation pneumonitis takes place usually within 1-6
months after completion of radiation therapy [11], but it
can occur as late as 14 months after radiation in few
patients [19]. The clinical symptoms of radiation pneu-
monitis can lead to a poor quality of life for lung cancer
patients. Severe radiation pneumonitis after CCRT can
be life-threatening if patients are not responsive to treat-
ment. The reported incidences of radiation pneumonitis
were inconsistent because of inconsistencies in the crite-
ria used to define radiation pneumonitis, heterogeneity in
patient populations, and differences in treatment regi-
mens and radiotherapy techniques [7,11,15,19,26-28].
The incidence of SARP is 11.7% (11/94) in our study,
which was similar to that reported by Yom [21] with
IMRT, less than the other results with conventional or
conformal radiotherapy [15,19]. Perhaps this is because
we applied IMRT techniques, which had high conformity
and spared more normal lung from irradiation, and
therefore may have induced a low rate of severe radiation
pneumonitis. The diagnosis of radiation pneumonitis is
established by a history of radiotherapy, radiographic evi-
dence (ground-glass opacity, or consolidation changes
within the radiation field), and clinical symptoms (dry or
productive cough, fever, chest pain, and shortness of
breath). The treatment for radiation pneumonitis largely
includes oral or intravenous steroids, oxygen, antibiotics
and sometimes, assisted ventilation.

At present, there are no generally accepted means to
predict the individual patient's risk of developing radia-
tion pneumonitis morbidity accurately even though many
clinical and dosimetric assessment of radiation pneu-
monitis have been studied extensively [7-19]. However,
these studies lacked IMRT dosimetry data. In our study,
the patient population is quite homogeneous compared
with most published studies: 100% of the patients had
Stage III NSCLC, 100% of the patients are Han people,
and 100% received concurrent chemotherapy and IMRT.
The homogeneity of demographic data in the study
allowed us to focus on radiation dosimetric factors.

There are many reported studies [7,26,27,29-31] in
which the risks of radiation pneumonitis were found to
be associated with a variety of clinical parameters (see
Additional file 1). Sex, age, smoking history, pre-existing
pulmonary disease, performance score and pulmonary
function before radiotherapy have been reported to affect
the risk for radiation pneumonitis [7,26,29-31]. It also has
been reported [27,31] that chemotherapy, particularly
when combined with thoracic radiation therapy, was
associated with an increased risk for radiation pneumoni-
tis. However, (I) in our study, we only found that COPD
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and FEV1 were significantly associated with SARP (p <
0.05), suggesting that the pulmonary function before
radiotherapy and base-line pulmonary disease is critical
for patients' well being after chemoradiotherapy. Our
findings are consistent with that of Robnett TJ [26] and
Rancati T [31]. The incidences of SARP in the group with
FEV1 > 2.02L and FEV1 < 2.02L were 7.04% and 26.09%,
respectively (p = 0.036). In addition, univariate analyses
show that there is not significant difference statistically
between the clinical parameters (sex, age, smoking and
diabetes history, induction chemotherapy, concurrent
chemotherapy regimens and PS) of patients with and
without SARP.

Several reports [7,9,11,14,15,19] showed that some
dosimetric factors are likely to influence the risk of radia-
tion pneumonitis (see Additional file 2), such as MLD,
NTCP and percentage volume of lung receiving more
than a threshold dose (Vdose). Hernando [7] reported
201 lung cancer patients treated with 3D conformal
radiotherapy, and the rate of radiation pneumonitis (all
grades) was significantly correlated with NTCP, MLD and
V30. Kwa [9] retrospectively analyzed 400 lung cancer
patients and found MLD was significantly correlated with
radiation pneumonitis (grades ≥ 2). Kim [11] reported a
study in which 76 lung cancer patients were treated with
3D conformal radiation therapy. In that study, the rate of

Table 1: Distribution of the clinical, treatment factors and their association with SARP for 94 patients

Characteristic No. of patients No. of RP(grade ≥ 3) p value*

Gender

Male 73 10 0.461

Female 21 1

Age

>60 53 8 0.401

≤60 41 3

smoking history

Yes 47 6 0.748

No 47 5

diabetes history

Yes 13 2 0.656

No 81 9

chronic obstructive 
pulmonary disease

Yes 11 4 0.027

No 83 7

induction chemotherapy

Yes 73 10 0.461

No 21 1

concurrent chemotherapy

NVB/DDP 28 3 0.643

TXT/DDP 21 2

PTX 45 6

Karnofsky performance status

≥70 80 7 0.093

<70 14 4

Fev1(L) **

≥2.02 71 5

<2.02 23 6 0.036

Abbreviation: * Comparison of clinical factors between patients who developed severe acute radiation pneumonitis and those who did not. 
** forced expiratory volume in 1 second. SARP = severe acute radiation pneumonitis
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severe radiation pneumonitis (grades ≥ 3) was signifi-
cantly correlated with percentage of lung volume receiv-
ing 20 Gy (V20) or 30 Gy (V30), with NTCP and MLD.
SARP occurred in 45% and 37% of patients with MLD of
more than 15 Gy and NTCP of 50% or more, respectively,
whereas it occurred in 0% of patients with a MLD of 10
Gy or less and NTCP of less than 17%, respectively. In our
study, we found the NTCP and MLD were significantly
associated with the incidence of SARP. SARP occurred in
2.8% of patients in whom MLD was less than 14.1 Gy,
whereas it occurred in 40.9% of patients in whom MLD
was greater than 14.1 Gy. This is similarly to the other
study [7,9,11]. In addition, the V5-V60, in increments of 5
Gy, were all found to be significantly associated with the
incidence of SARP (see Additional file 2). These findings
are consistent with many other published results
reported by Wang et al. [19] (rV5-V65), Willner et al. [32]
(V10, V20, V30, and V40) or Fay et al. [33] (V30, V40, and
V50) to be significantly associated with the incidence of
radiation pneumonitis.

In our study, although the univariate analyses show that
NTCP, MLD, V5-V60, COPD and FEV1 were associated
with SARP (p < 0.05) however in multivariate analysis,
only NTCP (p = 0.001) and V10 (p = 0.015) were found to
be the significant factors associated with SARP statisti-

cally; the incidences of SARP in the group with NTCP >
4.2% and NTCP ≤ 4.2% were 43.5% and 1.4%, respectively
(p < 0.01). The incidences of SARP in the group with V10
≤ 50% and V10 >50% were 5.7% and 29.2%, respectively (p
< 0.01). While NTCP can predict the incidence of radia-
tion pneumonitis as confirmed by several studies [7,11], it
is inconvenient because of intricate mathematical calcu-
lations. However, in practice, V10 was easy to calculate
directly from the DVH, and furthermore, the V10 and
NTCP are highly correlated (rs = 0.930, p = 0.001). V10,
rather than V20, as an indicator suggests that radiation
damage to the lung during or after IMRT is correlated
with volume more closely than that of conventional or
conformal radiotherapy. This finding is coincident to
results reported recently by Wang et al [19], Zhu [34] and
Schallenkamp [35]. Wang et al reported that V5 was the
only significant factor associated with treatment-related
pneumonitis; the 1-year actuarial incidences of SARP in
the group with V5 <42% and V5 >42% were 3% and 38%,
respectively (p = 0.001). Schallenkamp suggested V10 and
V13 to be the predictors of radiation pneumonitis risk.
The incidences of Grade ≥ 2 pneumonitis in the patients
with V10 ≤ 32% 32%-43% and V10 > 43% were 0%-9%,
10%-20% and >20%, respectively (p < 0.01). This finding is
further confirmed by Yorke et al [10] and Gopal et al [36].

Table 2: Univariate analysis of the dosimetric parameters(MLD, NTCP, V5-V60) for predicting development of SARP for 94 
patients

Variable Median(range) No RP(n = 83) RP(n = 11) pvalue*

MLD 11.59(6.53-18.11) Gy  = 11.26, SD = 2.81  = 14.91, SD = 2.91 0.001

NTCP 2.33% (0.51-9.68%)  = 2.51, SD = 1.73  = 5.94, SD = 2.40 0.001

V5 58.73% (32.89-97.65%)  = 58.43, SD = 16.57  = 69.23, SD = 12.47 0.006

V10 42.16%(25.28-83.34%)  = 41.13, SD = 12.69  = 52.42, SD = 11.05 0.001

V15 29.53%(16.46-58.51%)  = 28.94, SD = 9.12  = 38.30, SD = 7.65 0.005

V20 18.15% (9.46-31.08%)  = 18.59, SD = 6.03  = 28.02, SD = 7.09 0.002

V25 12.96% (5.90-26.26%)  = 12.88, SD = 4.42  = 20.91, SD = 6.98 0.001

V30 10.00% (4.68-21.43%)  = 9.72, SD = 3.45  = 15.69, SD = 6.00 0.008

V35 9.92% (3.89-18.65%)  = 7.57, SD = 2.86  = 11.95, SD = 4.64 0.011

V40 8.20% (3.29-13.61%)  = 5.91, SD = 2.48  = 9.26, SD = 3.75 0.015

V45 7.42% (2.73-10.99%)  = 4.41, SD = 2.25  = 6.54, SD = 3.47 0.007

V50 7.07%(1.94-8.82%)  = 3.15, SD = 1.94  = 4.89, SD = 2.15 0.007

V55 6.75% (1.33-6.32%)  = 2.03, SD = 1.65  = 3.19, SD = 1.75 0.033

V60 5.76% (0.80-4.20%)  = 1.23, SD = 1.09  = 1.66, SD = 1.15 0.039

Abbreviation: MLD = mean lung dose; NTCP = normal tissue complication probability; SARP = severe acute radiation pneumonitis; * 
Comparison of dosimetric factors between patients who developed severe acute RP and those who did not

x x
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x x
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x x
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Yorke [10] reported that the incidence of radiation pneu-
monitis rose quickly when the MLD was higher than 10
Gy. Gopal et al [36] found a sharp loss in the diffusing
capacity for carbon monoxide of normal lung exposed to
13 Gy or higher, and suggested that a small dose of radia-
tion to a large volume of lung could be much worse than a
large dose to a small volume in functional lung damage.
So we think that the lung received a small dose of radia-
tion as low as 10 Gy to a large volume is not safe. In con-
trast, Willner [32] et al. reported that the logistic
regression curve for V10, V20, V30, and V40 showed an
increasing steepness toward higher doses and an increase
in steepness from V10 to V40 was more pronounced for
the total lung; A 10% increase in V10 resulted in a 10%
increase in pneumonitis rate, whereas a 10% increase in

V40 resulted in a 20% increase in pneumonitis rate. So
the investigators concluded that a small dose, such as 10
Gy, to a large volume of normal lung is preferable to a
large dose, such as 40 Gy, to a small volume. However, we
believe that the volume of normal lung receiving low-
dose irradiation should be minimized to avoid SARP. We
recommend to keep the value of V10 below 50%, so as to
keep the incidence of SARP lower than 5.7%.

In conclusion, NTCP and V10 are useful indicators of
risk for development of SARP in locally advanced NSCLC
patients after concurrent chemotherapy and IMRT. Tho-
racic concurrent chemoradiotherapy should be planned
with caution when the volume of normal lung receiving
10 Gy or more is large with IMRT.

Table 3: Multivariate analysis of the dosimetric and clinical factors associated with SARP for 94 patients

Varibale OR 95%CI p value*

NTCP 10.411 1.835-56.024 0.008

MLD 3.199 0.196-52.380 0.415

V5 4.024 0.765-21.163 0.100

V10 9.023 1.910-42.625 0.005

V15 4.024 0.765-21.163 0.100

V20 2.801 0.834-9.403 0.096

V25 3.423 0.713-16.421 0.124

V30 2.613 0.759-8.995 0.128

V35 2.313 0.751-7.122 0.144

V40 2.485 0.292-21.152 0.405

V45 1.219 0.373-14.146 0.475

V50 1.613 0.229-22.824 0.318

V55 1.446 0.215-20.061 0.594

V60 1.139 0.070-18.612 0.527

COPD 0.154 0.008-3.159 0.225

FEV1 0.119 0.010-1.346 0.085

Abbreviation: MLD = mean lung dose; NTCP = normal tissue complication probability; SARP = severe acute radiation pneumonitis; * Univariate 
logistic regression analysis; COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in 1 second; OR = the value of 
odds ratio; 95%CI = confidence interval
Table 4: Observed rates of SARP as a function of dosimetric parameters (NTCP/V10)

Varibale Median(Range) Group No. of patients No. of RP p value*

NTCP 2.33% ≤4.20% 71 1(1.4%) 0.001

(0.51-9.68%) >4.20% 23 10(43.5%)

V10 42.16% ≤50% 70 4(5.7%) 0.005

(9.91-83.34%) >50% 24 7(29.2%)

Abbreviation: NTCP = normal tissue complication probability; SARP = severe acute radiation pneumonitis; * Multivariate logistic regression 
analysis.



Shi et al. Radiation Oncology 2010, 5:35
http://www.ro-journal.com/content/5/1/35

Page 7 of 8
Additional material

Competing interests
The authors declare that they have no competing interests in this study.

Authors' contributions
GZ and AS participated in the design of the study and performed the statistical
analysis and drafted the manuscript. HW, RY, FL and BX participated in acquisi-
tion of data. All authors read and approved the final manuscript.

Acknowledgements
The study was funded by National Natural Science Foundation of China 
(30870738).
We thank Drs. Zhongxing Liao and Joe Y. Chang of the University of Texas M. D. 
Anderson Cancer Center of Texas, USA for reviewing the manuscript.

Author Details
Department of Radiation Oncology, Key Laboratory of Carcinogenesis and 
Translational Research (Ministry of Education), Peking University School of 
Oncology, Beijing Cancer Hospital & Institute, Beijing 100142, China

References
1. Liandi Li, Keqin Yao, Siwei Zhang, Fengzhu Lu, Xiaonong Zou: Statistical 

Analysis of Data from 12 Cancer Registries in China.  Bull Chin Cancer 
2002, 11:497-507.

2. Furuse K, Fukuoka M, Kawahara M, Nishikawa H, Takada Y, Kudoh S, 
Katagami N, Ariyoshi Y: Phase III study of concurrent versus sequential 
thoracic radiotherapy in combination with mitomycin, vindesine, and 
cisplatin in unresectable stage III non-small-cell lung cancer.  J Clin 
Oncol 1999, 17:2692-2699.

3. Komaki R, Seiferheld W, Curran W, Langer C, Lee J, Hauser S, Movasas B, 
Wasserman T, Russell A, Byhardt R: Sequential vs. concurrent 
chemotherapy and radiation therapy for inoperable non-small cell 
lung cancer (NSCLC): Analysis of failures in a phase III study (RTOG 
9410) [Abstract].  Int J Radiat Oncol Biol Phys 2000, 48:113.

4. Curran W, Scott C, Langer C, Komaki R, Lee J, Hauser S, Movsas B, 
Wasserman T, Sause W, Cox J: Long-term benefit is observed in a phase 
III comparison of sequential vs concurrent chemo-radiation for 
patients with unresected stage III Nsclc: RTOG 9410.  Am Soc Clin Oncol 
2003, 22:. abstr 2499

5. Kirkbride P, Hatton M, Lorigan P, Joyce P, Fisher P: Fatal pulmonary 
fibrosis associated with induction chemotherapy with carboplatin and 
vinorelbine followed by CHART radiotherapy for locally advanced non-
small cell lung cancer.  Clin Oncol 2002, 14:361-366.

6. Semrau S, Bier A, Thierbach U, Virchow C, Ketterer P, Fietkau R: Concurrent 
radiochemotherapy with vinorelbine plus cisplatin or carboplatin in 
patients with locally advanced non-small-cell lung cancer (NSCLC) and 
an increased risk of treatment complications: Preliminary results.  
Strahlenther Onkol 2003, 179(12):823-831.

7. Hernando ML, Marks LB, Bentel GC, Zhou SM, Hollis D, Das SK, Fan M, 
Munley MT, Shafman TD, Anscher MS, Lind PA: Radiation-induced 
pulmonary toxicity: A dose-volume histogram analysis in 201 patients 
with lung cancer.  Int J Radiat Oncol Biol Phys 2001, 51:650-659.

8. Graham MV: Predicting radiation response.  Int J Radiat Oncol Biol phys 
1997, 39:561-562.

9. Kwa SL, Lebesque JV, Theuws JC, Marks LB, Munley MT, Bentel G, Oetzel D, 
Spahn U, Graham MV, Drzymala RE, Purdy JA, Lichter AS, Martel MK, Ten 
Haken RK: Radiation pneumonitis as a function of mean lung dose: An 
analysis of pooled data of 540 patients.  Int J Radiat Oncol Biol Phys 1998, 
42:1-9.

10. Yorke ED, Jackson A, Rosenzweig KE, Merrick SA, Gabrys D, Venkatraman 
ES, Burman CM, Leibel SA, Ling CC: Dose-volume factors contributing to 
the incidence of radiation pneumonitis in non-small-cell lung cancer 
patients treated with three-dimensional conformal radiation therapy.  
Int J Radiat Oncol Biol Phys 2002, 54:329-339.

11. Kim TH, Cho KH, Pyo HR, Lee JS, Zo JI, Lee DH, Lee JM, Kim HY, Hwangbo B, 
Park SY, Kim JY, Shin KH, Kim DY: Dose-volumetric parameters for 
predicting severe radiation pneumonitis after three-dimensional 
conformal radiation therapy for lung cancer.  Radiology 2005, 
235:208-215.

12. Marks LB, Munley MT, Bentel GC, Zhou SM, Hollis D, Scarfone C, Sibley GS, 
Kong FM, Jirtle R, Jaszczak R, Coleman RE, Tapson V, Anscher M: Physical 
and biological predictors of changes in whole-lung function following 
thoracic irradiation.  Int J Radiat Oncol Biol Phys 1997, 39:563-570.

13. Armstrong J, Raben A, Zelefsky M, Burt M, Leibel S, Burman C, Kutcher G, 
Harrison L, Hahn C, Ginsberg R, Rusch V, Kris M, Fuks Z: Promising survival 
with three-dimensional conformal radiation therapy for non-small cell 
lung cancer.  Radiother Oncol 1997, 44:17-22.

14. Graham MV, Purdy JA, Emami B, Harms W, Bosch W, Lockett MA, Perez CA: 
Clinical dose-volume histogram analysis for pneumonitis after 3D 
treatment for non-small cell lung cancer (NSCLC).  Int J Radiat Oncol Biol 
Phys 1999, 45:323-329.

15. Tsujino K, Hirota S, Endo M, Obayashi K, Kotani Y, Satouchi M, Kado T, 
Takada Y: Predictive value of dose-volume histogram parameters for 
predicting radiation pneumonitis after concurrent chemoradiation for 
lung cancer.  Int J Radiat Oncol Biol Phys 2003, 55:110-115.

16. Chang DT, Olivier KR, Morris CG, Liu C, Dempsey JF, Benda RK, Palta JR: The 
impact of heterogeneity correction on dosimetric parameters that 
predict for radiation pneumonitis.  Int J Radiat Oncol Biol Phys 2006, 
65:125-131.

17. Armstrong JG, Zelefsky MJ, Leibel SA, Burman C, Han C, Harrison LB, 
Kutcher GJ, Fuks ZY: Strategy for dose escalation using 3-dimensional 
conformal radiation therapy for lung cancer.  Ann Oncol 1995, 
6:693-697.

18. Marks LB, Spencer DP, Sherouse GW, Bentel G, Clough R, Vann K, Jaszczak 
R, Coleman RE, Prosnitz LR: The role of three dimensional functional 
lung in radiation treatment planning: the functional dose volume 
histogram.  Int J Radiat Oncol Biol phys 1995, 33:65-75.

19. Wang S, Liao Z, Wei X, Liu HH, Tucker SL, Hu CS, Mohan R, Cox JD, Komaki 
R: Analysis of clinical and dosimetric factors associated with treatment-
related pneumonitis (TRP) in patients with non-small-cell lung cancer 
(NSCLC) treated with concurrent chemotherapy and three-
dimensional conformal radiotherapy (3-DCRT).  Int J Radiat Oncol Biol 
Phys 2006, 66:1399-1407.

20. Murshed H, Liu HH, Liao Z, Barker JL, Wang X, Tucker SL, Chandra A, 
Guerrero T, Stevens C, Chang JY, Jeter M, Cox JD, Komaki R, Mohan R: 
Dose and volume reduction for normal lung using intensity-
modulated radiotherapy for advanced-stage non-small-cell lung 
cancer.  Int J Radiat Oncol Biol Phys 2004, 58:1258-1267.

21. Yom SS, Liao Z, Liu HH, Tucker SL, Hu CS, Wei X, Wang X, Wang S, Mohan R, 
Cox JD, Komaki R: Initial evaluation of treatment-related pneumonitis in 
advanced-stage non-small-cell lung cancer patients treated with 
concurrent chemotherapy and intensity-modulated radiotherapy.  Int J 
Radiat Oncol Biol Phys 2007, 68:94-102.

22. International Commission on Radiation Units and Measurements: ICRU 
Report 50: Prescribing, recording, and reporting photon beam 
therapy.  Bethesda; International Commission on Radiation Units and 
Measurements; 1993. 

23. International Commission on Radiation Units and Measurements: ICRU 
Report 62: Prescribing, recording, and reporting photon beam therapy 
(supplement to ICRU Report 50).  Bethesda; International Commission 
on Radiation Units and Measurements; 1999. 

24. Trotti A, Colevas AD, Setser A, Rusch V, Jaques D, Budach V, Langer C, 
Murphy B, Cumberlin R, Coleman CN, Rubin P: CTCAE v3.0: Development 
of a comprehensive grading system for the adverse effects of cancer 
treatment.  Semin Radiat Oncol 2003, 13:176-181.

25. Kwa SL, Theuws JC, Wagenaar A, Damen EM, Boersma LJ, Baas P, Muller 
SH, Lebesque JV: Evaluation of two dose-volume histogram reduction 
models for the prediction of radiation pneumonitis.  Radiother Oncol 
1998, 48:61-69.

26. Robnett TJ, Machtay M, Vines EF, McKenna MG, Algazy KM, McKenna WG: 
Factor predicting severe radiation pneumonitis in patients receiving 

Additional file 1 Clinical parameters predictive of risk of RP as 
reported in the literature. The file contains a number of important clinical 
parameters predictive of risk of RP as reported in the literature.
Additional file 2 Dosimetric parameters predictive of risk of RP as 
reported in the literature. The file contains a number of important dosim-
etric parameters predictive of risk of RP as reported in the literature.

Received: 30 January 2010 Accepted: 12 May 2010 
Published: 12 May 2010
This article is available from: http://www.ro-journal.com/content/5/1/35© 2010 Shi et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Radiation Oncology 2010, 5:35

http://www.biomedcentral.com/content/supplementary/1748-717X-5-35-S1.DOC
http://www.biomedcentral.com/content/supplementary/1748-717X-5-35-S2.DOC
http://www.ro-journal.com/content/5/1/35
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10561343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14652671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11597805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9336132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9747813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12243805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15703313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9336133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9288852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10487552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12504042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16427214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8664191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7642433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16997503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15001271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17321067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12903007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9756173


Shi et al. Radiation Oncology 2010, 5:35
http://www.ro-journal.com/content/5/1/35

Page 8 of 8
definitive chemoradiation for lung cancer.  Int J Radiat Oncol Biol Phys 
2000, 48:89-94.

27. Yamada M, Kudoh S, Hirata K, Nakajima T, Yoshikawa J: Risk factors of 
pneumonitis following chemoradiotherapy for lung cancer.  Eur J 
Cancer 1998, 34:71-75.

28. Byhardt RW, Scott C, Sause WT, Emami B, Komaki R, Fisher B, Lee JS, 
Lawton C: Response, toxicity, failure patterns, and survival in five 
Radiation Therapy Oncology Group (RTOG) trials of sequential and/or 
concurrent chemotherapy and radiotherapy for locally advanced non-
small-cell carcinoma of the lung.  Int J Radiat Oncol Biol Phys 1998, 
42(3):469-78.

29. Claude L, Pérol D, Ginestet C, Falchero L, Arpin D, Vincent M, Martel I, 
Hominal S, Cordier JF, Carrie C: A prospective study on radiation 
pneumonitis following conformal radiation therapy in non-small-cell 
lung cancer: Clinical and dosimetric factors analysis.  Radiother Oncol 
2004, 71:175-181.

30. Quon H, Shepherd FA, Payne DG, Coy P, Murray N, Feld R, Pater J, Sadura A, 
Zee B: The influence of age on the delivery, tolerance, an efficacy of 
thoracic irradiation in the combined modality treatment of limited 
stage small cell lung cancer.  Int J Radiat Oncol Biol Phys 1999, 43:39-45.

31. Rancati T, Ceresoli GL, Gagliardi G, Schipani S, Cattaneo GM: Factors 
predicting radiation pneumonitis in lung cancer patients: A 
retrospective study.  Radiother Oncol 2003, 67:275-283.

32. Willner J, Jost A, Baier K, Flentje M: A little to a lot or a lot to a little? An 
analysis of pneumonitis risk from dose-volume histogram parameters 
of the lung in patients with lung cancer treated with 3-D conformal 
radiotherapy.  Strahlenther Onkol 2003, 179:548-556.

33. Fay M, Tan A, Fisher R, Mac Manus M, Wirth A, Ball D: Dose-volume 
histogram analysis as predictor of radiation pneumonitis in primary 
lung cancer patients treated with radiotherapy.  Int J Radiat Oncol Biol 
Phys 2005, 61:1355-1363.

34. Zhu X, Wang L, Ou G, Wang Y, Zhang H, Chen D, Feng Q, Dai J, Zhang Z, 
Yin W: Risk Factors for Severe Acute Radiation Pneumonitis In Stage III 
Non-Small-Cell Lung Cancer Treated With 3D-CRT [Abstract].  Int J 
Radiat Oncol Biol Phys 2006, 66:S466.

35. Schallenkamp JM, Miller RC, Brinkmann DH, Foote T, Garces YI: Incidence 
of radiation pneumonitis after thoracic irradiation: dose-volume 
correlates.  Int J Radiat Oncol Biol Phys 2007, 67:410-6.

36. Gopal R, Tucker SL, Komaki R, Liao Z, Forster KM, Stevens C, Kelly JF, 
Starkschall G: The relationship between local dose and loss of function 
for irradiated lung.  Int J Radiat Oncol Biol Phys 2003, 56:106-113.

doi: 10.1186/1748-717X-5-35
Cite this article as: Shi et al., Analysis of clinical and dosimetric factors asso-
ciated with severe acute radiation pneumonitis in patients with locally 
advanced non-small cell lung cancer treated with concurrent chemotherapy 
and intensity-modulated radiotherapy Radiation Oncology 2010, 5:35

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10924976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9624240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9806503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15110451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9989512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12865175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14509954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15817337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17236964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12694828


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


