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[ Abstract ] With the development of radiation technology, stereotactic body radiation therapy (SBRT) has been
widely used in early stage non-small cell lung cancer (NSCLC). It is not only the standard therapy for medically inoperable
early-stage NSCLC, but also one of the therapies for operable early-stage NSCLC. Radiation pneumonitis (RP) is one of the
most common adverse effects after SBRT, it may reduce the patients’ quality of life, even cause treatment failure. Therefore, in
order to improve the patients’ quality of life and enhance local control rate of tumor, it is important to reduce the risk of RP. The
unique fractionation schemes and the dose distribution of SBRT make it not only different from conventional fraction radiation

therapy in treatment outcomes, but also in the incidence of radiation pneumonitis. This article reviews the applying of SBRT
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for early stage NSCLC, the incidence of radiation pneumonitis, radiological appearance after SBRT and predictive factors.
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MHZ G, BHERPRIRAE A1.2%,

5 iE

£i ERTiA, SBRTAMUAEA A] FAR M HINSCLCHR A
FREUS T RAF AR R P AR AR i HAE ] AR
WINSCLCH & sh iy —5E M . HETSE T SBRTIR
J7 TG IR P - AR S BOT R BT ST A B,
PN 2 S T LI TR D, (R, AR 28 2Rk
A RTEERT S 3R BRI S, DARE S AP i1 I R

2 % X M

1 Blomgren H, Lax I, Naslund I, et al. Stereotactic high dose fraction
radiation therapy of extracranial tumors using an accelerator: clinical

experience of the first thirty-one patients. Acta Oncol, 1995, 34(6):

10

11

12

13

14

15

16

17

861-870.

Palma DA, Senan S. Early-stage non-small cell lung cancer in elderly
patients: should stereotactic radiation therapy be the standard of care?
Int J Radiat Oncol Biol Phys, 2012, 84(5): 1058-1059.

Verstegen N, Oosterhuis J, Palma D, et al. Stage I-II non-small-cell lung
cancer treated using either stereotactic ablative radiotherapy (SABR) or
lobectomy by video-assisted thoracoscopic surgery (VATS): outcomes
of a propensity score-matched analysis. Ann Oncol, 2013, 24(6):
1543-1548.

Yamashita H, Nakagawa K, Nakamura N, et al. Exceptionally high
incidence of symptomatic grade 2-5 radiation pneumonitis after
stereotactic radiation therapy for lung tumors. Radiat Oncol, 2007, 2: 21.
Borst GR, Ishikawa M, Nijkamp J, et al. Radiation pneumonitis in
patients treated for malignant pulmonary lesions with hypofractionated
radiation therapy. Radiother Oncol, 2009, 91(3): 307-313.
Guckenberger M, Baier K, Polat B, et al. Dose-response relationship
for radiation-induced pneumonitis after pulmonary stereotactic body
radiotherapy. Radiother Oncol, 2010, 97(1): 65-70.

Ong CL, Palma D, Verbakel WF, et al. Treatment of large stage I-II
lung tumors using stereotactic body radiotherapy (SBRT): planning
considerations and early toxicity. Radiothe Oncol, 2010, 97(3): 431-436.
Barriger RB, Forquer JA, Brabham JG, et al. Dose-volume analysis of
radiation pneumonitis in non-small cell lung cancer patients treated with
stereotactic body radiation therapy. Int ] Radiat Oncol Biol Phys, 2012,
82(1): 457-462.

Stauder MC, Macdonald OK, Olivier KR, et al. Early pulmonary
toxicity following lung stereotactic body radiation therapy delivered in
consecutive daily fractions. Radiother and Oncol, 2011, 99(2): 166-171.
Bradley J. Radiographic response and clinical toxicity following SBRT
for stage I lung cancer. ] Thorac Oncol, 2007, 2(7 Suppl 3): S118-S124.
Smolle-Juettner FM, Maier A, Lindenmann J, et al. Resection in stage
I/1I non-small cell lung cancer. Front Radiat Ther Oncol, 2010, 42: 71-77.
McGarry RC, Song G, des Rosiers P, et al. Observation-only management
of early stage, medically inoperable lung cancer poor outcome. Chest,
2002, 121(4): 1155-1158.

Haffty BG, Goldberg NB, Gerstley J, et al. Results of radical radiation
therapy in clinical stage I, technically operable non-small cell lung
cancer. Int ] Radiat Oncol Biol Phy, 1988, 15(1): 69-73.

Kaskowitz L, Graham MV, Emami B, et al. Radiation therapy alone for
stage I non-small cell lung cancer. Int ] Radiat Oncol Biol Phy, 1993,
27(3): 517-523.

Dosoretz DE, Katin MJ, Blitzer PH, et al. Radiation therapy in the
management of medically inoperable carcinoma of the lungs: Results and
implications for future treatment strategies. Int ] Radiat Oncol Biol Phy,
1992, 24(1): 3-9.

Sibley GS, Jamieson TA,Marks LB, et al. Radiotherapy alone for
medically inoperable stage I non-small-cell lung cancer: the duke
experience. Int ] Radiat Oncol Biol Phy, 1998, 40(1): 149-154.

Timmerman R, Galvin J, Michalski J, et al. Accreditation and quality

[ i ks

www.lungca.org



R i O % 52014 4E 4 H B9 1745 45 430

Chin J Lung Cancer, April 2014, Vol.17, No.4

* 355

18

19

20

21

22

23

24

25

26

27

28

29

30

assurance for Radiation Therapy Oncology Group: Multicenter clinical
trials using stereotactic body radiation therapy in lung cancer. Acta
Oncol, 2006, 45(7): 779-786.

Timmerman R, Paulus R, Galvin J, et al. Stereotactic body radiation
therapy for inoperable early stage lung cancer. JAMA, 2010, 303(11):
1070-1076.

Takeda A, Sanuki N, Kunieda E, et al. Stereotactic body radiotherapy
for primary lung cancer at a dose of 50 Gy total in five fractions to the
periphery of the planning target volume calculated using a superposition
algorithm. Int ] Radiat Oncol Biol Phy, 2009, 73(2): 442-448.

Nagata Y, Takayama K, Matsuo Y, et al. Clinical outcomes of a phase
I/11 study of 48 Gy of stereotactic body radiotherapy in 4 fractions for
primary lung cancer using a stereotactic body frame. Int J Radiat Oncol
Biol Phy, 2005, 63(5): 1427-1431.

Timmerman R, McGarry R, Yiannoutsos C, et al. Excessive toxicity when
treating central tumors in a phase II study of stereotactic body radiation
therapy for medically inoperable early-stage lung cancer. J Clin Onco,
2006, 24(30): 4833-4839.

Fakiris AJ, McGarry RC, Yiannoutsos CT, et al. Stereotactic body
radiation therapy for early-stage non-small-cell lung carcinoma: four-
year results of a prospective phase II study. Int ] Radiat Oncol Biol Phys,
2009, 75(3): 677-682.

Baumann P, Nyman J, Lax I, et al. Factors important for efficacy of
stereotactic body radiotherapy of medically inoperable stage I lung
cancer. A retrospective analysis of patients treated in the Nordic
countries. Acta Oncol, 2006, 45(7): 787-795.

Ricardi U, Filippi AR, Guarneri A, et al. Stereotactic body radiation
therapy for early stage non-small cell lung cancer: results of a prospective
trial. Lung Cancer, 2010, 68(1): 72-77.

Onishi H, Shirato H, Nagata Y, et al. Stereotactic body radiotherapy
(SBRT) for operable stage I non-small-cell lung cancer: can SBRT
be comparable to surgery? Int ] Radiat Oncol Biol Phys, 2011, 81(5):
1352-13S8.

Lagerwaard FJ, Verstegen NE, Haasbeek CJ, et al. Outcomes of
stereotactic ablative radiotherapy in patients with potentially operable
stage I non-small cell lung cancer. Int ] Radiat Oncol Biol Phys, 2012,
83(1): 348-353.

Nagata Y, Hiraoka M, Shibata T, et al. A phase II trial of stereotactic body
radiation therapy for operable TINOMO non-small cell lung cancer: Japan
Clinical Oncology Group (JCOG0403). Int J Radiat Oncol Biol Phys,
2010, 78(3 Suppl): 27-28.

Chang JY, Roth JA. Stereotactic body radiation therapy for stage I non-
small cell lung cancer. Thorac Surg Clin, 2007, 17(2): 251-259.

Onishi H, Araki T. Stereotactic body radiation therapy for stage I non-
small-cell lung cancer: a historical overview of clinical studies. Jpn J Clin
Oncol, 2013, 43(4): 345-350.

Takeda A, Ohashi T, Kunieda E, et al. Early graphical appearance
of radiation pneumonitis correlates with the severity of radiation

pneumonitis after stereotactic body radiotherapy (SBRT) in patients

31

32

33

34

3S

36

37

38

39

40

41

42

43

with lung tumors. Int J Radiat Oncol Biol Phys, 2010, 77(3): 685-690.
Onishi H, Shirato H, Nagata Y, et al. Hypofractionated stereotactic
radiotherapy (HypoFXSRT) for stage I non-small cell lung cancer:
updated results of 257 patients in a Japanese multi-institutional study. J
Thorac Oncol, 2007, 2(7 Suppl 3): $94-S100.

Matsuo Y, Shibuya K, Nakamura M, et al. Dose-volume metrics
associated with radiation pneumonitis after stereotactic body radiation
therapy for lung cancer. Int ] Radiat Oncol Biol Phys, 2012, 83(4): e545-
e549.

Takeda A, Kunieda E, Takeda T, et al. Possible misinterpretation
of demarcated solid patterns of radiation fibrosis on CT scans as
tumor recurrence in patients receiving hypofractionated stereotactic
radiotherapy for lung cancer. Int J Radiat Oncol Biol Phys, 2008, 70(4):
1057-1065.

Lo SS, Teh BS, Wang JZ, et al. Imaging changes after stereotactic body
radiation therapy for lung and liver tumors. Expert Rev Anticancer Ther,
2011, 11(4): 613-620.

Linda A, Trovo M, Bradley JD. Radiation injury of the lung after
stereotactic body radiation therapy (SBRT) for lung cancer: A timeline
and pattern of CT changes. Eur J Radiol, 2011, 79(1): 147-154.

Trovo M, Linda A, El Naqa ], et al. Early and late lung radiographic injury
following stereotactic body radiation therapy (SBRT). Lung Cancer,
2010, 69(1): 77-85.

Kimura T, Matsuura K, Murakami Y, et al. CT appearance of radiation
injury of the lung and clinical symptoms after stereotactic body
radiation therapy (SBRT) for lung cancers: are patients with pulmonary
emphysema also candidates for SBRT for lung cancers? Int J Radiat
Oncol Biol Phys, 2006, 66(2): 483-491.

Takeda T, Takeda A, Kunieda E, et al. Radiation injury after
hypofractionated stereotactic radiotherapy for peripheral small lung
tumors: serial changes on CT. AJR Am J Roentgenol, 2004, 182(5):
1123-1128.

Hof H, Zgoda J, Nill S, et al. Time- and dose-dependency of radiographic
normal tissue changes of the lung after stereotactic radiotherapy. Int J
Radiat Oncol Biol Phys, 2010, 77(5): 1369-1374.

Palma DA, van Sérnsen de Koste J, Verbakel WF, et al. Lung density
changes after stereotactic radiotherapy: a quantitative analysis in S0
patients. Int ] Radiat Oncol Biol Phys, 2011, 81(4): 974-978.

Henderson MA, Hoopes DJ, Fletcher JW, et al. A pilot trial of serial
"F-fluorodeoxyglucose positron emission tomography in patients with
medically inoperable stage I non-small-cell lung cancer treated with
hypofractionated stereotactic body radiotherapy. Int J Radiat Oncol Biol
Phys, 2010, 76(3): 789-795.

Matsuo Y, Nakamoto Y, Nagata Y, et al. Characterization of FDG-
PET images after stereotactic body radiation therapy for lung cancer.
Radiother Oncol, 2010, 97(2): 200-204.

Coon D, Gokhale AS, Burton SA, et al. Fractionated stereotactic body
radiation therapy in the treatment of primary, recurrent, and metastatic

lung tumors: the role of positron emission tomography/computed

A ] e R s

www.lungca.org



44

45

46

47

48

56 ¢

r iR 2 20 144E 4 45 174845 410

Chin J Lung Cancer, April 2014, Vol.17, No.4

tomography-based treatment planning. Clin Lung Cancer, 2008, 9(4):
217-221.

Feigenberg S, Yu J, Eade T, et al. FDG PET response by 3 months
following stereotactic body radiotherapy for non-small cell lung cancer
may be an early surrogate of local failure. Int J Radiat Oncol Biol Phys,
2007, 69(3 Suppl): 479-480.

Takeda A, Yokosuka N, Ohashi T, et al. The maximum standardized
uptake value (SUVmax) on FDG-PET is a strong predictor of local
recurrence for localized non-small-cell lung cancer after stereotactic
body radiotherapy (SBRT). Radiother Oncol, 2011, 101(2): 291-297.
Horne ZD, Clump DA, Vargo JA, et al. Pretreatment SUVmax predicts
progression-free survival in early-stage non-small cell lung cancer treated
with stereotactic body radiation therapy. Radiat Oncol, 2014, 9: 41.

Lo SS, Teh BS, Mayr NA, et al. Imaging follow-up after stereotactic
ablative radiotherapy (SABR) for lung tumors. J Radiat Oncol, 2012,
1(1): 11-16.

Marks LB, Bentzen SM, Deasy JO, et al. Radiation dose-volume effects in
the lung. Int ] Radiat Oncol Biol Phys, 2010, 76(3 Suppl): 70-76.

Chang JY, Liu H, Balter P, et al. Clinical outcome and predictors of
survival and pneumonitis after stereotactic ablative radiotherapy for
stage I non-small cell lung cancer. Radiat Oncol, 2012, 7: 152.

Bongers EM, Botticella A, Palma DA, et al. Predictive parameters
of symptomatic radiation pneumonitis following stereotactic or

hypofractionated radiotherapy delivered using volumetric modulated

S1

52

S3

54

SS

arcs. Radiother Oncol, 2013, 109(1): 95-99.

Allibhai Z, Taremi M, Bezjak A, et al. The impact of tumor size on
outcomes after stereotactic body radiation therapy for medically
inoperable early-stage non-small cell lung cancer. Int ] Radiat Oncol Biol
Phys, 2013, 87(5): 1064-1070.

Kohno N, Akiyama M, Kyoizumi S, et al. Detection of soluble tumor-
associated antigens in sera and effusions using novel monoclonal
antibodies, KL-3 and KL-6, against lung adenocarcinoma. Jpn J Clin
Oncol, 1988, 18(3): 203-216.

Hara R, Itami J, Komiyama T, et al. Serum levels of KL-6 for predicting
the occurrence of radiation pneumonitis after stereotactic radiotherapy
for lung tumors. Chest, 2004, 125(1): 340-344.

Iwata H, Shibamoto Y, Baba F, et al. Correlation between the serum
KL-6 level and the grade of radiation pneumonitis after stereotactic body
radiotherapy for stage I lung cancer or small lung metastasis. Radiother
Oncol, 2011, 101(2): 267-270.

Yamashita H, Kobayashi-Shibata S, Terahara A, et al. Prescreening
based on the presence of CT-scan abnormalities and biomarkers (KL-6
and SP-D) may reduce severe radiation pneumonitis after stereotactic

radiotherapy. Radiat Oncol, 2010, 5: 32.

(k. 2014-01-20 {&[1]: 2014-03-06)
(ARCH4E TH)

Cite this article as: Chen L, ZHao YQ, Xu F. Radiation Pneumonitis After Stereotactic Body Radiation
Therapy for Early Stage Non-small Cell Lung Cancer. Zhongguo Fei Ai Za Zhi, 2014, 17(4): 351-356. [
T, BUESE, VP0G I /NI 988 S A 160 RO ATT IS B TS PRI 8. P 2R, 2014,
17(4): 351-356.] doi: 10.3779/j.issn.1009-3419.2014.04.11.

A ] e R s

www.lungca.org





