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Prescreening based on the presence of CT-scan
abnormalities and biomarkers (KL-6 and SP-D) may
reduce severe radiation pneumonitis after
stereotactic radiotherapy

Hideomi Yamashita*, Shino Kobayashi-Shibata, Atsuro Terahara, Kae Okuma, Akihiro Haga, Reiko Wakui, Kuni Ohtomo
and Keiichi Nakagawa

Abstract

Purpose: To determine the risk factors of severe radiation pneumonitis (RP) after stereotactic body radiation therapy
(SBRT) for primary or secondary lung tumors.

Materials and methods: From January 2003 to March 2009, SBRT was performed on 117 patients (32 patients before
2005 and 85 patients after 2006) with lung tumors (primary = 74 patients and metastatic/recurrent = 43 patients) in our
institution. In the current study, the results on cases with severe RP (grades 4-5) were evaluated. Serum Krebs von den
Lungen-6 (KL-6) and serum Surfactant protein-D (SP-D) were used to predict the incidence of RP. A shadow of
interstitial pneumonitis (IP) on the CT image before performing SBRT was also used as an indicator for RP. Since 2006,
patients have been prescreened for biological markers (KL-6 & SP-D) as well as checking for an IP-shadow in CT.

Results: Grades 4-5 RP was observed in nine patients (7.7%) after SBRT and seven of these cases (6.0%) were grade 5 in
our institution. A correlation was found between the incidence of RP and higher serum KL-6 & SP-D levels. IP-shadow in
patient's CT was also found to correlate well with the severe RP. Severe RP was reduced from 18.8% before 2005 to 3.5%
after 2006 (p = 0.042). There was no correlation between the dose volume histogram parameters and these severe RP
patients.

Conclusion: Patients presenting with an IP shadow in the CT and a high value of the serum KL-6 & SP-D before SBRT
treatment developed severe radiation pneumonitis at a high rate. The reduction of RP incidence in patients treated
after 2006 may have been attributed to prescreening of the patients. Therefore, pre-screening before SBRT for an IP
shadow in CT and serum KL-6 & SP-D is recommended in the management and treatment of patients with primary or
secondary lung tumors,

N /

Introduction interstitial pneumonitis or pulmonary fibrosis, (c) severe

Stereotactic body radiation therapy (SBRT) has been
widely used as a safe and effective treatment method for
primary or metastatic lung tumors [1]. According to the
protocol of Japan Clinical Oncology Group (JCOG) 0403
study [2,3], the absolute contraindication to SBRT was
pregnancy. Relative contraindications consisted of (a) a
history of irradiation to the concerned site, (b) severe

* Correspondence: yamashitah-rad@h.u-tokyc.acjp

1 Department of Radiology, University of Tokyo Hospital, Hongo, Bunkyo-ku,
Tokyo, Japan

Full list of author information is available at the end of the article

diabetes or connective tissue disease, and (d) common
use of steroids. However, these complications preclude
other treatment methods in some cases and radiation
therapy becomes the only available treatment. Favorable
initial clinical results, and local control rates around 90%
have been reported [4-10].

Although the mechanisms are not completely under-
stood, it is critical to review the biologic factors involved
in radiation lung damage. Current evidence suggests that
many factors and various lung parenchymal cells contrib-
ute to the pathogenesis of radiation lung damage [11].

" © 2010 Yamashita et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Com-
( B.omed Central mons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.
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The progression of radiation-induced damage is the
result of an early activation of an inflammatory reaction
leading to the expression and maintenance of an elevated
cytokine cascade [12]. Kong et al. [13] concluded that
blood biomarkers such as transforming growth factor
(TGF)-betal, interleukin (IL)-6, krebs von den Lungen-6
(KL-6), surfactant proteins (SP), and IL-1ra could accu-
rately predict radiation-induced lung damage. Serum KL-
6 and SP-D were also evaluated as predictive biomarlers
for radiation pneumonitis (RP) in this study.

For normal tissues, the use of a single dose rather than a
conventional fractionated dose can increase the risk of
complications. However, few cases with severe toxicity
have been reported [14-16]. In the current study, cases of
severe RP (grades 4-5) that received SBRT for lung
tumors in our institution were evaluated. In our previous
report [17], the overall incidence rate of grades 2-5 RP
was 29% (7/25 cases) and three patients (12%) died from
RP from May 2004 to April 2006 at the median follow-up
time of 18 months after completing SBRT. A significant
decrease of the incidence rate of severe RP was observed
for the period entering into 2006. The purpose of this
study was to determine the risk factors of severe RP after
SBRT for primary or secondary lung tumors.

Methods and materials

Subjects

From January 2003 to March 2009, SBRT was performed
on 117 patients with lung tumors in our institution. SBRT
was performed for primary lung cancers in 74 cases (63%)
and for metastatic or recurrent lung tumors in 43 cases
(37%) (Table 1). These consecutive 117 patients were
evaluated retrospectively. There were 98 males and 19
females, and the median age was 72 years (range; 28-84
years). Thirteen patients (11%) had a shadow of intersti-
tial pneumonitis (IP) in the CT before SBRT, 23 patients
(20%) had high serum KL-6 value, and 19 patients (16%)
had high SP-D value. The upper limit of serum KL-6 and

Table 1: Characteristics of the tumor

Subject N (%)

Biopsy proved primary lung cancer 60 51
cT1NOMO 39 33

cT2NOMO 19 16

the others 2 2
Unconfirmed histology (suspected of 14 12

primary lung cancer)

Metastatic or recurrent lung cancer 43 37
Total 117 100

Page 2 0of 9

SP-D was defined as 500.0 U/mL and 110.0 ng/mL,
respectively.

All patients enrolled in this study satisfied the following
eligibility criteria: a) solitary or double lung tumors; b)
tumor diameter < 40 mm; c) no evidence of regional
lymph node metastasis; d) Karnofsky performance status
scale > or = 80%; and e) tumor not located adjacent to
major bronchus, esophagus, spinal cord, or great vessels.
Patients with an active malignant lesion other than lung
were excluded. Therefore, no chemotherapy was com-
bined with SBRT. There were 32 patients (27%) who were
treated before 2005. After 2006, patients with a high risk
for RP who had an obvious IP shadow on CT with a 3-
mm slice before SBRT together with a high value of
serum KL-6 & SP-D were excluded from receiving SBRT.

In the high resolution chest CT, IP shadow was defined
as a mandatory observation beneath the pleura and a
honeycomb lung. IP shadows were graded by their radio-
graphically estimated total lung volume as follows: slight,
less than 10%; moderate, 10-50%; and severe, >50%.

Planning procedure and treatment

The treatment methods which included the definition of
the internal target volume (ITV) were performed accord-
ing to JCOG 0403 phase II protocol [2,3]. The following
gives a brief description of the treatment methods, which
were described in detail in our previous report [17]. SBRT
was performed daily with a central dose of 48 Gy in four
fractions over 4-8 days. Each CT slice was scanned with
an acquisition time of four seconds to include the whole
phase of one respiratory cycle. The axial CT images were
transferred to a 3-dimension RT treatment-planning
machine (Pinnacle3, New Version 7.4i, Philips). Spicula
formation and pleural indentation were included within
the ITV. The mediastinal lymph nodes were not included
from the irradiation field. The setup margin (SM)
between ITV and the planning target volume (PTV) was
5 mm in all directions. There was an additional 5 mm leaf
margin to PTV, according to JCOG0403 protocol, in
order to make the dose distribution within the PTV more
homogeneous. No pairs of parallel opposing fields were
used. The target reference point dose was defined at the
isocenter of the beam. The iso-dose distribution of an
SBRT treatment was shown in Figures 123.

The dose limitation for pulmonary parenchyma was
mean lung dose (MLD) < 18.0 Gy, percentage of total lung
volume receiving greater than or equal to 20 Gy (V20) <
20%, and V15 < 25% according to JCOG0403 protocol.

Radiation method

SBRT was given in at least 8 ports by linear accelerator
(Elekta Synergy System, Elekta Ltd, Crawley, UK) after
the Synergy system was available in our institution from
February 2007. At least eight beams (I-rotation angle was
0 degree only in two beams) were used. CT verification of
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Figure 2 An example of dose distribution of SBRT (Pt. No. 7).
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Figure 3 An example of dose distribution of SBRT (Pt. No. 8).

.

)

the target isocenter was performed before each treatment
session using a kilovoltage-based cone-beam CT (CBCT)
unit in the same room and in a treatment position. The
Linac machine was Elekta Synergy with the cone-beam
CT. The details of the radiation method before 2007 were
described in our previous report [17]. The collapsed cone
(CC) convolution method in Pinnacle3 was used as the
heterogeneous correction method for lung. The breath-
ing suppression was done with a body frame and an
abdominal pressure board (Figure 4).

Definition of RP grading

The toxicity data were collected retrospectively from the
patient files. Basically, the RP grading system used fol-
lowed the Common Terminology Criteria for Adverse
Events (CTCAE) v3.0, and the grades were as follows:
Grade 1, asymptomatic (radiographic findings only);
Grade 2, radiographic findings plus symptomatic and not
interfering with activities of daily living (ADL); Grade 3,
radiographic findings plus symptomatic and interfering
with ADL or O2 indicated; Grade 4, radiographic findings
plus life-threatening (ventilatory support indicated), and
Grade 5, radiographic findings plus death. Patients with
mild pulmonary CT changes after SBRT were categorized
as Grade 1. The radiographic findings common to the 5
grades were (a) shadow distribution just beneath pleura,
(b) honeycomb lung, (c) traction bronchitis/dilation of

small bronchus, (d) ground-glass opacity (GGO), or (e)
infiltrative shadow (consolidation), which was not recog-
nized in the CT before SBRT.

Follow-up
CT exams with 3-mm slices were performed at 2, 4, 6, 9,
12, 15, 18, and 24 months after SBRT for asymptomatic

Figure 4 Body frame and abdominal pressure board.
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Table 2: Characteristics of nine patients with G4-5 of RP
Case sKL-6 SSP-D IPshadow RP Onset  State V20 V40 MLD Stage PTV D95 Location
No. grading time (%) (%) (cGy) (cc) (Gy)
1 950 286 moderate 5 3.0Mo Postop 6.7 2.7 938 \% 26.4 46.29 Lt hilum
erative
582 95 slight 5 20Mo  Fresh 7.6 1.9 568 1A 47.5 45.57 Lt hilum
3 852 136 severe 5 6.0 Mo Postop 11.2 4.6 791 v 1209  45.00 Rt S6
erative
4 1590 NA slight 5 6.0 Mo  Fresh 5.6 1.9 426 1A 294 44.05 Rt S10
5 NA NA () 4 04Mo  Fresh 5.0 15 291 1A 425 4780 Lt S8
6 289 101 slight 5 59Mo  Fresh 7.0 2.0 440 1A 56.5 48.90 Rt S10
7 497 321 (-) 4 40Mo Postop 26 0.9 269 \% 7.7 45.48 Lt S10
erative
8 833 135 slight 5 2.1 Mo Fresh 6.3 23 492 1A 20.9 47.62 Rt S5
883 235 slight 1.0Mo  Fresh 3.7 0.7 288 1B 239 4480 Rt S2
(0-500) (0-110)

Abbreviation ; NA = not available

patients. Additionally, on the same day as CT, serum KL-
6, SP-D, white blood cell (WBC), lactate dehydrogenase
(LDH), C-reactive protein (CRP), and tumor markers
were measured in the blood plus an oxygen saturation
was measured from a fingertip.

Statistical Analysis

The relationship between G4-5 RP and pre-SBRT factors
was compared with the X2 test. The cumulative probabil-
ity of RP was calculated and drawn applying the Kaplan-
Meier algorithms with day of treatment as the starting
point. Subgroups were compared using log-rank statis-
tics. Values of p < 0.05 were considered statistically signif-
icant. Statistical calculations were conducted using
version 5.0 StatView software (SAS Institute, Cary, NC).

Results

The median follow up time for all 117 patients was 14.7
months (range; 0.3-76.2 months). The control rate within
the radiation field was 86.3% (101/117 cases).

RP of grade 4 or higher was observed in nine patients
(7.7%) and the median time of showing symptoms was 4.0
months (range; 0.4-6.0 months) (Table 2). All of these
nine RPs were due to acute exacerbation of IP (Figures
5678910) and steroid pulse therapy combined with an
oral anti-pneumocystis carinii drug was administered to
these patients. Grade 4 RP with intubation was seen in
two cases and the other seven cases were grade 5. Grade 3
RP was seen in two patients during this time period.
Grade 4 or higher RP was noted in six out of 32 patients
(18.8%) before 2005 and in only three out of 85 patients
(3.5%) after 2006 (Figure 11). This difference had a statis-
tical significance (log-rank p = 0.042 and X2 p = 0.018).

Serum KL-6 was determined in 8 of the 9 patients with
grades 4-5 RP and in 95 of the 108 patients with grades 0-
3 RP. Of the 8 patients with grades 4-5 RP, serum KL-6
(U/mL) was elevated in 6 patients (75%) (Table 2). Serum
SP-D was determined in 7 patients with grades 4-5 RP
and in 93 patients with grades 0-3 RP. Of the 7 patients
with grades 4-5 RP, serum SP-D (ng/mL) was evaluated in
5 patients (71%) (Table 2). Additionally, the IP shadow
was seen in seven cases (78%) in the CT before SBRT
within or outside of radiation field. The radiation dose
prescribed was within the protocol in all 117 patients.
The appearance of grades 4-5 RP and serum KL-6 value
(1-year cumulative incidence; 32% vs. 3% and log-rank p
< 0.0001 & X2 p = 0.0002), SP-D value (1-year; 29% vs. 3%
and log-rank p = 0.0001 & X2 p = 0.0002), or IP shadow in
CT before SBRT (1-year; 57% vs. 2% and log-rank p <
( A

Figure 5 CT images before SBRT (Pt. No. 5).
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Figure 6 CT images of radiation pneumonitis after SBRT (Pt. No.
5). The finding was acute exacerbation of IP.

— J

Figure 8 CT images of radiation pneumonitis (acute exacerbation
of IP) after SBRT (Pt. No. 7).

N\ J

0.0001 & X2 p < 0.0001) showed positive correlations
(Table 3).

The risk factors of RP other than serum KL-6, SP-D,
and IP shadow in CT are shown in Table 4. The mean
PTYV for nine patients with severe RP was 29.4 cc (range:
7.7-120.9 cc) and was 42.5 cc (range: 7.5-239.4 cc) of for
the other low-grade RP patients. None of these risk fac-
tors were different for those patients with and without
grades 4-5 RP.

Discussion

This was a retrospective study to evaluate the incidence
rate and risk factors of severe RP after SBRT for primary
(74 patients), metastatic and recurrent (43 patients) lung

Figure 7 CT images before SBRT (Pt. No. 7).

tumors. Grades 4-5 RP were noted in 9 patients (7.7%); IP
shadow in the CT, and high serum KL-6 & SP-D values
before SBRT showed positive correlations with grades 4-5
RP. Seven of the 117cases (6.0%) were of grade 5 in our
institution. After 2006, severe grades 4-5 RP were signifi-
cantly reduced.

According to Borst et al. [15], the crude incidence rate
of grade 2 RP was 10.9% for the SBRT on 128 patients
with malignant pulmonary lesions who were treated with
6-12 Gy per fraction with a median MLD of 6.4 Gy
(range: 1.5-26.5 Gy). According to Rusthoven et al. [16],
grades 2-3 RP was rare, occurring in only one out of 38
patients (2.6%) with one to three lung metastases after
SBRT of 48-60 Gy in 3 fractions. They used the dose con-

A

Figure 9 CT images before SBRT (Pt. No. 8).

— o
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-

Figure 10 CT images of radiation pneumonitis (acute exacerba-

tion of IP) after SBRT (Pt. No. 8).
N J

straint of V15 < 35%. According to Nagata et al. [1], no
severe symptomatic pulmonary complications (NCICTC
Grade 3 or larger) were encountered. Timmerman et al.
[14] reported in 2006 that a SBRT treatment dose of 60-
66 Gy total in three fractions was administered during 1
to 2 weeks for 70 patients with clinically staged T1-
2NOMO (tumor size < or = 7 cm) biopsy-confirmed non-
small cell lung cancer (NSCLC). This resulted in toxicity
of grades 3 to 5 in a total of 14 patients (20%) and grade 5
was seen in four patients (5.7%). Le QT et al. [18]
reported in 2006 that after single-fraction SBRT (15-30
Gy) was performed for 32 patients (21 NSCLC and 11
metastatic tumors), two patients (6%) suffered from RP of
grade 5.

Table 3: Relationship between G4-5 RP and pre-SBRT factors

Page 7 of 9

Moreover, according to Rusthoven et al. [16], patients
were required to have adequate lung function, which was
defined as stable arterial hemoglobin saturation above
90% with minimal exertion, forced expiratory volume
(FEV) of 1.0% higher than the predicted value of 40% or
more than 1 L and carbon monoxide diffusing capacity
(DLCO) higher than the predicted 40% value. In our insti-
tution, the exclusion criteria of SBRT consisted of an FEV
of 1.0% at less than 750 mL, and an obvious IP shadow on
the roentgen examination according to JCOG 0403 pro-
tocol.

RP of grades 4-5 occurred in six out of 32 patients
(18.8%) before 2005 and in only three out of 85 patients
(3.5%) after 2006 (Figure 11). The significant reduction of
severe grades 4-5 RP after 2006 in our institution is
believed to be due to the selection of appropriate
patients. After 2006, patients were excluded from SBRT if
they had an obvious IP shadow on the CT-scan (slice
thickness 3.0 mm), and if serum KL-6 and SP-D levels
were high. All of the severe RP cases in our institution
consisted of acute exacerbation of IP outspreading over
the radiation field. Admittedly, these nine patients with
severe RP represent a small sample. Whether our results
are a coincidence that biomarkers and CT shadows are
indeed significantly different in patients with grades 4-5
toxicity compared to patients without RP awaits confir-
mation in further studies.

KL-6 is the indicator that specificity is high for IP and is
clinically evaluated for the purpose of diagnosing IP. In
addition, KL-6 is important as an index of the activity of
IP because it becomes significantly high for IP with activ-

Pre-SBRT G4-5RP GO-3RP Total X2 test 1-year log-rank
factors cumulative
incidence of
G4-5RP
Serum KL-6
high value 6 17 23 p=0.0002 32% p <0.0001
within normal 78 80 3%
level
not available 1 13 14
Serum SP-D
high value 5 14 19 p=0.0002 29% p=0.0001
within normal 2 79 81 3%
level
not available 2 15 17
IP shadow in
cT
(+) 7 6 13 p <0.0001 57% p <0.0001
() 2 102 104 2%
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Table 4: Risk factors of severe RP
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Patients with G4-5 RP Patients without G4-5 RP p value
Total 9 (8%) 108 (92%)
Patient specific factors
Pulmonary function
VC(L)
mean +/- 5D 3.27 +/- 0.65 2.75+/-0.85 NS.
range 2.76-4.01 1.54-4.07
FEV1.0(L)
mean +/- SD 2.11+/-0.68 1.87 +/- 0.82 N.S.
range 1.59-3.24 0.59-3.24
K-PS (%)
90 5 (56%) 52 (48%) NS,
80 4 (44%) 56 (52%)
Age (y)
mean +/- SD 733 +/-6.8 70.1 +/- 14.1 NS.
range 68-80 24-93
COPD
With 2 (22%) 22 (20%) NS.
Without 8 (78%) 86 (80%)
Treatment specific factors
Size of the PTV {cc)
mean +/- SD 294 4/-33.2 42.5 +/-13.7 N.S.
range 7.7-120.9 7.5-2394
Mean lung dose (Gy)
mean +/- 5D 50+/-23 42+/-1.4 N.S.
range 2794 1.7-7.9
Lung V20 (%)
mean +/- 50 59+/-27 58 +/-2.6 NS
range 2.6-11.2 1.0-11.0
Target location
Central 2 (22%) 17 (16%) N.S.
Peripheral 7 (78%) 91 (84%)

Abbreviation:

COPD = chronic obstructive pulmonary diseases

RP = radiation pneumonitis

G4-5 = grades 4-5

PTV = planning target viume

FEV = Forced expiratory volume
K-PS = Karnofsky Performance status
N.S. = not significant

ity. In the human body, KL-6 does not develop in a type 1
alveolus epithelial cell. However, KL-6 develops in a type
II alveolus epithelial cell, in a bronchial epithelial cell, and
in a bronchus gland cell. The expression of KL-6
increases in the hyperplasia of the type II of alveolus epi-

thelial cell in IP. A small quantity of KL-6 is present in the
liquid coating the alveolus in normal lungs, and its den-
sity increases during hyperplasia of the type II alveolus
epithelial cell for IP. In addition, because inflammation
occurs, blood vessel permeability rises, and KL-6 in the
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Kaplan-Meier method

100
g Log-rank p = 0.042
3 80 HR: 0.19 (95%Cl: 0.047-0.76)
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Figure 11 Cumulative probability curves of severe radiation
pneumonitis of grades 4-5 divided by pre-2005 (old group) and
post-2006 (new group).

alveolus coating liquid shifts easily into the blood. As a
result, KL-6 in the blood rises in the IP. When an injury to
the lung stroma is evaluated, KL-6, SP-A, SP-D, and
MCP-1 are examined. Of these, there is a report that KL-
6 was highest in both sensitivity (93.9%) and specificity
(96.3%) [19]. Furthermore, SP-D levels at 50 to 60 Gy
(midway during radiation therapy) showed greater sensi-
tivity and positive predictive values for RP detection (74%
and 68%, respectively) than SP-A (26% and 21%, respec-
tively) [20].

Conclusion

The frequency of severe RP in our institution has recently
shown a decrease, by prescreening patients for serum
KL-6 and SP-D as biomarkers of severe RP. When SBRT
was performed on patients presenting with an IP shadow
in CT and a high value of serum KL-6 before treatment,
severe radiation pneumonitis occurred at a high rate.
Therefore, pre-screening of patients before SBRT appears
to be a useful strategy in treating lung tumors.
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STEREOTACTIC RADIOTHERAPY OF PRIMARY LUNG CANCER AND OTHER
TARGETS: RESULTS OF CONSULTANT MEETING OF THE INTERNATIONAL ATOMIC
ENERGY AGENCY

YasusHI NAGATA, M.D.,* JOERN WULE, M.D.,Jr INGMAR LAx, PH.D.,i RoBERT TIMMERMAN, M.D.,§
FraNK ZIMMERMANN, M.D.,¥ Icor Storkovski, M.D.,” AND BRANISLAV JEREMIC, M.D.!

*Hiroshima University Hospltal Department of Radiation Oncology, Hiroshima, Japan; fInstitut of Radiation Oncology,
L1ndenhosp1tal Bem, Switzerland; *Division of Oncology and Hospital Physics, Radiumhemmet, Karolinska Umversxty Hospital,
Sweden; Department of Radiation Oncology, The University of Texas Southwestern Medlcal Center, Dallas, USA; Department of
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To evaluate the current status of stereotactic body radiotherapy (SBRT) and identify both advantages and disad-
vantages of its use in developing countries, a meeting composed of consultants of the International Atomic Energy
Agency was held in Vienna in November 2006. Owing to continuous developments in the field, the meeting was
extended by subsequent discussions and correspondence (2007-2010), which led to the summary presented
here. The advantages and disadvantages of SBRT expected to be encountered in developing countries were iden-
tified. The definitions, typical treatment courses, and clinical results were presented. Thereafter, minimal meth-
odology/technology requirements for SBRT were evaluated. Finally, characteristics of SBRT for developing
countries were recommended. Patients for SBRT should be carefully selected, because single high-dose radiother-
apy may cause serious complications in some serial organs at risk. Clinical experiences have been reported in
some populations of lung cancer, lung oligometastases, liver cancer, pancreas cancer, and kidney cancer. Despite
the disadvantages expected to be experienced in developing countries, SBRT using fewer fractions may be useful
in selected patients with various extracranial cancers with favorable outcome and low toxicity. © 2011 Elsevier
Inc.

Stereotactic body radiation therapy, Non-small-cell lung cancer, Lung metastases, Liver cancer, Pancreatic
cancer, Kidney cancer.

INTRODUCTION transportation to the facility (5), social support, accessible
local housing, and noncompliance with treatment. It was
shown (6) that the use of short courses in selected patients
could be cost effective and convenient, especially for pa-
tients coming from remote areas.

Although many countries have not yet established RT
service, others have aging RT services, which are usually re-
stricted to a few centers, mainly concentrated in large urban
areas. RT is affordable for developing countries with large
populations, but some regions with small populations have
not invested in RT (7-10). Emerging new technologies
for cancer treatment, however, are spreading widely, in
both developed and developing countries. One of these,
stereotactic body radiotherapy (SBRT), has been increasingly
used in recent decades.

Cancer is one of the major health concerns worldwide. The
burden of cancer is increasing globally, with 20 million new
cases expected per year in 2020, half of which will be in de-
veloping countries (1). The inability to cope with the grow-
ing economic and societal burden of cancer is emblematic of
the tremendous health disparities reflected in developing
countries, which have only 5% of the global resources spent
on cancer (2-3).

The proportion of cancer patients in developing countries
requesting radiotherapy (RT) is likely higher than in regions
of high income because of the types of cancers and the stages
at which these tumors are diagnosed (4). Moreover, patients
in developing countries are dealing with some issues that are
not common in the developed world. They include patient
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The International Atomic Energy Agency (IAEA) has
a crucial role in both developing new RT facilities and up-
grading existing facilities, including equipment and human
resources in developing countries. By organizing meetings
of experts, the IAEA gathers advice in RT to establish RT fa-
cilities in member states. With such an aim, a meeting of
consultants was held in Vienna in November 2006 to advise
the IAEA on the state of the art of the use of SBRT in primary
lung tumors and other body tumors. This article represents
a summary of that meeting and subsequent (2007-2010)
communication between experts on the recent developments
in SBRT deemed necessary because of the fast developments
in the field.

Stereotactic radiation characteristics

Characteristics attractive to developing nations. Several
characteristics would make SBRT attractive to developing
nations. Shortened treatment time with fewer fractions
than usually used in developing countries would be a major
consideration. This in turn would generally enable im-
proved access to RT treatments in departments worldwide.
In addition, shorter treatment (outpatient or inpatient)
would also be more cost effective for both patients and hos-
pitals. This would be realized by lessening travel from pro-
longed distances to and from hospitals, and secondly for
hospitals having limited inpatient capabilities. Other attrac-
tive characteristics would include improved overall results
such as local control, overall survival, and disease-specific
survival. Lower toxicity, in addition, would also be an im-
portant issue from the standpoint of both better quality of
life and less costly symptomatic care (including frequent
hospitalization in a patient population having a notorious
record of having excessive comorbidities) needed in such
cases.

Obvious barriers to implementation in developing
nations. There may be several barriers for successful imple-
mentation of SBRT of lung cancer in developing countries.
They can be broadly separated into pretreatment and treat-
ment issues, including low incidence in certain regions
such as sub-Saharan Africa. The lack of modern and com-
prehensive diagnostic tools, such as computed tomography
(CT) and positron emission tomography, would largely jeop-
ardize appropriate diagnosis and staging of potential candi-
dates. In addition, the vast majority of patients would fall
into a locally advanced or metastatic category because
of a lack of screening and early detection programs that
may result in identification of suitable cases, i.e., those
having Stage I non-small-cell lung cancer. Of treatment-
dependent obstacles, capital costs for obtaining an immobi-
lization system would be the major issue, assuming that
existing external-beam RT machines (primarily linear accel-
erators) have been properly maintained. Lack of previous ex-
posure and experience with three-dimensional RT, seen as
the logical parent of SBRT, may be an important obstacle.
Barriers to successful implementation of SBRT also include
insufficient staffing, inadequate training of personnel, and

lack of a dedicated team for introducing and implementing
this technique.

CURRENT STATUS OF SBRT DELIVERY IN THE
DEVELOPED WORLD

Historical aspects and early experience

Intracranial stereotactic radiosurgery (SRS) was a novel
treatment method when introduced in the middle of the
20th century, with conceptual parallels to brachytherapy in
regard to the tight spatiotemporal distribution in dose deliv-
ery. The clinical experience with intracranial SRS, together
with the technical developments in conventional RT, initiated
the development of SBRT characterized by a very high dose
per fraction, delivered in a short time. This was started at the
Swedish Karolinska University hospital in 1991 with tumors
in the liver and lungs (11, 12). In parallel the method was
developed in Japan and clinically introduced in 1994 for
lung tumors. During the last 5 years of the 1990s, SBRT
was introduced in several centers in Europe, Japan, and the
United States (13-19). The early reports had already shown
very promising results with regard to local control and
toxicity for the hypofractionation schedules that were
adopted, with 10 to 15 Gy per fraction given in a few
fractions during a short time (15, 20). However, owing to
the new aspects introduced in SBRT, clinical experience
was initially gathered at a very slow rate, and it was only
during the past decade that outcome data from several
centers were available to confirm the initial promising
results.

Experience in primary lung tumors

Many studies with SBRT were conducted around the
world in treating both primary and metastatic cancers within
the lungs because of their high prevalence, the high rates of
cancer-associated deaths, and the desire for more effective
treatments. The experience in treating primary lung cancer
using SBRT has been obtained mainly in patients unfit for
surgical resection (i.e., medically inoperable patients). Fur-
thermore, nearly all reports described outcomes in patients
with Stage I disease, particularly for peripheral tumor loca-
tions. Inasmuch as medically inoperable lung cancer patients
are at risk for death of other causes, survival in these patients
is ultimately compromised. Still, the benefits of SBRT were
demonstrated by dramatically improved rates of local
control.

Local tumor response. The local control rates of primary
Iung cancer with SBRT have been previously reported by
several authors (Table 1): 94 % (47/50) for 50 to 60 Gy in
five fractions with a median follow-up time of 36 months
(21, 23); 92 % (22/24) for 60 Gy in eight fractions with
a median follow-up time of 24 months (22, 24) 87 % (30/
37) for 60 Gy in three fractions with a median follow-up
time of 15 months (19); 85% for 48 to 60 Gy in eight frac-
tions with a median follow-up time of 17 months (25);
95% for 45 to 56.2 Gy in three fractions with a median
follow-up time of 10 months (26); 90% for 30 to 40 Gy in
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Table 1. Local control rates of stereotactic radiotherapy for primary lung cancer

Reference point Local control Median follow-up time

Study Total dose (Gy) Daily dose (Gy)
Uematsu ef al., 2001 (21, 23) 50-60 10
Arimoto et al., 1998 (24) 60 7.5
Timmerman et al., 2003 (19) 60 20
Onimaru ef al., 2003 (25) 48-60 6-7.5
Walf et al., 2004 (26) 45-56.2 15-15.4
Nagata er al., 2005 (28) 48 12
Lee et al., 2003 (27) 3040 10
Fakiris et al., 2009 (29) 60-66 20-23
Baumann et al., 2009 (30) 45 15
Timmerman ef al., 2010 (31) 60 20

80% margin 94%(47/50) 36 months
Isocenter 92%(22/24) 24 months
80% margin 87%(30/37) 15 months
Isocenter 80%(20/25) 17 months
80% margin 95%(19/20) 10 months
Isocenter 97%(44/45) 30 months
90% margin 90%(8/9) 21 months
80% margin 88%(70) 50 months
67% margin 929%(57) 35 months
80% margin 98%(54/55) 36 months

four fractions with a median follow-up time of 21 months
(27); 97% (44/45) for 48 Gy in four fractions with a median
follow-up time of 22-30 months (28); 88% for 60 to 66 Gy in
three fractions with a median follow-up time of 50 months
(29); and 92% for 45 Gy in three fractions with a median
follow-up time of 35 months (30). The Radiation Therapy
Oncology Group (RTOG) 0236 demonstrated a very good
3-year local control rate that was as high as 98% (31).
Even though the definition of local control is different be-
tween each trial, a biologic effective dose (BED) larger
than 100 Gy may be effective for SBRT of solitary lung can-
cers with a local control rate above 85%.

Survival. In a series of Stage IA disease (TINOMO), the
l-year and 5-year local relapse-free survival rates were
100% and 95%. The disease-free survival rates after 1, 3,
and 5 years were 80%, 72%, and 72%, respectively, and
the overall survival rates were 93%, 83%, and 83%, respec-
tively. In the Stage IB (T2NOMO) series of Nagata et al. (28),
local relapse-free survival rates were 100%. The disease-free
survival after 1, 3, and 5 years were 92%, 71%, and 71%, re-
spectively, and the overall survival rates were 82%, 72$, and
72%, respectively. Onishi ez al. (32) reported the results for
13 institutions in Japan, which summarized 245 patients:
155 with Stage IA lung cancer and 90 with Stage IB lung
cancer. There were 87 operable and 158 inoperable patients,
and their results showed that the intercurrent death rate was
especially high in the inoperable patient group. Moreover,
the 5-year survival rates of operable patients irradiated
with more than BED = 100 Gy were 90% for Stage IA and
84% for Stage IB disease, and their clinical results were as
good as those obtained by surgery.

Toxicities. The great concern of pulmonary toxicity with
SBRT treatment was moderated by the very low rates of
complications in early studies. Most pulmonary complica-
tions are less than Grade 2 according to the National Cancer
Institute Common Terminology Criteria version 2.0. It is not
uncommon for patients to experience rib fracture or chest
wall pain months after SBRT, especially if tumors adjacent
to the chest wall have been treated. Some of these patients,
but not all, will have pleural effusions associated with the
chest wall pain. The problem seems mostly to be self limited,
and conservative management with over-the-counter analge-
sics or anti-inflammatory medicines is typically effective.

However, a few serious complications have recently been
reported by several institutions in Japan (33). These include
Grade 5 pulmonary complications, radiation pneumonitis,
hemoptysis, and radiation esophagitis. Most cases of Grade
5 radiation pneumonitis were accompanied with interstitial
pneumonitis.

Another concern of toxicity was the effects on the central
bronchus, pulmonary artery, esophagus, heart, and spinal
cord, for which a hypofractionated dose had not been fol-
lowed up for a sufficiently long time. Lethal pulmonary
bleeding and esophageal ulcer have been previously re-
ported (33). Timmerman et al. also reported a series of com-
plications with SBRT (34). Chang et al. reported on safely
treating central tumors considering dose constraints with
the SBRT technique (35). Nonetheless, central tumors adja-
cent to mediastinal organs should be carefully considered
(36). Toxicities as reported in several articles are shown in
Table 2.

The most important issue is to maintain the dose con-
straints of organs at risk (OAR) to avoid serious complica-
tions. The dose constraints of the OAR, including the
spinal cord, pulmonary artery, bronchus, and heart under
the Japan Clinical Oncology Group (JCOG) 0403 protocol,
are shown in Table 3. The RTOG has enacted normal tissue

Table 2. Clinical toxicities after stereotactic radiotherapy
for primary lung cancer

Lung Lung
Number =Grade Grade Other
Study of cases 3 5 Grade 5
Uematsu et al., 50 0% 0%
2001 (23)
Arimoto et al., 24 NA 0%
1998 (24)
Lee et al., 2003 (27) 28 0 0%
Onimaru ef al., 45 2% 0% Esophagus
2003 (25)
Wulf et al., 2004 (26) 61 0 0%
Nagata et al., 45 0 0
2005 (28)
Timmerman et al., 70 20% 9%  Hemoptysis,
2006 (34) pericarditis
J-CERG, 2009 (33) 2,106 NA 0.6%  Esophagus,
hemoptysis
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Table 3. Dose and volume constraints for organs at risk in
stereotactic body radiotherapy of lung tumors according to
Japan Clinical Oncology Group 0403

Organ Dose  Volume Dose Volume
Lung 400Gy =100cc MLD =18 cc
Vis =25% Vo =20%
Spinal cord 25 Gy Maximum
Esophagus 40 Gy =lcc 35Gy =10cc
Pulmonary artery 40 Gy =lcc 35Gy =10cc
Stomach 36 Gy =10cc 30Gy =100cc
Intestine 36 Gy =10cc 30Gy =100cc
Trachea, main bronchus 40 Gy =10 cc
Other organs 48 Gy =lcc 40Gy =10cc

Abbreviation: MLD = Mean Lung Dose, Other organs do not
include chest wall & liver.

constraints for RTOG 0618 treating operable patients with
early-stage primary lung cancer (Table 4).

Clinical trials. Prospective Phase II testing of SBRT in
operable patients is currently ongoing in Japan (JCOG
0403) and the United States (RTOG protocol 0618). In med-
ically inoperable patient groups, a Nordic multi-institutional
consortium is comparing three-fraction SBRT to conven-
tional RT in an ongoing randomized Phase II study. The
RTOG has finished a Phase II study of three-fraction
SBRT for peripheral tumors and is planning a Phase I study
with five fractions in patients with central tumors. Finally,
the JCOG is finishing a Phase II study using a four-
fraction treatment for peripheral tumors and is starting
a Phase II study using a higher dose specifically for T2
tumors as JCOG 0701.

Experience in metastatic lung tumors

The experience in treating lung metastasis has been
mostly with oligometastases. In contrast to patients with pri-
mary lung cancer, patients with metastases do not inherently
have poor pulmonary function secondary to tobacco abuse.
As such, the toxic effects of treatment would not be expected
to be identical between these differing populations. In addi-

Table 4. Dose constraints for normal tissue related to
steepness of dose gradients from target according to
Radiation Therapy Oncology Group 0618 for stereotactic
body radiotherapy in operable patients with lung cancer

Organ Volume Dose (cGy)
Spinal cord Any point 18 Gy (6 Gy/fraction)
Esophagus Any point 27 Gy (9 Gy/fraction)
Ipsilateral brachial Any point 24 Gy (8 Gy/fraction)
plexus
Heart/pericardium Any point 30 Gy (10 Gy/fraction)
Trachea and ipsilateral  Any point 30 Gy (10 Gy/fraction)
bronchus

Whole lung (right & left) Voo Less than 5-10% of
total lung volume

Skin Any point 24 Gy (8 Gy per fraction)

tion, there is increasing evidence that it may be more difficult
to attain local control in metastatic tumors than in primary
lung cancer. This would argue for a higher treatment dose
(controlled for tumor volume) for metastatic tumors than
for primary presentations. Unfortunately, the results of treat-
ing lung metastases were frequently included in the reports
of patients treated with primary lung cancers, making inter-
pretations of the results more difficult (20, 37-39). Recently
a few articles were published that focused on lung
metastases (40, 41). Still, SBRT has a relatively high rate
of local control per lesion, making it an effective treatment
for selected patients with oligometastases.

Experience in liver tumors

Treatment of liver tumors is the second highest indicator
for SBRT. Surgical data have shown that local treatment of
liver tumors—mostly hepatocellular carcinoma and metas-
tases—can be curative in up to 25-30% of patients if patient
selection is appropriate (42). Nevertheless a significant pro-
portion of patients will not be suitable for surgery because of
age, medical comorbidity, or intrahepatic localization of the
tumor (bilobar, adjacent to large vessels/portal structures).
For these cases, SBRT is completely noninvasive and com-
pares favorably with actuarial local control rates of at
least 80% after 2 years (16, 20, 43, 44). Acute toxicity is
mild. Clinically relevant subacute or late toxicities are not
reported, if OAR have been kept out of the high dose area.
Nevertheless, local control is dependent on dose, with
recurrences occurring even after years, (e.g., with single
doses below 26 Gy/isocenter or 3 x 10 Gy/planning target
volume [PTV] enclosing 65% isodose) (45, 46). By
contrast, some authors have shown that significantly higher
doses can be applied safely, such as single doses above 30
Gyfisocenter or 3 x 20 Gy/PTV enclosing 80% isodose, if
the normal tissue dose constraints are respected (46—49).

Experience in retroperitoneal (pancreas and kidney)
tumors

Abdominal retroperitoneal tumors pose a difficult chal-
lenge in view of their proximity to the poorly tolerant bowel.
In the case of pancreas tumors, trials have shown conflicting
results about the benefit of therapy. Although Hoyer et al. in-
dicated little benefit and increased toxicity in patients treated
with 45 Gy in three fractions (50), Koong et al. used a single
dose ranging from 15 to 25 Gy and were able to control tu-
mors in most patients with acceptable toxicity (51, 52).

Although renal cancers are thought to be radioresistant
when treated with conventional fractionation schedules,
Wersaell et al. found extremely high rates of local control
with a three- to four-fraction SBRT regimen (53). These re-
sults concurred with the high local control rates observed
when SRS with a large dose per fraction was used to treat
brain metastases of the same histology.

Biology of dose delivery to tumor and normal tissues
Unlike normofractionated RT, the biologic purpose of
SRT is for lethal rather than sublethal cell damage in the
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high-dose area without repair. Additionally, because of the
short overall treatment time (single dose, hypofractionation
within 1 to 3 weeks), avoiding the repopulation of tumor
cells is another advantage. On the other hand, the presump-
tion is that reoxygenation and redistribution of cells in the
cell cycle will not occur with the prescribed dose. The
OAR are prevented from serious damage by sparing these
tissues from the high-dose area.

Besides dose escalation trials for lung and liver tumors (47,
49), prospective institutional-based reports on the clinical re-
sults of SBRT have been published. Unfortunately, compari-
son of these results is difficult because different dose
fractionation schedules have been used, and there is lack of
uniformity in normalization and prescribed doses. To over-
come this problem, some authors used the BED based on
the formula BED (Gy) = dose/fraction x fraction number
(1 + fraction dose / /@ using an o/ of 10 Gy for tumor
tissue (54, 55). They found a BED of about 100 Gy to be
appropriate to achieve a tumor control probability of about
90% for lung tumors. Because it has not been proved that
the LQ (linear quadratic) model will be reliable at such
high fraction doses, other radiobiologic models might be
better suited to predict the effect of SBRT, including
modifications of the multitarget model (56).

MINIMUM METHODOLOGY/TECHNOLOGY
REQUIREMENTS

Imaging for planning

Imaging for treatment planning is usually based on CT
data, whereas magnetic resonance imaging or positron
emission tomography can assist this purpose. Before defi-
nite scanning, potential breathing mobility has to be evalu-
ated. Depending on the method used to decrease breathing
mobility, the amount of motion should be analyzed (it
has to be performed to determine the appropriate margins
for PTV definition). This can be done by either four-
dimensional CT, multislice CT, dynamic scans (repeated
scans at the same couch position), or evaluation of the target
position during maximum inspiration and expiration. Al-
though this approach is based on slices, which show the
scanned tumor position in a very short (<1 second) time,
resulting in a sharp image, the target can also be scanned
by slow CT. With this technique the tumor is scanned
very slowly (e.g., scan time for a slice of 3 seconds). The
image shows a blurred shape of the target, including and de-
pending on internal motion (57), which represents the orbit
of the moving target. This technique might have advantages,
especially when cone-beam CT is used for target verifica-
tion before irradiation, because the slow scan time (about
1 minute) will cause the shape of the target to also seem
blurred (58).

Planning processes

Clinical experience from SBRT has indicated that geo-
metric errors (of a magnitude that is not too uncommon in
RT) may lead to more severe consequences than errors in
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dose delivery. Thus, if priorities need to be determined, geo-
metric aspects should be emphasized more than dose aspects
in the planning and delivery processes of SBRT.

Treatment planning in SBRT is done on commercial treat-
ment planning systems, which are also used for RT planning
in general. The CT data must account for the different den-
sities in the body for the dose calculation. For dose calcula-
tion of tumors in the lungs, pencil beam algorithms have
a limited accuracy but are acceptable for use (59). Point ker-
nel-based superposition/convolution algorithms give a more
accurate estimate of the dose to the tumor and surrounding
lung tissue (60). The error in the dose calculation for tumors
in the lungs is reduced if the photon energy is restricted
a maximum of 6 MV. Small field sizes are often used in
SBRT because of the small size of the PTV. Thus, accurate
beam modeling is important (both profiles and depth doses)
for field sizes down to 3 cm x 3 cm, preferably down to 2 cm
X 2 cm. Image registration tools for the geometric verifica-
tion process, dose—volume histogram calculation tools, and
tools (for example rulers) to calculate the position of the iso-
center in the reference system defined by the fiducials must
be included.

Radiation beam delivery equipment

Clinical experience with SBRT stems primarily from the
use of conventional linear accelerators, and to a lesser extent
from more specialized accelerators, but not from the use of
conventional cobalt units. The latter is not recommended
for SBRT because of the lack of clinical experience and
the inferior physical characteristics of the beams.

The following recommendations are given for the linear
accelerator for SBRT: Photon energies of 6 MV (or close
to that) for tumors in the lungs. For tumors below the dia-
phragm (not passing through lung tissue), 6 to 20 MV. It is
important to keep the treatment time reasonably short, pref-
erably in the range of half an hour per target, as a maximum.
The reason is mainly to avoid geometric errors from patient
motion during a very long treatment time, but also to some
extent to avoid a possible dose-rate effect. The following as-
pects are related to a short treatment time. A multileaf colli-
mator (leaf width maximum 1 cm) should preferably be used
to shape the beams, but customized blocks may be accept-
able. The preferred dose rate should be at least 400 MU/
min, but at least 250 MU/min can be acceptable Motorized
wedges should preferably be used, but manual wedges
may be acceptable. The size of the mechanical isocenter
sphere should be within 1 mm in radius. Equipment (e.g., la-
sers, video cameras, X-ray sources) in the treatment room
used for setup should be accurately adjusted to the isocenter.
The deviation of the actual isocenter point from the planned
one should be aimed to be within 1 mm in the reference sys-
tem defined by the fiducials (Figure). The mechanical sag on
the treatment couch with the patient in treatment position
and CT couch must be checked, and should be of the same
order. This is of primary importance for targets extended
in the cranial-caudal direction.
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Fig. Patient treatment in the stereotactic body frame (ELEKTA
Instr.). The correct isocenter position of the target and adequate sup-
pression of breathing mobility by increased abdominal pressure is
proved on the treatment couch by a mobile computed tomography
device with gantry movements (Tomoscan M, Philips, Inc.).

Immobilization

Immobilization of the patient should be comfortable and
also rigid to avoid intrafractional motions to ensure accurate
repositioning of the patient between treatment planning and
irradiation sessions. Both goals are usually achieved by
tightly moulded vacuum pillows, which are attached to a ste-
reotactic frame (e.g. SBF) or are used frameless (e.g., Body-
Fix). Specific attention should be directed to providing
comfortable support for the arms and legs/knees, because
they are most prone to become uncomfortable during
a long treatment procedure (verification and irradiation
might last up to 60 min).

Geometric verification

Geometric verification is a very important issue for SBRT
because its single dose is usually more than 10 Gy and there-
fore constitutes 20-33% of the whole dose. A single
misalignment will result in local failure or severe complica-
tion. The most simple verification method widely accepted is
an anterior—posterior portal film taken before each session to
compare with DRR (Digitally reconstructed radiographs) to
check bony anatomy. EPID (Electronic portal imaging de-
vice) images can be used alternatively, but the sensitivity to
detect setup error may be inferior to portal film. A more use-
ful method is using the CT on rails. It is possible for CT im-
ages taken before and after SBRT to detect not only
intertreatment setup error but intratreatment setup error. Re-
cently, a couple of image-guided RT machines have been de-
veloped. With either the on-board or the in-room imaging
apparatus, the position of a patient can be confirmed before
every treatment day.

Target volumes and margins
Ideally, both gross tumor volume (GTV) and clinical target
volume (CTV) should be geometrically defined in an unam-

biguous way in the reference system used. In clinical prac-
tice, however, there will always be some degree of
breathing motion during imaging (even with gating there
will be a residual motion) and differences in tumor position
during imaging and treatment. ICRU 62 defines an internal
margin (IM) and an internal target volume (ITV) for the phys-
iologic movements and variations of the CTV during therapy.
One way to get an estimate of the IM is to do the imaging dur-
ing several breathing cycles (see Imaging for Planning,
above). In the clinical practice of SBRT, ITV is not always de-
fined explicitly, but PTV is usually drawn with standard mar-
gins to a CTV that has been defined by normal dose-planning
imaging. The standard margins are determined from geomet-
ric verification imaging of patient cohorts and basically are
valid only for the use of a particular set of conditions like
patient fixation and breathing reduction, and also choice of
reference system and method for setup and geometric verifi-
cation. However, owing to similar geometric requirements
using different methods for SBRT, a relatively narrow range
of margins between CTVand PTVis currently used in clinical
practice. With the immobilization equipment and methods
for reduction of the target motion described in this report,
the longitudinal margin is generally 10 mm. In the transverse
plane, margins are usually 5 mm and up to 10 mm. Table 5
shows the margins used at different centers (16,18,19,
32,36,44,48-50,65,66).

Training requirements

The process of SBRT differs greatly from general RT in
method and, more importantly, regarding patient selection,
dose prescription/fractionation, target definition, and as
a consequence toxicity patterns. Thus, training in SBRT is
of major importance, and the following recommendations
have been made: General methods for SBRT should be stud-
ied by RO (Radiation oncologist), medical physicist (MP),
and radiation therapy technologist (RTT); patient selection
criteria by RO; patient immobilization and accounting for in-
ternal organ motions by MP and RTT; imaging acquisition
technique by MP and RTT; target definitions by RO; dose
planning by MP; dose prescription by RO and MP; geomet-
ric verification by MP and RTT; treatment by RTT; toxicity
patterns by RO; and follow-up by RO.

Personal experience is important not only in patient selec-
tion but also in proper use of the equipment, target definition,
three-dimensional treatment planning, and follow-up of pa-
tients. Some vendors offer practical teaching courses with
experienced faculty after the purchase of SBRT equipment.

QUALITY ASSURANCE REQUIREMENTS

General recommendations on quality assurance (QA) in
RT also apply to SBRT. QA recommendations focused on
SBRT have also been published (61), as have practice guide-
lines for the performance of SBRT (62). However, some as-
pects of QA that are of particular importance for SBRT are
given below.
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