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SUMMARY

Stereotactic body radiotherapy (SBRT) is the standard treatment for early-stage inoperable non-small
cell lung cancer. SBRT achieves a high local control rate (74-100%), preserves the quality of life, and the
treatment is of low-toxicity. Different fractionation regimens are used, depending on the localization and
size of the tumor, the proximity of the organs at risk, and the general condition of the patient.

The radiobiology behind SBRT is largely unknown, precisely defined radiation doses and the number
of fractions are still a matter of debate. Numerous studies are ongoing regarding the standardization of

SBRT in lung cancer treatment.
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INTRODUCTION

Stereotactic body radiotherapy (SBRT) is
a technique of external beam radiotherapy
that accurately delivers a high dose of radia-
tion to an extracranial target in a single or
few fractions. Developed in the early 1990s,
SBRT has been further adapted and improved
and is currently an important component of
modern radiotherapy. Nowadays, SBRT rep-
resents the standard treatment for patients
with early-stage (TNM classification: T1-T2,
NO, M0) inoperable, non-small cell lung can-
cer (NSCLC), with a high local control rate
(74-100%), preserved quality of life, and low
treatment toxicity [1, 2].

INDICATIONS AND PATIENT SELECTION

Early-stage NSCLC is traditionally managed by
lobectomy and systematic hilar and mediastinal
lymph node dissection. Overall survival is 60—
92% five years after lobectomy, which makes
early-stage NSCLC a curable disease. However,
a significant number of patients present as
medically inoperable and thus approached with
atypical lung resections, radical radiotherapy
(60-66Gy), or best supportive care [2].
Randomized trials that compared the results
of operative treatment to SBRT found no dif-
ference in the three-year survival rate (91% in
both arms), while three-year local control was
80% after SBRT and 88% after lobectomy [3].
The ongoing “Patients with operable stage i
non-small cell lung cancer” study aims to de-
termine whether the SBRT with a precisely de-
fined dose and delivery technique can be more

effective than the surgery. The results of this
study are expected in 2026 [4].

According to the ESTRO/ACROP consen-
sus in 2017, candidates for SBRT should have
histopathologically confirmed NSCLC, stage I
(T1-T2, NO, MO0), primary tumor of maximum
size up to 5 cm, at least 2 cm away from the
main bronchus Eastern Cooperative Oncology
Group performance status < 3 and minimal life
expectancy of one year. There are no absolute
contraindications in terms of age, Charlson
Comorbidity Index, chronic obstructive pul-
monary disease, and pre-treatment pulmonary
function [5].

Localization of the tumor within the lung
parenchyma is crucial in making treatment
decisions. Centrally localized lung tumors,
defined by the Radiotherapy and Oncology
Group (RTOG) as lesions located < 2 cm from
the proximal tracheobronchial tree (PBT)
represent a challenge both for SBRT and the
surgical treatment [6]. The implementation
of SBRT in this localization is still a matter of
debate since it is associated with an increased
risk of developing severe radiotherapy-related
toxicity (namely esophagitis and bleeding) [7].
Wau [8] indicates that the application of SBRT
in tumors localized 2 cm from the proximal
bronchial tree is a “no-fly zone” due to high
toxicity, and that conventionally fractionated
radiotherapy should be the treatment of choice.

Tumors of ultra-central location are de-
fined as tumors located < 1 cm from the PBT.
These patients are at a particularly high risk of
developing severe toxicity (= grade 3 accord-
ing to the National Cancer Institute-Common
Terminology Criteria for Adverse Events).
A prospective phase II Nordic study in 2021



Stereotactic radiotherapy for lung cancer treatment

established a cut-off at a distance of 1 cm from the PBT.
The SBRT for (ultra) central tumors > 1 cm from the PTB
is associated with an acceptable risk of toxicity (grade 1-2),
while in tumors < 1 cm away from the PBT it is unaccept-
able (= grade 3) [9, 10].

Therefore, in everyday practice, the patients are assessed
multidisciplinary on a “case to case” basis.

SBRT treatment planning

Most of the modern radiotherapy centers are equipped
with the necessary devices for the application of SBRT,
making it widely adopted. Only four-dimensional com-
puted tomography (4DCT), standard linear accelerator
with image guidance and high-resolution multi-lamellar
collimator < 10 mm are mandatory. All other equipment
is optional [5].

To adequately plan and perform SBRT of lung tumors,
the positioning, and immobilization of the patient is ex-
tremely important. A “wing board” immobilization de-
vice with arms overhead is used as standard, while other
SBRT-specific immobilization devices are optional and
institution-based.

Treatment planning computed tomography (CT) of the
thorax is performed thereafter, with the previous assess-
ment of the patient’s respiratory function and the possi-
bility of applying respiration control procedures (such as
deep inspiration breath hold). Accordingly, the treatment
planning CT is made during free breathing or in a certain
phase of respiration (respiratory gating).

For treatment planning, 4DCT is recommended, from
the lung apex to the second lumbar vertebra, with 2-3 mm
thickness.

Delineation of target volumes is based on International
Commission on Radiation Units and Measurements
(ICRU) 62 and ICRU 83 recommendations [11].

The tumor volume - gross tumor volume (GTV) is de-
lineated on each CT slice, in the CT lung window, usually
without a margin for the potential microscopic spread of
the disease (clinical target volume). In GTV delineation,
treatment planning PET/CT fusion is recommended.

After GTV delineation, planning target volume (PTV)
is added for set-up errors. Defining PTV depends on the
treatment planning CT. If 4DCT is used, it is necessary
to delineate the internal target volume that corresponds
to the position of the target (tumor) during respiration.
The PTV is created usually by adding a margin of 5 mm
to the internal target volume in all directions [12]. If the
patient is scanned while breathing freely and/or with stan-
dard three-dimensional computed tomography, the PTV
is formed by adding a margin to the GT'V of 10 mm in all
directions (Figure 1).

Organs at risk (OAR) include the trachea, main bronchi,
the esophagus, aorta, heart, spinal cord, both lungs and
chest wall.

Intensity Modulated Radiotherapy is the most common-
ly used technique for lung SBRT, using multiple coplanar
fields, with 6-10 MV photons. Since 2011, Volumetric,
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Modulated Arc Radiotherapy became the preferred tech-
nique (Figure 2).

Before carrying out each radiation fraction, it is manda-
tory to check the patient and tumor position with cone beam
CT, and, if necessary, correct the positioning (Figure 3).

Figure 1. Target volume delineation and organs at risk (Institute for
Oncology and Radiology of Serbia)

Figure 2. Volumetric modulated arc radiotherapy for lung cancer ste-
reotactic body radiotherapy (Institute for Oncology and Radiology
of Serbia)

Figure 3. Cone beam computed tomography (Institute for Oncology
and Radiology of Serbia)
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SBRT TREATMENT DOSE

The application of a high radiation dose with each SBRT
fraction leads to a high biologically effective dose (BED),
and establishes SBRT as a biologically more potent method
than the conventional fractionation regimen.

The radiobiology behind SBRT is largely unknown, so
the tumor dose and the number of fractions are still a mat-
ter of discussion. The administered dose is risk-adapted
and depends on the localization of the tumor within the
lung, the proximity of the OAR, tumor volume, and pa-
tient’s characteristics. Different fractionation regimens
are used in practice, but it is recommended BED to be
=100 Gy [13]. In 2019, the Anderson Cancer Center pub-
lished the results of a retrospective study that high BED
(> 130 Gy) was associated with longer survival compared
to lower BED (100-129 Gy) suggesting the importance
of a total dose rather than a fractionation regimen [14].

In the RTOG 0915 trial, two fractionation regimens
(34 Gy in one fraction vs. 48 Gy in four fractions, prescrip-
tion isodose > 60% to < 90%) were compared in patients
with peripherally localized tumors. There was no significant
difference in the local control, occurrence of late toxicity, and
survival between the two regimens [15]. For peripherally
localized tumors that are in direct contact with the thoracic
wall, Nagata et al. [16] proposed two fractionation regimens:
45 Gy in three fractions and 48 Gy in four fractions.

The RTOG 0813 trial was designed to determine the
maximum tolerated dose for centrally localized tumors.
The maximum tolerated dose was 12 Gy in five frac-
tions, with a local control of 89.4% [17]. According to
the GOECP/SEOR radiotherapy guideline and evidence
published so far, a safe dose for centrally located tumors
is 50-60 Gy in five fractions, but an 8 x 7.5 Gy regimen
can be considered [18].

Ultra-centrally localized tumors represent a special
challenge for performing SBRT. HILUS trial in 2022
showed that the fractionation regimen of 8 x 7 Gy for
tumors localized < 1 cm from PBT is unacceptable due
to the resulting toxicity [9, 10]. However, the delineation,
treatment planning, and dose delivery vary throughout
studies. The novel results of the phase I SUNSET trial in
2024 suggest that a dose of 60 Gy in eight fractions (pre-
cisely planned and delivered) can be considered safe [19].

TREATMENT TOXICITY

The development of acute and late toxicity after lung tu-
mor SBRT is individual, and depends on multiple factors
such as patient age, comorbidities, tumor localization in
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CTepeoTaKcHMuHa paguoTepanuja y neyery KapumHoma nayha — caspemeHe

moryhHocTu

bojaHa Monapuh-banhyp', bpaHkuua Munowesuh-Mapaunh', AnekcaHgap CrenaHoBuh'? MapuHa HukutoBih'2,

TaTjaHa ApceHunjeBuh'?

"MHcTuTyT 33 oHKonorujy 1 paguonorujy Cpbuje, beorpag, Cpbuja;
2YHuBep3uTeT y beorpagy, MegnumHckn dakynter, beorpag, Cpbuja

CAMXETAK

CTepeoTakcnyHa paguoTtepanuja npeAcTaBiba CTaHAAPAHN
TPETMaH Yy Jleyetby paHor CTagunjyma, MUHONepPabuaHOT, HeCUTHO-
henujckor kapumHoma nnyha. MocTuxe BUCOKY CTOMY JIOKanHe
KoHTpose 6onectu (74-100%), y3 ouyBaH KBanuTET XMBOTa 1
NPUXBaT/bNBY TOKCUYHOCT. Y KJIMHWYKO]j MPaKCy Kopucre ce
PasnMunTU PeXrMM GpPakLMOHNCarba Y 3aBUCHOCTY Of JIOKa-
nu3auuje 1 BenuyriHe Tymopa, 6an3nHe pr3nyHMX opraHa 1
orwiTer cTarba 60necHyKa.
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Papmo6uronoruja ctepeoTakcyHe pagmoTepanuije je jow yBek
He[0BOJbHO MO3HaTa, Tako Aa Cy nNpeumn3Ho gedrHrcaHe fo3e
3payerba 1 6poj dpakuuja 1 farbe NpegmeT pacnpase. Y TOKY
cy 6pojHe cTyauje cTaHAapAM3aLyje CTepeoTakcMyHe paauro-
Tepanuje y neyerby KapuyuHoma nnyha.

KrbyuHe peun: cTepeoTakcmyHa paguoTepanuja; KapLyHoM
nnyha; paHu ctagujym
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