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Stereotactic body radiation therapy
in early stage non-small cell lung
cancer: A brief primer for the
multidisciplinary tumor board

Andrew Kenhedy, MD; Susun Gurwood, MD; Allison Grow, MD, PhD; Ryun Lipscomib, MS

ile the gold standard for
curative treatment of stage
I non-small cell lung cancer

(NSCLC) is lobectomy,'? year-over-
year increased use of stereotactic body
radiation therapy (SBRT), also known
as stereotactic ablative radiation ther-
apy (SABR), is growing exponen-
tially.?> During multidisciplinary tumor
board discussions regarding prospec-
tive management of stage I NSCLC
patients, a knowledge gap is often
realized. Relatively new techniques
(over the last 10 years) of SBRT and
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interventional pulmonology (IP) have
advanced rapidly into the mainstream
practice and affect the time interval to
treatment. These techniques involve a
higher complexity, cost and number of
experts required for success compared
to standard conformal radiation ther-
apy for NSCLC. This report attempts
to provide, in brief fashion, key infor-
mation that may foster a deeper under-
standing and appreciation for patient
selection, workup, behind-the-scenes
critical quality assurance tasks, and
clinical pearls for stereotactic radiation
therapy for lung cancer.

Patient Selection

Recent evidence-based guidelines
from the American Society for Radi-
ation Oncology (ASTRO), American
Society of Clinical Oncology (ASCO),
and European Society for Radiother-
apy and Oncology (ESTRO) provide
excellent information on a variety of
challenging topics in choosing which
patients to offer SBRT.*® The classic
candidate for lung SBRT given with
curative intent is medically inoperable,
has a peripheral tumor < 5 cm in diam-
eter, Eastern Cooperative Oncology

Group (ECOG) performance status
> 2, and a life expectancy of at least 2
years with respect to comorbidities.>’"1
Central tumors, tumors > 5 c¢cm, and
those near the chest wall will be further
discussed below. Consultations with
pulmonology and thoracic surgery are
important to establish whether a patient
is medically inoperable. Pulmonary
function testing should be completed
prior to intervention, and a split-func-
tion lung scan may be helpful in border-
line candidates for lobectomy. In the era
of minimally invasive thoracic surgery,
some surgeons may offer video-assisted
thoracoscopic surgery (VATS) wedge
resection to patients who are borderline
medically inoperable. In this setting, it
is important for patients to understand
that the data are evolving, and ongoing
clinical trials will help establish efficacy
of one approach over another.'!

SBRT is appropriate for patients with
biopsy-proven T1/T2, NOMO non-small
cell carcinomas. Ideally, patients will be
thoroughly evaluated with computed to-
mography (CT) and positron emission
tomography (PET)-CT for staging, aug-
mented by IP sampling of suspicious
hilar/mediastinal nodes.
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Oxygen dependence and very poor
pulmonary function tests (PFTs) need
not contraindicate SBRT in and of
themselves, as long as the patient meets
criteria for performance status and life
expectancy. We typically do not offer
treatment for such patients who have re-
quired two or more hospitalizations for
chronic obstructive pulmonary disease
(COPD)-related issues in the past year.
In treating such a patient, we often set
tighter constraints on lung parenchymal
dose (addressed below).

SBRT is generally not appropriate for
patients with transmural invasion into
airways or the esophagus, even for small
tumors; endoscopy may be required to
rule it out when imaging is equivocal.

Pathologic confirmation of malig-
nancy should be sought; in a few cases,
this may be technically infeasible for
reasons such as a high risk for pneumo-
thorax or inaccessibility to both percu-
taneous and bronchoscopic approaches
(eg, some apical tumors). In this set-
ting, treatment may be offered if the
patient meets clinical and radiographic
criteria for malignancy (PET-positive
lesion with progression on serial imag-
ing, tobacco history).'? In addition, in
accordance with ASTRO and ASCO
guidance, shared decision making with
the patient, and the patient’s family is
important.*>

Finally, patients with prior thoracic
radiation therapy may obviously pose
difficulty, but depending on tumor size
and location, treatment is often techni-
cally feasible, with appropriate atten-
tion to composite normal tissue doses.!?

Radiation Dose Guidelines
and Constraints

For peripheral tumors (at least 2 cm
from the central airways), published dos-
ing guidelines include 30 to 34 Gy in a
single fraction'®!'* and 54 to 60 Gy in 3
fractions.”? We most frequently use the
3-fraction regimen. Recent phase II data
show equivalent outcomes for the sin-

gle-fraction regimen;'” in the absence of
phase III data, we suggest limiting its use
to T1 tumors and to squamous histology.
For tumors extensively contacting the
chest wall, we occasionally use 4- and
S5-fraction regimens, using the chest wall
dose constraint discussed below.

For central tumors (within 2 cm of cen-
tral airways), published dosing schemes
include 48 to 52 Gy in 4 fractions and
50 Gy in 5 fractions. We typically employ
4-fraction regimens except in the case of
larger tumors (> 5 cm) or difficulty meet-
ing normal tissue constraints.'>!7

Regarding normal tissue dose con-
straints, Quantitative Analyses of
Normal Tissue Effects in the Clinic
(QUANTEC)'® and American Associa-
tion of Physicists in Medicine (AAPM)
Task Group (TG) 101" are good places
to start and serve as the primary refer-
ences for our physics staff. The relevant
organs at risk (OARs) include normal
lung parenchyma, esophagus, spinal
cord, heart/left ventricle/coronary ar-
teries, great vessels, trachea and major
airways, brachial plexus, chest wall, and
occasionally the stomach. In our opin-
ion, many published dose constraints
have two drawbacks: 1) They are based
on lifetime organ tolerance doses, taking
no account of possible future need for
another course of thoracic radiation ther-
apy. 2) They often prescribe point dose
maxima, which in our opinion are not
meaningful if appropriate volume-based
constraints are met, and if taken too liter-
ally may preclude adequate coverage of
a primary tumor adjacent to an OAR.

The gross tumor volume (GTV) is
contoured on lung windows; for Tla tu-
mors we typically include spiculations.
We add 6 to 10 mm for clinical target
volume (CTV)/planning target volume
(PTV) margin, using greater margins
for well-differentiated adenocarcino-
mas based on the expectation of disease
extent being partially occult on CT.?

For the normal lung parenchyma,
we subtract the PTV volume and then

require V12 Gy < 15%. If the 50%
conformality index (volume of 50%
prescription dose volume /PTV vol-
ume) is > 3, we typically also require
V7 Gy < 20% and V20 Gy < 10%.
Tighter constraints may be set when
PFTs are very poor (forced expiratory
volume in 1 second [FEV1] or diffusing
capacity of the lungs for carbon monox-
ide [DLCO] < 30% predicted); V12 Gy
< 10% to 12% is reasonable to try.

For the spinal cord, we typically re-
quire that most of the cord receive < 8
Gy/12 Gy/15 Gy for 1-fraction, 3- or
4-fraction, and 5-fraction regimens,
respectively. We then allow small vol-
umes to receive more if needed to cover
the PTV, up to and including 0.25 cc to
0.5 cc allowed to exceed the prescription
dose. We typically write a series of 3 to
5 constraints with progressively smaller
volumes allowed to receive more than
various progressively increasing doses,
effectively forcing the dose-volume his-
togram (DVH) into an acceptable form.
The above values allow for reirradiation,
should the need arise.

We take a similar approach to the re-
maining listed OARs. The esophagus
in particular is clearly a “series” organ
and when treating a tumor abutting the
esophagus, we endeavor to avoid cir-
cumferential high dose. We may contour
separate volumes for the adjacent and
opposite sides of the esophagus at the
level of the tumor, and set a point max-
imum constraint on the opposite side
volume while simultaneously applying a
set of volume constraints on the adjacent
side. This maneuver is aided by having
the patient swallow dilute barium sulfate
at the time of simulation.

If there is difficulty meeting dose
constraints, a few measures may be es-
sayed. PTV margins may be reduced,
either symmetrically or asymmetri-
cally on the side adjacent to the prob-
lematic normal organ. Dose may be
reduced; in our opinion a dose less than
the equivalent of 8 Gy x 5 is probably
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FIGURE 1. (A) Convex endobronchial ultrasound (C-EBUS), and (B) radial ultra-miniature ultrasound probe (R-EBUS).

not meaningful in the definitive setting.
Fractionation may be increased with
single- or 3-fraction regimens converted
to 3, 4 or 5; the European SBRT litera-
ture is notable for 8-fraction regimens,
which we have occasionally used. Fi-
nally, the relevant dose constraints may
be judiciously relaxed.

It is important to note that, in general,
tumor doses are underestimated with
use of more naive dose calculation algo-
rithms such as ray tracing.?! Due to the
many tissue density interfaces inherent in
treating lung and spinal cord lesions, we
use a Monte Carlo dose calculation algo-
rithm for these sites.

Difficult Scenarios

For tumors > 5 cm, we treat accord-
ing to the above guidelines if the rele-
vant normal tissue constraints can be
met. We do not consider these tumors
appropriate for single-fraction treatment
until further data is available.

For tumors abutting the heart, we
contour the myocardium and the left an-
terior descending artery (LAD) (or
other adjacent major coronary vessel)
and set a series of dose/volume con-
straints as described above. It is again
important to note that, in many cases,
a small volume (on the order of 0.5 to
1 cc) of the cardiac OARs must be al-
lowed in the prescription dose volume
to cover the tumor. Also, excellent, re-
liable motion compensation is needed to

establish confidence regarding accurate
dose delivery. Single-fraction treatment
is not appropriate in this setting.

For tumors abutting the chest wall,
we typically use 4 or 5 fractions and
set a constraint of V30 Gy = 30 cc or
less.?? Patients should be counseled at
consultation and at follow-up regarding
the symptoms of postradiation myositis
and risk of rib fracture, with the former
relatively common (20% to 25% of pa-
tients with such tumors) and the latter
relatively rare (< 2%) in our experience.

Interventional Puimonology

The role of the interventional pul-
monologist and advanced bronchos-
copist has changed significantly in the
past 10 years in lung cancer evalua-
tion.?? The yield of tissue for diagnosis
in peripheral nodules < 2 cm with tra-
ditional fiberoptic bronchoscopy is <
14% leaving little diagnostic role for
the pulmonologist for many years.?*
For this reason, computed tomogra-
phy (CT)-guided biopsy had been the
mainstay for peripheral lesions due
to its high sensitivity of 90% in ma-
lignant disease,> but came with the
cost of pneumothorax in up to 20% to
40%.2° CT-guided biopsy also remains
an incomplete procedure, not allowing
simultaneous access to the mediasti-
num and hilum, or ability to provide ad-
vanced treatment planning with fiducial
marker placement in one setting.

Staging of lung cancer has also been
a struggle with reliance on CT and PET.
The sensitivity and specificity of CT
scanning for identifying mediastinal
lymph node metastases is approximately
55% and 81%, respectively, which
confirms that CT scanning has limited
ability to either rule in or exclude medi-
astinal metastasis. For PET scanning,
estimates of sensitivity and specificity
for identifying mediastinal metastasis
are approximately 77% and 86%.>* Tis-
sue biopsy remains essential to confirm
radiographic findings. Prior to 2013,
mediastinoscopy had remained the gold
standard for mediastinal evaluation by
the American College of Clinical Phar-
macy (ACCP) guidelines.?” Much like
CT-guided biopsy, it has a high sensi-
tivity but remains an incomplete proce-
dure with no access to the hilum, which
is essential for complete staging prior to
SBRT and carries risk of morbidity.?®

Due to the complex nature of this
evaluation, patients require multiple
specialty visits for diagnosis, stag-
ing and planning prior to their first
treatment, which can easily lead to
fragmented care and long delays in
treatment time. Recent advances in im-
age-guided biopsies have changed the
paradigm to allow streamlined evalua-
tion for diagnosis, staging and treatment
planning all in one procedure under the
direction of an interventional pulmo-
nologist or advanced bronchoscopist.
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three fiducials.

The two most important modalities are
endobronchial ultrasound (EBUS) and
electromagnetic navigational bronchos-
copy (ENB).

Endobronchial ultrasound allows
visualization of the underlying pulmo-
nary structures around central airways
and in peripheral lung tissue. EBUS
comes in two main forms: convex EBUS
(C-EBUS) and radial probe EBUS
(R-EBUS), (Figure 1). C-EBUS is ide-
ally suited for central lesions or nodal
evaluation in the mediastinum and hilum
except for subaortic, para-aortic and par-
aesophageal nodes (level 5, 6 and 8, 9)
which are not reachable by this method.
C-EBUS is equipped with a 7.5-MHz,
saline inflatable balloon attached to the
tip of the bronchoscope, and includes
flow capability to evaluate for vascu-
larity or cystic nature of lesions. It has
a depth of penetration of 4 cm. Overall

FIGURE 2. Anteroposterior (AP) radiograph of a patient with two right lung tumors, each with

there is a median sensitivity of 89%, and
a median negative predictive value of
91% in NSCLC staging.?®

Radial probe (R-EBUS) comes in two
main forms: a mini probe with balloon,
and an ultra-thin probe ideally suited to
complement navigational bronchoscopy
(Figure 2). Yields with radial probe
alone or in combination with electro-
magnetic navigation (EMN) vary widely
depending on lesion size, technology
used, presence or absence of a bronchus
sign, and whether the ultrasonographic
image reveals a concentric or eccentric
image of the nodule or mass.?*3!

Electromagnetic navigational bron-
choscopy is a DICOM image-guided
technique that uses a navigational system
to guide instruments through the airways
to target a lesion for biopsy. Thin-slice
CT images (< 2 mm) in the planning
phase create a virtual 3-dimensional

(3D) tree of the airway to use as a road-
map. CT formatting is essential for accu-
rate navigation and parameters differ per
scanner. ENB uses an electromagnetic
field board placed under the patient’s
thorax to enable real-time tracking of in-
struments. Tissue sampling success with
ENB alone varies widely but averages
65% per attempt, and improved rates of
successful biopsies are seen in upper and
middle lobe lesions, positive bronchus
signs, and greater experience by the user
to overcome the learning curve.’> An-
gulated 45- to 130-degree catheters can
assist in entering hard-to-maneuver air-
ways such as the superior segment of the
lower lobe and apical medial portion of
the upper lobe. Biopsy of lower lobe pe-
ripheral lesions can also be challenging
due to respiratory motion and increasing
atelectasis as procedure length expands.
We strongly recommend review of ana-
tomic restrictions with thoracic, surgical
and pulmonary colleagues to understand
where the highest chance of success for
biopsy and fiducial placement exists.

An added advantage with ENB is the
ability to approximate distance from the
center of the lesion to allow ideal fidu-
cial placement per radiation oncology
protocols. A novel approach using ENB
is a fiducial marker placement guidance
system (FPGS). The system leads to
less migration of fiducials and a greater
number of patients who had 6D motion
tracking vs 3D.3 Further improvements
may eventually decrease CTV to PTV
margins. Selection of fiducial type and
placement preferences may differ by ra-
diation therapy delivery device and fa-
cility. Open conversation is encouraged
between proceduralists and radiation
oncologists to establish best practices
based on resources, experience and
equipment availability.

We note increased success in mul-
tiple key metrics identified in a pilot in
our hospital system in which stream-
lined patient intake for initial evaluation
of possible stage I NSCLC is performed
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FIGURE 3. Sarah Cannon clinical pathway for assessment and multidisciplinary evaluation of suspicious lung nodules.

by the interventional pulmonologist/
advanced bronchoscopist as their first
point of contact. While this requires in-
creased upfront work for the procedur-
alist, outcomes noted to date are more
timely evaluation, a single-setting biopsy
and fiducial placement in the majority of
patients. (Figure 3). This includes a re-
al-time multidisciplinary discussion of
each patient, use of specialist nurse nav-
igators, and lung nodule coordinators to
assist patients with care coordination and
improve patient retention.

Radiation Oncology Medical Physics
Probably because so few physi-
cists routinely attend multidisciplinary

tumor boards, the multidisciplinary
team members are unaware of the crit-
ical and time-consuming contributions
physicists make to ensure high-qual-
ity SBRT treatments. Clinical medical
physicists responsible for SBRT pro-
grams have several diverse key respon-
sibilities. Both ASTRO and AAPM
have worked to outline this scope in a
concise manner.®34

Five key physicist roles for SBRT

are:

1. Quality control (QC) and quality
assurance (QA): Implement and
maintain both initial and ongoing
periodic QA/QC for all aspects
of the treatment simulation (CT/

PET/magnetic resonance imaging
[MRI]), treatment planning, and
treatment delivery processes.

2. Perform or supervise the treatment
planning process with the radiation
oncologist.

3. Verify that the final approved
treatment plan satisfies the radia-
tion oncologist’s prescription.

4. Implement comprehensive check-
lists for the entire treatment deliv-
ery process.

5. Provide direct supervision for all
treatment delivery sessions.

Entire books are devoted to clini-

cal medical physics as it relates to lung
SBRT treatments. In the interest of
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brevity, our comments are restricted in
scope to gantry-based linear accelera-
tors and not robotic and tomotherapy
linacs. Modern gantry-based linear
accelerators have sufficient precision
and redundancy to allow the use of
stereotactic techniques broadly across
community hospitals. Periodically,
the physicist tests the precision and
accuracy of all systems to ensure that
they persist throughout the life of the
program and are within acceptable tol-
erance for every SBRT treatment. A
program needs adequate physics staff-
ing, equipment, and a well-documented
QA program. The AAPM has, in the
form of TG 101 and 142,%-¢ published
extensive recommendations for the QA
of those machines, and the systems built
around enlisting them in an SBRT pro-
gram. We direct the interested reader
to those reports for further reading.
Practically, the main objectives are to
ensure the planned delivery satisfies the
prescription, set the patient into posi-
tion within the acceptable uncertainty,
utilize imaging to fine-tune and confirm
patient positioning prior to treatment,
and monitor patient positioning during
treatment to ensure successful delivery
geometry. All aspects of the physicists’
key responsibilities reflect these treat-
ment objectives.

Several methods are commonly
used for managing and monitoring pa-
tient motion during lung SBRT treat-
ments. There is target motion, which
is expected and planned for, and then
there is unacceptable and unplanned
motion of the target. Generally, the
planned motion is due to respiratory
motion during the portion of the respi-
ratory cycle in which we want to treat
the tumor. This can be, and most often
is, the entire cycle. This motion is ac-
counted for in the PTV using the in-
formation from the 4D-planning CT.
This target volume plus the uncertainty
of the treatment delivery system as a
whole defines the final target volume

(PTV). This PTV can usefully define
the line dividing acceptable and unac-
ceptable intrafraction patient motion.
The most common ways to monitor
that motion for lung SBRT are through
either a surrogate or x-ray imaging.
Two surrogates are commonly used:
an infrared-visible cube reproducibly
positioned on the patient’s body, or a
system that monitors a region of interest
of the patients’ skin surface itself. The
main assumption with these systems
is that tumor and general patient mo-
tion are well represented by the motion
of the body surface. Alternatively, it is
common to use periodic x-ray imaging
of fiducial markers placed in proximity
to the target to guide initial patient setup
and monitor intrafraction motion.

The literature contains extensive com-
parisons of fiducial markers and relative
merits. For patient positioning alone,
an ideal marker would be as small as is
consistent with reliable low-dose x-ray
imaging, artifact free when acquiring
cone-beam CTs (CBCTs) for initial po-
sitioning, low cost, and free from ten-
dencies to migrate between planning CT
and treatment delivery. Fiducial markers
tend to excel with some, but not all, of
these characteristics. It is important to
work as a multidisciplinary team (con-
sisting of pulmonology, radiation oncol-
ogy, and medical physics experts, etc.)
when evaluating which marker(s) to in-
corporate into the lung SBRT program.

In summary, the highest-quality
physics programs supporting lung
SBRT share a set of characteristics: a)
adequate physics and dosimetry staffing
in line with industry recommendations
(ASTRO, ACR are relevant examples);
b) thorough documentation of the QA
program and results; ¢) adequate equip-
ment to support the QA program; d) a
lung SBRT-specific patient positioning
system; e) a system to monitor patient
motion during SBRT treatments; and f)
most importantly, team-based collabo-
ration between all disciplines involved

in the safe implementation of SBRT to
periodically review all aspects of the
program to ensure it evolves as these
techniques advance.

Final Thoughts

Delivery of a few high-dose frac-
tions to a small target carries with it one
of the highest risk/reward scenarios in
clinical radiation oncology. Although
it does take longer for a patient to start
treatment compared to nonstereotactic
radiation therapy for lung cancer, it is
helpful for the multidisciplinary team to
understand this in context of the unique
circumstances of fiducial placement,
SBRT plan complexity, risks, adaptive
constraints, and “behind-the-scenes”
critical quality assurance tasks, to deliver
safe, effective, best practice ablative
radiation therapy.
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