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30/10; 20/5; 8Gy

» MC (90%) - Met - lung, prostate, breast, kidney
» Overall pain response rates of ~ 60%
» Complete pain response rates ~ 10—-25%

Rich, Shayna E., et al. "Update of the systematic review of palliative radiation therapy fractionation for bone metastases." Radiotherapy
and Oncology 126.3 (2018): 547-557.

Chow, Ronald, et al. "Single vs multiple fraction palliative radiation therapy for bone metastases: Cumulative meta-
analysis." Radiotherapy and Oncology 141 (2019): 56-61



Better survival

» Improved systemic RX
» Also local modalities
» Target mutations - melanoma, lung

» Durable symptom mx
» Potential late side effects with large volume
» Cure!l
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SBRT

» An external beam radiation therapy method used to very precisely deliver a
high dose of radiation to an extracranial target within the body, using either
a single dose or a small number of fractions.

» Tumor antigen-specific Immune response, endothelial/vascular injury, or
iIncreased cell kill secondary to higher delivered dose

Potters, Louis, et al. "American Society for Therapeutic Radiology and Oncology (ASTRO) and American College of Radiology (ACR) practice guideline for
the performance of stereotactic body radiation therapy." International journal of radiation oncology, biology, physics 76.2 (2010): 326-332.
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MSKCC

» 811 spine metastases In 657 patients,
» Median of 24 Gy ; median follow-up of 26.9 months
» Local faillure <1% - 12 Months ; 3.1% at 48 months

» Median 17.09 Gy vs 23.56 - local failure 14% vs 2.1% at 48
months

» Independent of histology

Yamada, Yoshiya, et al. "The impact of histology and delivered dose on local control of spinal metastases treated with stereotactic radiosurgery."
Neurosurgical focus 42.1 (2017): E6.
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Gerszten, Peter C., et al. " RadiosUrgery for spin.~- : . 1 500 ases from a single institution." Spine 32.2 (2007): 193-199.



MDACC

» N=61

» 16 tol8 Gy - nonrenal cell histologies (n=30 )
» 16 to 24 Gy - renal cell (n=33)

» Mean FU - 20 Months

» Local control - 88%

Garg, Amit K., et al. "Phase 1/2 trial of single-session stereotactic body radiotherapy for previously unirradiated spinal metastases." Cancer
118.20 (2012): 5069-5077.



NOMS Framework

Neurologic Oncologic

Low-grade ESCC + no myelopathy FRadiosensitive
Fadiosensitive
Fadioresistant

Radioresistant

High-grade ESCC + myvelopathy FRadiosensitive

Radiosensitive
Radioresistant
Radioresistant
Radioresistant

Radioresistant

Mechanical
Stable
Unstable
Stable
Unstable
Stable
Unstable
Stable

Stable
Unstable

Unstable

Systemic

Tolerate surgervy
Unable to tolerate
Tolerate surgervy

Unable to tolerate

Decision

cEBRT

Stabilization — cEEBRT
SRS
Stabilization — SRS
cEERT

Stabilization — cEEBRT
Decomp/stab — SRS
cEERT

Decomp/stab — SRS

Stabilization — cEBRT

Laufer, llya, et al. "The NOMS framework: approach to the treatment of spinal metastatic tumors." The oncologist 18.6 (2013): 744-751.



SINS Score

Location:
o pnctional: ocoput-C2, C7-12, T11-L1, L5-51
e mobile spne: C3-C6, L2-L4
o semingd: 13-110
nagd: S2-55
Pain:
mechancal pan: mproves with recumbency oOr pan
movement or spenal 1I0acing
occasonal pan bt Not mechancal
PaINess lesion
Bone lesion:
MiC
mixed
oiastic
Radiographic spinal alignment:
subiuxation/transiation
de NoVO delormmitly (KyphosSis/SColios:s)
nomal akgnment
ertebral body collapse:
>oA)% collapse
<o0% collapse
NO coliapse with >50% vertebral DOdy INnvoived
noNa Of the above
Posterior spinal element involvement:
. Oiateral
uniateral
none of the above

with

.

2 ponis
1 point
O point

3 ponts
1 point
0 point

2 ponts

1 point
O point

4 ponis
2 ponis
0 point

3 ponts
2 DoONts
1 point
0 point

9 ponts
1 DOINt
0 point




Bilsky grade

grade 1c




MDACC

» N=63

» 30/5 vs 27/3 - no diffce

» N=149; 27 TO 30/3

» Less pain, opioid at 6 mo

» PFS 80.5% -1 Yr& 72.5% - 2 yrs

Chang, Eric L., et al. "Phase I/ll study of stereotactic body radiotherapy for spinal metastasis and its pattern of failure." Journal of Neurosurgery: Spine
7.2 (2007): 151-160.

Wang, Xin Shelley, et al. "Stereotactic body radiation therapy for management of spinal metastases in patients without spinal cord compression: a phase
1-2 trial." The lancet oncology 13.4 (2012): 395-402.
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Original Investigation
April 20, 2023

Stereotactic Radiosurgery vs Conventional Radio-
therapy for Localized Vertebral Metastases of the
Spine

Phase 3 Results of NRG Oncology/RTOG 0631 Ran-
domized Clinical Trial

Samuel Ryu, I\a’ID1;r Snehal Deshmukh, M52'3; Robert D. Timmerman, MD4; et al

» Author Affiliations
JAMA Oncol. 2023;9(6):800-807. doi:10.1001/jamaoncol.2023.0356




~Objective - whether patient-reported pain relief improved with SRS §§

cEBRT - 1 to 3 vertebral metastases.
~353 patients enrolled , 339 analyzed.

~16 or 18 Gy to involved vertebral level(s) only vs 8 Gy to the involved

vertebra plus 1 above & below

~Conclusions and Relevance - Superiority of SRS for the primary end point

not found.
~No spinal cord complications at 2 years after SRS.

~Further investigation - oligometastases, where durability of cancer control

essential.
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4 key questions - 22 recommendations and 5
statements

» 1) What Is the overall pain response rate, complete pain response rate and
duration of pain response after SBRT for painful vertebral metastases?

How does pain response after SBRT compare to conventional palliative
radiotherapy?

» 2) What Is the local control (LC) after SBRT for spine metastases? What Is
the role of spine SBRT In oligo-metastatic disease (OMD)?

» 3) What is the practice of spinal SBRT to optimize safety and efficacy
according to avallable evidence?

» 4) What Is the toxicity profile of spine SBRT?



Table 1 Key question 1 recommendations, strength of recommendation and level of evidence.

Level of
Evidence
(Refs)

Strength of

KQ 1 Recommendations ]
Recommendation

=ceive SBRT for painful vertebral metastases from solid
malignancies, a baseline and posi-SBRT pain assessment 15 recommended using either High 4, 5, 6,

o ) _ o | | strong
prief Pain Inventory Index (BPI), Visual Analog Score (VAS) or Numernc Rating Scale 7.8 9

(NRS).

For patients with painful veriebral metastases from solid malignancies, SBRT should be

considered due to higher complete pain response rates in carefully selected patients who

are not frankly unstable (SINS=12), who have no or minimal epidural disease (Bilsky 0-1), Conditional
Up to 3 contiguous vertebral segments in the radiation treatment volume and a prolonged

life expectancy where durable

Moderate 4.
~ 6 T g

2.6, 7,8 9




Pain scales

0

1 2 3 4 5 6 7 8 9 10

None Mild Severe

Moderate

0 1 2 3 4 5
r

No Pamn

6 7 8 9 10
T

Mild Moderate Severe Very Severe “l?(:::il':l‘:'m

Time:

Last First Middie intial

1) Throughout our lives, most of us have had pain from time
to time (such as minor headaches, sprains, and toothaches),
Have you had pain other than these ever yday kinds of pain
today?

1. Yes 2. No

2) On the diagram, shade in the areas where you feel pain.
Put an X on the area that hurts the most.

3) Please rate your pain by circling the one number that best
describes your pain at its worst in the past 24 hours.

] 2 3 4 5 6 1 8 9 10
No Pain as bad as
pain you can imagine

4) Please rate your pain by circling the one number that
best describes your pain at its least in the past 24 hours.

0 1 2 3 4 5 6 7 8 9 10
No Pain as bad as
pan you can imagine

5) Please rate your pain by circling the one number that
best describes your pain on average.

0 1 2 37 4 5 6 8 9 10
No Pain as bad as
pain you can imagine

6) Please rate your pain by circling the one number that
tells how much pain you have right now.

0 1 2 3 4 5 6 7 8 9 10
No Pain as bad as
pain you can imagine

7) What treatments or medications are you receiving for

your pain?

8) In the past 24 hours, how much relief have pain treatments

or medications provided? Please circle the one percentage
that most shows how much reliel you have received.

0% 10 20 30 40 50 60 70 80 90 100%
No Complete
relief relief

9) Circle the one number that describes how, during the

past 24 hours, pain has interfered with your:

A. General activity

0 1 2 3 4 8 9 10
Does not Completely
interfere interferes

B. Mood

0o 1 2 8 9 10
Does not Completely
interfere interferes

C. Walkking ability

I 3 8 9 10
Does not Completely
interfere interferes

D. Normal work (includes both work outside the home
and housework)

D] 2 3 4 8 9 10
Does not Completely
interfere interferes

E. Relations with other people

0 1 2 3 4 5 8 9 10
Does not Completely
interfere interferes

F. Sleep

0 1 2 8 9 10
Does not Completely
interfere interferes

G. Enjoyment of life

0 1 2 3 4 8 9 10
Does not Completely
interfere interferes




Table 2 Key question 2 recommendations, strength of recommendation and level of evidence.

Strength of Level of Evidence

KQ 2 Recommendations
@ Recommendation (Refs)

For patients with veriebral metastases from solid malignancies, SBRT should be

practiced with a prescription dose higher than the equivalent of 1x18Gy Moderate/expert
(BED4g = 20 Gy4g). For de novo spine metastases, high dose spine SBRT practice opinion 6, 10, 11, 12,
includes 1x20Gy, 1x24Gy, 2x12GyY, 3x10GY, and 5x7Gy. Based on these schemes 13

there is an expectation of local control (LC) ranging from 80 to 90% at 1-2 years.

For patients with painful vertebral metastases from solid malignancies meeting the
eligibility critena for spine SBRT, a fractionated approach using 2x12Gy 15
conditionally recommended as the preferred palliative SBRT dose and
fractionation.

Conditional Moderate [b]

For patients with veriebral metastases from solid malignancies, single fraction
SBRT with 16 or 18 Gy 15 not recommended as an alternative to conventional low-
dose palliative radiotherapy (1x8Gy) If pain relief and/or quality of life are the
primary treatment goals.

Moderate [10]




For patients with vertebral metastases from solid malignancies, where local
therapy for OMD Is supporied by disease-specific guidelines and/or the tumor
poard, then spine SBRT IS rec

selected patients, more aggressive combined modality approaches involving

(separation) surgery and SBRT may be needed to optimize LC and functional
autcomes.

For patients with veriebral metastases from solid malignancies, when SBRT 15
performed In the context of concomitant targeted/immuno- therapy, a potential rsk
for unexpected and/or increased toxicity should be discussed between spine
SBRT practitioners and medical oncologists.

EXpert opinion/
moderate 11, 14, 15,
16, 17,18, 19

Expert opinion 20, 21




Target volume recommendations

Lnteno

Radiographic

Patient

Previous
Treatrment

Spinal Instability

Spinal/paraspinal metastatic tumor

Bilsky epidural disease grade 0-1

Maximum of 2-3 contiguous or 3
noncontiguous segments

Age =18 years

KPS =40-50

Oligometastatic disease

Life expectancy of at least 3 months
Histologic proof of malignancy

Oligometastatic spinal metastasis
Previous external beam irradiation
Postoperative

Mo spinal instability (SINS score 0-6
oINts)

Lontramndication

=3 contiguous segments
Bilsky epidural disease grade 2
Spinal malalignment

Widespread metastatic disease

Raodiosensitive histology such as
myeloma/lymphoma

=50% baseline vertebral fracture

Previous SBRT to the same level

Potential spinal instability (SINS score
7 =12 points)

Bilsky epidural disease grade 3

Inability to lie flat and tolerate treatment

Contraindication to MRI and/or CT myelogram

Symptomatic spinal cord compression or
cauda equina syndrome

EBRT within 90 days prior to SBRT
systermic radionuclide withun 30 days prior to
SBRT
Frank spinal instability (SINS score > 12
oints)




GTV description

Any portion of the
vertebral body

Lateralized within
the vertebral body

Diffusely involves the

vertebral body

Involves vertebral
body and
unilateral pedicle

Involves vertebral
body and bilateral
pedicles/transverse
processes

Involves unilateral
pedicle

Involves unilateral
pedicle

Involves spinous
process

1: vertebral body

2,6: pedicle

3,5: lamina and transverse
processes

4: spinous process

CTV description

Include the entire
vertebral body

Include the entire vertebral
body and the

ipsilateral pedicle/
transverse process

Include the entire vertebral
body and the

bilateral pedicles/
transverse process

Include entire vertebral
body, pedicle, ipsilateral
transverse process,
and ipsilateral lamina

Include entire vertebral
body, bilateral
pedicles/transverse
process, and ipsilateral
lamina

Include pedicle, ipsilateral
transverse process,

and ipsilateral lamina, +
vertebral body

Include lamina, ipsilateral
pedicle/ transverse
process, and spinous process

Include entire spinous process
and bilateral laminae










ISRC GTV anatomic  ISRC bony CTV
OTV involverment classification recommendation CTV description

Any portion of the vertebral body | | Include the entire vertebral body
Lateralized within the vertebral body | . Include the entire vertebral body and the
ipsilateral pedicleftransverse process
Duffusely mvolves the vertebral body . & Include the entire vertebral body and the
bilateral pedicles/transverse processes
GTV involves vertebral body and g 4 . 2 Include entire vertebral body,
unilateral pedicle pedicle, ipsilateral transverse process,
and ipsilateral lamina
GTV involves vertebral body and bilateral L. Include entire vertebral body,
pedicles/transverse processes bilateral pedicles/transverse processes,
and bilateral laminae
GTV involves umlateral pedicle 2 Inclode pedicle, ipsilateral iransverse process,
and ipsilateral lamina, += vertebral body
GTV involves unilateral lamina 1,3, 4 Include lamina, ipsilateral pedicleftransverse
process, and spinous process
GTV mvolves spinous process : 3, 4, Include entire spinous process and bilateral
laminae




Target volume CGuidelines

GTV o Contour gross tumor using all avalable imaging
e Include epidural and paraspinal components of tumor

CTV o Include abnormal marrow signal suspicions for mICroSCOpIC 1NVAsION
e Include bony CTV expansion to account for subchmcal spread
e Should contain GTV

o Circumferential CTVs encircling the cord should be avomded except in rare instances where the vertebral body,
bilateral pedicles/lamina, and spinous process are all involved or when there 15 extensive metastanc disease along
the circumference of the epidural space without spinal cord compression
Unmiform expansion around CTV
CTV o PTV margin <3 mm
Modified at dural margin and adjacent critical structures to allow spacing at discretion of the treating physician
unless GTY compromised
Never overlaps with cord
Should contain entire GTV and CTV
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Table 3 Key question 2 statements and level of evidence.

KQ 2 Statements

For patients with vertebral metastases from solid malignancies, very high dose single fraction spine SBRT (e.g.
1x24Gy) Is associated with high rates of LC. However, the gains in local control should be balanced with a higher

rsk of veriebral compression fracture.

For patients with vertebral metastases from solid malignancies, MRI is the preferred modality for assessing local
control. CT and/or FET/CT are alternative modalities with the caveat that they are less sensitive Tfor epidural
disease. The possibility of post-SBRT Imaging changes and pseudo-progression should be Kept in mind. In
selected patients tumor markers (e.g. PSA) may be used for follow-up.

For patients with vertebral metastases from solid malignancies, spine SBRT practitioners should be alert for
clinically relevant but less common toxicities, like plexopathy and myositis.

Level of
Evidence (Refs)

Expert opinion
11, 14, 22, 23,
24 25

Expert opinion
26, 27

Expert opinion
[19]




KQ 3 Recommendations

Patients with veriebral metastases of solid malignancies treated with SBRT should be
approprately positioned in a reproducible supine position. Above the cervical-thoracic
junction {e.g. thoracic 4 veriebra and above), patient-specific rigid fixation Is recommended
(e.g. thermoplasiic head and neck mask). Below the cervical-thoracic junction, near-ngid
pody immobilization, or no immobilization combined with intra-fraction positional
verification/spine tracking, is recommended.

For patients with veriebral metasiases of solid malignancies treated with SBRT, target and
organ-at-risk volumes should be delineated on a simulation CT with slice

thickness = 1.5 mm, co-registered 1o T1 and T2 MRI sernes. Volumetric MRI images
acquired in the radiotherapy treatment position are conditionally recommended.

For patients with veriebral metasiases of solid malignancies treated with SBRT, the overall
geometric treatment uncertainty should allow a GTWV/CTV to PTV margin = 3 mm. A
minimum PTV margin of 1 mm is recommended.

Strength of
Recommendation

Strong

Strong

Strong

Table 4 Key question 3 recommendations, strength of recommendation and level of evidence.

Level of
Evidence
(Refs)

High 4, 5,
10, 28

()

High 4, 5, 9,
10, 28

Moderate o,
9




For patients with vertebral metastases of solid malignancies treated with SBRT,
radiotherapy treatment should be performed using an intensity modulated delivery
technique (i.e. fixed beam IMRT, VMAT, helical tomotherapy, robotic RT). The use of fast
delivery technigues, such as using flattening filter free beams, 15 conditionally
recommended.

For patients with vertebral metastases of solid malignancies treated with SBRT, a treatment
planning strateqy of prioritizing organ-at-risk sparing over target coverage should be utilized
where the FTV IS close 10 or overlaps with the critical organ-at-risk (1.e. spinal cord, cauda strong
equina, oesophagus). A “cropped PTV" approach and planning organ-at-risk volume (FRV)

satety margins 15 conditionally recommended in the planning optimization process only.

For patients with vertebral metastases of solid malignancies treated with SBRT, online

image quidance procedures should be performed before each daily delivery session (e.Q.

Using cone beam CT, stereoscopic x ray, in-room MR). Intra-fraction treatment venfication

imaging I1s conditionally recommended at least once during each treatment fraction. SIxX- strong
degree of freedom (6DoF) patient positioning correction s conditionally recommended.

When 6DoF is performed, verification imaging after pitch and roll corrections is conditionally
recommended.




The start-up of an SBRT program for patients with vertebral metastases of solid
malignancies should include radiation oncologist, medical physicist, and radiation therapist.

Each SBRT case should be discussed in a multi-disciplinary setting, including medical
oncologist, radiation oncologist, spine surgeon, and neuro-radiologist. The discussion with -
medical physicist and radiation therapist regarding the technical feasibility 15 conditionally
recommended.

Strong

Each SBRT case should undergo patient specific quality assurance. All centers should audit
their own SBRT technigue and evaluate the positioning precision and accuracy of their strong
equipment and this will inform center specific PTV margins.

Expert
opinion

Expert
opinion




» T1, T2, STIR images

» 1mm thickness

» 18 to 24 Gy In 1 fraction

» 24 Gy In 2 fractions

» 24 to 30 Gy In 3 fractions

» 30 Gy In 4 fractions

» 30 to 40 Gy In 5 fractions

» 12- 14Gy to spine; 16-18 Gy to thecal sac



» Modulated treatment planning system.

» Dose calculation grid size < 1.5 mm

» Modern dose calculation algorithm

» End-to-end tolerance of<2 mm, max PTV 3 mm

» Six degrees of freedom (6DoF) couches
» Verification imaging, especially after large pitch & roll corrections (e.g. > 1°

> QA



Table 5 Key question 4 recommendations, strength of recommendation and level of evidence.

KQ 4 Recommendations

For patients with veriebral metastases of solid malignancies, pre-SBRT assessment of
spinal stability using the validated SINS score Is recommended.

For patients with vertebral metastases of solid malignancies, pre-5BRT assessment of
surgical stabilization is recommended in case of intermediate instability (score 7-12)
and especially instability (score 13-18) based on the SINS score.

For patients with veriebral metastases of solid malignancies, pre-SBRT assessment of
epidural involvement using the validated Bilsky grade Is recommended.

For patients with veriebral metastases of solid malignancies, SBRT Is not
recommended in the situation of symptomatic MSCC (spinal cord or cauda equina).

Strength of
Recommendation

Level of
Evidence
(Refs)

Expert opinion

Moderate 29,
30




For patients with veriebral metastases of solid malignancies, the following procedures
are recommended to keep the risk of radiation induced myelopathy at a very low level:

e Appropriate imaging (volumetric T1/T2 MRI or alternatively CT myelography) for
accurate localization of the spinal cord and/or thecal sac.

e Use of PRV concept for the spinal cord.
e Adherence {0 accepied dose constraints for the PRV spinal cord.

e Frionty of the spinal cord dose tolerance over target volume coverage in Inverse
SBRT planning.

e High-precision SBRT delivery.

For patients with veriebral metastases of solid malignancies, it is recommended to
prioritize adequate coverage of the GTV over sparing of nerve roots due to the low risk
of radiation induced radiculopathy.

For patients with veriebral metastases of solid malignancies, the routine use of
prophylactic treatment with steroids is not recommended due to the low risk of post- Conditional
SBRT pain flare.

Moderate 5,
32,33




Table 6 Key question 4 statements and level of evidence.

Level of
KQ 4 Statements
. Evidence (Refs)
1 For patients with veriebral metastases of solid malignancies, fractionated SBRT 15 not associated with an oh 5 99
| ncreased risk of vertebral fracture when compared to CRT. I
For patients with vertebral metastases of solid malignancies, single-fraction SBRT with doses » 20 Gy 15
2 H . I ) High 3, 14, 25

associated with an increased risk of vertebral fracture as compared to CRT and compared to fractionated SBRT.



Work flow

Pre-treatmeant assessments
Clinical examination including neurological function assessment
Quantitative pain assessment using validated instruments such as the visual analogue scale (VAS) or brief pain inventory (BP]
spinal instability assessment using the Spinal Instability Neoplastic Score (SINS)
Epidural spinal cord compression assessment using the score developed by Bilsky et al.
SBRT planning
High-resclution CT imaging
High-resolution MR imaging: T1 without contrast; T1 with contrast in presence of paraspinal or epidural disease; T2 non-
contrast
Careful rigid image-registration
Target volume definition following international consensus recommendations

IMRT treatment planning
VMAT and flattening-filter-free (FFF) technologies to minimize SBRT delivery times

Daily pre-treatment image-guided patient set-up
Passive or active intra-fraction motion control

Follow-up
Clinical follow-up using pre-treatment assessments

Imaging follow-up using high-resolution CT and / or MR imaging
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Largest

.

» N= 186
» 24 single vs

wilh
]
g—

» Local proc

Laufer, llya, et aI."The‘N' an _ s." The oncologist 18.6 (2013): 744-751.



ISRS guideline post op

Treatment planning

- All patients should undergo an axial high-resolution 1.5 Tesla T1/T2 MRI of the affected spinal segment including at least one
vertebral segment above and below the target volume for both target and OAR delineation. This MRI is fused to the planning CT
scan. Use of gadolinium or CT contrast can assist in delineation of soft tissue tumor extension. A CT-myelogram can be
considered, especially for cases where hardware artifact obscures canal on the MRI scan. In this scenario it is best to perform a
simulation CT myelogram as opposed to a diagnostic CT myelogram that is then fused to the radiation planning CT.
A 1.5-2 mm PRV should be applied to the spinal cord. The thecal sac does not need a PRV. Spinal cord and thecal sac dose
limits vary based on fractionation. Published guidelines for dose constraints can be consulted as indicated.”
The preoperative extent of epidural/paraspinal disease should be included in the postoperative CTV. This often requires the use
of a “donut” type CTV.”® A 5 mm superior/inferior CTV expansion including the spinal canal beyond visible epidural disease
should also be considered, in addition to a 5 mm margin surrounding any paraspinal soft tissue disease extension while
respecting anatomic boundaries. The surgical scar does not need to be included in the CTV. Contouring recommendations have
been published by Chan et al and Redmond et al.”™"”
A minimum time interval of 1-week from the time of a minimally invasive spinal surgery, and 8-14 days for more invasive
surgeries, should be maintained before simulation for SBRT. Delays longer than 4 weeks postoperatively to the initiation of
radiation may result in worse tumor control.

Faruqi, Salman, et al. " Stereotactic radiosurgery for postoperative spine malignancy: A systematic review and International Stereotactic Radiosurgery
Society Practice Guidelines." Practical Radiation Oncology 12.2 (2022): e65-e/8.




Pre-op epidural
involvement

Circumferential
epidural disease

Anteriorly in the
central body

Anteriorly in lateral
body

Anteriorly in the
body and
unilaterally in the
pedicle

Anteriorly in the
body unilaterally in
the pedicle, and
posteriorly in the
spinous process

Posteriorly in the
spinous process

Any of the above +
extensive
paraspinal
extension

Post-op bony CTV

Include the preoperative
body, bilateral pedicles,
bilateral transverse
processes, bilateral laminae,
and spinous process

Include the preoperative
body

Include the preoperative
body + ipsilateral pedicle *
lamina

Include preoperative body +
ipsilateral pedicle, ipsilateral
transverse process and
ipsilateral lamina

Include preoperative body +
ipsilateral pedicle, bilateral
transverse process, bilateral
laminae, and spinous
process

Include preoperative spinous
process, bilateral laminae and
bilateral transverse processes

As above + coverage of the
entire preoperative
extent of paraspinal extension
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Re RT

» 20% after
» 2019 NHS

Myrehaug, Sten, et al. "Reirradis | ' spine sterec | Ses: systematic review: International Stereotactic
Radiosurgery Society practice gmdelmes 4 Journal of Neu



ISRS Guidelines

Level of
Recommendation Evidence

Following cEBRT, retreatment w/ SBRT is a recom- 1]
mended therapeutic option in suitable patients based
on multidisciplinary assessment

Following SBRT, retreatment w/ SBRT Is a treatment

option in suitable patients based on multidisciplinary
assessment

For patients w/ clinical features concerning for malignant
epidural spinal cord compression, mechanical instabil-
ity, or baseline vertebral body compression fracture,
the radiation oncologist should consult a spine
surgeon before the patient undergoes SBRT




Toxicity data

No. of Grade
No. Neurological -V

of Adverse  Toxicity,
Authors & Year Toxicity Scale VCFs Events Other

Sahgal et al., NCI-CTCAE v3.0 NR 0
2009

Choietal., 2010 NR NR

Garg et al,, NCI-CTCAE v2.0,
2011 McCormick scale

Damast et al., NR

2011

Mahadevan et NR
al., 2011

Ahmed et al., NCI-CTCAE v3.0
2012

Chang et al., NCI-CTCAE v2.0
2012

Thibault et al., NR
2014

Thibault et al., NR
2015%
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Primary Spine Tumours

Chordoma

» n=12; 16 Gy, 24 Gy single
» n=12; 24 Gy In 1 fraction or 24-36 Gy In 3 fractions
» Upfront, Local control 80% vs 57% salvage

» N=20; median dose 37.5 Gy / 5 ; local relapse free survival
90% at 28 months

Jung, Edward W., et al. "Single-fraction spine stereotactic body radiation therapy for the treatment of chordoma." Technology in Cancer Research &
Treatment 16.3 (2017): 302-309.

Yamada, Yoshiya, et al. "Preliminary results of high-dose single-fraction radiotherapy for the management of chordomas of the spine and sacrum.”
Neurosurgery 73.4 (2013): 673-680.

Lockney, Dennis T., et al. "Spinal stereotactic body radiotherapy following intralesional curettage with separation surgery for initial or salvage chordoma
treatment." Neurosurgical Focus 42.1 (2017): EA4.



Neurogenic tumours

Approved-SBRT - Treatment Approved - Transversal - CT_PLAN

\||Approved-SBRT - Treatment Approved - Model View - CT_PLAN
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Radiation myelopathy - 0.4%

» Total dose -median re-RT point dose maximum - 123.4 Gy in Myelopathy
group vs 25 Gy In the non

» Limit cumulative BED to <140 Gy for thecal sac Dmax; maximum SBRT
BED to 50 Gy

» At least 5-month b/n treatments

» Dose/ #

Sahgal, Arjun, et al. "Reirradiation human spinal cord tolerance for stereotactic body radiotherapy." International Journal of Radiation
Oncology* Biology* Physics 82.1 (2012): 107-116.
Gibbs, Iris C., et al. "Delayed radiation-induced myelopathy after spinal radiosurgery." Neurosurgery 64.2 (2009): A67-A72.



HYTEC - 5%

» 12.4-14.0 Gy In 1 fraction

» 17.0-19.3 Gy In 2 fractions
» 20.3-23.1 Gy In 3 fractions
» 23.0-26.2 Gy In 4 fractions
» 25.3-28.8 Gy In 5 fractions

Sahgal, Arjun, et al. "Spinal cord dose tolerance to stereotactic body radiation therapy.” International Journal of Radiation Oncology* Biology* Physics 110.1 (



Vertebral Compression Fracture

» Dose per fraction >19 Gy

» Lytic tumors

» Baseline spinal misalignment

» Baseline presence of a compression #

Sahgal, Arjun, et al. "Vertebral compression fracture after spine stereotactic body radiotherapy: a multi-institutional analysis with a focus on radiation dose
and the spinal instability neoplastic score." Journal of clinical oncology 31.27 (2013): 3426.



Acute pain flare

"

"

» Single frac.:;
» Steroids
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Kowalchuk, Roman O., et al. "L __ s—based model predictive of pain flare incidence after
spine stereotactic body radiation therapy.”



» Plexopl '
> -

» Esopl
> N,\/’




reatment Approved - Transversal - CT_PLAN

- e - ke o e e e e RO . - e e - b e -

Ratio of Total Structure Volume [%]

100

80

60

40-

20

0

icle_1fr - Treatment Approved - D

Volume Histogr

‘am

600

Dose [cGy]
900

1200

20

40

60
Relative dose [%]

80

100

ol




Painful bone metastasis

Ry Upper and lower
Lower extremity - . extramithos

F-' -_‘

Percentage of body | * ‘ Circumferential Mirels
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Lopez-Campos, Fernando, et al. "SEOR SBRT-SG stereotactic body radiation therapy consensus guidelines for non-spine bone metastasis." Clinical
and Translational Oncology 24.2 (2022): 215-226.



Mon-spine bone metastasis.

Application of SBRT according to

Oligometastatic patient -

b

Cligometastatic patient
(= 5 lesions)
Symptaomatic or asymptomatic

Treatment with ablative-intent SBRT:
1x20-240Gy, Ax1GY v S5x7-10GYy

: Local control, progression-
free survival

treatment objective

symptomatic patient with
good prognosis [estimated
survival > 3 months)

Evaluate single fraction of
12-16Gy of SBRT*
(include potients In clinical
trials, see Toble 3)

Symptomatic patient with
poor prognosis (estimated
survival = 3 months)

Consider single fraction of
20y with conventional 3D
radiotherapy @

: Palliative and symptomatic treatment

*Mpuyen et al
B Chore &t al




» Simulation CT In treatment position 1-1.5 mm
» At least 10 cm craniocaudal

» |V contrast as needed

» Limit Iimage artifacts

» 4D-CT If target/ OARS move

» TIW MRI

Palma, David A., et al. "Stereotactic ablative radiotherapy versus standard of care palliative treatment in patients with oligometastatic cancers
(SABR-COMET): arandomised, phase 2, open-label trial." The Lancet 393.10185 (2019): 2051-2058.



The CTV should be based on the GTV plus an intraos-
seous margin <5 mm +an extraosseous margin <5 mm.
The 1nclusion of an extraosseous margin should be
strongly considered 1n patients with soft tissue cancers

and/or significant disruption of the cortical bone.

The CTV must be modified manually to avoid irradiating
OARSs and uninvolved joint spaces, respecting natural
anatomic barriers such as the peritoneal cavity or pleura.




» On board verification

» BED 60-100Gy

» 1 x20Gyvs 3x10Gyvs S X 7 Gy

» 1) moderate-severe cortical erosion230% (high risk of #)

» (2) extraosseous Involvement

» (3) tumor volume or bulky mass (7 cm or more Iin diameter)
» (4) HPR

» (5) OAR Dose constraints

Mercier C, Claessens M, Buys A, Gryshkevych S, Billiet C, Joye |, et al. Stereotactic ablative radiation therapy to all lesions in patients with
oligometastatic cancers: a phase 1 dose-escalation trial. Int J Radiat Oncol Biol Phys. 2021;109(5):1195-205.



» Moderate-severe cortical erosion230% (high risk of #)

» Extraosseous involvement

» Tumor volume or bulky mass (7 cm or more Iin diameter)
» HPR

» OAR Dose constraints

» Previous RT

» BOMET-QOL-10 guestionnaire



Future

» Toxicity with Immuno

future is to

» Abscopal N create it”.

Abraham Lincoln

» Technology
» QoL
» Molecular

» Upfront vs Salvage
» Pain control

hitps://fagsupport.com.au/predict-future-outcomes-with-some-certainty/




Climcaltrials. gov Phasefstudy type  n  ARMS AND INTERVENTIONS  Total dose/fractionation Primary endpoint Group
ientifier (NCT

numbser)

NCTO4063254 II/RBandomized 302 High-dose SBRT vs standard-dose  12-16 Gy/Lir vs. 8-10 Gy/1fr Pain response at 3 months National Taiwan University
SERT Hospital

NCTO41 77056 [/Single arm 45 SBET 30-35 Gy/5fr Pain response at 3 months Juravinsk: Cancer Centre
{ Hamalton, Ontano, Canada)

CROME Tnal IR andomized 40 SBRET vs.SBRT + cryoablation Not specified Pain response at 12 months M.D. Anderson Cancer Center
NCTO4693377
NCTO1429493 [I-IRandomized 120 conventional radiotherapy vs. 8 Gy/lir vs biological image- Pain response at 12 months University Hospital, Ghent

biological image-guided guided 8 Gy/1ir vi. biological

radiotherapy with conventional image-guided SBRT with dose

dose vs biological image-guided  escalation o the PET positive

SBET with dose escalahon lesion
EOBOMET LR andomuzed EBET vs SBET 8 Gy/lir vs 20 Gy/1fr Pain response at 1 month Cancer Research Antwerp, Bel-
MNCTO3E31243 Fium
STEREO-OS IR andomized Systemic treatment 4+ 5BRT Vs 35 Gy/5fr vs 27 Gy/3fr PFS at 12 months UNICANCER, Matonal Cancer
MNCTO3 143322 systemic treatment alone Institute, France
NCTO2145286 [-1l¥Single arm SBRT Not specified Optimal dose range with single  Umiversity of Virgima

SBRT
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