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Introduction SRS/SRT
Gamma knife,X knife, Cyberknife

Robotic radiosurgery-CYBERKNIFE

Cases



INTRODUCTION HG

() Stereotactic radiosurgery and radiotherapy are techniques to administer
precisely directed, high-dose irradiation that tightly conforms to a target to
create a desired radiobiologic response while minimizing radiation dose to

surrounding normal tissue.
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KEY REQUIREMENTS FOR OPTIMAL H.G
~ STEREOTACTIC IRRADIATION

REQUIREMENT RATIONALE
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Small target/treatment volume Reducing the volume of normal and target tissues irradiated to high doses
improves tolerance

Sharply defined target Can be treated with little or no extra margin of sorrounding normal tissue and/or
without unintentional underdosage of the target (marginal miss)

Accurate radiation delivery No margin of normal tissue needed for setup error and/ or reduced chance of
underdosing target

High conformality Reduces the treatment volume to match the target volume

Sensitive structures excluded Dose limiting structures (optic chiasma/spinal cord) should be able to be defined
from target and excluded from the target volume to limit the risk of radiation injury
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SCHEDULES

Fractionation Dose/Fx  # of Total Overall

Schedule

(Gy) Fx/Wk Dose Gy Time

Conventional

Hyper

Accelerated

Hypo

1.5-2.5 5-6 60-75 6-10 weeks

or
same

or
same

or or
same same
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Dr.Lars Leksell, Neurosurgeon. He was the
inventor radiosurgery, Karolina Institute in
Sweden.

Leksell installed the first gamma unit in Stockholm in
1968.
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e Commonly used SRS and SBRT machine classified into three
categories:

» Gamma ray System
» Linear accelerator(Linac) system.

» Proton or Heavy charged particle system.



HOG

Hospitals

adding life to years

 Gamma Knife System used 192 or 201 cobalt source all aiming at the treatment
target.

e Gamma ray system have used 30 rotating 30 cobalt source to treat SRS & SBRT small
tumors.

* This gamma ray system uses imaging guidance which will help us to treat extra
cranial also.
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* Linac Machine can be used to perform the SRS SBRT Procedure using cone or MLC.

* Several Machine provide the SRS & SBRT treatment e.g Cyber Knife, Novalis TX, True beam,
Tomotherapy, Versa HD etc

* Proton or Heavy Charged particle system can be used for SRS & SBRT
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ccelerators & Gamma unit

Gamma Knife Proton Therapy

Radiosurgery Machines

Cyberknife Tomotherapy Brainlab Vero Vanan-Truebeam
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Also

» Excellent Immobilization,

» High Level Image Guidance,

» High Precision Delivery,

» Relatively small field sizes,
» Many Beams or Arcs,

» Motion Management

» Brain mask Thickness should
be less than2.4mm




-,ent Plannmg and Optimization for SRS and HCG
. ..:;5:3:£:: . = / 5 SBRT o

* Unlike conventional RT which deliver Uniform dose, the dosimetric requirement for
SRS and SBRT are different in two aspects,

= A small target volume containing Gross tumor & close vicinity is treated with high
dose per fraction with heterogeneous dose distribution(hot spots).

" The normal tissue volume outside treatment volume which requires a step dose
fall-off away from target
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SRS, SBRT requires precise delineation of patient anatomy, targets for planning and
clear visualization for localization during delivery.

CT, CETCT, 4DCT, MRl and PET images assist in target delineation.
CT is the primary imaging modalities basis for treatment planning calculations.

MR is gold standard for visualization of brain SRS and increasingly used in SBRT like
Prostate, spinal tumors.

PET is widely used in lung, head neck, colon cancer etc.
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» Target Volume:
* The success of radiation therapy depends on the precise knowledge of the target

and surrounding critical structures.
* Three main Volume have been defined for RT:
» GTV-Gross tumor Volume
» CTV-Clinical Target Volume

» PTV- Planning target volume (used to account for random and systematic
uncertainties planning & dose delivery).
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* For some body sites that are affected by respiration motion such as lung or liver
tumor, internal margin is added to CTV to compensate for internal movement and
variation of tumor position, shape & size. This is referred as Internal Target
volume(ITV).

e Currently four dimensional computed (4DCT) is being used to generate ITV either by
delineating the target volumes on CT images at 10 breathing phase or single
maximum intensity projection(MIP) image.

* Anisotropic 5mm ITV-PTV margin has been used by many institution for Linac—
Based Lung SBRT with 4D imaging. However, this margin should be based on
equipment and institutional experience
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 An important goal of treatment planning is to avoid radiation damage to critical
organs and normal structures known as Organ at risk(OAR).

 OARs are delienated and some case safety margin added to around an OAR to
account for random and systemic error.

* This is referred to as planning risk volume (PRV). E.g. serial organ
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* Dose calculation in a challenging environment
— small field size
— target surrounded by low density tissue

* There are three type of dose calculation algorithm used in commonly used in TPS’;
» Correction- Based algorithm-conventional / involded minimal computation

» Model- Based algorithm (AAA,CCC, Acuros XB, FSPB etc)

» Monte carlo algorithm
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* Target Dose coverage

* Target Dose Heterogeneity
e Conformity index
* High dose spillage

e Intermediate dose spillage or Gradient Index
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 The target dose is can be normalized to prescribe the dose to either 50% or more for
intracranial SRS or 60-80% for Isodose for SBRT to achieve a 95% or higher coverage of
target volume.

* Another important target dose requirement is at least 99% of PTV should receive more
than 90% prescription dose( allowing a cold spot <10%)

* This resultin a Dmax up to 200% of prescription dose for SRS or 130-170% dose for SBRT,
Which must be inside the target volume.
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 The conformity index defined as ratio of prescription Isodose volume to PTV volume
« Cl=PI/PTV

* Pl-Prescription Isodose volume

* PTV-Planning Target volume

* Ideal Cl Should be 1

* Its recommended that this ratio be kept to less than 1.2 to minimize the volume of tissue
receiving ablative dose

e Greater Cl (e.g., up to 1.5) may be used for small tumors (<2.5cm).
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* For SRS and SBRT the prescription dose is often specified at lower Isodose, e.g. 50%
for SRS and 60%-80% for SBRT , Because of the ablative nature of SRS and SBRT,
sharper dose fall-offs outside of the treatment target is required to avoid damaging
nearby OARs. Thus, the prescription dose is specified to lower Isodose lines
compromise between dose fall-off and target dose heterogeneity.
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e For brain metastases, with median minimum peripheral doses of 16.5-25Gy. Up to 5
lesions can be treated at one time. A whole brain irradiation can be given before or
after the SRS treatment.

* Prescription doses for other diseases:
* SRS 16.5-20Gy for AVM
* SRS 15-20Gy and SRT 45-50Gy for pituitary adenoma;

e SRS 10-12.5Gy and SRT 20-25Gy for acoustic schwannomas SRS/ SRT 10-50Gy for
meningioma-
* SRS 70-80 Gy for trigeminal neuralgia

e 120-180Gy for thalamotomy, and 120-160Gy Parkinsons disease, Movement
disorders



various organs for a single-fraction SRS treatment
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st it Cyberknife® Gamma Knife® (Ele Synarget oAk w
g33322203c: Z ¥anian, Trilugyd. Hospitals
EF . TomoThérapy@) adding life to years
Radiosurgery Dedicated Yes Yes Mo
Also Does "Conventional" Radiotherapy Mo MNo Yes
Brain, Spine, Brain +/- other selected
Anatomic Area treatable with Radiosurgical Precision Entire Body Brain sites depending upon

specific system

Rigid Brain or Body Frame Redquired for Radiosurdical CE) Yes Y45
Accuracy
Lesion Size Limitation @ Yes No
Capahle of divided treatments to better preserve
; Z MNo Yes
adjacenttissues
Continuously adapts to lesion motion caused hy organ
: ; X INIA Mo
movement {real time lesion tracking)
Yarian Trilogy® uses
Continuously adapts to lesion motion caused by fespiralapydaliigbit duos
: : ; - R not track with radiosurgical
hreathing {real time respiratory trackin s
precision — Other systems

do not adapt to hreathing
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6 MV, 800 mu/min, compact linac
Industrial robot, 0.2 mm repeatability
Aperture sizes: 3,5, 7.5, 10, 12.5, 15, 20, 25, 30,
35, 40, 50, 60 mm
Fixed cones or adjustable iris collimator
2 diagnostic x-ray sources
e Patient imaged at 45 orthogonal angles

e 2 amorphous silicon detectors, 512x512 pixels,
20 x 20 cm2 FOV

During treatment robot adjusts position based on
comparison of live images with DRRs
e Sub-millimeter targeting accuracy
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CvberKnife-

ACCURAY®

PATIENT WORKFLOW
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Synchrony® Respiratory
TrackKing System

.

radiosurgery using the synchrony
respiratory




6D Skull
XSight Spine
Fiducial
Synchrony
XSight Lung
4D

dddddddddd



Frameless,
Single/Fractionated,
Image Guided,

(whole)
Body Radiotherapy/Radiosurgery
(SBRT/SRS)

All in one

HCG



BENIGN TUMOUR
« Meningioma
* Pituitary adenoma
 Acoustic Neuromas and other cranial nerve schwannomas
« CP angle tumors
* Peripheral nerve sheath tumours
 Paragangliomas [carotid body tumours, glomous jugulare]
 Craniopharyngioma
 Pinealoma
* Pineoblastoma
 Pineocytoma

adding life to years



MALIGNANT TUMOURS

DEFINITIVE/ RE-IRRADIATION
LUNG

PANCREAS

PROSTATE

LIVER

HEAD AND NECK

SKULL BASE TUMORS

BRAIN TUMORS

* Gliomas
 Medulloblastoma

HOG
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METASTATIC DISEASE
 BRAIN METASTASES
 SPINAL METASTASES
* LUNG METASTASES
 LIVER METS

« BONE METS

« ADRENAL METS

FUNCTIONAL
» Trigeminal neuralgia/Epilepsy/Psychiatric disorders
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* Arteriovenous Malformations
 Cavernous malformations

* Arterial aneurysm

« Carotid-cavernous fistula
 Cavernous angioma
 Choroid plexus papilloma

* Ependymoma

* Glomus tumor

« Hemangioblastoma
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POTENTIAL INDICATIONS

Boost to EBRT
- Gliomas
- Nasopharyngeal carcinoma
- Lung cancer
- Prostate cancer
-Head and neck cancer
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INNOVATIVE

 Large volume tumors

* Hyperfunctioning endocrine tumors

« Neoadjuvant settings In unresectable or moderately
resectable tumors

« CK->EBRT->CK

* Functional — Schizophrenia/Tremors/OCD
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30/05/09-30/05/19

Total — 3840

Extracranial-2389

Intracranial-1451
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Management Choices for Pituitary Adenomas

Pituitary Adenoma

/7\\‘

Non-Secretory | | Acromegaly || Cushing’s Discase || Prolactinoma

Surgical Surgical Surgical Dopamine
1* Choice Resection Resection Resection Agonisls
g | | *
- v -
2 20 Choice Radiosurgery Radicsurgery  Radiosurgery Surglc.'_il
o Resection
= 1 l |
g v
5, 3 Choice 2ud Surgery Octreotide Ketocumezol Rudios ,
g 1 Metapyrone losurgery
= _ ' |
4 Choice 2ud Radiosurgery  Dopaming Adrenalectomy
Agonist
GH Receptor

Antagonist
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84 cases (F-38,M-46)

79 post op residual/recurrence
15 immediate post op

5 primary

10 Functional



—Pituitary Protocol

DOTA PET
MRI
Hormone assay

Perimetry

H.G
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e <2 cms—10-14Gy/1Fr

* >2 cm,Optic apparatus,
Recurrent/Reirradiation — 18Gy/3Fr,25Gy/5Fr

Target delineation and optimal radiosurgical dose for pituitary tumors

* Gruseppe Minniti* “Email author,

« Mattia Falchetto Ostit and

» Maximillian Nivazi

Radiation Oncology201611:135

DOI: 10.1186/513014-016-0710-y



15 yrs/f, recurrent pituitary HOG
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DVH Propertias | Active DVH:  GTVPET

35630 52

Total MU

Beams 208 Min MU 5.50
Max Dose (cGy) 3472 22 Max MU 42688
Dose Statistics Table

Mean  Max

Cl | nCl | H |C
(cGy) _ (cGy) I | l |

L| M GTVMR1 2030.19 287500 347222 163 172 139

GTVMR2 207231 223687 234835 000 000 139 0.00°
oC 36023 143340 244155
RTON 7746 36951 93631
LT ON 3820 28926 74033
OAR1 43.71 44036 1237.15
SMM_OUT 47563 143853 266720
10MM_OUTER 28918 79052 131016
15MM_OUT 12165 521.07 969.05
OAR2 170.87 73236 194076
BRAIN STEM 65.17 456.87 259520

LT ORBIT 10.12 11509 1094 89

B RT ORBIT 14 .36 17170 92423 v

< >
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I DVH Properies J‘ Active DVH: GTVMR

9

CERLOLEINOGEG

Nodes 67 Total MU 8454 14
Beams 105 Min MU 239
Max Dose (cGy) 1627 91 Max MU 20572 |\

Dose Statistics Table
(cGy (cGy)  (cGy) =
W GTVMR 1334.59 150358 162791 115 118 1
BmCTv 963.08 138451 1627 91 1.01 192 1

lens_area 256 17 90 155 23
S5mm 21079 47168 69530
10mm_outer 2593 13291 41756
RT EYE 2.26 1292 156.20
RT OP NERVE 12.72 8666 38080
LT EYE 3.55 30 48 15523

LT OP NERVE 10.98 6406 18648

Hospitals' 7.

adding life to years



Hospitals

adding life to years

| (DVH Properties  Active DVH: [BRAINS

* N=146

* >4cm,Symptomatic-Surgery

o 12-14Gy/1#,18Gy/3#,25Gy/5#

Nodes | 6. TotalMU| 1520072 |
Beams | Min MU | 450 |
Max Dose (cGy)| : Max MU | 135.00 |

Dose Statistics Table

Min ‘ Mean Max ‘ @] ‘ nCl ‘ HI ’ Coverage
‘ (cGy) ((16%) (cGy)
| CTV 1080.17 154893 1818.18 129 139 130
| M inner 42048 132796 181818 1.00 215 130
| I Outter1 126.54 49267 932.08 n/a n/a n/a
| Outter2 76.27 314.02 849.98 n/a n/a n/a
RT EYE 31.46 33.72 36.62 n/a n/a n/a
[ Critical 12 56.82 22842 850.95 n/a nfa n/a
| LT EYE 29.80 31.86 3659 n/a n/a n/a
RT ON 35.12 38.04 43.09 n/a n/a n/a
[ [EFON 34.65 5854 12729 n/a n/a n/a
} BRAINSTEM 4414 15536 1376.84 n/a n/a n/a
W SELLAOC 41.42 63.97 131.70 n/a n/a n/a
i 1 CTVSRIDHAR 26420 138137 1818.18 n/a n/a n/a
|
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* N=128

* B/L=12

1000

1 1 Nodes Total MU 27428.36
* Hearing/Brainstem g
Max Dose (cGy) 277778 Max MU 586.33

Estimated Treatment Time Per Fraction (minutes) 45 D

Dose Statistics Table

Name Min Mean Max Cl nCl HI Coverage |l
| | (cGy) | (cGy) | (cGy) l I (%)
- GTVMRT125 2369.77 2636.27 2777.78 1.25 1.32 1.1 94.66
BSOAR 38.61 316.73 1133.79 n/a n/a n/a na
- *Skin 454 23.55 2777.78 n/a n/a n/a n/a
. 1 - 1 4 1 # 5 5 # LTCOCHLEA 1060.37 1780.79 2372.69 n/a n/a n/a n/a
’ LTSEMICIRCULAI 1047.24 1810.00 2327.38 n/a n/a n/a n/a
BRAINSTEM 38.61 367.89 2430.72 n/a n/a n/a n/a
oc 33.91 106.37 420.89 n/a n/a n/a n/a
RTON 9.16 16.55 39.72 n/a n/a n/a n/a

LTON 12.46 59.28 427.72 n/a n/a n/a

X256 Y256 Z:282 Value:1043
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135726 '

Apr. 26,2017 14:47
F 37Y 68.00kg
166 m
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1

240x320
0.79x0.79x1.25

Hospital

Siemens Skyra
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HFS

Rep: 3 msec
Echo: 1 msec
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SP\OSP

*f13d1

3 Tesla

MR
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BLKR0000135726

Nov. 27,2017 15:54
F 37Y 78.00kg
T1_vibe_fs_3d_tra 1mm
28 HEAD
Brain

1

0.89 x 0.89 x 0.90
Hospital

Siemens Skyra
Rep: 3 msec

Echo: 1 msec

19:52
05-10-2018
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~Use max dose point
Dose (cGy) 2499.07

Point | Goto >>

0.89,-24.99,-91.00

Point

Setto C

Save Plan Nodes 116 Total MU 7119255
Boams. 349 Min MU 2559
Max Dose (¢Gy) 3289 47 Max MU 397.41

Dose Statistics Table

1613.64 3280.47
211117 2 3 3283.00
38358 114841 1810.60

Standard | Dispiay / sT083 tos4c2 tores

737.90 185648

2404 6195 1
Patient 1275 4747 11771
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BRAINSTEM 42 89 255448
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Rx
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Image Orientation
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Show dose contours
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Y Y Y ‘ S U . =~
Load ‘ Fuse | Contour ‘ Align ‘ Plan | Visualize Plan QA ‘ Settings ‘ Help ‘ =

Y \ Y s . a1 Y
Load ‘ Fuse | Contour | Align | Plan ] Visualize PlanQA | Settings | Help

y

CgberKni%é

(yberKnife
DVH Properties “Actve DVH™ RT OP NERVE

HCG-GE CT scan

High

Calculale

Prescription

[2)Use max dose point

Dosa (cGy) 21848
1t_15mmouter
10mm_rtouter
15mm_rtouter

Point ™| Goto>>
2051,-42.38-59.25

EYI
RT OP NERVE
LTEYE
LT OP NERVE
BRAIN STEM
oc

F

Save Plan |

Nodes
Beams
Max Dose (cGy)

29
227848

Max MU

Dose Statistics Table
Vol Min Mean Mﬂx‘cl‘ﬂcllﬂl'
(6 | (cGy) | () \

_10mm 1946 6200 117586
It_15mmouter 10901 44973 96546
10mm_rtouter 11419 509272 1056.71
15mm_rtouter 5797 39543 82531
i oar 11718 59195 126344

oar2 2175 3325 61052
RTEYE 1806 5654 16392
RTOPNERVE 6306 61959 1690.24
LTEYE 1480 6613 27434

LTOPNERVE 14378 48229 85558
I BRAIN STEM 4681 48810 1905.11
oc 10169 51255 1371.76

<

X263 Y214 2:192 Value:1535
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Size,location

SRS 1 fraction 14-18Gy
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Size/volume  Total dose/

N B~

volume: 13.51
mL

5%
Hemorrhage:
2.06%/year

*Continuum of the Aoyama et al. study, HSRT: Hypofractionated stereotactic radiotherapy

volume: 13.51
mL

:* Prior treatment Follow-up time  Obliteration rate Complication Study No. Size/volume  Total dose/ Prior treatment Follow-up time  Obliteration rate Complication
fractions fractions
Aoyama, 20011 HSRT: 26 Eloquent area Embolization: 11%  >1year (mean: At 3years: 53% Hemorrhage: 12% Aoyama, 2001 HSRT: 26 Eloquentarea  24-28.8 Gy/4 Embolization: 11%  >1year (mean: At 3 years: 53% Hemorrhage: 12%
or >2.5¢cm, Surgery: 9% 35.4 months) Radiation or>25em, (mean:26.8Gy)  Surgery: 9% 35.4 months) Radiation
mean: 2.26 cm necrosis: 0% mean: 2.26 cm necrosis: 0%
SRS:27  Non-eloquent  12-20 Gy (mean: >1year (mean: At3vyears: 71%  Hemorrhage: 7% SRS:27  Non-eloquent  12-20 Gy (mean: >1year (mean: At3vyears: 71%  Hemorrhage: 7%
areaor <2.5 34.6 months) Radiation areaor <25 18.5Gy) 34.6 months) Radiation
ocm, mean: necrosis: 8% cm, mean: necrosis: 8%
1.78 em 1.78 em
Lindvall, 20031 HSRT: 29 Mean: 11.5 mL Embolization: 38% 8 years At 2 years: 56%  Hemorrhage: 7% Lindvall, 2003%*! HSRT:29 Mean: 11.5 mL 30-35 Gy/5 Embolization: 38% 8 years At 2 years: 56%  Hemorrhage: 7%
(median: 32.6 Gy) Surgery: 17% (mean: 38 (4-10 mL) Epilepsy: 7% (median: 32.6 Gy) Surgery: 17% (mean: 38 (4-10 mL) Epilepsy: 7%
months) 50% (>10mL)  Radiation months) 50% (>10mL)  Radiation
At 5 years: necrosis: 7% At 5 years: necrosis: 7%
81% (4-10mL) 81% (4-10 mL)
70% (=10 mL) 70% (>10 mL)
Veznedaroglu, HSRT: 24 Mean: 23.8 mL Embolization: 86%  >5 years 83% (at mean 14% (86% with Veznedaroglu, HSRT: 24 Mean: 23.8 mL 42 Gy/6 (6 Embolization: 86%  >5 years 83% (at mean 14% (86% with
200453 (mean: 102 latency 108 = 52 radiographic 20045 patients) (mean: 102 latency 108 + 52 radiographic
months) weeks) change) months) weeks) change)
Mean: 145 mL Embolization: 57%  >5 years 22% (at mean 8.7% (30% with Mean: 145 mL 30 Gy/6 (18 Embolization: 57%  >5 years 22% (at mean 8.7% (30% with
(mean: 82 latency 192 radiographic patients) (mean: 82 latency 192 radiographic
months weeks) change) months weeks) change)
Chang™, 2004® HSRT: 33 Eloquent area Embolization: 10%  Mean: 52 At 3 years: 32%  Hemorrhage: Chang™, 2004® HSRT: 33 Eloquentarea 20-28 Gy/4 Embolization: 10%  Mean: 52 At 3 years: 32%  Hemorrhage:
or >2.5cm Surgery: 15% months At5years:61%  22%/5 years or >2.5cm (mean: 25.9 Gy)  Surgery: 15% months At5years:61%  22%/5 years
At 6 years: 71%  Radiation At 6 years: 71%  Radiation
necrosis: 3% necrosis: 3%
SRS:42  Non-eloquent  12-20 Gy (mean: At 3 years: 52%  Hemorrhage: SRS:42  Non-eloquent  12-20 Gy (mean: At 3 years: 52%  Hemorrhage:
area or <2.5 At5years: 81%  8%/5 years areaor <25 19.3 Gy) At5years:81%  8%/5 years
cm At 6 years: 81%  Radiation cm At 6 years: 81%  Radiation
necrosis: 10% necrosis: 10%
Epilepsy: 2% Epilepsy: 2%
Zabel-du Bois, HSRT: 15 > 4em Embolization: 27%  Median: 2.6 At3years: 17%  Hemorrhage: 20% Zabel-du Bois, HSRT: 15 > 4em 20-32.5Gy/4-5  Embolization: 27%  Median: 2.6 At3years: 17%  Hemorrhage: 20%
20061 Median: 27 mL Surgery: 0% years At 4 years: 33%  Radiation 20061 Median: 27 mL (median: 26 Gy)  Surgery: 0% years At 4 years: 33%  Radiation
necrosis: 0% necrosis: 0%
SRS:33  Median: 7mL  15-19 Gy (median: Embolization: 24% At 3 years: 47%  Hemorrhage: 21% SRS:33  Median: 7mL  15-19 Gy (median: Embolization: 24% At 3 years: 47%  Hemorrhage: 21%
Surgery: 3% At 4 years: 60%  Radiation 17 Gy) Surgery: 3% At 4 years: 60%  Radiation
necrosis: 0% necrosis: 0%
Xiao, 201067 HSRT: 20 =5¢m, Embolization: 50%  Median: 32 0% Increase seizure: Xiao, 201067 HSRT: 20 =>5¢m, 25-30 Gy/5-6 Embolization: 50%  Median: 32 0% Increase seizure:
median: months Median post- 5% median: (median: 30 Gy) months Median post- 5%
46.84 mL treatment Ischemic stroke: 46.84 mL treatment Ischemic stroke:

5%
Hemorrhage:
2.06%/year

*Continuum of the Aoyama et al. study, HSRT: Hypofractionated stereotactic radiotherapy
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H Properties | Selected DVH:

100

90

80

70

Volume(%)
(9, (2]
(=] o

N
=)

GTVAVM18

Hospitals

1810.0 cGy (87.5%), 4828 mm?® (94.4%)

Nodes
Beams

Max Dose (cGy)

Dose Statistics Table |Dx Vx

Name Min
(cGy)

PTV18
Pocrvcer
B GTVCTANGIC
W GTVAVM18
DV-ICV
Il PcA
ACA
B mcA
Rt_eye

1700.17
539.90
1374.46
170017
479.99
377.15
418.05
422 .86
3.81

1000
Dose(cGy)

1250

86
306
2068.97

Mean Max
(cGy) | (cGy)
1931.20 2068.97
1814.83 2068.97
1919.38 2068.97
1931.81 2068.97
1021.62 1825.35
818.66 1517.45
796.54 1670.40
869.33 2003.31
11.52 105.58

1500 1750

30851.25
521
187.13

Total MU
Min MU
Max MU
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DVH Properties | Selected DVH: | VENTRICLES

e W VA a .

Ry High || 50 )
= Dose(%)

=] : Nodes 104 Total MU 15818 56

Beams 215 Min MU 21.18

‘ O Max Dose (cGy) 1707.32 Max MU 306.89
Estimated Treatment Time Per Fraction (minutes) n/a \ 5:‘

Dose Statistics Table [Dx Vx Values [ Plan Information|

R

 GTV_ARN 704.29 1446.46 449 6.00 122 74.79

i e = B GTVMR14 1341.18 152298 170560 1.54 158 122 97.77
5mm_outer 32971 62146 953.58 n/a n/a n/a n/a

outer_10mm 7354 306.30 49533 n/a n/a n/a n/a

15mm_outrt 39.36 192.18 299.08 n/a n/a n/a n/a

. *Skin 19.54 257.81 1707.32 n/a n/a n/a n/a

*VENTRICLES 22.53 4397 14493 n/a n/a n/a n/a

o *RIEYE

P
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DVH Properties | Selected DVH: | BRAINSTEM

31261.31

Nodes Total MU
Beams 292 Min MU 550
Max Dose (cGy) 284091 Max MU 391.10

Estimated Treatment Time Per Fraction (minutes) na | &

Dose Statistics Table

Mean Max
(cGy) | (cGy)
. GTVMRANGIC 224585 2622.73 2822.14 1.32 1.34 1.14
. Outer 7mm 640.01 134225 1888.09 n/a n/a n/a n/a
. Outer 16mm 14219 59665 953.65 n/a n/a n/a n/a

BRAINSTEM 48.16 323.06 1879.59 n/a n/a n/a n/a
ocC 205.74 1037.13 2533.95 n/a n/a n/a n/a
ONRT 2718 28156 48274 n/a n/a n/a n/a f
ONLT 2055 18156 588.73 n/a n/a n/a n/a
EYEI:T 5.42 17.26 229.41 n/a n/a n/a n/a

EYERT 7.85 81.67 547.20 n/a n/a n/a n/a

i




PlanQA | Settings | Help

| DVH Propertes | Agtve DVH| Outer 1

Dose (cGy)

POt Goto>> |
1340,-54.00,.277.00

|_Setto Cross-hair Pomt_ |

51148.10
2308

137 142
180 205

123 9667%
123 8799%

680
1207 85

X256 Y256 2 106 Value 895

PlanQA | Settings | Help

=
]

Sagittal ~
- /Show VOIs
(- Show dose contours.
- Show min/max dose

i Contour | Align | Plan [Wisualize
CyberKnife |
e 3D Filer

Image

Coronal

(/Show dose contours

PlanQA | Settings | Help

Plan QA Settings Help

X262 Y214 2106 Value 1033
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Novel treatment (new drug/intervention; established drug/procedure in new situation)

'Department of Radiation
Oncology, HealthCare Global
Bangalore Institute of
Oncology, Bengalury,
Karnataka, India
Department of Radiation
Oncology, Swami Rama Cancer
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Haldwani, Uttarakhand, India
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Kamataka, India

Correspondence to
Dr Swaroop Revannasiddaiah,
swarooptheone@gmail.com

CASE REPORT

Robotic-arm stereotactic radiosurgery as a definitive
treatment for gelastic epilepsy associated with

hypothalamic hamartoma

Sridhar Papaiah Susheela,' Swaroop Revannasiddaiah,’
Govindarajan J Mallarajapatna,? Ajaikumar Basavalingaiah'

SUMMARY

Gelastic seizures, characterised by paroxysms of
pathological laughter, are most often assodiated with an
underlying hypothalamic hamartoma. This report
describes the definitive treatment using stereotactic-
radiosurgery for a teenaged child whose gelastic epilepsy
was found refractory to various antiepileptic drugs. Since
surgery was not consented to, the child was referred to
us for stereotactic radiosurgery (SRS), which was
delivered with robotic-arm -SRS to a dose of 30 Gy in
five fractions in five consecutive days. A decrease in the
frequency of seizures was noticeable as early as within a
week, and at 12 months after the procedure, there has
been a total cessation of seizures.

BACKGROUND

Hypothalamic hamartoma associated gelastic epi-
lepsy characterised by episodes of ictal-laughter
warrant rimelv rrearment ac thev are known ra nro.

in maintaining freedom from gelastic seizures. His
symptoms subsequently became totally refractory
to AED. However, his symptoms were initially con-
fined to ‘laughing fits’, after he attained the age of
12 years, he began experiencing occasional epi-
sodes of generalised seizures too.

He was of normal intelligence with an average
performance at school, with no cognitive impair-
ments. There were no histories of precocious
puberty, eating disorders, behavioural disorders,
trauma or metabolic disorders. However, given the
ineffectiveness of AEDs in preventing seizures, he
was offered definitive treatment, given the risk of
progression to epileptic encephalopathy. Since the
patient desired to undergo a non-surgical approach
for treatment, he was offered SRS with either the
GammaKnife (SRS uvsing a cobalt-60-based system)
or the CyberKnife (radiosurgery using a linear
accelerator mounted upon a robotic arm).

Naocnire tha facr thar the (ClammaKuife cocrem gc
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WBRT-30Gy/10Fr,SIB 45Gy/10
Hippocampal sparing
SRS —14-21Gy

24Gy-35Gy/3-5Fr

12-20Gy/1-2Fr boost/reirradiation
PETCT
MRI
Neurocognitive tests

HCG
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MultiPlan® System /01080
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Aot
N |

Calculate
Prescription
Prescription
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% Use max dose point

Dose (cGy) 2800.00
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Save Plan

Save Plan
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Dose Statistics Table

Mioan T Max
(cGy) | (cGy)
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46.57
1924 .69
49.39
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I Calculate 1

| Prescription J

[JUse max dose point

Dose (cGy) 3002.47

Point Go to >>

8.20,-112.72,-85.50

I Set to Cross-hair Point J

Save Plan

Nodes Total MU

CIGIGROYSNEENE

OB

22262.53

B GTVMR30

- Dispiay Outer_7mm
[l Outer_14mm
*Ski

Batent [l “skin
SPS SUDHAPRAKASH VENTRICLES
RC1750 BS

Plan RE
6DS_Planfinal ) LE
01 Dec 2014, 12:42:46 PM CLIVUS

Rx

Beams 205 Min MU 303 |
Max Dose (cGy) 3571.43 Max MU 396.31
Estimated Treatment Time Per Fraction (minutes) na | &5
Dose Statistics Table [Dx Vx Values|[Plan Information|
Name i Mean | Max | ClI Coverage |

I nCl HI
Gy) | (cGy) | (cGy) |
252346 3128.02 357143 128 133 1.19
29477 117399 1907.81 n/a n/a n/a
5559 38324 97265 n/a n/a n/a
3.32 86.90 3571.43 n/a n/a n/a
3526 168.37 490.03 n/a n/a n/a
13.24 2987 12251 n/a n/a n/a
20.87 81.75 206.05 n/a n/a n/a
3.92 6.96 15.91 n/a nfa n/a
2169 18858 38251 n/a n/a n/a

95.86
n/a
n/a
n/a
n/a

n/a ! @

n/a

n/a

nfa

849%, 3000.00 cGy [
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History/Clinical/Neurocognitive
Biopsy/IHC/Genomics

DOPA PET CT/RT Planning
MRI/MRS/Functional brain
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Astrocytoma Oligoastrocytoma

Oligodendroglioma Glioblastoma

L
-
Ny sty 1DH mutant DM wild-type :
[
;
[
ifﬁ’qm:: SRR 1p/19q codeleti :
rgenetic  ros3mutation® PEATG COOMARD -
parameters :
I
I} .
'
I

Diffuse astrocytoma, /DH mutant

Oligodendroglioma, /DH mutant and 1p/19q codeletaed

IDH mitant {DOH wild-type

Glioblastoma, /DH mutant

Glioblastoma, I1DH wild-type

Genetic testing not done
or inconclusive

v '

After exclusion of other entities:
Diffuse astrocytoma, [DH wild-type
Oligodendroglioma, NOS

* =characteristic butnot
required for diagnosis

Fig. 1 A simplified algorithm for classification of the diffuse gho-
mas based on histological and genetic features (see text and 2016
CNS WHO for details). A caveat to this diagram is that the diagnos-
tic “flow” does not necessarily always proceed from histology first
to molecular genetic features next, since molecular signatures can

4

Diffuse astrocytoma, NOS
Oligodendroglioma, NOS
Oligoastrocytoma, NOS
Glioblastoma, NOS

sometimes outweigh histological characteristics in achieving an “inte-
grated™” diagnosis. A similar algorithm can be followed for anaplastic-
level diffuse gliomas; ~ Characteristic but not required for diagnosis.
Reprinted from [27], with permission from the WHO
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ol EIMA-HCG PROTOCOL-SIB-CKBoost

PHASE 1
e 50-54Gy/22-25#/5 WKS
PHASE 2

o 12-20Gy/2#/2 Days
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N=65

DOPA PET/MRI/MRS/FUN
PHASE 1-
GTVPET-54GY/25#/5WKS
GTVMR-50GY/25#/5WKS
CTV1CM-45GY/25#/5WKS
PHASE2
GTVPET/MR/CKBOOST
12-20GY/2#.BED-94.4GY
TMZ-RT/ADJ6-12MTHS
2YRS-41.3%

5YRS-14.6%

65 35

adding life to years

30 46.2%

Estimate Std. Error 95% Confidence Interval

27.000 6.187 14.874

39.126



N=39

DOPA PET/MRI/MRS/FUN
PHASE 1-
GTVPET-54GY/25#/5WKS
GTVMR-50GY/25#/5WKS
CTV1CM-45GY/25#/5WKS
PHASE2
GTVPET/MR/CKBOOST
12-20GY/2#.BED-94.4GY
TMZ-RT/ADJ6-12MTHS
2YRS-83.87%
5YRS-32.14%

39 27 12 30.8%

survival Function
eeeeeeeee

Estimate Std. Error 95% Confidence Interval

51.000 6.740 37.790 64.210
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N=48

DOPA PET/MRI/MRS/FUN
PHASE 1-
GTVPET/MR-44GY/22#/5WKS
CTV-39.6GY/22#/5WKS
PHASE2
GTVPET/MR/CKBOOST
10-12GY/2#.BED-72GY
TMZ-RT/ADJ6-12MTHS
0SS-32.61MTHS SE4.852
1YRS-54.54%
2YRS-40.62%,3YRS-32.25%

HCG



[ Dose Calculation
Algoriivn
Resoluton

Calculate
Prescription
Prescription

Reference Point

B Use max dose point

Dose (cGy) | 244829

Point " Goto>>

[ 14.86,-10.19,-35.50 |

"~ Set to Cross-hair Point

Save Plan

Save Plan

| Standard Display

Patient

4yr/M,Brainstem glioma

Load Fuse  Contour Align Plan  Visualize

Setup Isocentric Conformal Sequential Finetune

/ Plan QA  Settings  Help

Evaluate
7

| "DVH Properties Active DVH: [LT EYE

100
90
80

70

Volume(%)

40 50 60
Dose(%)

Nodes 90 | Total MU/
Beams | 1607_‘1 Min MU |
Max Dose (cGy)|  3125.00 | Max MU |

2534522 |

35.96 |

399.26 |

Dose Statistics Table

(cGy) (cGy)

GTVMR 267853 312500 119 132

CTV 259591 312500 101 142
M out1 129513 1950.96 n/a n/a
i ouT2 891.79 1656.75 n/a n/a
M OAR 657.98 1733.90 n/a n/a
ELTEYE 12896 133.56 n/a n/a
W RT EYE 128.13 13457 n/a n/a
WLTOPTN 136.14  140.00 n/a n/a
M RTOPTN 136.39 14167 n/a n/a
I OPT CHIASM 164.14 34972 n/a n/a
WmocC 20221 846.49 n/a n/a

1.25
1.25
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

VOl Mean ’ Max ‘ cl ‘nCI ‘ HI ‘Coverage

89.85%
71.08%
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

H.G
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HOG

QUESTIONS

Q.1. Who invented Cyberknife?

Q.2. How many CNS metastasis can be treated by Cyberknife?
Q.3. What is MISME Syndrome?

Q.4. BED of IGRT followed by FSRS in GBM?

Q.5. Most common postSRS side effect in Trigeminal Neuralgia?



