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Introduction SRS/SRT

Gamma knife,X knife, Cyberknife

Robotic radiosurgery-CYBERKNIFE

Cases



INTRODUCTION

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.



KEY REQUIREMENTS FOR OPTIMAL 
STEREOTACTIC IRRADIATION

REQUIREMENT RATIONALE

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 
from target

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



RADIOTHERAPY FRACTIONATION

SCHEDULES

Conventional

Hyper

Accelerated

Hypo

Fractionation

Schedule

1.5-2.5

Dose/Fx

(Gy)

5-6

# of

Fx/Wk

60-75

Total

Dose Gy

6-10 weeks

Overall

Time

or

same

or

same

or

same

or

same



History of Stereotactic Radiosurgery

Dr.Lars Leksell, Neurosurgeon. He was the 
inventor radiosurgery, Karolina Institute in 
Sweden.
Leksell installed the first gamma unit in Stockholm in 
1968. 



SRS and SBRT Equipment 

• Commonly used SRS and SBRT machine classified into three 
categories:

Gamma ray System

 Linear accelerator(Linac) system.

Proton or Heavy charged particle system.



Gamma System

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

• 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.



Linear Accelerators 

• 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



Linear Accelerators & Gamma unit 



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 



Treatment Planning and Optimization for SRS and 
SBRT

• 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  



Simulation Imaging 

• SRS, SBRT requires precise delineation of patient anatomy, targets for planning and 
clear visualization for localization during delivery.

• CT, CETCT, 4DCT, MRI 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.



Definition of Target volume and Critical Structure 

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).



Continue,
• 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).

• 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.

• An isotropic 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 



Organ at Risk.

• 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



Dose Calculation

• 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



Dosimeteric parameters for plan Evaluation

• Target Dose coverage

• Target Dose Heterogeneity

• Conformity index 

• High dose spillage 

• Intermediate dose spillage or Gradient Index 



Target Coverage 

• 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 result in a Dmax up to 200% of prescription dose for SRS  or 130-170% dose for SBRT, 
Which must be inside the target volume.



Conformity Index

• The conformity index defined as ratio of prescription Isodose volume to PTV volume 

• CI = PI/ PTV

• PI-Prescription Isodose volume 

• PTV- Planning Target volume

• Ideal CI Should be 1

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

• Greater CI (e.g., up to 1.5) may be used for small tumors (<2.5cm).



Target Dose Heterogeneity

• 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.



Brain

• 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; 

• SRS 10-12.5Gy and SRT 20-25Gy for acoustic schwannomas SRS/ SRT 10-50Gy for 
meningioma-

• SRS 70-80 Gy for trigeminal neuralgia

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



Volume-dose constraints and the maximum point doses (volume 
<0.035cc) for various organs for a single-fraction SRS treatment



3 fraction SRT SBRT treatment



5 &8 fraction SRT SBRT treatment





Cyberknife

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

• Patient imaged at 45 orthogonal angles
• 2 amorphous silicon detectors, 512x512 pixels, 

20 x 20 cm2 FOV
During treatment robot adjusts position based on 
comparison of live images with DRRs
• Sub-millimeter targeting accuracy



CYBERKNIFE



CYBERKNIFE



CYBERKNIFE



Cyberknife Image Guided Target Tracking

6D Skull
XSight Spine
Fiducial 
Synchrony

XSight Lung
4D



CyberKnife:

Frameless, 
Single/Fractionated, 

Image Guided,
Real time Tracking,

Sterotactic,
(whole)

Body Radiotherapy/Radiosurgery 
(SBRT/SRS)

All in one



ESTABLISHED INDICATIONS

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



MALIGNANT TUMOURS 

DEFINITIVE/ RE-IRRADIATION
• LUNG
• PANCREAS
• PROSTATE
• LIVER
• HEAD AND NECK
• SKULL BASE TUMORS
• BRAIN TUMORS

• Gliomas

• Medulloblastoma



METASTATIC DISEASE 

• BRAIN METASTASES

• SPINAL METASTASES

• LUNG METASTASES

• LIVER METS

• BONE METS

• ADRENAL METS

FUNCTIONAL

 Trigeminal neuralgia/Epilepsy/Psychiatric disorders 



VASCULAR

• Arteriovenous Malformations
• Cavernous malformations
• Arterial aneurysm
• Carotid-cavernous fistula
• Cavernous angioma
• Choroid plexus papilloma
• Ependymoma
• Glomus tumor
• Hemangioblastoma



POTENTIAL  INDICATIONS 

Boost to EBRT

- Gliomas

- Nasopharyngeal carcinoma

- Lung cancer

- Prostate cancer

-Head and neck cancer



INNOVATIVE

• Large volume tumors

• Hyperfunctioning endocrine tumors

• Neoadjuvant settings in unresectable or moderately 

resectable tumors

• CK -> EBRT-> CK

• Functional – Schizophrenia/Tremors/OCD



CYBERKNIFE-12 years

30/05/09-30/05/19

Total – 3840

Extracranial-2389

Intracranial-1451



BENIGN TUMORS



IRSS guidelines



Pituitary adenoma

• 84 cases (F-38,M-46)

• 79 post op residual/recurrence

• 15 immediate post op

• 5 primary 

• 10 Functional



• DOTA PET

• MRI

• Hormone assay

• Perimetry

HCG –Pituitary Protocol



HCG protocol..

• <2 cms – 10-14Gy/1Fr

• >2 cm,Optic apparatus,
Recurrent/Reirradiation – 18Gy/3Fr,25Gy/5Fr



45 yrs/f, recurrent pituitary 
adenoma



45yrs/M





Pituitary adenoma post op residual 26yrs/Fi



Meningioma

• N=146

• >4cm,Symptomatic-Surgery

• 12-14Gy/1#,18Gy/3#,25Gy/5#



Acoustic Schwanoma

• N=128

• B/L=12

• Hearing/Brainstem

• 12-14Gy/1#,25Gy/5#





22yr/m/B/L Ac schwanoma



28yrs/F/NF1



HCG-AVM

• N=26
• DSA
• Plain CT,CT angio
• MRI,MRA,FMRI
• Bleeding-6 weeks
• Size,location
• SRS 1 fraction 14-18Gy
• FSRS 3-5 18-25Gy

SPETZLER-MARTIN AVM Grading System





Case 1.16yrs/M/ICT





Case 2.30yrs/F



Case 4.60yr/m/Thalamic AVM



Case 8.32yr/F/Spinal AVM



Glomus jugular tumour

• N=26

• 25Gy/5#

• Symptomatic- Sandostatin 
LAR





FUNCTIONAL



Trigeminal neuralgia

• N=27

• 56Gy-60Gy,Max 76-80Gy





SRS for Trigeminal Neuralgia

Measure 

length!!





Brain Mets

WBRT-30Gy/10Fr,SIB 45Gy/10 
Hippocampal sparing
SRS – 14-21Gy

24Gy-35Gy/3-5Fr
12-20Gy/1-2Fr boost/reirradiation

PET CT
MRI
Neurocognitive tests



WBRT…



WBRT..



Case 1.69Yrs/F/Ca Lung with Multiple 
Brain mets



Case 2.62yrs/F/ca breast with brain mets



GLIOMA



How we do-post MSR

• History/Clinical/Neurocognitive 

• Biopsy/IHC/Genomics

• DOPA PET CT/RT Planning

• MRI/MRS/Functional brain 

• MDT

• FU





GLIOMA-PRTOCOL

• CTV1(GTV+1-2Cm)-60Gy/30-33#

• CTV2(GTV+_ ED+2-3Cm)-50Gy/25-30#

• TMZ-CON/ADJ-6MTH



GLIOMA-HCG PROTOCOL-SIB-CKBoost

PHASE 1

• 50-54Gy/22-25#/5 WKS

PHASE 2

• 12-20Gy/2#/2 Days



GBM –SIB WITH CK BOOST

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%

Case Processing Summary

Total N N of Events Censored

65 35 30 46.2%

Median

Estimate Std. Error 95% Confidence Interval

27.000 6.187 14.874 39.126



HGG-SIB+CKBOOST

Case Processing Summary

Total N N of Events Censored

39 27 12 30.8%

Median

Estimate Std. Error 95% Confidence Interval

51.000 6.740 37.790 64.210

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%



BSG-SIB+CKBOOST

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
OSS-32.61MTHS SE4.852
1YRS-54.54%
2YRS-40.62%,3YRS-32.25%



4yr/M,Brainstem glioma



26yrs/M/opticnerve glioma





Post ck ONG 5 years







CONCLUSION

 SRS/SRT - 1-5 #

 GAMMA KNIFE,X-KNIFE,CYBERKNIFE

 CNS TUMORS-
BENIGN,MALIGNANT,FUNCTIONAL

 BOOST,REIRRADIATION



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?


