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Radiosurgery: state-of-the art

Ideal dose

* Current practice: isocentric technique, 70 to 90 Gy max dose (4-

mm isocenter)

Isocenter location
Root entry zone (REZ)

Pars triangularis

* Where 20 Gy isodose line is tangential to brainstem

Due to isocentric geometry, a 4-mm span can

be treated.

Attempts to treat with two isocenters create
a hot spot in the middle and result in no pain

improvement but higher hypestesia




Radiosurgery for TN: Outcomes

High rates of early pain relief are followed by recurrence in about 50%

* Qutcomes
* At least 50% reduction in pain in 77 to 95% of patients (11 refs.)

* 4 studies report long-term results

* Dhopleetal. (J Neurosurg 111:351-358, 2009)
* 102 pts, 5.6-year f/u (75 Gy)
* 3-,5-, 7-year freedom from pain: 41%, 34%, and 22%
* Bothersome hypesthesia 6% (overall rate not reported)

* Kondziolka et al. (J Neurosurg 112:758-765, 2010)
* 107 pts, more than 5-year f/u (80 Gy)
* 3-,5-, and 10-year freedom from pain 71%, 46%, and 30%
* Sensory dysfunction: 10.5%

*  Younget al. (J Neurosurg 119:1166-1175, 2013) ,
e 250 pts 5.75-year f/u (90 Gy)
* 170 patients (71.4%) were pain free and 213 (89.5%) had at least 50% pain relief

. hypestf}esia in 32.9% (very bothersome in 4.5%). Dry-eye syndrome in 22.4%, jaw weakness
in 11.2%.

* Regis etal. (J Neurosurg 124:1079-1087, 2016)
* 497 pts. 3.63 years f/u (85 Gy)
* 3-,5-,7-, and 10-year freedom from pain 71.8%, 64.9%, 59.7%, and 45.3%

* The hypesthesia actuarial rate at 5 years was 20.4% and at 7 years reached 21.1%, but
remained stable until 14 years t



What's Different with CyberKnife?

 Minimally invasive

* The non-isocentric approach introduces a series of new and
unexplored issues for treatment

* With a non-isocentric technique, the dose is not the only
parameter to consider

e Actually, volume of the treated nerve and the dose received
by the surrounding structures must be taken into
consideration
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RESEARCH—HUMAN—CLINICAL STUDIES

Image-Guided Robotic Radiosurgery for Trigeminal

Neuralgia
Pantaleo Romanelli, MD* BACKGROUND: Frameless, non-isocentric irradiation of an extended segment of the
Alfredo Conti, MD, PhD* trigeminal nerve introduces new concepts in stereotactic radiosurgery for medically
Livia Bianchi, MD* resistant trigeminal neuralgia (TN).

OBJECTIVE: To report the results of the largest single-center experience about image-
guided robotic radiosurgery for TN.
METHODS: A cohort of 138 patients treated with CyberKnife® (Accuray Incorporated,

Achille Bergantin, PhD*
Anna Martinotti, PhD*

Giancarlo Beltramo, MD* Sunnyvale, California) radiosurgery with a minimum follow-up of 36 mo were recruited.
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RESPONSE RATE

Systematic Review of Literature

Year?  ResponseRatel Percentage?l
Romanellitz].[ 2003@ 7/10m 70%0
Lim@et(z|. @ 20058 38/41m 89.6%0
LimEtrI. 20068 26/290 89.6%0
PatilE:tz].F 20078  4/7R 57%0
Villavicenciotz|.[@ 20082 64/95C 67 %0
AdlerGt|.m7 20098 33/46[ 72%0
Borchers@tzl.@ 2009@ 45/46E 97.8%L
Fariselli@tiz|. @ 2009@ 22/33@ 67 %0
Tangtz|. @ 20118 11/14@ 78.6%0
Lazzaratz|.xl 2013@ 15/17@ 88%0
Karam@@:tzI.[ 2014R 18/250 72%0)
Singhetz|.[7 2016 142/163F 87.1%
ContiRetzl.7 2017@  23/270@ 85.2%0
RomanelliR:tzl.[ 2018 129/138E 93.5%0
Zhanget|.[7 2018 55/660 83.3%0
Pooled®@ 632/7570 83.5%0!




Toxicity

Systematic Review of Literature

Complicationsl? Number@®fipatientsd %)t
Facialzhumbnessdnotibothersome) 101512.3%)C
FacialBhumbnessiibothersome)a 70E9%)El
Decreased@ornealeflex? 11{1.4%)E
Increase@n@rigeminal@istributionZnesthesial 70.9% )k
Anesthesia@iolorosa® 6H0.8%)E
Generalized@ainl 5d0.6%)C
Masticator@veaknessl 5{0.6%)E
Nauseal 4{0.5%)E
Trismusl 3H0.4%)E
Diplopial 2H0.3%)E
Urticarial 2[H0.4%)C
Hearingossk 3/0.1%)E
Paresis@ 1H0.1%)El

OtherhotBpecified? OR/4.1%)E




Setting and Study Design

* The patients data were retrospectively analyzed. Data were pooled from the
CyberknifeCenter at Berlin (BerCK), the CyberKnife
Center at , Italy (MesCK) and the CyberKnife Center at the

, Milan (MilCK).

were performed in 262 patients between 2009-2018.

* Clinical follow up was carried out 3-6 months after CK-SRS and then once a
year. We included the latest available follow up in this analysis.

* The end-points analyzed were: i) effects on pain scores, ii) effects on
medication, iii) occurrence of sensory disturbance, iv) rate of pain recurrence.



Methods

Pain level was scored using the Barrow Neurological Institute (BNI) pain scale

I: no trigeminal pain, no medication;

II: occasional pain, not requiring medication;

llla: no pain, continued medication;

Illb: controlled with medication;

IV: some pain, not adequately controlled with medication;

V: severe pain, no pain relief

For hypoesthesia evaluation, we used the BNI facial hypoesthesia scale

I: no facial numbness;
[I: mild facial numbness, not bothersome;
[lI: facial numbness, somewhat bothersome;

IV: facial numbness, very bothersome

We dicothomized the pain response as sufficient or inadequate after SRS as BNI grades I-lllb and IV-V,
respectively. Similarly, we defined a clinically not significant or bothersome numbness as BNI grades I-Il and 1lI-1V,
respectively

We also recorded any possible trigeminal motor deficits.



Patients demographic

characteristics

Patients 262
Gender M/F 1:1.4
Age at the treatment time (years)

Median (range) 64 (22-91)
Follow-up (months)

Mean (sd) 40.7 (£=29)
Median (range) 38 (0.7-117)
Retreatments 34
Multiple Sclerosis (n) 17(6.5%)



Summary of treatment parameters in three centers
(Messina: MesCK, Milan: MilCK, Berlin: BerCK; PD:
prescribed dose, max.: maximal)

N Mean * SD Median Min Max
Volume MesCK 176 | 29+14.3 25 5.0 103.3
mm3 MilCK 80 |[27.7+12.3 30 10.0 70.0
BerCK 40 |23.8+12.8 20 10.0 60.5
overall 296 | 28+13.7 25 5.0 103.3
PD MesCK 176 [ 57.7+6.7 60 35.0 90.0
(Gy) MilCK 80 |57.4+2.6 58 38.0 60.0
BerCK 40 |60.2+4.1 60 49.0 70.0
Overall 296 | 58+5.6 60 35.0 90.0
Isodose MesCK 176 [ 83+3.2 83 73.0 90.0
(%) MilCK 80 |80+0.4 80 78.0 80.0
BerCK 40 |80+3.2 80 70.0 85.0
Overall 296 | 81.6+3.1 80 70.0 90.0
Max. MesCK 176 [ 70+8.1 71.3 42.7 112.5
Dose MilCK 80 |[72+3.3 72.5 475 75.0
(Gy) BerCK 40 |75.7+4 75 70.0 87.5
Overall 296 | 71.1+7 72.4 42.7 112.5
Mean Dose | MesCK 176 [ 63.7+7.3 65.3 38.8 101.3
(Gy) MilCK 80 |64.7+2.9 65.3 42.8 67.5
BerCK 40 |68.1+3.8 67.5 59.8 80.1
Overall 296 | 64.5+6.2 65.3 38.8 101.3
Integral MesCK 176 | 2+0.9 1.6 0.3 6.7
Dose MilCK 80 |1.8+0.8 1.9 0.6 4.4
(mJ) BerCK 40 |1.6+0.8 1.4 0.7 4.0
Overall 296 | 1.8+0.9 1.6 0.3 6.7




Kaplan Meier curve for pain relief divided
in primary and retreatment
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Radiometric Parameters and Pain Qutcome

Variables Patient (n) ¥? and p value
Pain
205 vs. 91 x2 = 4.675,p =0.031

Volume
(<30 mm3 vs. >30mm?)

Integral dose
(<1.4,1.4-2.7,>2.7)

114 vs. 144 vs. 39

low vs. intermediate: x2 =
5.5.02, p =0.019

low vs. high: x? =6.026, p =
0.014

intermediate vs. high, x? =

0.221, p =0.638
Mean dose (<63 vs. >63 Gy), 75vs. 221 x? =1.803, p=0.179
Maximal dose (<72 vs. >72 132 vs. 164 X2 = 2,756, p = 0.097
Gy)
Prescribed dose (<58 vs. >58 130 vs. 166 ¥x2 = 0.44, p=0.838

Gy)




Kaplan Meier comparison of the curves of pain-freedom
probability according to target volume (<30mm3 vs. >30 mm3)
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Kaplan Meier comparison of the curves of pain-freedom
probability according to integral dose (<1.4 mlJ; 1,4-2,7->2,7 mlJ)
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Univariate and multivariate analysis for factors
affecting occurrence of numbness

Univariate Analysis

Multivariate Analysis

p value HR 95% CI p value HR 95% ClI
Age 477 .993 .974-1.013
Gender 439 .807 .470-1.388
Volume .031 1.021 | 1.002-1.040 .972 .996 .784-1.264
Prescribed .012 .939 .894-.986 .853 .985 .841-1.154
Dose
Integral Dose .100 1.272 .955-1.696 .838 1.472 | 0.37-59.357
Mean Dose 449 1.018 .972-1.065
Maximal Dose 011 .950 .913-.988 726 .978 .862-1.109
Retreatment .000 .093 .042-.209 .000 .102 .044-.237
MS 223 .520 .182-1.487




Conclusions

This study represents the largest frameless CKS series that analyzes
possible treatment parameters as predictors of outcome in addition to
the description of efficacy and safety profile of the technique.

Our study confirmed that single treatment parameters are not enough
to predict treatment efficacy of SRS in TN.

The integral dose including mean dose and nerve volume is apparently
relevant, as it may differ significantly in treatments using apparently
similar dose and volume constraints. Our study supports the concept of
personalized radiosurgery for the best treatment outcome and warrants
future prospective studies.



