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Impossibilité a trattare il target
In modo adeguato

Condizioni cliniche o anatomiche che Ilimitano o
impediscono l'approccio convenzionale (include paz. ad
elevato rischio anestesiologico o con comorbidita
specifiche)

Scar complessa o con peculiarita che giustificano
I'inadeguatezza di un approccio convenzionale (sulla base
di imaging / mapping)




Forme di energia "non a contatto”

Radioterapia stereotassica guidata da imaging e mappaggio
EP:

- possibilita di trattare il substrato senza limitazioni di
carattere spaziale e anatomico alla applicazione di energia
(modello spaziale tridimensionale), predefinendo le
caratteristiche del trattamento (shape e volume; OAR);

- procedura non gravata dalle problematiche di invasivita
intervenzionale o chirurgica
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Abstract

Purpose We present the preliminary results of the STRA-MI-VT Study (NCT04066517), a spontaneous, phase Ib/II study,
designed to prospectively test the safety and efficacy of stereotactic body radiotherapy (SBRT) in patientswith advanced
cardiac disease and intractable ventricular tachycardia (VT).

Methods Cardiac computed tomography (CT) integrated by electroanatomical mapping was used for substrate identifica-
tion and merged with dedicated CT scans for treatment plan preparation. A single 25-Gy radioablation dose was delivered
by a LINAC-based volumetric modulated arc therapy technique in a non-invasive matter. The primary safety endpoint was
treatment-related adverse effects during acute and long-term follow-up (FU), obtained by regular in-hospital controls and
implantable cardioverter defibrillator (ICD) remote monitoring. The primary efficacy endpoint was the reduction at 3 and
6 months of VT episodes and ICD shocks.

Results Seven out of eight patients (men; age, 70 +7 years: ejection fraction, 27 + 11%; 3 ischemic. 4 non-ischemic cardio-
myopathies) underwent SBRT. At a median 8-month FU, no treatment-related serious adverse event occurred. Three patients
died from non-SBRT-related causes. Four patients completed the 6-month FU: the number of VT decreased from 29 +33
to 11+9 (p=.05) and 2+2 (p=.08), at 3 and 6 months, respectively: shocks decreased from 11 to 0 and 2. respectively. At
6 months, all patients. showed a significant reduction of VT episodes and no electrical storm recurrence, with the complete
regression of iterative VTs in 2/2 patients.

Conclusion The STRA-MI-VT Study suggests that SBRT can be considered an alternative option for the treatment of VT in
patients with structural heart disease and highlights the need for further clinical investigation addressing safety and efficacy.

Keywords Ventricular tachycardia/ventricular arrhythmias - Stereotactic body radiotherapy/radioablation - Catheter
ablation - Structural heart disease/dilated cardiomyopathy - Multimodal imaging
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" STRA-MI-VT Study

ENDPOINTS PRIMARI DI SICUREZZA ED EFFICACIA

Eventi avversi

Recidive di aritmia; ATP / shocks da parte dell’'ICD

ENDPOINTS SECONDARI

Mortalita totale; QoL (SF - 36); funzione cardiaca

EXPECT

Validazione de
Ruolo di tecnic

ED FINDINGS e APPLICAZIONI FUTURE
la sicurezza ed efficacia della RT in ambito clinico

ne di ablazione guidate da imaging multimodale

Preludio all’'uso di strategie alternative di cura
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POPOLAZIONE

Pazienti con cardiopatia strutturale e severa aritmia ventricolare
recidivante refrattaria, non candidabili a procedura intervenzionale o
chirurgia

METODOLOGIA APPLICATA
- Imaging multimodale: Mapping ElettroAnatomico + CT cardiaca
avanzata (CT Revolution: 256 slices, 0.23mm spatial resolution) con
acquisizione tardiva e algoritmo per caratterizzazione della fibrosi
- CT simulata per riprodurre I'anatomia cardiaca e gli effetti della RT
sul singolo paziente (free-breathing-CT + 4D-CT)
- Piano di trattamento VMAT con singola applicazione (25 Gy) da
acceleratore lineare Trilogy (Varian) con metodologia IGRT
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Tale 1. Patient’ baseline characteristics

Patient #1 Patient #2 Patient #3 Patient #4 Patient #5 Patient #6 Patient #7
B.P. G.R. AML M.C. V.G. O.M. G.M.
Age (yr) 72 72 72 59 81 76 61
Underlying cardiomyopathy ICM NICM NICM NICM ICM ICM ICM
NYHA Class III III 111 II 111 III 11
LVEF (%) 23.5 21.1 20.3 44.4 20.4 20.7 20.8
Device implanted CRT-D CRT-D CRT-D DDD ICD CRT-D CRT-D CRT-D
Stage of COPD (GOLD) v I I II II v II
CKD stage Severe Severe Severe Mild Mild Severe Mild-moderate
BMI (kg/m?) 30.46 24.72 30.06 2547 20.76 23.88 33.75
Disthyroidism hyper- hypo- hypo- no no no no
Atrial fibrillation paroxysmal permanent permanent no no no no
Arrhythmia presentation VT.NIVT VT,NIVT VT (ES) VT (ES) VT (ES) VT (ES) VT, NIVT
Prior cardiac surgery yes yes yes no no yes no
Clinical peculiarities Mitral-clip Mitro-aortic Surgical CRT-D. Severe - LV mobile Severe systemic
mechanic LA thrombus. anemia, scar in thrombus. arteriopathy
prosthesis, scar in proximity — proximity to ACBPG,
cardiac to LAD LAD pericardiectomy
support device
Ongoing AAD (N) 3 3 3 3 3 3 3
Previous VT catheter ablations (N) 3/2 0 1/0 2/1 1/0 0 3/0
endo / epi




Patient #8 Patient #9 Patient #10 Patient #11 Patient #12 Patient #13
C.T. MLL. L.C. B.V. M.O. F.CL.
Age (v1) 78 67 76 61 65 76 70=7
Underlying cardiomyopathy NICM NICM NICM NICM ICM NICM/ICM
NYHA Class i I m m I I
LVEF (%) 413 48.0 33.0 27.0 39.0 42.0 31x11
Device implanted CRT-D VVIICD CRT-D CRT-D VVIICD CRT-D
Stage of COPD (GOLD) m I I I I T
CKD stage Mild-moderate no Mild- Mild-moderate Mild Moderate
moderate

BMI (kg/m?) 2535 24.66 23.80 3432 24.15 24.16 26.58+4.17
Disthyroidism no no hyper- Hypo- no hyper-
Atrial fibrillation persistent no no no paroxysmal permanent
Arrhythmia presentation VT (ES) VT, NIVT VT (ES) VT vT VT (ES)
Prior cardiac surgery yes no no yes no no
Clinical peculiarities Mitral Previous cardiac Septal Mitral Ventricular Permanent

annuloplasty with  tamponade/pericarditis  intramural annuloplasty, thrombosis unstable atrial

severe residual substrate aortic thrombus

msufficiency, mechanical

aortic prostheses

bioprostheses,

bladder neoplasm
Ongoing AAD (N) 2 1 1 1 1 2
Previous VT catheter ablations 2/0 0/0 1/1 0/0 1/0 3/0

(N) endo / epi

AAD: Antiarrhythmic Drugs, ACBPG: Aortocoronary Bypass Graft, BMI: Body Mass Index, CKD: Chronic Kidney Disease, COPD: Chronic Obstructive Pulmonary
Disease, CRT-D: Cardiac Resynchronization Therapy Defibrillator, DDD ICD: Dual-chamber Implantable Cardioverter Defibrillator, ES: Electrical Storm, ICD: Implantable
Cardioverter Defibrillator, ICM: Ischaemic Cardiomyopathy, LA: Left Atrium, LAD: left anterior descending artery, LVEF: Left Ventricle Ejection Fraction, NICM: Non-
ischaemic Cardiomyopathy, NIVT: Near-incessant Ventricular Tachycardia, NYHA: New York Heart Association, VT: Ventricular Tachycardia.

=



- Table 2. Treatment characteristics _

——
Patient #1 Patient #2 Patient #3 Patient #4 Patient #6 Patient #7
B.P. G.R. A.M. M.C. O.M. G.M.
Tools used for target scar definition Endo-epi EAM, CT, CT, ECGI, ECG Endo EAM, CT, Endo-epi EAM, CT, ECG Endo EAM, CT,
ECG ECG CT, ECG ECG
Target scar location Infero-postero- Basal perivalvular  Subepi basal Subepi mid-basal Anteroseptal, Anteroseptal. apex
lateral antero-septal antero-septal (close apex (LV (LV aneurysm)
(close to LAD) to LAD) aneurysm)
Clinical target volume (cm?) 43.7 16.04 55 14.1 41.1 53.35
Internal target velume (cm?) 115.9 54.4 120.9 93.9 131.8 145.5
Planning target volume (cm?) 198.3 88.1 187.6 138.7 2253 239
Doses (%0) 94.9 96.2 94.6 97 94.9 95
Vose (%0) 94.8 97 94.1 98.3 94.5 95
Treatment time (min) 25 22 28 24 21 27
Patient #8 Patient #9 Patient #10 Patient #11 Patient #12 Patient #13
C.T. MLL. L.C. B.V. M.O. F.CL.
Tools used for target scar Endo EAM., MRI, CT,ECG Endo-epi EAM, MRIL CT,ECG CT,ECG CT, ECG
definition CT, ECG CT. ECG
Target scar location Basal infero- Subepicardial Intramural septal Intramural Peniareunismatic IV septum, anterior
postero-lateral medio-basal and basal medio-basal circunferential inferior basal
infero-postero- inferior septal (anterior apical)
lateral
Clinical target volume (cm®) 51.4 21.4 224 283 526 257 3516
Internal target volume (cm?) 1164 72.4 592 60.7 1545 68.1 99+36
Planning target volume (cm?) 2037 998 156.1 1127 2236 1211 166=53
Doses (26) 96.1 72.7 94.6 96.3 95.5 942 947
Voses (20) 97.2 87 93.4 98 96 93.5 95+£3
Treatment time (min) 37 27 30 33 27 25 28=x4

mmmm=  CT: Computed Tomography, EAM: Electroanatomical Mapping, ECG: Electrocardiography, ECGI: Non-invasive Electrocardiographic Imaging, IV: interventricular, LAD: [ —
- left anterior descending artery, LV: Left Ventricle
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PI—ACE Q 18 m\VT/VF (ATP)
16 m VT /VF (shock)
14

Avarage of episodes
o

6

4

2

’ 3 month pre-SBRT 0-6 week post-SBRT 6 week-3 month post- 3—65;8” 6-12 month post-SBRT
Total VT episodes (n) 18 + 23 9(Bla£kig% 35;”7 2+3 4+8
ATP related VTs (n) 17 + 23 9+ 17 3+7 2+3 3+8

Shock related VTs (n) 2+3 1+1 0 0 0+1
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Event Patient Grade Correlation with SBRT Time of apperance
(1-5) (mth.)

Nausea 1 patient 2 definite 1
(P01 -B.P.)

Gastrointestinal disorders 1 patient 2 definite 1
(PO1-B.P.)
1 patient 3 1
(P03 — AM.) unrelated

Sars Cov 2 -
1 patient 2 8
(P10 -L.C) unrelated

Vertebral Fracture 1 patient 3 unrelated 5
(P03 — AM.)
1 patient 1 definite 4

Pulmonary damage (PO4* — M.C.)

(transient® or permanent) 1 patient 1 definite 4
(P12-M.O.)
1 patient 2 definite 4

] ) ] (P12-M.O.)

Pericardial Effusion - -
1 patient 2 definite 7
(P10-L.C.)

Cardiac death (heart 1 patient 5 unrelated 11

failure) (P01 -B.P.)

Non-cardiac death (sepsis) 1 patient 5 unrelated 1
(P06 —O.M.)

Non-cardiac death 1 patient 5 unrelated 6

(neoplasia) (P08 -C.T.)

Unexplained death 1 patient 5 not evaluable 3
(P07 -G.M.)
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Diagnostic Accuracy: fibrosis by CT versus EAM (19 pts )

Segments-based analysis with not evaluable censored as negative (all CCT fibrosis vs All EAM signals)

n N TP FEN FP  Sn(95%Cl) Sp (95%Cl) NPV (95%Cl) PPV (95%Cl) Accuracy (95%Cl)

86.7 97.8 91.1 96.7 93.2
323 183 118 18

(79.9-91.9) (94.6-99.4) (86.8-93.9) (91.8-98.7) (89.8-95.7)

Segments-based analysis excluding not evaluable segment (all CT fibrosis vs All EAM signals)

n ™ TP FN FP Sn (95%Cl) Sp (95%Cl) NPV (95%Cl) PPV (95%Cl) Accuracy (95%Cl)

89.5 97.6 92.1 96.7 94.1
300 164 118 14 4
(82.9-94.1) (94.1-99.3) (87.7-95.1) (91.7-98.7) (90.7-96.4)
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Live integration of comprehensive cardiac CT with electroanatomical

mapping in patients with refractory ventricular tachycardia B
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ARTICLE INFO ABSTRACT

Keywords: . Background: Aim of the present study was to verify the feasibility and accuracy of live integration of myocardial

V'—'“‘Iic"'_a" a”hl"‘_l““‘a‘ fibrosis evaluated at CCT with EAM (electro-anatomical mapping).

:gr:f“"];l Fihiogis Methods: We prospectively enrolled a consecutive cohort of patients with clinical indication to EAM before
ac

radiofrequency catheter ablation (RFCA) of refractory ventricular tachycardia (VT) and an absolute contraindi-
cation to cardiac magnetic resonance. All patients underwent per protocol CCT for myocardial fibrosis and cor-
onary y evaluation. Di ic performance was assessed for myocardial fibrosis evaluation with CCT vs
EAM. Live integration feasﬂ)lllt)r of CCT vs EAM was evaluated for every patients.

Results: A total of 19 patients were included in the present study with 323 myocardial segments analyzed for
myocardial fibrosis at CCT. In all patients CCT data were successfully integrated with EAM during RFCA pro-
cedure. All patients had myocardial fibrosis correctly identified at CCT vs EAM on a per-patients basis. A diag-
nostic accuracy on a per-segment basis of 94.1% for detection of any type of myocardial fibrosis at CCT vs EAM
was recorded.

Conclusions: CCT identification of myocardial fibrosis is feasible and accurate vs EAM in a very selected high risk
patients with clinical indication to RFCA of VT and contraindication to CMR.

Fusion imaging
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PLACES Key points

Proof of concept della efficacia della tecnica, ma:

verificarne capacita terapeutica su larga scala

validarne meccanismi e effetti collaterali a medio - lungo
termine

Ottimizzare definizione del target (imaging) e il trasferimento
alle tecniche di delivery

Workflow complesso e multidisciplinare che richiede alte
competenze e stretta collaborazione fra gruppi e figure
professionali diverse
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PLACES Conclusioni e Prospettive

Sperimentazione controllata sull’utilizzo di SBRT
e strutture specializzate con specifico expertise nella gestione

di pazienti con aritmie ventricolari e nell'utilizzo di
radioterapia

e pazienti altamente selezionati
 FU rigorosi
* trial prospettici e registri condivisi

Ulteriori complessita e possibili sviluppi da adroterapia




