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Casticova radioterapie — trendy, vyzvy, stav
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Radioterapie

* LéCba nadorovych onemocnéni ionizujicim zarenim
* Majoritné (97%) fotonové ionizujici zareni

* Homogenni ozareni nadoroveého loziska co nejvyssi davkou za
prijatelnych rizik nezadoucich efektu

* \lychodisko: Nador je geneticky mutovana tkan, nad kterou ztratil
imunitni systém kontrolu



Radioterapie

Fotonova radioterapie
(od 1896)

Protonova radioterapie
(od 1954)




Radioterapie a imunitni systém

Radiotherapy and immune system . : . ;
Pubmed 2024 Vztah mezi nadorem a imunitnim systémem

RESULTS BY YEAR
Kvalitativni — jak nador unika dohledu imunitniho systému

A
= &’ - ,maskovanim® — napf. absence exprese MHC |
(nador neni viditelny pro buriky imunitniho

systému — CD8 T lymfocyty, NK bunky)

- Aktivni suprese — exprese PDL1, CTLA4 —
nador je viditelny pro T lymfocyty, ale inaktivuji
se PDL1i CTLA4)
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Kvantitativni — jaky je pomér nadorovych a imunitnich
bunék
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Infiltration of T cells
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(CTLs, endothelial cells)

Cancer antigen 5
presentation
(dendritic cells/ APCs, 6
Recognition of
cancer cells by T cells
iarLs, cancer cells)

Protinadorova imunita

1963 QUALITATIVE AND QUANTITATIVE REACTIONS
OF LYMPHOCYTES TO X RAYS*

Robert Schrek

Tumor Research Laboratory, Research Service and Surgical Service,
Veterans Administralion Hospital, Hines, Il

The reactions of the lymphocyte to X rays appear to be unique. It is
o dicddiesos seteloille ernteli=chasen=e . I shall show

cyte. g APPTORIMA eIy s seneiive as a cell in mitosis.
On the other hand, there are no unique phenomena in science. If we under-
stood the reactions of lymphocytes to X rays, we should probably understand
to a considerable extent the radiosensitivity of dividing cells, and vice versa.
In view of the relative ease of studying lymphocytes both qualitatively and
quantitatively, I believe that the biochemical and physiologic mechanisms of
radiogensitivity will first be understood in lymphocytes. In this paper, I
present some data that must be explained in any theory of radiosensitivity.

1978 Lymphology 11 (1978) 238—242

The Influence of Therapeutic Irradiation on Blood and Peripheral
Lymph Lymphocytes

H.E. Heier

From the Norwegian Radium Hospital, Laboratory for Hematology
and Lymphology, Oslo 3, Norway



http://dx.doi.org/10.1002/adfm.201806087

Protinadorova imunita

* Renesance myslenky - existence nastroje pro reaktivaci imunity

Monoklonalni protilatky proti receptoriim ?\ °

HO o0 Expanze tumor
- Obvykle zablokovani funkce receptoru Lymph node — - () O ... specifickych T lymfocytd
(anti-Her2, anti-VEGF a podobngé) aktivace a klonalni ® 00
- Nebo ukdze nadorovou bunku imunitni expanze T-lymfocyt( o
bunce

A MAb




Trendy v casticové RT —souhra s imunitnim systémem

Umoznit aktivaci protinadorové imunity
v nadoru/ drénujicich miznich uzlinach Trafficking of Nezpusobit depleci lymfocytl!

T cells to tumors

(CTLs) .. ,
Vynechani uzlinovych oblasti — redu '4 Prevence/mitigace RIL (nové
objem(, ostra hranice mezi nddorem a 0@@ OAR, hypofrakcionace, FLASH)
uzlinovou oblasti — ostry spad davky D

5 Infiltration of T cells
A into tumors
(CTLs, endothelial cells)

Potencovat aktivaci protinddorové
imunity v drénujicich miznich
uzlinach

Aktivace imunitniho systému v
nadorovém mikroprostredi

presema ‘
(dendritic cells/ APCs) )

Y/ Recognition of . .
cancer cells by T cells GRID, Lattice, Microbeams, PATHY

(CTLs, cancer cells)

Kombinace radioterapie a hypertermie

cancer cell antigens Killing of cancer cells
(cancer cell death) (Immune and cancer cells)

Umoznit aktivitu lymfocytl v
- zlepéit pomér nadorovych nadorovém mikroprostredi
bunék vs imunitnich bunék Davkova eskalace, Vy3si RBE — Protony Check point inhibitory (anti
- zvysit pocet antigennich + lonty — He, C; LET optimalizace PDL1, anti CTLAA4....)

fragmentd stimulujicich imunitu *DOI: 10.1002/adfm.20180608
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L oka

ni destrukce nadoru — heavy ions

BIOLOGY CONTRIBUTION - Volume 109, Issue 3, P813-818, March 01, 2021 [EEAAIRLAMIELC LTI ST

[ ]
Differential Immune Modulation With Carbon-Ion
4
Versus Photon Therapy .
Catherine S. Spina, MD, PhD "t - Chizuru Tsuruoka, PhD ¥ - Wendy Mao, PhD T - ... - Nicholas Venturini, BAJT4
- Shizuko Kakinuma, PhD ¥ - Charles G. Drake, MD, PhD 2 =il =K show more 1
bt . . . . o
f@*’“’% Biochemical and Biophysical Research 1.E404
200 ok S 2 .
e Communications =
£ Volume 718, 23 July 2024, 150058 1.E+04 <
=] L
International Journal of
Molecular Sciences
Review

Carbon Ion Irradiation Activates Anti-Cancer Inmunity
Makoto Sudo !, Hiroko Tsutsui *(* and Jiro Fujimoto 1/

FEATURE - Volume 96, Issue 5, P934-936, December 01, 2016

Does Heavy Ion Therapy Work Through the Immune
System?

Affiliations & Notes ™ Article Info ™  Linked Articles (1) vV

Mensi lateralni
polostin

LepSi pomér
pik/platéd

LET az 250 keV/pum
Vyssi RBE — prekonani
radioresistence

Jind interakce s
imunitnim systémem

Komplexni déj,
véetneé vyssi
antigenni stimulace



Heavy ions — nedosazitelny cil?

MB Massat — From Bullet to Canon?

Synchrotron — MedAustron, Austria Exploring the Promise of Heavy Particle lon
Therapy. Appl Radiat Oncol. 2021;(1):46-48.
March 30, 2021.



Noveé systemy pro tezsi castice

Compact 200+:
from a Linac to a single-

or multi-room proton "
treatment system V4

4
4
yid
V 4
&
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C400 isochronous superconducting
cyclotron for 400 MeV/amu carbon ions and
260 MeV protons. Primér 6,3 m. (IBA)

Compact 200+ - Kompaktni
synchrotronovy systém (Medaustron)



Kombinace casticoveé RT a hypertermie

Efekty hypertermie E— .

Hyperth ermia ‘[ Increased metabolic rate ]
i PFIImé pO n|, Protein damage l | Increased generation of ]
n a' dOI’OV ¢ né k < Oxidation reactive oxygen species

*  Aggregation
Denaturation

* Inhibice reparace DNA v l
s Nuclear protein damage Inhibition of cell Membrane damage
Nna d oru ¢ |nhibition of DNA proliferation * Altered transport functions
repair mechanisms e Gl cell cycle arrest ¢ Altered cell signaling mechanisms
* Mitotic catastrophe e Altered receptor functions

* Potenciace

. L. ee s Tumor cell death Ahmed Bettaleb,
protinadorové imunitni - Apoptosis {low heat doss)
k ¢ Necrosis (high heat dose) 20 1 3
reakce D Promote immune

Response

Lymphocyte
Trafficking

Pokrocilé planovaci systémy (Alba) Mahmood J. Cancers 2018, 10(12), 469



Kombinace casticove RT a hypertermie

Concurrent Hyperthermia With Pencil Beam Scanning Proton )
Therapy: Largest Institutional Experience to Date |

Zvysuje pocet usmrcenych
J.K. Molitoris,' J.W. Snider, III,” A. Koroulakis,” C. DeCesaris,”
O.M. Siddiqui,” E.S. Kowalski,’ D. Rodrigues,” E.M. Nichols,’

na,dorOVVCh bunék o and Z. Vujaskovic®; 'Department of Radiation Oncology, University of
In hlblce reparace Maryland School of Medicine, Baltimore, MD, 2Uni versity of Alabama
o . o ; ; DNA Birmingham School of Medicine, Birmingham, AL, *Department of
ZVYSUJe pOCEt nadorOVYCh Radiation Oncology, University of Maryland Medical Center, Baltimore,

MD, 4Uﬂivem'££y of Maryland School of Medicine, Baltimore, MD,
. o jMar}r!and Proton Treatment Center, Baltimore, MD, 6Univ£rsiiy of
antlgenu Maryland, Baltimore, MD

Ag + Hsp + DCv
miznich uzlinach -
aktivace T-lymfocyt(

http://informahealthcare.com/hth

|nternationa| Journal Of ISSN: 0265-6736 (print), 1464-5157 (electronic) H f
H ertherm |a Int J Hyperthermia, 2014; 30(7): 524-530 In Orma
y p © 2014 Informa UK Ltd. DOI: 10.3109/02656736.2014.963703 healthcare

Stimuluje imunitni reakci v

spadovych uzlinach

RESEARCH ARTICLE

Could hyperthermia with proton therapy mimic carbon ion therapy?

Ve a4 Ve / Ve 7 . . . . .
Lze pfi ni Setfit/neozafit Ostry pokles Exploring a thermo-radiobiological rationale
g ra d |e ntu p\r,'i Niloy R. Datta’, Emsad Puric', Ralf Schneider?, Damien C. Weber®*, Susanne Rogers1, & Stephan Bodis™®
HA4 4 z 4 H 4 H 4 "Centre for Radiation Oncology, KSA-KSB, Kantonsspital Aarau, Aarau, Switzerland, *Centre for Proton Therapy, Paul Scherrer Institut, Villigen,
n e p O St I Ze n e S p a d Ove U Z I I ny Ca St I Cove RT Switzerland, *Department of Radiation Oncology, University of Ziirich, Switzerland, "Centre for Radiation Oncology, KSA-KSB, Kantonsspital Aarau,

Aarau, Switzerland, and *Department of Radiation Oncology, University Hospital Zurich, Switzerland



Lymfopenie indukovana radioterapii — vyskyt, vyznam

Metaanalyzy hodnotici RIL po fotonové radioterapii Lymphocyte recovery from RIL in locally advanced esophageal
T e Hazard ratio pro squamous cell cancer : correlation with prognosis....

vyskytu RIL G3-4 amrti (metaanalyzy) AL

Mozkové 21-35% 1,63 Groups
7 - 5 & (E4—unrecoved)
nadory £ .
B B |G —newerad]
Nadory ORL 73—88% 2,94 g o = 0 (St
. = =4 ¢ I {G1=-d—reoovered)
oblasti E
75
Karcinom 24-45% 1,50
jicnu o T | T T T T
o 12 4 3B 48 B0 Ta B
Karcinom plic 64% 1,59 N et
P . Group & T 1% 11 T 4 2 1 i
Nadory Jater 87% Group B £ &2 31 ZE 1] | B 3
H _AEO Gremg BT B3 £ a4 3| 7 15 B Tseng et al. Radiation
E:::::aTu 27-45% 2,33 ot w s m m s e wm Oncology (2023) 18:172
Cipek délozni 53-61% 2,67

Lymfopenie indukovana radiaci je klinicky béznou situaci a negativné ovliviuje celkové preziti



Na jakych dozimetrickych parametrech
radioterapie zavisi RIL?

Integralni davka/Mean body dosefObjem PTV — ¢im vyssi, tim vétsi riziko lymfopenie
Davka na organy s vysokym vyskytem lymfocytl — Slezina, Thymus) lymfatické uzliny

Davka na cirkulujici krev

Davka na organy s vysokym objemem cirkulujici krve — srdce, plice, velké cévy

Davka na kostni dren

Lokalita radioterapie — epigastrium/mozek horsi nez panev

Frakcionace radioterapie 4 normofrakcionace je horsi nez akcelerace
Rychlost dodani davky 4 delsi doba je horsi

Yang L et al Cancer Biomark. 2022;34(1):149-159; Reddy AV et al., Radiat Oncol. 2021 Dec 24;16(1):242; Ladbury CJ et al., Int J Radiat Oncol Biol Phys. 2019
Oct 1;105(2):346-355; Chen D et al., Radiother Oncol. 2020 Sep;150:114-120; Zhao Q et al., Technol Cancer Res Treat. 2022 Jan-
Dec;21:15330338221112287;



Lymfopenie indukovana radioterapii

ATED WITH CURRENT DOSE ENGINE VERSION
1okCT1)

Radiotherapy
&Oncology

SYSTEMATIC REVIEW | VOLUME 177, P81-94, DECEMBER 01, 2022

Lymphocyte sparing normal tissue effects in the clini

A systematic review of dose constraint consideratior 5

PTC PT

radlatlon related lymphopenia in the era of immunotiiciapy

Rbznvirasan Yonietesat & 1 722 Prashanth Giridhar ' e Lincoln Pujari e Brian C % T e MH_—
Alec M. Block e Rituraj Upadhyay e James S. Welsh « Matthew M. Harkenrider e Sun -
Cheng En Hsieh e Satyajit Pradhan e William Small Jr e Abhishek A. Solanki e Show L:’

Published: November 02, 2022 « DOI: https://doi.org/10.1016/j.radonc.2022.10.019
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Rel ALC count

Stejné

Prostata+uzliny vers. Prostata - ALC vers. tyden RT

1,4

1,2

1

0,8

0,6

0,4

0,2

0
0 1 2 3 4 5

Tyden RT

Iso 2 Gy 2420/8089

—@— Prostata

—@— Prostata +

uzliny

Rel ALC count

okality/rGzné ozarené objemy

H&N Unilateral vers H&N Bilateral - ALC / tyden RT

1,4

1,2

1

0,8

0,6

0,4

0,2

0

—@— Bilateral
—@— Unilateral

Tyden RT

Iso 2 Gy 1803/3297

PTC Czech — nepublikovand data



eClinical Oncology

FLASH radioterapie

* FLASH RT = Dose rate > 40 Gy/s
e Zatim preklinicka data, minimum klinickych dat

* Stejny efekt na tumor, mensi na zdravé tkané

Mechanismy ucinku FLASH RT — neni zcela jasny

Time OxJébn tepletion’@fféét - 2 10°s

ROS a volné radikaly

Physical

Homogeneous
chemical

Heterogeneous
pr:acef'.s. e chemical
lonizaticns procasy:

and nit ) zane d O MV

dissociations

Physicochemical

prucess:
Reactions and
diffusions

diffusions

excitations

- jiné procesy v nadorovem mikroprostredi

| Flash RagiphsIAPY 24dné ovlméni lymfocyti

' Conventional Radiotherapy

Chua K., Clinical Oncology 33(1), 2021

Metabolic adaptation to More ROS
chronic hypoxic state & Fenton reactions

¥

Comparable tumour control as :
conventional RT :

Limited
Transient oo Less + Efficient removal
hypoxia » Rros of ROS

Rapid recovery from oxidative damage
results in relative radioresistance of '
normal cells to FLASH-RT

+ Reduced Microvascular
occlusion

+ Transient hypoxia

+ Increased immune cell
infiltration:

1 Myeloid cells

Al 1 Tumor-associated
macrophages

1 Effector T lymphocytes

—

C. FLASH RT limits radiation-related adverse events

Immune-inflammatory

TGF-B/SMAD signaling downregulation l
injury

/ JGEE l and decreased protein expression levels
FLASH
RT

\ Pro-inflammatory cytokines |  © .0.:: cxcL1 |

Early and late l
Anti-inflammatory factors T 5 $,¢®  GM-CSFIG-CSF |

adverse events

Wang Yu, Translational Oncology 51, 2025


https://www.researchgate.net/journal/Clinical-Oncology-0936-6555?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/journal/Clinical-Oncology-0936-6555?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/journal/Clinical-Oncology-0936-6555
https://www.researchgate.net/journal/Clinical-Oncology-0936-6555?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/journal/Clinical-Oncology-0936-6555?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/journal/Clinical-Oncology-0936-6555

echnologie pro FLASH/Uskali

’ "-;2'

Elektrony
Fotony . s
Casticova radioterapie je technologicky
Protony pripravena pro FLASH!
Tézsi ionty

Wi

" Bt

| HEDGEHOG JI RANGE SHIFTER Jl COLLIMATOR

Uskali

Dosimetrie

Rychlost vs presnost
Nemoznost korekce
Klinicka data

Nejasnost mechanismu



Nadoroveé mikroprostredi

Smés nadorovych,
podplrnych a
imunitnich bunék
Vyznamné ovliviuje

vyvoj nadoru

. Tumor cell

(hypoxic core)

Tumor cell

Dendritic cell

Stroma cell
CD8 T cell

Regulatory
Tcell

Apoptotic cell

Exhausted
lymphocytes

4 % Blood |
Tumor microenvironment o

Je pfistup ,kill them

III

all“ spravny?
Partial tumor

irradiation

*Khaled Allemailem International Journal of Nanomedicine 18:5531-5559


https://www.researchgate.net/journal/International-Journal-of-Nanomedicine-1178-2013?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/International-Journal-of-Nanomedicine-1178-2013?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/International-Journal-of-Nanomedicine-1178-2013?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/International-Journal-of-Nanomedicine-1178-2013?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19

SFRT — Spatially Fractionated Radiation Therapy

Zachovat Cast nadorového
mikroprostredi bez vlivu
ionizujiciho zareni

- Mensi toxicita

- Aktivace imunitniho

systému

Spatially Fractionated Radiation Therapy (SFRT)

Conventional-RT GRID-RT Minibeam-RT (MBRT) Microbeam-RT (MRT)
B ( 7
A » ,

Uniform field cm wide beams >100 pm wide beams <100 pm wide beams

| J | |
| |
Clinical Preclinical
GRID RT Lattice RT MINI/MICRO beams

IMPT GRID,,., IMPT GRID,..

Halthore A., 1JPT 9(3) lori F, Clin Trans| Radiat Oncol. 2022 Dec Prez:?\d.o Y Expert Reviews in Molecular
20;39:100569 Medicine 24, e3, 1-12



Spatially fractionated GRID radiation potentiates immune-mediated
tumor control

Rebecca A Bekker 14, Nina Obertopp %4, Gage Redler 3, José Penagaricano 3, Jimmy J Caudell 3, Kosj Yamoah 3,

Shari Pilon-Thomas 2, Eduardo G Moros 3, Heiko Enderling >®®  Radiat Oncol. 2024 Sep 13;19(1):121.

Heterogeneous intratumor irradiation: a new partner for immunotherapy
Paul Bergeron?, Fabien Milliat®, Eric Deutsch?, and Michele Mondini(>* Oncoimmunology. 2024 Dec 31;13(1):2434280

Role of Spatially Fractionated Radiotherapy (LATTICE)
Treatment in Inoperable Bulky Soft-Tissue Sarcomas

1

Katarina Majercakova '*(", Natalia Tejedor Aguilar 20", Josep Isern Verdum !, Helena Vivancos Bargall6 27,

Antonio Vila Capel !, Miriam Mancera Soto 2, Guillermo Gémez de Segura Melcén 2, Jady Vivian Rojas Cordero 17,

José Antonio Gonzailez-Lopez 300, Silvia Bagué Rosell 4(0, Diana Hernandez Jover °, Saba Rabi Mitre 1,

Ana Peiré6 Ibafiez ), Ana Sebio 7"’ and Gemma Sancho-Pardo ! Cancers (Base|)_ 2025 Feb 1 3, 1 7(4)624

Spatially fractionated radiotherapy (Lattice SFRT) in the palliative
treatment of locally advanced bulky unresectable head and neck cancer

Peng Xu, Shuo Wang, Jie Zhou, Ke Yuan, Xianliang Wang, Lintao Li, Jinyi Lang, Shun Lu

Department of Radiation Oncology, Sichuan Cancer Hospital & Institute, Sichuan Cancer Center, Affiliated Cancer Hospital of University of Electronic Science and

Technology of China, Chengd, China Clin Transl Radiat Oncol. 2024 Jul 30;48:100830



Kombinace s imunoterapii

From Photon Beam to Accelerated
Particle Beam: Antimetastasis Effect
of Combining Radiotherapy With
Immunotherapy

Ligiu Ma "= Frontiers in Public Health, 2022

Particle radiotherapy in the era of
radioimmunotherapy

Zihan Zhou @ ' X, Bingjie Guan ® ' &4, Huang Xia “&X , Rong Zheng “ P ¢ & X,
B h X abec O =
e Cancer Letters, 2023

° 3 1 I
Nutna podminka konceptu ! Immunological Effects of Proton Radiotherapy: New

Opportunities and Challenges in Cancer Therapy

Anhang Zhang'** (@ | Liyuan Fan* | Qi Liu**® | Xiaoxin Zuo"** | Jian Zhu'**

* Check-point inhibitory

 Sekvence Cancer Innovation, 2024

- pred, soucasné nebo po ?




Kombinace s imunoterapii

Survival outcomes and toxicity of adjuvant immunotherapy after A Adjusted Product-Limit Survival Estimates
. aum . . . With Number of Subjects at Risk
definitive concurrent chemotherapy with proton beam radiation 1.0 - = -
‘ cebe & : - + Censore
therapy for patients with inoperable locally advanced non-small 2 '1-1 Log Rank P < 0.001
: = 08- — PPT T
cell lung carcinoma E 1_4_._*[ =
0.6 - Ta
Kelsey L. Corrigan, MD, MPH'", Ting Xu, PhD1.2.".a Yuki Sasaki, MD', Ruitao Lin, PhDZ, E Thaae,
® 0.4- L
2 Tt
€ 0.2-
7]
Materials and Methods: We analyzed 377 patients with LA-NSCLC who were prospectively o'g 1 - - - - - - -
treated with CPBT with or without adjuvant 1O from 2009-2021. Optimal variable ratio 1| 7 60 41 33 28 18 12
propensity score matching (PSM) matched CPBT with CPBT+IO patients. Survival was estimated 6 é 1|2 1I3 2|4 3IU' 3IE
with the Kaplan-Meier method and compared with log-rank tests. Multivariable Cox proportional _
hazards regression evaluated the effect of IO on disease outcomes. OS Time (Months)
| Adjuvant Imnmunotherapy ——--0 ——1|

Conclusion: This study, one of the first to investigate CPBT followed by 1O for inoperable
LA-NSCLC, showed that 10 conferred survival benefits with no increased rates of toxicity.

Radiother Oncol. 2024 April ; 193: 11012



Dostupnost

« Casticova radioterapie — celosvétové 1-3% pacientd

Group 1
Based on the medical necessity requirements and published clinical data that meets the selection criteria above, disease sites that
frequently support the use of PET include the following:

GEMERAL

Benbgn or malignant turmors or hematologic malignancies in children aged 21 years and younger treated with curative intent and
occasionally palliative intent treatment of childhood tumors when at least one of the three criteria noted above under “indications
for coverage” apply

Benlgn or malignant tumors or hematologlc malignancies in the adolescent/young adult (AYA) population aged 22 years to 39
years treated with curathve intent when at least one of the three eriterla noted above under “indications for coverage” apply

Patients with genetic syndromes making total volume of radiation mindrmization cruclal, such as but not limited to MF-1 patients,
deleteriows ATM mutations, Li-Fraumend, retinoblastoma patients, and patients with known or suspected genetic mutations. In
addition, patients with other genetic mutations who are at increased risk of developing second cancers at or near the same body
location such as but not limited to BRCA 1/2, Lynch syndrome, etc.

Medically inoperable patlents with a diagnosis of cancer typlcally treated with surgery where dose escalation is required due to
the inability to recelve surgery

Re-irradiation cases (where curmulative critical structure dose would exceed tolerance dose)

Primary malignant or benlgn bone tumors

ASTRO Model Policies
e/

PROTON BEAM THERAPY (PBT)

This Model Policy” addresses coverage for Proton Beam Therapy.

2026

Cancers of the nasopharyny, nasal cavity, paranasal sinuses and other accessory sinuses

Advanced stage and unresectable head and neck cancers

Oropharyngeal cancers

THORACIC

Primary cancers of the esophagus

Primary turnors of the mediastinum, including thymic tumaors, mediastinal turnors, mediastinal ymphomas and thoraclc sarcomas

Malignant pleural mesothelioma

CEMTRAL MERVOUS SYSTEM

Ocullar turnors, including intraocular melanomas
Turnors that approach or are located at the base of skull, including but not limited to:
+  Chordoma
«  Chondrosaroomas
«  Dther histologles arising in this site
Malignant and benlgn primary CHS tumors excluding IDH wild-type GEM, that are treated with curathve intent and with potential
for long term prognosis

Primary spine or spinal cord turmors of metastatic tumors to the spine or spinal cord where argan at risk tolerance may be
exceeded with photon treatments

Primary and metastatic turmors requiring cranlbospinal irradiation

ABDOMIMAL

Hepatocellular cancer and intra-hepatic billary cancers

Mon-metastatic retroperitoneal sarcomas

Advanced and unresectable pelvic tumors with significant pelvic and'or peri-aortic nodal disease

Patbent with a single kidney or transplanted pelvic kidney with treatrment of an adjacent target wolume and in whom maximal
awoldance of the argan is eritieal
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Dostupnost

Kompaktni reseni - IBA Zmensovani technologie Up-right RT
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* Interakce mezi nadorem a imunitnim systémem je v centru pozornosti
* Je nutné nejen znicit nddor, je zaroven zachovat funkéni imunitni systém (lymfocyty, uzliny, mikroprostredi)

e Je nutné spravné kombinovat tyto postupy s moderni imunoterapii

Trafficking of
TCWs fa tumors
2 (CTLs)
« Casticova radioterapie ma pfedpoklady pro splnéni vy$e uvedeného i i P2
(APCs & T celis$ 3 g Q -
- Heavy ions ®
; ml m — Ini tration of T cells
- hypofrakcionace.....FLASH [ s S EPI8 ™ Criamndotnela cote)

- nova definice cilovych objem
Cancer antige ) o
LymphoTEC W ,
L "/ Recognition of
. 4 caner cells by T cells
- GRID, Microbeams \ 7 e e
i
S

- kombinace s hypertermii

Release i
cancer cell antigens Killing of cancer cells

- kombinace s imunoterapii (oancar ool sel) TR W A
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Lékarsky a fyzikalni tym PTC
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Dékuji za pozornost
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