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sissejuhatus

Kiiritusravi on edukas vahiravi meetod olnud enam kui
100 aastat

50-60 % vahihaigetest saab kiiritusravi (RT) kas ainsa
ravimeetodina voi kombineerituna kirurgilise ja/voi
susteem-ja immuunraviga

Kirurgilise ravi korval teine oluline tervistav raviviis
onkoloogias

Naidustatud praktiliselt kdigi (sh enamlevinud)
vahipaikmete ravis (k.a. healoomulised kasvajad,
mittekasvajalised haigused)

Kuratiivne ehk tervistav, (neo)adjuvantne ja palliatiivne
naidustus

Kulutohusaim vahiravi meetod



Tappiskiiritusravi olevik/tulevik

Functional e FuuUsikal ja kuvastusel pohinev
Himas « Bioloogiliselt/panoomiliselt suunatud

( - mj ( ssmpﬂ
K Kaasaegne tehnoloogia \

Bracision * Funktsionaalne kuvamine — BTV*
fSo-oncalags * Bioloogiline RT doosi optimeerimine
* TI* assisteeritud adaptiivne RT

planeerimine
[‘"‘"‘“”°‘°“°°@ e « Immuunmodulaatorid + RT

e Bioloogiliselt sihtmargistatud

k radiofarmatseutikumid /
Al and adaptive

planning

British Journal of Cancer (2019) 120:779-790; BTV- Biological Target Volume
Tl- tehisintellekt



Kuvamine kiiritusravis

REVIEW ARTICLE
How rapid advances in imaging are defining the future
e Sihtmahu mairatlemine of precision radiation oncology
° Organite ja sihtmahu I||kum|ne Laura Beaton', Steve Bandula'?, Mark N. Gaze® and Ricky A. Sharma'? .
* Liikumise kontroll
e Sihtmahu ja organite mahuline CAT IMRT SBRT/PBT ‘ Adaptive RT '

muutumine RT ajal
e Sihtmahu kohaldamine RT ajal

» Adaptiivne raviplaan managecen SN
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Fig. 3 Overview of advances in radiotherapy techniques and image-guided radiotherapy (IGRT) over time. Recent advances in imaging

British Journal of Cancer (2019) 120:779-790;



Applications of PET-based Radiomics in
Radiation Oncology

* Decision tool to tailor treatment upon individual risk

* Tumor volume segmentation

* Biological Target Volume and Radiomics Target Volume . . . . .
Radiomics 1s a promising research area based on mapping

multimodal imaging onto quantitative data and subsequent
predictive model building to personalize decision making

» Adaptive radiotherapy
* Boost to metabolic active areas during treatment

* flesponse assessment

= [fferentiation between tissue toxicities induced by
radiotherapy and relapse

Fig. 1. Main applications of radiomics in the context of

radiation oncology.
Reuzé et al. Int J Radiation Oncol Biol Phys, Vol. 102, No. 4, pp. 1117—1142, 2018



PET kiiritusravi planeerimisel

Table 1 Non-FDG PET radiopharmaceuticals used in oncology

Tracer Radiopharmaceutical Tumor biology detected Clinical cancer application
FDG " Glucose metabolism All tumor types; KT planning
PMSA %G Prostate cell membranes Prostate cancer; RT planning
DCFPyl 3 Prostate cell membranes Prostate cancer; RT planning
FAZA " Hypoxia HN cancer, lung cancer, RT planning
FMISO ' Hypoxia HN cancer, lung cancer, RT planning
Cu-ATSM *Cu Hypoxia HN cancer, lung cancer, RT planning

McKav et al. Int J Radiation Oncol Biol Phys, Vol. 102, No. 4, pp. 783—791, 2018



MRT kiirendi

) i Kliiniline kasu:

Pre-treatment CT Position verification MRI

Independent dose calc.

Contour adaptation

* Kudede eristavus, tapsem sihtmaht
* hiipoFx* suurema doosiga RT (LC, OS)
e vahendada TV (sihtmaht) piire

* kontrollida liikumist reaalajas

Deformable

registration

e ohutum korduv kiiritusravi

 on-board funktsionaalne kuvamine

T

Online MRI

* |okaalne boost resistentsetele aladele

Legend of dose levels

W 4725 Gy (135%) * personaliseeritud inhomogeenne
. 35.00 Gy (100%)
U8 28.00 Gy (80%) dOOSijaOtus
Hl 17.50 Gy (50%)
Bl 575Gy (25%) ° Reaalajas adaptiivne RT

D. Winkel et al./Clinical and Translational Radiation Oncology 18 (2019) *hUpoFx- hiipofraktsioneeritud; vihem raviseansse

Boost- taiendav ravidoos



THE BRAGG PEAK
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Fig. 5. Number of operating proton beam therapy rooms
worldwide, 1970—present. Proton beam therapy clinical trials

Mishra et al. International Journal of Radiation Oncology 2017



Genoomiliselt/panoomiliselt juhitud RT

Practice-changing radiation therapy trials...
MK Thompson et al.

Radiosensitivity module

ative radioresistance and need for dose escala
Predict most potent targeted therapy

Lambin et al.

British Journal of Cancer (2018)



Precision oncology and genomically guided RT

Table 1  Existing data for personalization of radiation therapy treatment recommendations

Summary of applicability to personalized radiation therapy I Reference(s)
1ation Sensitivity Index ultigene expression model based on the expression of 10 genes identified by the (16-19)

systems biology model of radiation sensitivity.

DCIS score Association of 7 cancer-related genes and 5 reference genes with the risk of (21)
developing an ipsilateral breast event, found to complement existing clinical
metrics prognostic for ipsilateral breast event.

Prolaris Measurement of gene expression involved with cell cycle progression; score has (22, 23)
been shown to be prognostic of death from prostate cancer and biochemical
recurrence after treatment with radiation therapy.

RadiotypeDX Gene expression across radiation-resistant and -sensitive cell lines was identified to (48)
generate a radiation sensitivity signature.

Decipher RNA biomarkers can help to identify patients at higher risk for distant metastatic (24)
disease.

PORTOS RNA signature that predicts benefit from postprostatectomy radiation therapy. (25)

GARD score Genomically adjusted radiation dose, provides the ability to genomically adjust (20)
dose of radiation according to intrinsic susceptiabilty to radiation therapy-
induced damage.

Single-nucleotide Candidate SNPs have been identified that may be helpful in predicting (31-33)

polymorphisms (SNPs) radiosensitivity.
Genomic alterations in Mutations in genes such as KRAS, NRF2, and KEAP! may predict resistance to (26-28)

individual tumor genes radiation therapv.
I Tumor radiolué'c and Eathnlﬁ'c metrics to Ejersonalize radiation t]leraEﬂ
umor hypoxia e presence of hypoxia in tumors is we own to correlate with poor response to

radiation therapy. There are 15-gene and 26-gene hypoxia signatures being
tested in clinical trials.
Human papillomavirus HPV positivity has been shown to correlate with improved response to radiation
(HPV) positivit therapy.

Radiogenomics Field identitfying genetic variants predominantly associated with normal tissue
responses to radiation therapy with possibility to enable radiation oncologists to
predict which patients may develop normal tissue toxicity, but the field is also
applicable to tumor outcomes.

(36-40, 49, 50)

(47, 51)

(52-57)

Abbreviation: DCIS = ductal carcinoma in situ.

International Journal of Radiation Oncology e Biology e Physics Volume 101 e Number 2 » 2018



The future of personalised radiotherapy for head and

neck cancer

Jimmy J Caudell, Javier F Torres-Roca, Robert | Gillies, Heiko Enderling, Sungjune Kim, Anupam Rishi, Eduardo G Moros, Louis B Harrison
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Figure 2: Radiomic process in two patients with squamous cell carcinoma of the base of tongue and tonsil treated with definitive radiotherapy

Standard of care images are used for tumour delineation (segmentation) creating a volume of interest (third column). Quantitative features are then extracted from
the volume of interest. The fourth column shows Hounsfield units heterogeneity and the fifth column shows standard uptake values, revealing significant
intratumoural heterogeneity. These features can later be combined with clinical and genomic data to generate a predictive model (or decision support system) to
guide therapy personalisation.

Lancet Oncol 2017; 18: e266-73




IMMUNO(RADIO)ONKOLOOGIA

Y (T
Neoadjuvant therapy
Necrosis Immunogenic Cell Death Immunogenic Modulation rt A )
= Plasma . ion lnduoedbynun -lsthal radlatu'ldosss m Y t
'Losn'ntracdlularmntmswhas i ‘% /ErP5’ . Uy of MHC-1,
translocallon Al IHMGB1 releasa molecules, death mo‘ptors and TAA
. Ineﬂk:bem actlvation of innate immune . P * Improves tumar/effector interaction leading
ponse migration and pmgocytom oi to immune mediated tumor killing c
tumor cells
L
_—
£~
Activatad @ Lymph node
dendritic cell
‘} Tumor cell
Immaturs o Lymphocyte
dendritic cell
. Blood vessel
T cell
Immunotherapy

e Gut
_1;”%

Therapy
‘@ Tumor IHC }—’MY o

v

Standard Theragy
e ﬁl ‘
@ Neoantigen = W

M

. FIGURE 1 | Current challenges in combining radiotherapy with immunotherapy. (A) Optimization of treatment timing: using immunotherapy concurrently, sequentially,
R S e or as necadjuvant therapy with radiotherapy. (B) Optimization of radiation dosing: conventional fractionation or hypofractionation. (C) Reduction of the
* GMCSF « Anti-CD40 « Anti-PDL1/PD1 radiation-induced toxicity of circulating and tumor-infiltrated lymphocytes. (D) Selection of immunoradiation therapy or standard therapy for patients based on
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WWang at al. Frontiers in Pharmacology | wwiw. frontiarsin.ong 5
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Table lﬁelected open trials of SABR for oligometastasis. |

SBRT (stereotaktiline keha kiiritusravi) Name Primary o Of Treatments Prior Treatment  Endpoint
O | | g om eta Sta at| I | Ste I e SABR-COMET NSCLC <5 SABR to Eig SistgsCOf disease CT > 4 weeks prior 0s
ka SvaJ ate | e SARON:-trial NSCLC <3 SOC 1 comventional RT + None s
Metastasis-directed therapy
STOMP Prostate <3 (surgery/SABR) vs. active Surgery/RT or both iﬁ&gﬁf

° O“gomts_ 1_3’ 1_5 surveillance

. ) CORE NS(P:)Ir‘OCS’t:::aSt’ <3 SOC + SABR vs. SOC CT > 4-6 months prior PFS
 Eesmark parandada LC; PFS ja OS, QoL

SOC + SABR or surgery

NRG BR002 Breast <2 <6 months first-line CT PFS, OS
 Korvaltoimeid vahe e 50
NRG-LU002 NSCLC <3 Local consolidative therapy CT (at least 4 cycles) PFS, OS
o y § = (SABR) + MT vs. MT alone ¥ '
° M |tte| nvaslivne a Ite n atl v Mets: metastases, NSCLC: non-small cell lung cancer, SABR: stereotactic ablative radiotherapy, SOC: standard of
H : care, CT: chemotherapy, RT: radiotherapy, OS: overall survival, PFS: progression-free survival, ADT: androgen
O p e rats looni Ie deprivation therapy.

Cancers 2019,

Table 2.Major prognostic factors for patients with oligometastatic cancers
evident across multiple studies, colloguially termed the "four aces”

Prognostic factor Common definitions
Young age Usually defined as <65 or <70, or analyzed
as a continuous variable
Patient fitness Karnofsky performance status >70
Slow-growing cancers Metachronous presentation of oligometastases

Longer disease-free interval between
original tumor and development of metastases
Minimal disease burden Presence of fewer metastatic sites
Single-organ oligometastases
Lack of extracranial disease




Improved Survival With Prostate Radiation in Addition to
Androgen Deprivation Therapy for Men With Newly
Diagnosed Metastatic Prostate Cancer
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Critical Review

The big data effort in radiation oncology: Data
mining or data farming?

a, % a Multi-Center Institutional Cloud based Decision Support
Charles S. Mayo PhD » Marc L. Kessler PhD r Collaborations | AnalyticsSystem | Analytics Tools
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Access of RT in Europe: LA per min people

2016 3 uut kiirendit
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The ESTRO ECF White Paper and EU Policy Forum

Radiotherapy has Demand for radiotherapy will INCREASE
the potential to by 16% by 2025. We must act now.?

SAVE MILLIONS OF LIVES. 5 key actions to ensure radiotherapy
lt's time to seize is fully integrated into cancer care:
this opportunity.

1 | Governments must include provision
of radiotherapy capacity and workforce
in their cancer policies

. . INTEGRATE
1 in 4 patients who 40% of national
require radiotherapy cancer control plans in 2 | Professional societies must work
are not offered it' high-income countries i with decision-makers to ensure
dodnothincludtza the delivery of radiotherapy meets
radiothera i
Py INVEST the same high standards across Europe

D

3] The research community needs
to invest in research to guide the use
of radiotherapy in clinical practice

—

HARMONISE
® O

4 | All members of the multidisciplinary
cancer care team must integrate
RADIOTHERAPY IS A radiotherapy into their treatment plans
SOUND INVESTMENT
If the capacity of radiotherapy 5 | Patient organisations, professional societies
were increased t‘? o and the media should play their part
match demand, society in improving understanding of radiotherapy
would gain up to among current and future patients

€5 for every €1 invested
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