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Az onko-hematologiai korképek é€s a sugarkezelés:
osszefoglalas I.

A szinte mindenhol novekvé sugarterapias esetszamok (egy-egy prosztata-,
eml6-, tidoédaganatos paciensnél a betegséglezajlas soran szamtalan besugarzasi
kurzus, a reirradiacio és a matéti ellatas alternativajaként szereplé SBRT
kezelések mindennapos rutin kezeléssé valasa miatt) ellenére az elmult 1-2
évtizedben az onko-heamatologial indikacioju sugarkezelések szama
egyértelmien csokkent

A sugarterapia szerepe a hematologiaban egyre inkabb masodlagos, de a mai
napig definitiv irradiacio is lehet a terapias dontés, korai esetekben és/vagy
1d6sebb betegeknél a sugarterapia alkalmazasa lehet a megoldas, illetve ez a
modalitas sokszor a legkézenfekvobb palliativ terapias megoldas

A sugarterapias technologia az elmult 15-20 évben igen latvanyosan fejlédott
(IMRT, IGRT, IMAT, SBRT stb.), és az elmult 10 évben az is igazolodott, hogy
ennek a gyogyulasi eredmények szempontjabdl is van jelent6sége, mind az
¢letmindség, mind a talélési eredmények szempontjabdl (Id. prosztatarak,
méhnyak-rak, fej-nyaki tumorok stb.), de talan mindezen technolégiai
fejlédésnek az onkohematoldgiai betegségek esetében , kisebb™ a jelentdsége



Az onko-hematologiai korképek és a sugarkezelés:
osszefoglalas I1.

* Az onkohematologial korképek esetében tobbnyire kozismerten sugar-érzekeny
korképekrol van szo, és altalaban ,,fele-harmada-negyede” sugarterapias
dozisokat alkalmazunk (alkalmaztunk)

* A fenti alaptétel mellett is az elmult 2 évtizedben fokozatos doziscsokkentés
tortént sok hematolégiai indikaciéban

* Hagyomanyos nagymez6s besugarzasok (Id. pl. HL) hattérbe szorultak, az
érintett mezOs ellatasok kerultek el6térbe

* Persze éppen a ,,mez6szukités” miatt egyre inkabb sztikséges-kotelezo
kihasznalni a modern besugarzasi technologiat, de természetesen hatasosak
lehetnek a legegyszertibb tervezési/kezelési modszerek is



A sugarkezelés és az onko-hematologiai korképek :
osszefoglalas III.

A diagnosztikus algoritmusok kozil a PET-CT novekvo szerepe a céltérfogat
meghatarozasnal

A mellékhatasok, sz6védmények elkertilése egyre fontosabb cél, illetve a
hosszutava kévetkezményekkel azonban tovabbra is mindig szamolni kell

Terapias dontés: mindig ,,onkoteam” megbeszélés alapjan

A fentiek 6sszegzése, kihangsulyozasa mellett is a sugarterapia sokszor latvanyos
hatasu lehet egy-egy hematologiai eredetti korkép ellatasa soran




Akkor amir6l beszélni szeretnék
(az Osszegzb bevezetést kovetden):

A sugarterapia fejlédése, €és helye, szerepe, jelentGsége a
daganatos betegek ellatasaban
A sugarkezelések biologiai hatasa
,Uj” sugarterapias technikak

— IMRT, IGRT, IMAT, sztereotaxias sugarterapia
Besugarzasi technikak és indikaciok onko-hematologiai
korképekben

— Hodkgin kor

— NHL, cutan limfomak

— Plasmocytoma, myeloma multiplex

_ Agyi limfémak

— Egyéb indikaciok



A sugarterapias technoldgia dramai moédon megvaltozott az
elmult 2 évtizedben
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Roviden a sugarterapias kezelésekrol
¢és azok indikaciojarol

Lokalis terapias modalitas, a sebészeti beavatkozasok alternativaja és/vagy
kiegészit6je, a kurativ ellatasok kb. 30%-a sugarterapiara épul, és a betegek kb.
felénél-kétharmadanal alkalmazzuk valamikor a betegség lezajlasa soran

Definitiv sugarterapia els6sorban azon betegségeknél, ahol a lokalis vagy loko-
regionalis kontroll a legfontosabb a gy6gyulas szempontjabol (és ahol viszonylag
sugarérzékeny szovettanrol van sz0), 1d. fej-nyaki lapham karcinoma,
agydaganatok, méhnyak-daganat, nyel6csérak

Szisztémas onkologial betegség allapot esetén is lehet a sugarkezelés az elsédleges,
ha a gy6gyszeres kezelés effektusa kérdéses (Id. szervezeti tartalékok, ill.
varhatéan minimalis terapias hatékonysag), hiszen altalaban az életmindséget
kevéssé rontja (pl. nagyméretd, ,,bulky” attétek ellatasa)

Az oligometasztatikus teoria elterjedésével a sugarterapia szerepe egyértelmiien
telértékel6dott attétes daganatok esetében 1s

Csont- ill. agyi attétek esetén a mai napig altalaban szintén az elsé terapias
valasztas



Roviden a sugarterapias kezelésekrol
¢és azok indikaciogjarol 11.

StirgGsségi esetekben altalaban az elsé modalitas a sugarterapia, a gyorsabban jelentkez6 effektus
miatt (Id. VCS szindroma, gerincvel6 kompresszio)

A sugarterapia elmult 10-20 éves fejlédésének a legfontosabb 6sszegzése: mind pontosabb
céltérfogat meghatarozas, mind ,,konformalisabb” sugartervezés és pontosabb kezelési kivitelezés,
illetve alland6 képi ellenérzés lehetésége. Mindezek birtokaban elérhet6:

— Fokozott normal szoveti védelem
— Magasabb doézisok kiszolgaltatasanak lehet6sége (doziseszkalacio)
— Radiokemoterapia rutinszerd alkalmazasa

Radiokemoterapia (RKT): lokalis kezelési modalitas, ahol a szimultan (és altalaban csékkentett
dozisu) kemoterapia (esetleg bioterapia) a sugarkezelés effektusat noveli (és csak masodlagosan
varhato a tavoli attétek kialakulasi esélyének csokkenése). Az RKT alkalmazasa ma mar szinte
rutinszerd a legtobb definitiv sugarkezelést igényl6 korkép esetében. A RKT nem sugarterapia és
kemoterapia egytitt, és azon betegségekben ahol mindkét kezelési modalitas ugyanolyan fontos (Id.
rektum tumorok - TIN'T), ott a radiokemoterapiat citosztatikus (szisztémas) kezelés koveti (vagy
el6zi meg). RKT nem indikalhaté metasztatikus betegségben vagy palliativ céllal, ill. elesett allapota
betegeknél



A besugarzas hatasa

A besugarzas biolégiai célpontjat: 1.DNS 2. membranok,
egyéb sejtalkotok 3. erek 4. fehérvérsejt elemek

Fizikai, kémiai és biol6giai fazis

Komplex intra- és extracellularis torténések, kaszkadszert :>
folyamatok, masodlagos reaktiv mechanizmusok, ,,repair”
és ,,az oxidativ stressz” szerepe

Apoptozis indukalasa, osztoédas-gatlas, nekrozis
kialakulasa

Nem csak a daganatos sejtek karosodnak!
Sugaras mellékhatasokat illetéen becsléskalak

— A kezelés elviselését nehezitd akut mellékhatasok

— El6fordulhatnak irreverzibilis, életmindséget jelentésen
ront6 késoi mellékhatasok, Id. radionekrozis
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(M) Check for updates

A review on lymphocyte
oven access radiosensitivity and its impact
on radiotherapy

Timathy James Kinsella,
Brown University, United States

Franz Rodel, Harald Paganetti®*
University Hospital Frankfurt, Germany
Gianluca Ferini,

Rem Radictherapy, Italy

It is well known that radiation therapy causes lymphopenia in patients and that
thisis correlated with a negative outcome. The mechanism is not well understood
because radiation can have both immunostimulatory and immunosuppressive
effects. How tumor dose conformation, dose fractionation, and selective lymph
node irradiation in radiation therapy does affect lymphopenia and immune
response is an active area of research. In addition, understanding the impact of
radiation on the immune system is important for the design and interpretation of
clinical trials combining radiation with immune checkpoint inhibitors, both in
terms of radiation dose and treatment schedules. Although only a few percent of
the total lymphocyte population are circulating, it has been speculated that their
increased radiosensitivity may contribute to, or even be the primary cause of,
lymphopenia. This review summarizes published data on lymphocyte
radiosensitivity based on human, small animal, and in vitro studies. The data
indicate differences in radiosensitivity among lymphocyte subpopulations that
affect their relative contribution and thus the dynamics of the immune response.
In general, B cells appear to be more radiosensitive than T cells and NK cells
appear to be the most resistant. However, the reported dose-response data
suggest that in the context of lymphopenia in patients, aspects other than cell
death must also be considered. Not only absolute lymphocyte counts, but also
lymphocyte diversity and activity are likely to be affected by radiation. Taken
together, the reviewed data suggest that it is unlikely that radiation-induced cell
death in lymphocytes is the sole factor in radiation-induced lymphopenia.
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Intercellular Communication of
Tumor Cells and Immune Cells after
Exposure to Different lonizing
Radiation Qualities
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FIGURE 2 | Activation of CD8+ cytotoxic T-cells (CTL) by tumor specific antigens presented by the iradiated tumor cell and denditic cells (DCs). After imadiation,
the tumor cell shows an increased expression of surface markers CDS5 (Fas), carcinoembryonic antigen (CEA), interceliular adhesion molecule 1 (IGAM-1), and
mucin-1 (MUC-1), as well as upregulated 1 of major F complex class | (MHC-I; HLA-ABC, human leukocyte antigen A, B, and C). Whie
increased expression of CEA, ICAM-1, and MUC-1 are found to enhance cytolytic T-cell activity, CD95, and MHC-1 are responsibie for the activation of the T-cell.
Increased expression of either has been associated with elevated activation of CTL. By binding with surface bound Fas-iigand (FasL) to the tumors’ CD5, T-cells
can initiate tumor cell death via apoptosis. MHC-1 molecules on the other hand present tumor specific antigens to the T-cell via the T-cell receptor and initiate
degranulation of tumor necrosis factor a (TNF-a), perforines, and granzymes, thereby lysing the target tumor cell. After iradiation, tumor cells were found to produce
unique antigen peptides, leading to increased tumor recognition. DCs, in their role as antigen-presenting cels, enable radiation-induced CTL lysis. DC take up tumor
specific antigens and present them via MHC-Il molecules to T-helper cells (CD4+). which prime and activate CTL, e.g., via secretion of interleukin-2 (IL-2).
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% |ntenzitas modulalt sugarterapia (IMR

MLC tizedmilliméter pontossaga nélkulozhetetlen
A sugarmezok modulaltak (valtozoak)

A célterilet homogénebben ellathato
Rizikoszervek dozisa csokkenthetd

Magasabb dozis adhat6 le, mmmpjobb lehet a tumor kontroll
Nem minden esetben jar klinikai elénnyel

Id6 és eszkozigényes
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Képalkotasi lehet6ségek

* MV rontgen (terapias sugar)

— Kezelés kozben

* kV-os CT (CBCT)

— Kezelés el6tt/utan

{
* kV-os PadloRtg —

— Kezelés el6tt/kozben § ¢

* Infravoros kamera (ExacTrac)

— Kezelés el6tt/kozben
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SBRT - Sztereotaxias testbesugarzas
vagy extrakranialis sugarsebészet

Otvozi és felhasznalja a sugirsebészet
és az IGRT elonyeit

Hypoftrakcionalt kezelések, magasabb biologiai
hatékonysag

Kezelés pontossaga, gyorsasaga fontos

Alkalmazasi terilete: elsOsorban tavoli attétek

Uj TNM? !

— M1: 1 met.,, M2: 2-4 met., M3: >5 met




Journal of Neurology, Neurosurgery, and Psychiatry 1983;46:797-803

Occasional review

Stereotactic radiosurgery

LARS LEKSELL
From the Department of Neurosurgery, Karolinska Sjukhuset, Stockholm, Sweden

suMMARY The development and scope of stereotactic radiosurgery is described. The technique,
which combines well with the latest diagnostic methods, has already proved a safe and effective
way of treating inaccessible cerebral lesions and in particular small arteriovenous malformations,
acoustic neuroma and the solid component of craniopharyngioma, as well as playing an increas-
ingly useful role in the therapy of pituitary adenoma.
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Stereotactic, single-dose irradiation of stage | non-small cell lung
cancer and lung metastases
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ASTRO Model Policies

STEREOTACTIC BODY RADIATION THERAPY (SBRT)

PRIMARY TUMORS
Lung cancer C34.00 - C34.92
Prostate cancer cael
Pancreatic cancer C25.0-C259
Renal cancer Ce4.1 - Co5.9
Liver or bile duct cancer C220-C229
Adrenal gland cancer C74.00-C7492
Benign spinal cord tumor D334
Primary spinal cancer ca1.2
Benign spinal tumor D16.6
Bone tumors C40.00-C41.9
METASTATIC TUMORS

Lung metastasis

C78.00 - C78.02

Liver metastasis

C78.7

Renal metastasis

C79.00 - C79.02

Adrenal gland metastasis

C79.70-C79.72

Bone metastasis C79.51,C7952
Abdominal lymph nodes metastasis C77.2
Pelvic lymph node metastasis C77.5
Spine Cord metastasis C720.C721
Spinal Meninges metastasis C70.1
RECURRENT TUMORS AFTER PRIOR RT
Thoracic lymph nodes metastasis C77.1
Abdominal and pelvic cancer C76.2,C76.3
Gynecologic cancer C51.0-C57.9
Rectal and anal cancer C19-C21.8

Head and neck cancer

C00.0-C10.8C11.0-C14.8
C30.0-C32.9,C76.0

Lymph node metastasis

C77.0-C77.9

Prior radiotherapy, any site

£92.3, T66. XXX A™

B u-s. Natienal Library of Medicine

ClinicalTrials.gov
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Study Title Conditions Interventions

Recruiting Stereotactic Body Radiation Therapy (SBRT) for Invasive * Breast Cancer

Breast Cancer Patients Not Undergoing Definitive Surgery

« Radiation: Stereotactic Body
Radiation Therapy (SBRT)

Recruiting  Integrated Boost to the Dominant Intraprostatic Nodule Based on
Ga-68 PSMA PET/MR Study of SBRT With Prostate Cancer

* Treatment « Radiation: Stereotactic Body

Radiation Therapy (SBRT)

3 O Not yet SBRT for Oligo-metastatic Lesions After Systemic Treatment of
recruiting  Primary Metastatic Nasopharyngeal Carcinoma
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* Nasopharyngeal « Radiation: SBRT

Carcinoma

When you might have stereotactic radiotherapy

This type of radiotherapy is mainly used to treat very small cancers, including:

« cancer in the lung

« cancer that started in the liver or cancer that has spread to the liver

. ca.ncers in the lymph nodes CANCER

« spinal cord tumours By RESEARCH
« cancer spread in the brain bty UK

-
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Az attétképzodés elméletel

(1889): ,,seed and soil theory”
(1894): direkt terjedés, progredial6 folyamatos szoras
(1928): az attétek ott nének, ahova a vér- vagy nyirokaram sodorja 6ket
Keynes (1950),
(1994):

attétképzbdés alakul ki, fliggoen a sejteken levo mutacioktdl, az elsédleges tumor sajatossagaitol és a

: pl. nyirokcsomoé attét csak marker

2 2As betegség vagy éppen agressziv

gazdaszovet tulajdonsagaitol
(1995) : olif
korlatozott a képessége attétképzédésre

(2000, 2011): ,,hallmarks of cancer theory” ; 6 1épcsds sejtbiologial transzformaciod
sziikséges az attétképzodés elindulasahoz

Oligometastatic
Disease

./ 3
Sloughed |
) cancer cells !
Good primary
\ tumor conditions

Inhospitable target
organs

Systemic Disease

Actively migrating

cancer cells
Poor primary |
tumor conditions
Hospitable target
organs

DK Reyes, K] Pienta: The biology and reatment of oligometastatic cancer Oncotarget, 2015
i
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Oligometasztatikus betegség allapotok és klinikai vizsgalati eredmények

Colorecta e mes
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STOMP trid
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ORIOLE triel

BSMO 201 9 0 Lost to follow-up
> 0 Discontinued intervention

Figure 2. Clinical Outcomes of Stereotactic Ablative Radiotherapy (SABR) Compared With Observation

and Benefit of Total C: idati Pr

Antigen

-Avid Lesions

A Compasite PFS stratified by study arm

1007
* a0
E saBR
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g
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g
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] 12 13 24
Time from randomization, mo
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Observation 18 8 1 1 o

€] PFS stratified by presence of untreated lesions

B] Biochemical PFS stratified by study arm

Observation
HR, 0.31; 95% €1, 0.13-0.75; A= 002
3 12 15 24
Time from randomization, mo
Mo at risk
SABR 36 28 20 10 4
Observation 18 a 7 4 1

D] DMES stratified by presence of untreated lesions.

80 Patients assessed for eligibility

26 Excluded
18 Did not meet inclusion criteria
§ Declined to participate
2 Insurance denied

54 Randomized D)

36 Randamized to treatment arm
36 Recelved allocated intervention

18 Randomized to observation arm
17 Received allocated intervention

1 Withdrew and did not receive
allocated intervention

|

0 Lost to follow-up

7 Discontinued intervention because
of progression prier to 180 days

l

36 Analyzed ‘ 18 Analyzed

JAMA Oncology | Original Investigation

Outcomes of Observation vs Stereotactic Ablative Radiation
for Oligometastatic Prostate Cancer
The ORIOLE Phase 2 Randomized Clinical Trial

Ryan Phillips, MD, PhD; William Yue Shi, BS; Matthew Deek, MD; Noura Radwan, MD: Su Jin Lim, ScM;

Emmanuel S. Antonarakis, MD; Steven P. Rowe, MD, PhD; Ashley E. Ross. MD, PhD; Michael A. Gorin, MD;

Curtiland Deville, MD; Stephen C. Greco. MD; Hailun Wang, PhD: Samuel R. Denmeade, MD;

Channing J. Paller, MD: Shirl Dipasquale, MS, RN: Theodore L. DeWeese, MD: Daniel Y. Song. MD: Hao Wang. PhD;
Michael A. Carducci, MD; Kenneth J. Pienta, MD; Martin G. Pomper, MD, PhD; Adam P. Dicker, MD, PhD;

Mario A. Eisenberger, MD; Ash A. Alizadeh, MD, PhD; Maximilian Diehn, MD, PhD; Phuoc T. Tran, MD, PhD

RESULTS In the 54 men randomized, the median (range) age was 68 (61-70) years for
patients allocated to SABR and 68 (64-76) years for those allocated to observation.
Progression at 6 months occurred in 7 of 36 patients (19%) receiving SABR and 11 of 18
patients (61%) undergoing observation (P = .005). Treatment with SABR improved median
progression-free survival (not reached vs 5.8 months; hazard ratio, 0.30; 95% Cl, 0.11-0.81;
P = .002). Total consolidation of PSMA radiotracer-avid disease decreased the risk of new
lesions at 6 months (16% vs 63%; P = .006). No toxic effects of grade 3 or greater were
observed. T-cell receptor sequencing identified significant increased clonotypic expansion
following SABR and correlation between baseline clonality and progression with SABR only
(0.082085 vs 0.026051; P = .03).

1007 .
. Nountreated lesions
* sa
H
5 50
i No untreated lesions
5 a0
E Any untreated lesions Any wntrented lesions
£ 20
HR, 0.26; 95%CI, 0.09-0.76; P = 006 HR. 0.19; 95%C1, 0.07-0.54; P<.001
3 2 s B [4 = s T
Time from randomization, mo Time from randomization, mo
No. at riskc Na. at risk
No untreated 13 14 10 6 2 No untreated 19 14 12 s “
ntreated 16 3 3 i o Any untreated 16 ] 2 H o
A. Composite progression-free survival (PFS) stratified by study arm untreated & detected by i o

B, Biochemical PFS stratified by study arm. C. Compasite PFS and (D) distant
metastasis-free survival (DMFS) for patients treated by SABR stratified by

antigen-positron emission tomography.

ONCLUSIONS AND RELEVANCE Treatment with SABR for oligometastatic prostate cancer

PSMA-targeted positron emission tomography SABR mduced a systemic immune response,
and baseline immune phenotype and tumor mutation status may predict the benefit from
SABR. These results underline the importance of prospective randomized investigation of
the oligometastatic state with integrated imaging and biological correlates.
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Faradik gt al looloractal canoar? 200s BET == Mo 10yeer Follows-up Lremr
Carpizo at al tcokorectal caroarl 200 1,263 Mo 109year followsup

Linecr oy 1,242 45 Lreomr

Lirmited EHID 127 e Lremr and EHD®
Da Haas ot al toolorectal camoar) 200 Lremr

A resocton 234 an +3

A1 resscton n2 BT ar
Ehas ot &l loodorectal canoer? Rk 2E3 4.7 Mo 109year followsup Lraar
Ehas ct &l Inoncoloractal onky? Rk 147 =] Mo 109year Followsup Lrsar
Echesle ot al toolorectal careoard 1o asn 223 23e Lrsar
de Jong et al locdoradctal canoard 2002 1.E63 47.3 Mo 10-yeer Follows-up Lremr
Fastonno at &l Imary pimary tTumor=™ hk--rj 4.E72 == 28 Lung
Choong at &l Isoft ts=sua samormal 195 e 40 Mo 109year Followsup Lung
Ca=iraghi ot al Imary primary hemorsl= 2011 ETE 4 Mo 10yeer Follows-up Lung
Flamresohmict ot d freral cell cancinomal 00 181 2AE Mo 109year Followsup Lung
Flarnrechmidt et al (colomcl canoerd 2003 1ET =4 Toypmar foloweup Lung
Farsmitsu et &l kboloractl caraar 200 2313 =53 Mo 10wesr Followeun Lung
Fatsrsan et al tmalaroma! 2007 Lu

Complaia resactian CLINICALLY LIMITED METASTASES MAY BE =
Saito ot al (colomectal canocer] 200z Lung
KErn at al imultplks prmany bomorsd™ b= - ar 4 Mo 10yeer Follows-up Sadranal
Ports =t &l SHSTLO 2001 43 nnr Mo 10yeer Follows-up Sdranzl
Meroiker at &l INEOLC] 2005 23 ] Mo 10-year Followeup Sadranal|
Bt ot al INECLO 19=E 1BS 1= T Erzan
Bonnatte &1 & SRSCLC 2001 103 n Mo 10yeer Follows-up Er=in

Aadiabon Sares Fiaar FPabamts Lassons Lowal Comtrod (301 Surmval 1561 Site

Blomgren et al 1285 a &= = Mot meporbed Lecar, lursg and retroperiborsdam
Whaf ot al =0i04a &1 51 =0 =339 LLl'lg
Hoyer ot al foolonsctal canoerd FO0E £ 1481 =R age 13k Lureg, Irves, and adraral
Hot ot =l 007 &1 g = &7 LLl'lg
Fusthosan st al 009 &7 [ o= eza 3= Lo
Fosthoven et &l o0 ] ] = =i - o Lurg
Karg =1 &l lcoloectal canocer) o 53 = [= - = Kidtipls
Closriaff ot o FO0E =3 1= = e ] LLl'lg
Katz ot al 07 &3 174 =i 2glm Liwar
L=z =t o 2009 ] h B ™ o Libear
Milkeno at al Z1 121 Febttiple™

Hreast canosr f=rag 748 47

pripesii SHIFT IN PARADIGM - S e
Salcima ot al Z - BE. 729 56 79 FAothplc
Ezs ot al lookoraotsl cancaerd 22 21 50 s, BT 7, z8" Lurg, Irves, and pmph noda
Morihiza ot al FOoE 3 = B =9 Lurg

*  Extracranial Oligometastases: A Subset of Metastases Curable With Stereotactic Radiotherapys;
Kimberly S. Corbin, Samuel Hellman, and Ralph R. Weichselbaum, University of Chicago Medical
Center, Chicago, IL; J[CO 2013
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National National )
Comprehensive NCCN Guidelines Version 1.2021 80mprehen8|ve NCCN Guidelines Version 3.2019 NCCNTS‘;:SG\
(e[l Cancer Table ¢
NCCN ﬁg?\;,(e):k Kidney Cancer Nobooris Metastatic Spine Tumors
RELAPSE OR STAGE IV PRESENTATION TREATMENT ADJUVANT TREATMENT
TREATMENT No tumor Evaluate for other causes of pain and/or neurologic symptomsl
Surgerykhm & stabilization followed by RT"
1t 1
Clinical trial {omegory 1)
or Spinal cord — Prlmary RT"
See First-Line Therapy (KID-C, 1 of 2) compressions — Sterolds® ——> _—
Clear cell or Foll In the absence of clinical myelopathy, primary chemotherapy'
hist oI:e Metastasectomy or stereotactic body —_— SgeQI::E)'{pB if chemosensitive tumor (eg, lymphoma, germ cell tumor,
ay RT (SBRT) or ablative techniques for See KIL-B myeloma)
:::gometaslatlc disease Fracture or Surgical stabilization
I h spinal — |or ————————————— Followed by RT" ———»
Best supportive care instability' Vertebral augmentation®

0 No spinal cord
National

. . . compression9d N (preferr nsider sur Mor
Comprehensive NCCN GUIdellnes VEI'SIOI'I 2.2021 No fracture s;r pragecsdl ggs?' ?fo i

or spinal | — Chemotherapy' (if chemosensitive tumor) | — |« Deterioration during RT| —
(o f Cancer COIOn Cancer instability or « Intractable pain
Network@ Surgery™ (selective cases) followed by RT « Tumor progression
CIPLES 0 0 ) National
PRINCIPLES OF RADIATION AND CHEMORADIATION THERAPY Comprehensive NCCN G uldelmes Version 3.2021
« Consider SBRT for patients with oligometastatic disease. \(o{&0l Cancer Head and Neck Cancers
Printed by Laszlo Csaba Mangel on 1/12/2021 1:08:01 AM. For persanal usa only. Not approved for distribution. Copyright © 2021 National Cemprehensive Cancer Network, Inc., All Rights Reserved. N etWO rk"“
National . . .
. NCCN
IO Comprenensive NCCN Guidelines Version 2.2021 : PRINCIPLES OF RADIATION TECHNIQUES?
NCCN Ewiaen Non-Small Cell Lung Cancer 051
W * Reirradiation with 3D Conformal RT, SBRT PBT, or IMRT“
PSRN —_——t A ___a®_ __ ____ A __ _ 240 a0 _ __ ____®#_ __ - A2 _ i 8 _ W _ AN _ __®_ __ ___ Af_ab_ _
THERAPY FOR RECURRENCE AND META Nat'onal
STASIS Comprenensive NCCN Guidelines Version 5.2020
Any combination of the following: ancer
Endobronchial + Laser/stent/other surgery® el ﬁetwork"‘ Anaplastlc Gliomas -"G lioblastoma
obstruction + External-beam RT or brachytherapy! No evidence
+* Photodynamic therapy of
R tion (preferred)k disseminated|” RECURRENCE TREATMENTY
+ Reresection (preferre I ! - )
Resectable recurrence - >, Im ‘—b disease Consider clinical trials (preferred for
Locoregional External-beam RT or SABT + Chest eligible patients)
recurrence or Mediastinal Iymph< No prior RT-+ Concurrent chemoradiation't — CT with or ) e
fgc";ﬁ?s"éggﬁ node recurrence “a Prior RT— Systemic therapy (NSCL-18) —— gon_trast ::'mm'c chemotherapy™
» Brain i
. + Concurrent chemoradiation®t MRI with E:ﬁusa Surgery for symptomatic, large lesion
Superior vena cava (if not previously ?lven) +SVC stent | contrast® Recurrent multiple or
(SVC) obstruction « External-beam RT £ SVC stent + PETICT diseaseP for: P Consider alternating electric field therapy
* SVC stent E_videm_:e of - Anaplastic for glioblastoma (category 2B)
Any combination of the following: disseminated ~+  gligodendroglioma or ) )
+ External-beam RT or brachytherapy! disease - Anaplastic Palliative/best supportive care if poor
Severe hemoptysis + Laser or photodynamic therapy or oligoastrocytoma, performance status
. ;Trbc;"zat lon :0 Jasti Consider Consider clinical trials (prefer-= for
g a:larg:yst::r:na Resectable—+ :IrlnICal triall__, grain MRIPL— | eligible patients)
. . g ] | y . or
L(.Jcallzed s.ymptom54> PaII!at!ve external-beamRT —————» N Ar!aphgﬂc gliomas! Resection® Systemic chemotherapy™®
Diffuse brain metastases——» Palliative external-beam RTh99 ———» * Glioblastoma Local or
Distant « If risk of fracture, orthopedic stabilization + Consider reirradiation (category 28)"°
'31 a“t Bone metastasis ———»| palliative external-beam RT! or ) )
metastases « Consider bisphosphonate therapy or denosumab Unresectable Consider alternating electric field therapy
lor resection not| for glioblastoma (category 2B)
Limited metastasis ————— See pathway for Stage [V, M1b (NSCL-14) recommended/ or ) )
Disseminated metastases ——» See Systemic Therapy for Metastatic Disease (NSCL-18 biscied Palllative/best supportive care If poor
performance status
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Clinical practice guidelines

Is oligometastatic disease an applicable and useful concept in

haematologic malignancies? A narrative review of radiation therapy el
standards, modern techniques, and innovations
L Ollivieretal. Cancer/Radiothérapie 28 (2024) 119-130

Table 1

Recommendations for curative-intent radiation therapy for haematologic malignancies.

Indication Dose Volume Studies and groups References
Hodgkin lymphoma
Early stage 20-30Gy Involved-site radiation H10, HD16 |4.87]
favourable therapy
Early stage 30Cy Involved-site radiation H10, HD17 |2.4]
unfavourable therapy
Advanced stage 30Cy Residual PET CT+ HD15 |88]
Non-Hoedgkin
lymphoma
Indolent 24-30Gy Involved-site radiation UK, ILROG [16.19,32]
therapy
Aggressive Complete response: Involved-site radiation UNFOLDER, ILROG [19,27.32]
30-36Gy therapy
Partial response: Residual PET CT+
40-50Gy
Solitary 40-50Cy GTV+0.5-1cm ILROG 89]
plasmocytoma
Prehaematopoietic Myeloablative Total body irradiation ILROG [90]
stem cell conditioning: 12 Gy
transplantation MNon myeloablative
total body conditioning: 2-4 Gy
irradiation

GTV: growth tumour volume; [LROG: International Lymphoma Radiation Oncology Group; PET-CT: positron-emission tomography-computed tomography.
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Hodgkin kor
sugarterapias
szemlélet1 és

technologiai
fejlodés

-.}.‘..._

000" )

SRTNAT

N TIRT, Peoton Thevaps

PET/CT fusbon, GIEM, K0T |
20 50 G 20 35 Uy
RT Fields Years Dose Technique Planning Methods Machines
(Gy)
EFRT 1960- 1990 40-44 2DRT 2D planning Cobalt Units; first LINACS
IFRT 1995-2005 30-36 JD-CRT 3D Planning
Static-IMRT Forward/Inverse planning LINAC with Multileaf Collimator
ISRT/INET 2005-present 20-30 | Static IMRT Inverse Planning LINAC with Multileaf Collimator
Arc-therapy Biologic Optimization LINAC with Dinamic MLC and
Image-Guidance
Tomotherapy Multimodality Imaging Volumetric Modulated Arc
Therapy
Dose Painting Helical Tomotherapy
Image-Guided Radiotherapy



Hodgkin kor - sugarterapia

IFRT — involved field radiotherapy , ISRT — involved site radiotherapy,
INRT - involved node radiotherapy -vs.- EFRT — extended field radiotherapy

GTV (gross tumor volume: makroszképos daganat) — CT'V (clinical target
volume: mikroszkopos ill. potencialis terjedés) — PTV (plannning target volume:
beallitasi bizonytalansagok)

Tervezésnél: lehetSleg MRI és/vagy PET informaci6 (Id. Deauville kritériumok)
Onall6 sugirkezelés esetén nagyobb CTV

3D konformalis irrad. V. IMRT, frakcionalas: 2 Gy/die

Dozisok: non-bulky disease: 20-30 Gy, bulky disease: 30-36 Gy

— 20 Gy elégséges StI-IIA esetén, ha nincs extra-limfatikus terjedés, és max. 2 régio érintett
Onall6 sugarterapia esetén, érintett régio: 30-36 Gy, nem érintett régid: 25-30 Gy
Alkalmazas: 6nalléan, els6vonalbeli kezelés utan, refrakter esetben
masodvonalbeli kemoterapia utan, ill. relapszus esetén
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EORTC/LYSA/FIL classification scheme

Risk factors/Stage

Nodular
lymphocyte
predominant
Hodgkin lymphoma
(NLPHL)

No risk factor

2 4 nodal areas @ Early stage unfavourable:
H10U [3
A: ESR 2 50 ( 31
B symptoms: ABVD x2 and FDG-PET/CT
ESR= 30 FDG-PET/CT-:
Memgﬂna(; rz;\sass ABVD x2 + RT 30 Gy ISRT/INRT
>
: FDG-PET/CT+:
Age 2 50 BEACOPPesc x2 + RT 30 Gy ISRT/INRT

Involved-site Radiation Therapy (ISRT)

Dose:

* Combined Modality Therapy
» Non-bulky disease (stage I-ll): 20"-30 Gy (if treated with ABVD), 30 Gy (if treated with Stanford V); 1.5-2.0 Gy per fraction

» Non-bulky disease (stage IB-1IB): 30 Gy; 1.5-2.0 Gy per fraction
» Bulky disease sites (all stages): 30-36 Gy; 1.5-2.0 Gy per fraction . National
NCCN

» Sites of partial response to chemotherapy: 36-45 Gy Comprehensive

Cancer
+ |SRT Alone (uncommon, except for NLPHL): Nerwork®
» Involved regions: 30-36 Gy (the dose of 30 Gy is mainly used for NLPHL); 1.5-2.0 Gy per fraction
» Uninvolved regions: 25-30 Gy; 1.5-2.0 Gy per fraction. ISRT for NLPHL includes extension to initially uninvolved nodes.

+ Palliative RT: 4-30 Gy



Sugarterapias késoi sz6vodmények:

3 ’ o ° ’ ’ ’ ’ . ’ L .o ’ oo ,
¢ kardiovaszkularis mellékhatasok (5-10 év utan, kardiologiai kovetés sziikséges,
/ ' 2 2 /
egyéb rizikofaktorok szerepe)
E - - - . - / / / / / ’/ / / 7 O / /
°  pajzsmirigy hypofunkci6 (nyaki besugarzas utan, hosszu tavu talélék 50%-anal)
/ / / / L ’/ / /
* masodlagos daganatok (10 év utan, magasabb dozisu sugarkezelés nagyobb
— ” ” . . , .o s,
rizik6, de mezdkiterjesztés 6nmagaban nem)
/ Ve
*  DOZISKORLATOK kiemelt szerepe
PRINCIPLES OF RADIATION THERAPY 0AR Dose Recommendation Toxicity
RT DOSE CONSTRAINT GUIDELINES FOR LYMPHOMA® (852 20C yifrmction)
Mean <15 Gy
Liver V20 <30% Hepatic toxic\ly”*38
OAR Dose Recommendation Toxicity V30 <20%
(1.5-2 Gylfraction) Stomach Dmax <45 Gy Ulceration®®
Ipﬁgz;eeﬁggl:)an 111Gy (recommended); <24 Gy 15,16 Spleen \hﬁgasg;ul'o ¢ t;:rjﬂgepcginn\;sm
C i 3 0
Parotid glands Contralateral: as low as reasonably achievable Xerostomia VA5 <20% -
(ALARA) Pancreas Mean <21 Gy Diabetes?245
Ipsilateral: Mean <11 Gy (recommended); <24 Gy Abdomen Small bowel V15 <120 cc Diarrhea® 35
Submandibular glands® (acceptable) Xerostomia!? D_max <45 Gy i Obstruction, ulceration, fistula
Head Contralateral: ALARA Single organ Bulaleraul
a:: Oral cavity Mean <11 Gy Xerostomia, dysgeusia, oral (I\:‘:ca;n:niei}:jed)' <80y V5 <58%
Neck | (surrogate for minor salivary glands) mucositis Kidney (acceptable) ! Renal insufficiency?6-48
. V25 Gy <63.5% 18 V10 <30%
Thyroid Minimize V30 Gy Hypothyroidism V20 <15% (recommended);
Lacrimal glands V20 Gy <80% Dry eye syndrome'? <2§% (acceptable)
Larynx/Pharyngeal constrictors Mean <25 Gy Laryngeal edema, dysphagia®® Bone marrow® x?oil's%';‘;A Acute cytopeniau;“g‘;0
Carotids Ipsilateral: Avpid hotspots Carotid artery atherosclerosis Other V25 <25% Chronie cytopenias
Contralateral: ALARA Long bone V40 <64% Fracture®2
OAR Dose Recommendation Toxicit, ]
(1.5-2 Gylfraction) Y \'” ional
" Mean <8 Gy (recommended) . _ ) 2124 ( ,omj.'rchc:*.xn’c
Heart wselz(a‘;\’ it<h1 Zvcesi (lgjfcee;%tg?ees); ALARA given increased | Major adverse cardiac events f WSO Cancer
Aortic and mitral valves Dmax <25 Gy ) 22 26,26 SECONDARY MALIGNANCIES Nerwork®
Valvular heart disease”“>
Pulmonic valve Dmax <30 Gy
Tricuspid valve ggggpjgbiy) (recommended); Dmax < 30 Gy Valvular heart disease?’ 0AR Dose Recommgndation Secondary Malignancy
Voan <5 6. o EE———cy (1.8-2 Gylfraction)
Left ventrile Mioan <15 G (ctopiame) Cornary ariery cisase?’ e - —
Y {accep fy ariory Caoass Breast Minimize volume >4 Gy (ideally <10%) Breast cancer (adenocarcinoma)
Thorax | Right ventricle Mean <5 Gy Valvular heart disease: — 7
Mean<7 Gy ___ Colon Minimize volume >10 Gy Colon cancer
Coronary vessels (total) Minimize the maximum dose to individual coronary ot )
arteries Lung Minimize volume >9 Gy Lung cancer
- - o : ; 29,30 .
Left a.menor descending (LAD) artery V15 Gy <10% MaJ.OI' adverse card!ac events Esophagus Minimize volume >30 Gy Esophageal CancerSQ
Left circumflex artery V15 Gy <14% Major adverse cardiac events — - i
Right coronary artery Mean <5 Gy Coronary artery disease?’ Stomach Minimize volume >25 Gy Gastric cancer
Mean <13.5 G e - 3]
Lungs V20 <20% (recyommended); <30 Gy (acceptable) | Pneumonitis31-33 Pancreas Minimize volume >3-10 Gy Pancreaic cancer

V5 <565%




PET-CT szerepe a céltérfogat meghatarozas soran




Myeloma multiplex 2018

National

Comprehensive NCCN Guidelines Version 4.2018 NCCN Guidelines Index
IWO®INE Cancer Multiple Myeloma Table of Contents

Network® Discussion
CLINICAL PRIMARY FOLLOW-UP/SURVEILLANCE

PRESENTATION TREATMENT

Follow-up interval, every 3—6 mo:®

+ CBC, differential, platelet count

+* Serum chemistry for creatinine, albumin,
corrected calcium

* Serum quantitative immunoglobulins,
SPEP, with SIFE as needed

RT (40-50 Gy
in 1.8-2.0 Gy/

Solitary %‘fraction] to

Osseous . -
involved field *

d
surgery + 24-h urine for total protein and UPEP Prima
with UIFE as needed ooy vl Restage
+* Serum FLC assay as clinically indicated gr g with g See Active
+* Serum LDH and beta-2 microglobulin as |—» Response — myeloma (symptomatic)
clinically indicated followed by workup (MYEL-3)

» Bone marrow aspirate and biopsy as
clinically indicated|

+ Skeletal survey as clinically indicated or
annually

* Whole body MRI or low-dose CT or PET/
CT scan as clinically indicated

progressionf

RT (40-50 Gy
in 1.8-2.0 Gy/
fraction) to
involved field *
surgeryd

Solitary
Extraosseous

¢ Palliacio, pl. erés fajdalmak esetén 10-30 Gy, 1-10
frakcioban

*  Modern technika javasolhat6, de palliacié esetén megfelelhet
egyszeribb technologia, pl. telekobalt kezelés is




Myeloma multiplex 2025

National

Comprehensive NCCN GUidE"hGS VeI'SiOH 1.2025

I\(e{eil Cancer :
Networke Multiple Myeloma

CLINICAL PRIMARY FOLLOW-UP/SURVEILLANCE
FINDINGS TREATMENT

Follow-up interval, every 3—-6 mo™:
« CBC, differential, and platelet count
+ Serum chemistry for creatinine and corrected

Solitary calcium
plasmacytoma k
:]— r i I,m * Tests as needed:
or gery » Serum quantitative immunoglobulins, SPEP,

_ > or with SIF_=E _ )
Solitary » 24-h urine for total protein and UPEP with UIFE
pl_asme!cytoma Consider » Serum FLC assay ) o
with minimal clinical trial » Bone marrow aspirate and biopsy as indicated
marrow . » All plasmacytomas should be imaged yearly,
involvement'J preferably with the same technique used at

diagnosis, for at least 5 yearsd'°

Treatment Information/Dosing:
« Solitary plasmacytoma (MYEL-2)
» RT (40-50 Gy in 1.8-2.0 Gy fractions [20-25 total fractions]) to involved site.
» Treatment with 35-40 Gy is an acceptable alternative for solitary plasmacytomas <5 cm in size, due to the high rates of local control
reported for smaller tumors.

Palliative RT Dosing for MM:

» Low-dose RT (8 Gy x 1 fraction) or 20-30 Gy in 5-15 total fractions can be used as palliative treatment for indications such as uncontrolled pain, for
impending pathologic fracture, or for impending cord compression. Moderately fractionated courses of 20-25 Gy in 8-10 fractions are generally preferred
over higher doses (30 Gy) absent extenuating circumstances (eg, severe symptomatic cord compression) to limit toxicity risk and reduce future toxicity risk
in the event additional irradiation is needed to adjacent or overlapping sites (e.g. overlapping sites in the spine/spinal cord.

* Limited involved sites should be used to limit the impact of irradiation on hematopoietic stem cell harvest or impact on potential future treatments.

* For RT dose constraint suggestions regarding bone marrow and other organs at risk (OARs), see NCCN Guidelines for Hodgkin Lymphoma.




NHL - sugarkezelés

* Itt is érintett mez6s besugarzas

¢ PET-MRI kép1 informacio és modern technologia
hasznalata javasolt

* Extranodalis betegségben is hasonldak a

sugarterapias szabalyok
« MALT limféma, lokalizalt cutan limféomak: irrad.
mint elsévonalbeli kezelési lehet6ség

General Dose Guidelines:

+Localzed CLUSLL: 24-30 Gy +Diffuse large cell lymphoma or PTCL

+Follicular ymphoma: 24-30 Gy » Consolidation after chemotherapy CR: 30-36 Gy

sMarginal zone lymphoma: » Complimentary after PR: 40-50 Gy

» Gastric: 30 Gy » RT as primary treatment for refractory or noncandidates for
» Other extranodal sites: 24-3 Gy chemotherapy: 45-55 Gy

» Nodal MZL: 24-30 Gy » Salvage pre- or post-stem cel transplantation: 30-40 Gy
+Earlystage mantle cell lymphoma: 30-36 Gy +Primary cutaneous anaplastic large cell lymphoma: 30-36 Gy

+Mini-dose RT (2 Gy x 2 may be repeated) for
palliation/local control of SLL, FL, MZL, MCL
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T-Cell Lymphomas

Table of Contents
Discussion

PRINCIPLES OF RADIATION THERAPY?

Target Volumes:
+ |SRT for nodal disease

¥ ISRT is recommended as the appropriate field for non-Hodgkin lymphoma. Planning for ISRT requires modern CT-based simulation and
planning capabilities. Incorporating other modern imaging such as PET and MRI often enhances freatment volume determination.

» ISRT targets the site of the originally involved lymph node(s). The volume encompasses the original suspicious volume prior to
chemotherapy or surgery. Yet, it spares adjacent uninvolved organs (eg, lungs, bone, muscle, kidney) when lymphadenopathy regresses
following chemotherapy.

» The pre-chemotherapy or pre-biopsy gross tumor volume (GTV) provides the basis for determining the clinical target volume (CTV).
Concerns for questionable subclinical disease and uncertainties in original imaging accuracy or localization may lead to expansion of the
CTV and are determined individually using clinical judgment.

» Possible movement of the target by respiration as determined by 4D-CT or fluoroscopy (internal target volume [ITV]) should also influence
the final CTV.

} The planning target volume (PTV) is an additional expansion of the CTV that accounts only for setup variations (see International
Commission on Radiation Units and Measurements [ICRU] definitions).

» The OARs should be outlined for optimizing treatment plan decisions.

» The treatment plan is designed using conventional, 3-D conformal, or IMRT techniques using clinical freatment planning considerations of
coverage and dose reductions for OARs.

* ISRT for extranodal disease (excluding ENKL)

» Similar principles as for ISRT nodal sites (see above).

» For certain organs (eg, stomach, salivary gland, thyroid), the whole organ comprises the CTV. For other organs, including orbit, breast,
lung, bone, localized skin, and well-localized salivary gland, partial organ RT may be appropriate.

» Prophylactic irradiation is not required for uninvolved lymph nodes.

General Dose Guidelines: (RT in conventional fraction sizes)
- PTCL
» Consolidation after chemotherapy CR: 30-36 Gy; PR: 40-50 Gy
» RT as primary treatment for refractory or non-candidates for
chemotherapy: 40-55 Gy
» In combination with HCT: 20-36 Gy, depending on sites of disease
and prior RT exposure
* BIA-ALCL: 24-36 Gy for local residual disease

« ENKL

¢ CCRT:

(o{oi’f Cancer

. g?r?pnrjnenswe NCCN Guidelines Version 1.2025
N

Network

Peripheral T-Cell Lymphomas

SUBTYPE'

ALCL, ALK positive
(WHO4R)/ALK-
positive ALCL
(WHOS)

Other histologies:

+ ALCL, ALK negative (WHO4R)!
ALK-negative ALCL (WHOS)™

« PTCL-NOS

«EATL

« MEITLf

» AITL (WHO4R)/nodal TFH cell
lymphoma, angicimmunoblastic

pe (WHOS)

* Nodal PTCL, TFH (WHO4R)/
nodal TFH cell lymphoma, NOS
(WHOS)

« FTCL (WHO4R)/nodal TFH
cell lymphoma, follicular type
(WHOS)

STAGE

Stage L, I —

Stage lll, IV —»

FIRST-LINE THERAPY"

Multiagent chemotherapy®
x 6 cycles

or
Multiagent chemotherapy®

x 6 cycles + involved-site RT (ISRT)P
or

Multiagent chemotherapy®

x 3-4 cycles + ISRTP (category 2B)Y

Multiagent chemotherapy®
x 6 cycles

Clinical trial (preferred)

or
Multiagent chemotherapy®

. Stage ___lGeveles
or

=V

Multiagent chemotherapy®
6 cycles + ISRTP

™ ALCL, ALK-negative

» RT alone as primary treatment (if unfit for chemotherapy): 50-55 Gy
» RT in combination with chemotherapy: 45-56 Gy
» Combined modality therapy (non—-asparaginase-based):

— 50 Gy in combination with DeVIC (dexamethasone, etoposide,
ifosfamide, and carboplatin)

- 50-54 Gy in combination with cisplatin followed by VIPD
(etoposide, ifosfamide, cisplatin, and dexamethasone)

National

. Nationa ensive NCCN Guidelines Version 1.2025 0 Sequential chemoradiation:
N

sk Extranodal NK/T-Cell Lymphomas

disease

CLINICAL
PRESENTATION

STAGE? INDUCTION THERAPY

¢ Sandwich chemoradiation:

RT alone®P

Unfit for or
chemotherapy Clinical trial (2_4 CyC|es)
Stage ___Performance
L status cycles)
Fittor Chnicaltil - Palliative RT: 20-36 Gy in 5-18 fractions
chemotherapy Combined modality therapy?

— Modified SMILE regimen followed by RT 45-50.4 Gy for stage |-l
— DDGP regimen followed by RT 50 Gy for stage I-ll disease
— P-GEMOX (2 cycles) followed by RT 56 Gy followed by P-GEMOX

— GELAD (2 cycles) followed by RT 50-56 Gy followed by GELAD (2
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PRINCIPLES OF RADIATION THERAPY?

Volumes
- ISRT for nodal diseasel?

» ISRT is the recommended approach for volume definition and treatment planning for NHL. Planning for ISRT requires CT-based treatment
planning and incorporates volume determinations including gross tumor volume (GTV), clinical target volume (CTV), and planning target
volume (PTV). Incorporating other imaging tests such as PET and MRI often enhances treatment volume determination.

» The pre-chemotherapy or pre-biopsy GTV provides the basis for determining the CTV. Concerns for questionable subclinical disease and
uncertainties in original imaging accuracy or localization may lead to expansion of the CTV and are determined individually using clinical
judgment. Further, adjacent uninvolved organs (eg, lungs, bone, muscle, kidney) are excluded from the CTV when disease regresses
following chemotherapy.

» For early-stage indolent NHL treated with RT alone, larger treatment volumes should be considered to encompass potential microscopic
disease in adjacent lymph nodes or the immediate vicinity. For example, the CTV definition for treating FL with RT alone will be greater than
that used for DLBCL with similar disease distribution, as the latter is treated with combined modality therapy.

» Motion of the target caused by respiration as determined by 4D-CT or fluoroscopy (internal target volume [ITV]) should also influence the
final CTV.

» The PTV is an additional expansion of the CTV that accounts only for setup variations and potential target motion not previously accounted
for in the CTV (see International Commission on Radiation Units and Measurements [ICRU] definitions). Proton RT planning does not
generally use a PTV, but rather robustness evaluation to ensure coverage of the CTV.

» OARSs should be outlined for dose-volume analysis and optimizing treatment planning decisions.

» The treatment plan can be designed with conventional, 3D conformal, IMRT/VMAT, or proton therapy techniques using clinical treatment
planning considerations of target coverage and normal tissue avoidance.

- ISRT for extranodal diseasel8
» Similar principles as for ISRT nodal sites (see above).
» For EMZL, the CTV generally consists of the entire affected organ (eg, stomach, salivary gland, thyroid). Partial organ ISRT may be
appropriate if the disease is well localized on imaging (eg, orbit and breast).
» For most NHL subtypes, uninvolved lymph nodes should not be targeted.

NCCN Guidelines Vers
Classic Follicular Lym

ISRTIR (proforred) —

iarT -k:.,.;;.‘.‘,:...:, 7o m

General Dose Guidelines:
« Definitive RT (1.5—-2.0 Gy daily fractions)

» FL: 24—-30 Gy19.20 siee
» Marginal zone lymphoma (MZL): 24 Gy D
¢ EMZL of the stomach: 24 Gy in 16 fractions (1.5 Gy/fractions) to minimize acute Gl toxicity.1? [2Eegous |—

— 4 Gy in 2 fractions has been used.2! However, additional 20 Gy is needed for some patients and careful follow-up is needed.

¢ Orbital and salivary gland MZL: 4 Gy in 2 fractions may be considered as an alternative to 24 Gy. Careful regular follow-up (physical
exam and imaging as appropriate) with radiation oncologist and ophthalmologist is essential when using this very-low-dose regimen.
Definitive doses are recommended for incomplete response or relapsed disease.?2

» M CL_: N . National  NCCN Guidelines Version 2.2025
¢ Primary treatment (without chemoimmunotherapy) - 36 Gy Gomprehensive Extranodal Marginal Zono B-Cell Lymphoma
¢ Consolidation after chemoimmunotherapy Natwor Extranodal MZL of the Stomach
—CR-24-30 G v g{xﬁe;o Eé‘éﬁ?:;gg‘n INITIAL THERAPY
— PR - 36 Gy LYMPHOMAS' STAGING' L’oi’.{ﬁ'l’ 11:18) | __ Currently accepted antibiotic _
negative, or therapy for H. pylori

1t(11;18) unknown

» DLBCL/HGBL/PMBL/MGZL
¢ Primary treatment (without chemoimmunotherapy): 40 Gy
¢ Consolidation after chemoimmunotherapy
— CR (5-PS 1-3) - 30—-36 Gy
— PR (5-PS 4) - 36-50 Gy —
¢ Refractory disease (5-PS 4-—5) - 40—-55 Gy weon g Sugen, | mesaive [Rituximab (i ISRT Is contraindicated)
¢ In combination with HCT: 20-36 Gy, depending on sites of disease and prior RT exposure?4; hypofractionate as appropriate to expedite
HCT procedure)
¢ Prophylactic testicular irradiation (25—-30 Gy)

Stage |, Currently accepted antibiotic
% therapy for H. pylori and
Stage 1, or 1} | (T1-3,N0,M0) e e e
X~ 1(11;18)

positive*

o
Stage Il,
(T1=3,N1,M0)

or
Stage 1) - Rituximab (if ISRT is

contraindicated)

ISRT\™ (preferred)

- Palliative RT
» FL/IMZL/MCL/SLL: 2 Gy X 2 fractions or 4 Gy X 1 fraction (which may be repeated as needed); doses up to 30 Gy may be appropriate in
select circumstances
» DLECL/HGBL/PMBL/MGZL and BL: (higher doses/fraction typically appropriate)
¢ 20—30 Gy in 5—10 fractions. Standard hypofractionated palliative treatment schedules such as 20 Gy in 5 fractions and 30 Gy in 10
fractions are appropriate depending upon clinical scenario.
» HIV-related B-cell lymphomas and PTLD: Treated based on underlying histologic subtype and treatment intent (curative vs. palliative)

- Bridging RT with CAR T-cell Therapy
» Localized disease - 20—40 Gy (higher doses and comprehensive coverage preferred if feasible; hypofractionate as appropriate to
expedite CAR T-cell procedure)
» Extensive disease - 20—-30 Gy (hypofractionate as outlined above)



NHL - egésztest elektron besugarzas
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Notoorks Mycosis Fungoides/Sezary Syndrome Diccussion
STAGE PRIMARY TREATMENT' RESPONSE TO THERAPY® | See Supportive Care for MF/SS (MFSS-B) |
(MFSS-3 and (MFSS-B
MFSS-4)
Skin-directed therapies (may
be alone or in combination CR/PR! ar ) .
with other skin-directed inadequate - Relap_se 'u_wth or persistent
therapies): response T1 skin disease
¥ See Suggested Treatment
St |AP-G Regimens "Skin-Directed
age " _L{_The_ra ies 5“.':" Refractory disease Systemic therapy * skin-directed therapy
Limited/Local)” (MFSS-A) to multiple previous (see Stage IB on MFSS-6)
- therapies or -  »|or
= If B1 blood | t .
» Cons;c;r ;,?;ﬁ;r;men progression to . Total skin electron beam therapy (TSEBT)Y
treatment for Stage lll, B1 >stage IA on skin- or .
MFSS-8 (category 2B) directed therapies Clinical trial




Primer agyi limfomak sugarkezelése

Altalaban gyorsan kialakulé tiinettan, koponyatiri
nyomasfokozddasra utal6 jelek

Nativ CT-n is sejtheté hyperdenzitas, gyakori
kamrak koruli lokalizacio

Szteroid adasa kivizsgalas soran nem szerencsés
Régen surgdsségl besugarzas indikacioja volt a
diagnoézis felallitasa

Jelenleg irradiacio reziduum, relapszus, a szisztémas

kezeléssel kapcsolatos rezisztencia ill. szisztémas
kezelés kontraindikacioja esetén j6n szoba

Tovabbra 1s a nagymez6s besugarzas javasolt

Dozistartomany: 24-36 Gy, 1ll. boost kieg. 45 Gy-
ig 0nall6 1rrad. vagy rezisztencia esetén

Mentalis karosodas esélye viszonylag magas



A besugarzas hatasa a mentalis teljesitményre,
neuro-pszicholdgiai kutatasok:
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CNS Prophylaxis and Treatment

The goal of CNS prophylaxis and/or treatment is to prevent CNS
disease or relapse by clearing leukemic cells within sites that cannot be
readily accessed with systemic chemotherapy because of the blood-
brain barrier. CNS-directed therapy may include cranial irradiation,
intrathecal chemotherapy (eg, methotrexate, cytarabine,
corticosteroids), and/or high-dose systemic chemotherapy (eq,
methotrexate, cytarabine, 6-mercaptopurine (6-MP), L-
asparaginase).’*>1%% CNS prophylaxis is typically given to all patients
throughout the entire course of ALL therapy, from induction, to
consolidation, to the maintenance phases of treatment.

ALL-B

+ First bullet removed: Given the risks of neurotoxicity associated with central nervous system (CNS)-directed therapy, baseline and post-
treatment comprehensive neuropsychological testing may be useful.

* Bullet 6 and 9: cytarabine clarified as intermediate or high dose

+ Bullet 7 modified: CNS leukemia (CN8-3 and/or cranial nerve involvement) at diagnosis typically warrants treatment with cranial irradiation
of 218 Gy in 1.8 to 2.0 Gy/fraction. The recommended dose of radiation, where given, is highly dependent on the intensity of systemic
chemotherapy; thus, it is critical to adhere to a given treatment protocol in its entirety. The entire brain and posterior half of the globe should
be included. The inferior border should be-belew include C2.

» CNS-directed therapy may include cranial irradiation, IT therapy (eg, methotrexate, cytarabine, corticosteroid), and/or systemic
chemotherapy (eg, high-dose methotrexate, intermediate or high-dose cytarabine, pegaspargase [PEG]). Generally, IT therapy should start
during the induction phase.

» CNS leukemia (CNS-3 and/or cranial nerve involvement) at diagnosis, or persisting after induction, may warrant treatment with cranial
irradiation of 18 Gy in 1.8-2.0 Gy/fraction. The recommended dose of radiation, where given, is highly dependent on the intensity of systemic
chemotherapy; thus, it is critical to adhere to a given treatment protocol in its entirety. The entire brain and posterior half of the globe should
be included. The inferior border should include C2.




National

NCCN E{Dmprehensive NCCN Guidelines Version 2.2018
Notaorke Primary Cutaneous B-Cell Lymphomas

PRINCIPLES OF RADIATION THERAPY

PCMZL and PCFCL

+ Optimal initial management for solitary/regional PCMZL and PCFCL is with external beam RT, 24-30 Gy.

* For relapsed/refractory disease, 4 Gy external beam RT may be adequate

» Surface margins beyond area of clinically evident disease will vary depending on lesion size and body site and must take into account
dosimetry of the beam being used. Surface margins of 1.0-1.5 cm are generally adequate.

* Margins in depth should include the volume at risk for involvement.

+ Generally, treatment with 6-9 MeV electrons (with surface bolus) provides an adequate depth of treatment. Alternatively, low energy
X-rays (~100 Kv) may be used.

PRIMARY CUTANEOUS MARGINAL ZONE LYMPHOMA OR FOLLICLE CENTER LYMPHOMA See monoclonal ani
STAGEY INITIAL THERAPY" reactivation (See Nt

B-Cell Lymphoma)

_

Regional

Local RT (preferred)’

andlor b } Relapsed or . .

Excision Responsef—» Observe —» |progressive Generalized disease

disease (extracutaneous  |—»

Solitary/regional, . In selected cases: disease)
T2 Observation’ Generalized

x i disease (skin

Topicalsk See Generalized

orp dRiesfer::L?w —» | disease (skin only), only)

Intralesional steroids I3 (CUTE-3) l



Egyéb sugarterapias indikaciok: egésztest-besugarzas
csontveld transzplantacio elott

Organ TBI 12 Gy with lung TMLI 12Gy (bone,
blocks lymph nodes, spleen,
liver, and brain)

Lungs 8.2 4.7
Kidneys 12.0 6.1
Heart 11.1 46
¥ Oral Cavity 11.9 29
" | Oesophagus 12.4 38

Gasto-Intestinal 121 3.7
tract

Bladder 12.0 6.4
Thyroid 12.2 39
Eyes 112 6.2

Plan A Plan B PlanC

J Radiat Res. 2017 Mar 1;58(2):210-216. doi: 10.1093/jrr/rrw115. (5-mm clipped) (0-men margin) (5-mm margin)

Adequate target volume in total-body irradiation by intensity-modulated radiation therapy using
helical tomotherapy: a simulation study.

Takenaka R“: Haga A1, Yamashita H1, Nakagawa K1.

Original plans

# Author information

2 pixels

Abstract

Recently, intensity-modulated radiation therapy (IMRT) has been used for total-bedy irradiation (TBI). Since the planning target volume (PTV)
for TBI includes the surrounding air, a dose prescription to the PTV provides high fluence to the body surface. Thus with just a small set-up
error, the body might be exposed to a high-fluence beam. This study aims to assess which target volume should be prescribed the dose,
such as a clinical target volume (CTV) with a margin, or a CTV that excludes the surface area of the skin. Three treatment plans were created
for each patient: the 5-mm clipped plan (Plan A), the 0-mm margin plan (Plan B) and the 5-mm margin plan (Plan C). The CTV was the whole
body. PTVs were the CTV with the exception of 5 mm from the skin surface in Plan A, equal to the CTV in Plan B, and the CTV with a 5 mm
margin in Plan C. The prescribed dose was 12 Gy in six fractions. To assess the influence of the set-up error, dose distributions were
simulated on computed tomography (CT) images shifted 2 pixels (= 4.296 mm), 5 pixels (= 10.74 mm) and 10 pixels (= 21.48 mm) in the
lateral direction from the original CT. With a set-up error of 10.74 mm, V110% was 8.8%, 11.1% and 23.3% in Plans A, B and C, respectively.
The prescription to the PTV containing the surrounding air can be paradoxically vulnerable to a high-dose as a consequence of a small set-up
error.

Shifted plans
5 pixels

10 pixels




Koszonom a megtiszteld figyelmet
¢s kollegaimnak a kozremiikodést!
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