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Mozgové nadory

incidencia 10-20/100 000/r

Gliomy 50%
Meningedmy 20%
MTS 20%
ine 10%



Gliomy - WHO klasifikacia
2016

zasadna uloha imunohistochemickych a molek.-
genetickych markerov

® |DH mutacia, kodelécia 1p19g LOH, mutacia TP53, strata
ATRX, ...

histomorfologia je sekundarna

® dif. astrocytomy, oligodendrogliomy, iné astrocytomy,
ependymomy, iné gliomy, ...



Gliomy

WHO grade I-IV

grade I: nizky prolifer. aktivita, potencionalne kurat. resekcia
grade Il: low-grade gliomy (LGG) (OS 5-17 rokov)

grade llI, IV: cytologicky maligne tumory (OS Il 3-7r, IV ~ 1r)

LGG tvoria cca 10-15% (deti 25%),
HGG 70% gliomov



LGG

napriek svojej pocCiatocne indolentnej povahe su
spojené s vyznamnou morbiditou a v konecnom
dosledku su fatalne (maligna transformacia)

postihuju prevazne mladsich pac. (35-45r.)
symptomy: epilepsia (80%), cefalea, iné neurol.
Stand. liecba je kontroverzna: observ. / chir. / RAT / CHT

negat. prog. faktory: IDH(-), vek, astro zlozka, velkost,
zly klin. stav, presah cez CC, elokvent. lokalizacia



Diagnostické metody

® rozsirené MR vysetrenie (BGBT) ma klucovu a
nezastupitelnu ulohu

® prim. diagnostika, lokalizacia, rozsah, mass efekt, edém,
krvacanie, nekroza, znamky ICH, ...

® |imitacie: intratumoralna heterogenita, obtiazne odlisenie
post-terap. zmien od recidivy, volumetria zatazena subij.
chybou, odhalenie malignizacie az po naruseni BBB a
objaveni sa post-kontrast. enhancementu, ...



PET radiofarmaka

glucose utilisation

8Ga-DOTATOC

SR-expression

13F-FET (Tyrosine) N glycolsis |
13F-6-DOPA Protein synthesis hypoxia
11C-Methionine ¢

amino acid metabolism

18F-choline
11C-acetate

DNA-synthesis
membrane building

Michael Plotkin, Berlin



AA-PET

AA: syntéza proteinov, intermed. metabolizmus,
tvorba neuroaktivhych peptidoy, interneuronalny
synapt. prenos

zvys. metabolizmus bb. => zvys. transport AA
sprostredkovany typ-L nosicom (LAT1 2 3)

akumulacia koreluje s prolifer. aktivitou bb.,
indexom Ki67, expresiou jadrovych antigénov,
denzitou mikrovaskulatury

neza,V|S|’ Od naFU§enIa BBB (Specificky aktivny transport)
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Response Assessment in Neuro-Oncology working group and
European Association for Neuro-Oncology recommendations
for the clinical use of PET imaging in gliomas

Nathalie L. Albert, Michael Weller, Bogdana Suchorska, Norbert Galldiks, Riccardo Soffietti, Michelle M. Kim,
Christian la Fougere, Whitney Pope, Ian Law, Javier Arbizu, Marc C. Chamberlain, Michael Vogelbaum,
Ben M. Ellingson, and Joerg C. Tonn

This guideline provides recommendations for the use of PET imaging in gliomas. The review examines established clinical benefit in
glioma patients of PET using glucose (*3F-FDG) and amino acid tracers (**C-MET, *8F-FET, and *®F-FDOPA). An increasing number of
studies have been published on PET imaging in the setting of diagnosis, biopsy, and resection as well radiotherapy planning, treat-
ment monitoring, and response assessment. Recommendations are based on evidence generated from studies which validated

PET findings by histology or clinical course. This guideline emphasizes the clinical value of PET imaging with superiority of amino
acid PET over glucose PET and provides a framework for the use of PET to assist in the management of patients with gliomas.

Keywords: amino acid PET, glioma, guideline, PET imaging, recommendations.




Indications for amino acid PET

RuspRoled Resection

primary or Radiotherapy or Maintenance | _ _ Follow-up_
glioma on chemotherapy or

MRI biopsy both T

Rationale for AA PET during follow-up:

« Diagnosis of treatment-induced changes
(e.g., radionecrosis) versus treatment
relapse
Follow-up AA PET for adjuvant therapy
monitoring
Delineation of tumor extent for resection
planning

Rationale for AA PET within first 12 weeks after radio(chemo)therapy:

« Diagnosis of treatment-induced changes (e.g., pseudoprogression) versus
treatment relapse

«  Follow-up AA PET for monitoring of radio(chemo)therapy

« Baseline AA PET for adjuvant therapy monitoring

Rationale for AA PET after surgery:

«  Assessment of resection extent

*  Planning of radiotherapy

« Baseline AA PET for monitoring of radio(chemo)therapy
*  Prognostication

Rationale for initial AA PET:

« Differentiation neoplastic vs. non-neoplastic tissue
« Delineation of tumor extent for resection planning
+ ,Hot-Spot® localization for biopsy planning
Prognostication

RANO/EANO, 2016




Planovanie biopsie

FLAIR T1Gd fuzia MET-PET/MR MET

50 r. zena, po epi zachvate s poruchou vedomia

MR obraz infiltrativnej |ézie T-O l.sin., bez vyzn. zvysenej perfuzie,
dif.dg. lymfom CNS

MET-PET T/B 4,4

Histologia: anaplasticky astrocytom WHO grade Ill.



Astrocytom WHO gr. Il
& ey
FET

Anapl. astrocytom, WHO gr. Il
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Astrocytom, WHO gr. I

°F-FET PET PWI-MR (rCBV)

Anapl. oligodendrogliom, WHO gr. Il

8F-FET PET PWI-MR (rCBV



Planovanie miesta biopsie
MR vs MR+FET

Prospektivna Studia: 31 pac. / 55 biopsii

MRI MRI+FET
Senzitivita 96% 93%
Specificita 53% 94%

—o— MRl
-a—MRI + FET PET

Pauleit et al., Brain 2005



Delineacia nadoru pred liecbou

FET T1Gd FLAIR

Glioblastom IV

zona patol. akumulacie FET presahuje rozsah post-kontrast.
enhancementu aj T2 abnormality v MR

Langen, 2016



Amino Acid PET in Radiation Therapy Planning

Grosu AL et al.
Plotkin M et al.
Rickhey M et al.
Weber DC et al.
Piroth MD et al.
Rickhey M et al.
Niaci M et al.

Graf R et al.
Rieken S et al.
Badakhshi M et al.
Munck P et al.

Int J Radiat Oncol 2005;63:511-519
Int J Hyperthermia 2006;22:319-25.
Strahlenther Onkol 2008;184:536-42
Radiother Oncol 2009;93:586-592
Radiation Oncol 2009;4:57
Strahlenther Onkol 2010:186:320-6
Radiother and Oncol 2011;99:44—-48
Int J Mol Imag 2012, ID 412585, 7 pages
Radiother Oncol 2013;109:487-492
Cancer Imaging. 2014, 25;14:25
Neuro Oncol. 2015;5:757-63

preukazany vplyv na GTV, chybaju vsak vacsie prospektivne
studie, kt. by potvrdili zlepsenie prognozy




Pseudoprogresia a radiacha
nekrdza vs progresia a recidiva

pseudoprogresia: <2M, 20-30% pac., glidza, zapal. zmeny

radiacna nekroza: >3-24M, 20% pac., nekroza



Pseudoprogression in Gliomas

8 weeks /

post RCX

MRI (T1+KM) FET PET
Galldiks et al. EJNMMI 2015; 42:685-695

European School of Nuclear Medicine

Patients:

22 gliomas with progression
on MRI (RANO)

Biopsy/Follow-up:
* 11 early progression
* 11 pseudoprogression

FET-PET:
Sens.: 100 %

Spec.: 91 %
Cutoff TBR,__.: 2.3




Differentiation of Recurrence vs. Radionecrosis:
FET-PET versus MRT

Recurrence

Patients:

132 gliomas
with progr.

on MRI (RANO)
(121 rec.)

FET-PET:
Sens.: 91 %

Spec.: 100 %
TBR, .., >1.9
+ TTP < 45 min

FET-PET

Galldiks et al. Neuro Oncol. 2015 :17:1293-300

European School of Nuclear Medicine



FET-PET:. Therapy Monitoring

Prospective study 2007 — 2010, GBM — RCX acc. Stupp (n = 25)

EEI-PET 1] FiET-PE] 2 FET-PET 3

! !

RCX —> 6-8 weeks — Follow up

Piroth et al. Int J Rad Biol Oncol 2011:80:176-84.
Galldiks et al. J Nucl Med 2012:53:1-10

European School of Nuclear Medicine




FET-PET: Therapy Monitoring

Progression-Free Survival Overall Survival
Change of *F-FET TBR,..,, Change of *F-FET TBR,,,can,
10 — % 5% 1.0 — < -5%
w— > =5% — > =59

o0
1

O 8 - I
Median PFS 10.3 vs. 5.1 mo

P <0.001; log rank test

Median OS 16.1 vs. 9.3 mo
P <0.001; log rank test

=]
o

064

o
-

Proportion free of progression
Proportionfree of death

N
]
)
A

0 - v
: 2 ' T R, 2)d | T | T il | T B
) 1 5 0 3 ¢ 3 z

10 15 20 25 L 1 ¥

Time (mo) Time (mo)

Piroth et al. Int J Rad Biol Oncol 2011 ;80:17.6-84.
Galldiks et al. J Nucl Med 2012:53:1-10 |
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Meningedm




Meningedmy

® extraaxialne negliove prim. mozgové nadory,
90% benigne

® zeny:muzi 2:1, 4.-6. decénium

® Castokrat asymptomatické, klin. prejavy
zvyC€ajne az pri tlaku na kritické struktury

® |iecba operacng, intervencna (katetrizacia s
embolizaciou), SRS



Pre diagnostiku a planovanie liecby su
rozhodujuce kontrastné CT a MR vysetrenie

UK Minster, Hauptvorlesung Radiologie, Neuroradiologie 1



SRS u meningedmov

® v pripade infiltracie sinus cavernosus,
tentorium, falx cerebri, orbity, sella turcica
moze byt obtiazna delineacia tumoru podl|a
CT/MR

® problematické urcenie rozsahu infiltracie
kostnych struktur (baza, clivus)

=> inter-individualna variabilita pri zakreslovani
ozarovacich objemov



m Department of Radiation Oncology TI.ITI

"TMET-PET -PET and MRT for the Diagnosis of Meningiomas

- 32 patients with skull base meningiomas
- "TMET-PET, CT, MRT
- in 29/32 patients impact on target volume

- rather shrinkage of target volume

SIS e

Modalay Mean
GTV-PET (cm ) 21.0
GTV-MRICT (cm ) 24.7
Common GTV-MRLIPET (cm) 194
WGTV-PET (cm ) 1.6
l('[\ \!Rl(-l oan ) 53
Ratso of 1GTV-PET 10 GTV-MRICT (%) 94
Ratwo of 1GITV-MRICT 0o GTV-MRIXCT (%) 25.1

- overall excellet differentiation of dural tails, cavernous sinus
sellar region

- "MET-PET improved identification of osseous infiltration

Slice no. 38

Astner et al. [JROBP 2011



pac.s atypickym
meningedmom ala
minor ossis
sphenoidalis l.sin.,
WHO gr.ll, subtotalna
resekcia 9/2009, st.po
SRCH 11/2009, ext.RAT
11/2012 na oblast
zbytkového TU, ? rozsah
a hranice TU pred
rozhodnutim o dalsom
postupe

Infiltracia velkého aj
malého kridla
sfenoidalnej kosti vlavo,
proc.pterygoideus l.sin.,
os zygomaticum l.sin.,
spodina, strop aj
lateralna stena lavej
orbity, s prerastanim do
orbity pozdiz m.rectus
oculi lateralis l.sin.,
susp.infiltracia sinus
cavernosus l.sin.

MR/B/M0
Flzovana séria: PT #141
Axdal
11_se_r_ra
GADOVIST
Hribka: 5.2 mm

ET:1
TR:801.0
TE:17.0
'Velkost pida: 0,469 mm
Pozicia: 0.0 mm
[Zakiadnd] VY- 1629 L-819

[F Gzovand] L -0.01 U: 10.04 [SUV]

DFOV: 26.94 x 24.00cm

MR8/ 0
Aodal
1_se_r tra
Mozog+zadna_jama
GADOVIST
Hribka: 5.2 mm

ET:1

TR: 801.0
TE:17.0
'Velkost pida: 0.469 mm
Pozicla: 0.0 mm
W 1629 L: 819

DFOV: 26.88 x 24.00cm
Acq: 26.8.2014 11:49:32

MR/9/8

1 |[FGzovana séria; PT #141

Coronal
t1_se_cor
GADOVIST
Hrdbka: 5.2 mm

ET:1

TR: 6740
TE. 8.7
Velkos! pkda: 0.469 mm ;
Pozicia: 57.6 mm : -3
[Zakadna] W 1906 L: 957 v
[Fozovana) L:-0.01 U: 10.04 [SUV]L F °

DFOV: 26.88 x 24,00cm




pac.s atypickym
meningedmom ala
minor ossis
sphenoidalis l.sin.,
WHO gr.ll, subtotalna
resekcia 9/2009, st.po
SRCH 11/2009, ext.RAT
11/2012 na oblast

R
zbytkového TU, ? rozsah

a hranice TU pred
rozhodnutim o dalSom
postupe

Infiltracia velkého aj
malého kridla
sfenoidalnej kosti vlavo,
proc.pterygoideus l.sin.,
os zygomaticum l.sin.,
spodina, strop aj
lateralna stena lavej
orbity, s prerastanim do
orbity pozdiz m.rectus
oculi lateralis I.sin.,
susp.infiltracia sinus
cavernosus l.sin.

MR/BIS
Flzovana séria: PT #141
Axial
t1_se_r_tra
GADOVIST
Hribka: 5.2 mm

ET:1

TR. 801.0
TE:17.0
'Velkost pixla; 0.469 mm
Pozicia: -26.0 mm
[Zakladna) W: 1713 L: 838
[Flzovand) L--0.01 U: 10.04 [SUV]

DFOV: 26.94 x 24.00cm

MRIB/S
Axdal
_se_r_tra
Mozog+zadna_jama
GADOVIST
Hribka: 5.2 mm

ET. 1
TR:801.0
TE:17.0
Velkost pixla: 0.469 mm
Pozicia: -26.0 mm

W 1713 L 838

DFOV. 26.88 x 24.00¢m
Acq. 26.8.2014 11:49:32

MR/9/9

Flzovana séria: PT #141
Coronal

t1_se_cor

GADOVIST

Hribka: 5.2 mm

ET:1
TR.674.0
TE: 8.7 "
Verkost pixla; 0.469 mm

Pozicia: 52.4 mm

[Zékadna] W, 1921 L. 983
[Fdzovand] L--0.01 U:10.04 [SBUV]

-t

DFOV: 26.88 x 24,00¢m
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68Ga-DOTATOC u meningedmov

/N AN

vyznamna zmena GTV pri planovani lieCby
detekcia dalsich lézii

Gehler et al, Rad Oncol 2009; Nyuyki et al, EJNMMI 2010
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PET imaging in patients with meningioma—report of
the RANO/PET Group
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Clinical Indication

Detection of meningioma tissue/
differential diagnosis

Meningioma grading

Delineation of tumor extent for
resection planning

Delineation of tumor extent for
radiation treatment planning

Treatment
monitoring

Diagnosis of

tumor progression/differentiation
of tumor progression from
posttreatment changes

PET Ligands for Somatostatin
Receptors

%8Ga-DOTATOC and %8Ga-DOTATATE
PET may add valuable diagnostic
information?4°3

68Ga-DOTATATE binding correlates
with tumor growth rate in WHO grades
| and Il meningiomas®®

68Ga-DOTATATE PET delineates the
meningioma extent better than stand-
ard MR|%361

68Ga-DOTATOC PET delivers additional
information on tumor extent for radio-
therapy target definition>6:57.64.65

na

68Ga-DOTATOC/%8Ga-DOTATATE PET
is useful for differentiation between
progression and posttreatment
changes?3:24:52

Amino Acid PET Tracers

"C-MET correlates with prolif-
erative activity,> but data on
grading are controversial.3*>°
Static and dynamic "®F-FET
PET may provide additional
information for meningioma
grading??

na

"C-MET PET significantly
influences GTV delineation in
meningiomas3'59

"C-MET PET allows an earlier
evaluation of treatment effects
than standard imaging.¢:¢7
Boronated amino acid PET
probes may help to evaluate
treatment effects3®

na







PET u mozgovych mts

literarne udaje su sporadické
diagnostika:
MR
planovanie RAT:
bol preukazany vplyv AA-PET na GTV
dif. dg. medzi post-RAT nekrozou a recidivou:

potencionalne najvacsi vplyy,
princip obdobny ako u gliomov



Melanoma - Recurrent metastasis
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TTP =4 min

Breast cancer - Radionecrosis

31 pac. / 40 MTS lézii po RAT
FET-PET senzitivita: 95%, Specificita: 90% pri T/B > 1,9

© TTP =45 min

Galldiks et al, J Nucl Med 2012



Nase skusenosti s PET
mozgovych nadorov

® od 2006 18F-FDG-PET, dvoj-fazove vys., rutinne
fuzia s MR, Delbeke kriteria

® od 10/2013 11C-MET a 9/2017 18F-FET
spolu cca 2000 AA-PET vys. mozgovych nadorov

® od 2/2018 68Ga-DOTATOC u meningedmov

® spolupraca neurochirurg, onko-neurolog, radiacny
onkolog, radiolog a NM => BGBT komisia
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hrnutie

RozSirené MR vysetrenie je zakladom
AA-PET prinasa doplnujuce informacie u gliomov, najma:

planovanie biopsie,
delineacia nadoru pred chir. a RAT liecbou

odlisenie recidivy od post-terapeut. zmien
68Ga-DOTATOC / 11C-MET u meningedmov:
prinos v problematickych lokalizaciach

AA-PET na odlisenie postRAT nekrozy od viabilnej MTS



Dakujem za pozornost




Grading: FDG vs MET

Oligodendrogliom Il

Anapl. astrocytom ll|



MET PET a WHO grade
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25 histol. verifikovanych lézii
pred liecbou
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Povinec et al, 2015

grade 0’ grade I grade |I' grade III' grade V'

52 histologizovanych lézii
26 pred a 26 po liecbe

Ceyssens et al, 2006



Limitacie 11C-MET PET

® dostupnost: ndhradou su iné AA - 18FET, 18F-DOPA

® FN: prevazne dif. astrocytomy I-1l (CD31 negat.)

® FP: hematom, infarkt, ischémia, leukoencefalitida



FN: AA-PET

FET

Astrocytom

Astrocytom

Michael Plotkin, Berlin



PET pri TU mozgu

Indikacia FDG JAYAY
Dif.dg. TU/iny proces - n
Grading ++ +
Prognodza ++ +
Plan. biopsie +- ++
Plan. operacie - ++
Plan. radioterapie - ++
Recidiva/nekroza +- ++
Monitor. terapie +- +
PCNSL ++ ? (+)
MTS - ? (+)




