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Mozgové nádory

incidencia    10-20/100 000/r 

Gliómy     50% 

Meningeómy  20% 

MTS      20% 

iné       10%



Gliómy - WHO klasifikácia 
2016

zásadná úloha imunohistochemických a molek.-
gene-ckých markerov 

• IDH mutácia, kodelécia 1p19q LOH, mutácia TP53, strata 
ATRX, … 

histomorfológia je sekundárna 

• dif. astrocytómy, oligodendrogliómy, iné astrocytómy, 
ependymómy, iné gliómy, …



Gliómy

WHO grade I-IV 
grade I: nízky prolifer. ak-vita, potencionálne kurat. resekcia 

grade II: low-grade gliómy (LGG) (OS 5-17 rokov) 

grade III, IV: cytologicky malígne tumory (OS III 3-7r, IV ~ 1r) 

LGG tvoria cca 10-15% (de- 25%), 
HGG 70% gliómov



LGG

• napriek svojej počiatočne indolentnej povahe sú 
spojené s významnou morbiditou a v konečnom 
dôsledku sú fatálne (malígna transformácia) 

• pos-hujú prevažne mladších pac. (35-45r.) 

• symptómy: epilepsia (80%), cefalea, iné neurol. 

• štand. liečba je kontroverzná: observ. / chir. / RAT / CHT 

• negat. prog. faktory: IDH(-), vek, astro zložka, veľkosť, 
zlý klin. stav, presah cez CC, elokvent. lokalizácia



Diagnos-cké metódy

• rozšírené MR vyšetrenie (BGBT) má kľúčovú a 
nezastupiteľnú úlohu 

• prim. diagnos-ka, lokalizácia, rozsah, mass efekt, edém, 
krvácanie, nekróza, známky ICH, ... 

• limitácie: intratumorálna heterogenita, ob-ažne odlíšenie 
post-terap. zmien od recidívy, volumetria zaťažená subj. 
chybou, odhalenie malignizácie až po narušení BBB a 
objavení sa post-kontrast. enhancementu, ...



Michael Plotkin, Berlin

PET rádiofarmaká



AA-PET

• AA: syntéza proteínov, intermed. metabolizmus, 
tvorba neuroakqvnych pep-dov, interneuronálny 
synapt. prenos 

• zvýš. metabolizmus bb. => zvýš. transport AA 
sprostredkovaný typ-L nosičom (LAT1,2,3) 

• akumulácia koreluje s prolifer. ak-vitou bb., 
indexom Ki67, expresiou jadrových an-génov, 
denzitou mikrovaskulatúry 

• nezávisí od narušenia BBB (špecifický akqvny transport)



MET

FDG





RANO/EANO, 2016



Plánovanie biopsie

50 r. žena, po epi záchvate s poruchou vedomia 
MR obraz infiltraqvnej lézie T-O l.sin., bez význ. zvýšenej perfúzie, 
dif.dg. lymfóm CNS 
MET-PET T/B 4,4 
Histológia: anaplas-cký astrocytóm WHO grade III.

METT1GdFLAIR fúzia MET-PET/MR



T1Gd FLAIR FET

Astrocytóm WHO gr. II

Herholz et al., 2012

Anapl. astrocytóm, WHO gr. III

Figure 4.
Inhomogeneous anaplastic astrocytoma, WHO grade III: T1-weighted MRI after application
of Gd-DTPA (A) shows no contrast enhancement. T2-weighted MRI scan (B) shows
widespread abnormalities. (C) 18F-FET-PET identifies a hot spot in the posterior part that
cannot be identified on MRI. Biopsy in this area yielded an anaplastic astrocytoma, WHO
grade III.

Herholz et al. Page 24
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T1Gd FLAIR FET



distances of the local maxima in both methods [23, 79]

(Table 1; Figs. 5, 6). It remains unclear whether the spatial
position of the local maxima of amino acid uptake or rCBV

in gliomas correspond to the most aggressive part of the

tumour and further comparative studies are needed to
investigate this aspect. Amino acid has been shown to be a

very sensitive method to identify metabolic hot spots in

gliomas for biopsy guidance [84–86]. In low-grade glio-
mas, a sensitivity of 72–79% has been reported for FET

PET to identify a hot spot for biopsy guidance [35, 84].

Furthermore, the evaluation of kinetic parameters such as
time-to-peak values or the curve pattern of FET uptake

derived from dynamic PET scans in gliomas appears to be

helpful to identify areas of malignant progression and
unfavourable prognosis [29, 30, 37, 87–89]. These data

highlight the potential of amino acid PET for the identifi-

cation of metabolically active areas in brain tumours to
target biopsies.

Fig. 3 Hybrid PET/MRI of patient with an astrocytoma WHO grade
II. Contrast-enhanced T1-weighted MR imaging (A) shows a small
area with contrast enhancement in the left frontal lobe while FET PET

(C) detects a large tumor extending within the area of signal
abnormality in the FLAIR image (B). Tumor depiction in rCBV map
(D) is difficult because of a poor tumor to brain contrast

Fig. 4 Comparison between MRI and 18F-DOPA PET of a patient
with an astrocytoma. A non-enhancing (A), FLAIR positive (B) left
temporo-thalamic lesion is seen, corresponding to 18F-DOPA uptake
(C) above the physiological radioactivity of the basal ganglia. In

contrast, rCBV map (D) fails to show increased tumor perfusion. An
anaplastic transformation was observed 3 months later, characterized
by contrast enhancement and increased rCBV (images not shown)

Fig. 5 Hybrid PET/MRI of patient
with a glioblastoma WHO grade IV.
Contrast-enhanced T1-weighted MR
imaging (A) shows a small area with
contrast enhancement in right parietal
lobe and corresponding signal
abnormality in the FLAIR image
(B) which shows focal tracer uptake in
FET PET (C) and correspondingly
increased rCBV (D)
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In summary, both amino acid PET and PWI may be
helpful for biopsy guidance, but the more reliable method

to delineate the glioma extent seems to be amino acid PET.

Amino acid PET and MR perfusion imaging
for tumour grading and prognosis

The evaluation of brain tumor histology is the method of

choice for tumour grading and decisive for treatment

planning. Tissue samples, however, are sometimes not
representative of the most aggressive tumor parts and

varying interpretation by different neuropathologists may

cause uncertainties. Therefore, an agreement of
histopathology with non-invasive imaging parameters may

support the clinical decision-making.

Most studies using amino acid PET in gliomas come to
the conclusion that amino acid uptake does not allow a

reliable prediction of tumour grade owing to highly vari-

able amino acid uptake in gliomas of different WHO
grades [90]. Glioma grading is further affected by high

amino acid uptake in oligodendrogliomas despite the better

prognosis of these tumours in comparison with astrocy-
tomas of the same grade [91–94]. Therefore, static amino

acid PET achieves only an accuracy of 70–80% for pre-

dicting a high-grade gliomas [31, 35, 93, 95]. Analysis of
FET kinetics may slightly improve the discrimination of

high-grade and low-grade glioma in both primary tumours

and recurrent tumours [24, 25, 29, 88, 93, 96, 97].
The significance of PWI for tumour grading has been

investigated in many studies with variable results

[54, 98–101]. One study reported no difference between
PWI and contrast-enhanced MRI [102]. Especially, low-

grade oligodendroglioma may exhibit increased rCBV
despite an excellent prognosis similar to the findings with

amino acid PET [103]. A prospective study with 129

patients achieved a high accuracy in tumour grading with
the conventional MRI based on the parameters contrast

enhancement and necrosis (sensitivity 96%; specificity

70%) and the results did not improve when including PWI
[104]. In contrast, a recent meta-analysis came to the

conclusion that differentiation of low- and high-grade

gliomas was improved by PWI compared with the con-
ventional MRI [105].

While the prognostic significance of amino acid uptake

ratios in gliomas remains questionable, recent studies
indicate that the ‘‘biological tumour volume’’ (BTV) as

determined by amino acid PET represents an independent
prognostic factor [106–108]. In addition, amino acid PET

seems to be useful to predict survival in patients with low-

grade gliomas [38, 109–113]. In patients with newly
diagnosed low-grade glioma, FET PET together with

anatomical MR has been reported to be a significant factor

to predict outcome [38]. In low-grade gliomas, particularly,
FET kinetics may be useful to locate regions of malignant

transformation and poor prognosis [30, 37, 87, 89, 114].

Using PWI, some studies have reported a relationship
between rCBV in gliomas and overall survival [115–117].

A first study comparing FDOPA PET and rCBV in a small

cohort of low-grade gliomas showed a better correlation of
PET parameters with outcome than rCBV [118].

In summary, amino acid PET and PWI can support non-

invasive grading and prediction of outcome in gliomas.
However, the final diagnosis is based on histology of

tumour tissue.

Amino acid PET and MR perfusion imaging
for the diagnosis of tumour recurrence/progression

The distinction between tumour recurrence or progression

and treatment-related changes represents a major challenge

for the conventional MRI, since subacute and late types of
treatment-induced injury, namely, pseudoprogression and

radionecrosis, are characterized by an increase of contrast

enhancement, indistinguishable from tumor progression
[119]. Pseudoprogression usually occurs within the first

12 weeks after irradiation in 10–30% of patients with high-

grade gliomas treated with concomitant temozolomide
[120]. A recent study using FET PET showed an excellent

overall accuracy of 96% (sensitivity, 100%; specificity,

91%) in discriminating pseudoprogression from early
progression in 22 patients with glioblastoma [26]. Studies

assessing pseudoprogression with perfusion-weighted MRI

are more numerous though less promising, probably
because rCBV is influenced by disruption of the BBB

[121–125]. A recent meta-analysis yielded a pooled sen-

sitivity of 89% and a pooled specificity of 80% for DSC
perfusion-weighted imaging in this clinical setting [126].

Diagnostic accuracy of DCE perfusion-weighted images

has been reported in the same range of values [127].

Fig. 6 Hybrid PET/MRI of a patient with an oligoastrocytoma WHO
grade III. Contrast-enhanced T1-weighted MR imaging (A) shows a
large mass in the right parietal lobe showing no contrast enhance-
ment. FET PET (B) detects a local maximum in the paramedian part
of the tumour which is not obvious in the rCBV map (C)
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Filss et al, 2017

Anapl. oligodendroglióm, WHO gr. III

Astrocytóm, WHO gr. II



Plánovanie miesta biopsie 
MR vs MR+FET

Pauleit et al., Brain 2005

FET

T1Gd FLAIR

Peritum.glióza Anapl.astrocyt.

When each MR sequence was considered separately,
the sensitivity and the specificity of the non-enhanced T1-
weighted sequence (threshold T1 ratio, 1.0) was 85% (22/26)
and 12% (2/26), that of the Gd-enhanced T1-weighted
sequence (threshold Gd-T1 ratio,1.0) was 38% (10/26) and
96% (25/26), and that of the FLAIR sequence (threshold
FLAIR ratio, 1.0) was 96% (25/26) and 4% (1/26),
respectively.

Eleven biopsies were taken from tumour areas with both
increased signal intensity on the FLAIR sequence and
contrast medium enhancement on Gd-enhanced T1-weighted
images.

In 10 of these 11 biopsy samples tumour tissue was
identified (two WHO grade II gliomas; seven WHO grade
III gliomas, one WHO grade IV glioma). In one biopsy,
histology revealed only reactive changes (Fig. 2).

Binary logistic regression analysis
In the logistic regression analysis using all lesion-to-brain
ratios (FET ratio, T1 ratio, Gd-T1 ratio and FLAIR ratio)
the FET ratio was identified as an independent significant
(P = 0.004) coefficient for the distinction of tumour tissue
and peritumoral tissue. The calculated variables in this
logistic regression model are given in Table 4.

ROC analysis
The calculated area under the alternative free response ROC
curve (Az) using MRI alone as the diagnostic test was
Az = 0.80 and that for the combined use of MRI and FET
PET was Az = 0.98 (P < 0.001). The ROC curves (pooled data
of three observers) are shown in Fig. 3.

When a rating of the six-point rating scale of 1–3 was
considered negative and a rating of 4 or higher was con-
sidered positive for cellular tumour tissue, the sensitivity
of MRI alone was 96%, but specificity was only 53% (accur-
acy 68%). Combined use of MRI and FET PET yielded a

similar sensitivity of 93% but a substantially improved
specificity of 94% (accuracy 94%).

The determination of interobserver variability for the
six-point-scale yielded only weak agreement for MRI with
a mean k value of 0.25 6 0.09 (range 0.17–0.34) and
good agreement for combined interpretation of MRI and
FET PET, with a mean k value of 0.51 6 0.10 (range
0.40–0.60).

When considering only the presence or absence of cellular
tumour (negative: a rating of 1–3; positive: a rating of 4 or
higher), the agreement among the observers was very good
(mean k value, 0.68 6 0.11) for MRI and excellent (mean
k value, 0.95 6 0.03) for combined analysis of MRI and
FET PET.

Discussion
Our results suggest that the combined use of MRI and FET
PET is superior to that of MRI alone for the non-invasive
distinction of tumour tissue and peritumoral brain tissue in
patients with cerebral gliomas.

Table 3 Tumour-to-brain ratios for cellular glioma tissue and peritumoral brain tissue

Tissue type n FET ratio T1 ratio Gd-T1 ratio FLAIR ratio

Glioma 26 2.60 6 0.93 0.81 6 0.18 1.00 6 0.31 1.65 6 0.49
Peritumoral 26 1.24 6 0.41 0.83 6 0.11 0.88 6 0.17 1.77 6 0.43
Mann–Whitney U-test P < 0.0001 P = 0.11 P = 0.13 P = 0.40

0

0.5
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0 0.5 1
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F

MRI
MRI + FET PET

Fig. 3 Composite ROC curves for the three independent observers.
The calculated area under the alternative free response ROC curve
(Az) for the combined use of MRI and FET PET was Az = 0.98
and that for MRI alone was Az = 0.80. Observers were
significantly (P < 0.001) more accurate in the distinction of
tumour tissue and peritumoral brain tissue with MRI and FET PET
than with MRI alone.

Table 4 Coefficients of the binary logistic regression
analysis

Coefficient SD Wald P

FET ratio 5.67 1.95 8.49 0.004
T1 ratio !13.08 6.83 3.67 0.06
Gd-T1 ratio 6.12 4.27 2.05 0.15
FLAIR ratio !3.80 1.77 4.62 0.03
Constant 1.91

684 D. Pauleit et al.
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Prospekqvna štúdia: 31 pac. / 55 biopsií 

    MRI   MRI+FET 
Senzi-vita  96%   93% 
Špecificita  53%   94%



T1Gd FLAIRFET

       Glioblastóm IV 

zóna patol. akumulácie FET presahuje rozsah post-kontrast. 
enhancementu aj T2 abnormality v MR 

Langen, 2016

Delineácia nádoru pred liečbou



preukázaný vplyv na GTV, chýbajú však väčšie prospekqvne 
štúdie, kt. by potvrdili zlepšenie prognózy



pseudoprogresia: <2M, 20-30% pac., glióza, zápal. zmeny 

radiačná nekróza: >3-24M, 20% pac., nekróza

Pseudoprogresia a radiačná 
nekróza vs progresia a recidíva











Meningeómy



Meningeómy

• extraaxiálne negliové prim. mozgové nádory, 
90% benígne 

• ženy:muži 2:1, 4.-6. decénium 

• častokrát asymptoma-cké, klin. prejavy 
zvyčajne až pri tlaku na kri-cké štruktúry 

• liečba operačná, intervenčná (katetrizácia s 
embolizáciou), SRS



Pre diagnos-ku a plánovanie liečby sú 
rozhodujúce kontrastné CT a MR vyšetrenie

T1 T1Gd T2

UK Münster, Hauptvorlesung Radiologie, Neuroradiologie 1



SRS u meningeómov

• v prípade infiltrácie sinus cavernosus, 
tentorium, falx cerebri, orbity, sella turcica 
môže byť ob-ažna delineácia tumoru podľa 
CT/MR 

• problema-cké určenie rozsahu infiltrácie 
kostných štruktúr (báza, clivus) 

=> inter-individuálna variabilita pri zakresľovaní  
     ožarovacích objemov





pac.s atypickým 
meningeómom ala 
minor ossis 
sphenoidalis l.sin., 
WHO gr.II, subtotálna 
resekcia 9/2009, st.po 
SRCH 11/2009, ext.RAT 
11/2012 na oblasť 
zbytkového TU, ? rozsah 
a hranice TU pred 
rozhodnuqm o ďalšom 
postupe

Infiltrácia veľkého aj 
malého krídla 
sfenoidálnej kos- vľavo, 
proc.pterygoideus l.sin., 
os zygoma-cum l.sin., 
spodina, strop aj 
laterálna stena ľavej 
orbity, s prerastaním do 
orbity pozdĺž m.rectus 
oculi lateralis l.sin.,  
susp.infiltrácia sinus 
cavernosus l.sin.



pac.s atypickým 
meningeómom ala 
minor ossis 
sphenoidalis l.sin., 
WHO gr.II, subtotálna 
resekcia 9/2009, st.po 
SRCH 11/2009, ext.RAT 
11/2012 na oblasť 
zbytkového TU, ? rozsah 
a hranice TU pred 
rozhodnuqm o ďalšom 
postupe

Infiltrácia veľkého aj 
malého krídla 
sfenoidálnej kos- vľavo, 
proc.pterygoideus l.sin., 
os zygoma-cum l.sin., 
spodina, strop aj 
laterálna stena ľavej 
orbity, s prerastaním do 
orbity pozdĺž m.rectus 
oculi lateralis l.sin.,  
susp.infiltrácia sinus 
cavernosus l.sin.



68Ga-DOTATOC u meningeómov

významná zmena GTV pri plánovaní liečby 
detekcia ďalších lézií 

Gehler et al, Rad Oncol 2009; Nyuyki et al, EJNMMI 2010

Radiation Oncology 2009, 4:56 http://www.ro-journal.com/content/4/1/56
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to reduce the CTV in 38% of the patients. When compared
to other observations using [68Ga]-DOTATOC-PET, 11C-
Methionine [30,31] or 18F-Tyrosine [32], similar ranges
were reported in the term of PET scanning offering addi-
tional information. In this regard Milker-Zabel reported
relevant information in 19 out of 26 patients using
DOTATOC [33], Astner reported additional information
in 29 out of 32 patients [30] and Rutten reported changes
in 6 out of 13 lesions in 11 patients using 18F-Tyrosine
[32]. In our series in 17 out of 26 patients PET scanning
offered relevant complementary information.

When one analyzes the pattern of changes in more detail,
Milker-Zabel and Rutten reported larger proportions of
potential geographical misses avoided by PET scanning
(38% in both studies) [32,33]. This is in accordance with
our findings where the CTV was increased after inclusion
of the PET data (50%). In contrast, the study by Astner
reported a larger proportion of GTV/PTV reductions after
inclusion of 11C-Methionine-PET data when compared to
MRI scanning alone (75%) [30].

The reasons for these differences are not readily deducible
from the reported data. However, it may be speculated
that the inherent bias of patient selection and strategies
employed for MRI-GTV definition may be the underlying
reason. This assumption is supported by the fact that at
least comparable volumes were treated in all three studies
excluding the possibility that differences in tumor volume

are responsible for the differences in target volume
changes.

An important consideration in this context is the open
question if there is s SUV-threshold to define the GTV-
PET. In our study for the target volume definition the win-
dowing of the DOTATOC-PET was determined by the
matching between the PET-positive areas and the viewa-
ble tumor margins determined by CT/MRI. The physio-
logical signal of the bony skull and the air-filled nasal
cavity was masked out via windowing. Although a SUV-
threshold would be helpful for the GTV-DOTATOC-PET
delineation in meningiomas, up to know clear evidence
for a SUV cut-off is missing. Astner et al. [34] reported an
interesting phantom study in 11 patients with glomus
tumors and revealed that a value of 32% of the maximum
standardized uptake was an appropriate threshold for
tumor delineation. At the moment we do not have this
information for meningiomas in DOTATOC-PET imag-
ing. However, in regard to IMRT planning for meningi-
omas special biological characteristics of microscopic
tumor growth have to be taken into account especially for
CTV delineation. Hence in our opinion we have to be cau-
tious in reducing target volumes along an experimental
SUV-threshold alone.

From the data currently available it seems that either
[68Ga]-DOTATOC, 11C-Methionine or 18F-Tyrosine are
useful tracers for target volume definition in patients with

Recurrence of olfactory's meningioma (MRI left)Figure 2
Recurrence of olfactory's meningioma (MRI left). [68Ga]-DOTATOC-PET/CT image fusion with small distant lesion at 
the left dorsal orbital bone and physiological tracer uptake of the pituitary gland. Dose distribution (right) with inclusion of the 
small distant lesion and enclosing 90% PTV isoline.

Table 2: Treatment characteristics, target volumes

Median Maximum Minimum SD Mean

GTV-MRI/CT [cc] 18,1 79,5 1,2 23,5 27,5
GTV-PET [cc] 25,3 106,1 0,6 29,1 33,5
CTV [cc] 37,4 143,2 1,3 34,7 42,2
Intersection-GTV-MRI/CT/PET [cc] 13,4 78,2 0,3 21,5 21,3
Increase-MRI/CT vs Intersection [cc] 5,7 15,5 0,8 4,6 6,2
Increase-PET vs Intersection [cc] 6,1 48,8 0 13,2 12,2
Ratio Increase-MRI/CT to GTV-MRI/CT 0,28 0,75 0,02 0,21 0,33
Ratio Increase-PET to GTV-MRI/CT 0,31 14,36 0,00 2,80 1,03
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allows better long-term tumor control. Another methodi-
cal concern of using PET for planning radiotherapy of 
meningioma is the definition of threshold values defin-
ing the radiation volumes (eg, GTV). Because meningi-
omas may have microscopic tumor growth and PET has 
a limited spatial resolution, empirical margins have to be 
added.

Outlook Perspective

Radiopeptide Therapy

By exchanging the radionuclide, the same tracer can be 
used either for diagnostics or for therapy (“theranostics”). 
The principle of peptide receptor radionuclide therapy 
(PRRT) is well established in the management of neuroen-
docrine tumors68 and, more recently, has been introduced 
into meningioma treatment. An exchange of the short-lived 
positron emitter gallium-68 used for PET with a longer-
lived β-emitter like lutetium-177 or yttrium-90 allows for 
receptor-targeted therapy. Due to the wide application in 
neuroendocrine tumors, the safety profile of SSTR-based 
PRRT is known and therapy is generally well tolerated.

Eight studies and one single-case study on PRRT treat-
ment in meningioma have been published, reporting on 
90Y-DOTATOC, 177Lu-DOTATATE, and 111In-pentetreotide 
therapy in 124 patients.69–77 However, due to retrospective 
and prospective study designs, mixed patient populations, 
differences in administered doses, and varying response 
assessments as well as follow-up interval, pooling of 

the present data is complex. Nevertheless, the high rate 
of reported disease stabilization and the possibility of a 
patient- or lesion-tailored therapy make PRRT a promising 
tool; however, future studies should include an adequate 
sample size with clear inclusion criteria, preferably a com-
parator to PRRT, and rigorous response assessment to 
determine the role of PRRT in meningioma management. 
In the future perspective, PRRT may be further optimized 
by a change to α-emitters and local application of the sub-
stance to increase the locally administered dose.78,79

Conclusion

Compared with standard MRI, particularly PET ligands 
to SSTR (receptor subtype 2)  add valuable additional 
diagnostic information. Based on the current levels of 
evidence, the most relevant indications for this group of 
tracers are differential diagnosis of newly diagnosed brain 
lesions suspicious for meningiomas, the delineation of 
meningioma extent in regions with low MR and CT con-
trast (eg, osseous infiltration) and complex anatomy (eg, 
skull base) for resection or radiotherapy planning, and 
the differentiation of tumor progression from a postther-
apeutic reactive change such as scar tissue or radiation 
 necrosis (Table 1). The evidence in this field justifies there-
fore a further validation in larger prospective multicenter 
clinical cohorts and trials for which standardized technical 
guidelines for imaging and readout procedures will now 
be developed.

Table 1 Overview of the most relevant indications for PET imaging in meningioma patients

Clinical Indication PET Ligands for Somatostatin 
Receptors

Amino Acid PET Tracers Other PET Tracers

Detection of meningioma tissue/ 
differential diagnosis

68Ga-DOTATOC and 68Ga-DOTATATE 
PET may add valuable diagnostic 
information24,53

na na

Meningioma grading 68Ga-DOTATATE binding correlates 
with tumor growth rate in WHO grades 
I and II meningiomas35

11C-MET correlates with prolif-
erative activity,54 but data on 
grading are controversial.34,55

Static and dynamic 18F-FET 
PET may provide additional 
information for meningioma 
grading32

11C-choline seems to 
be helpful for menin-
gioma grading.41

11C-acetate seems not 
to be helpful18

Delineation of tumor extent for
resection planning

68Ga-DOTATATE PET delineates the 
meningioma extent better than stand-
ard MRI23,61

na na

Delineation of tumor extent for
radiation treatment planning

68Ga-DOTATOC PET delivers additional 
information on tumor extent for radio-
therapy target definition56,57,64,65

11C-MET PET significantly 
influences GTV delineation in 
meningiomas31,59

na

Treatment
monitoring

na 11C-MET PET allows an earlier 
evaluation of treatment effects
than standard imaging.66,67

Boronated amino acid PET 
probes may help to evaluate 
treatment effects38

na

Diagnosis of
tumor progression/differentiation  
of tumor progression from  
posttreatment changes

68Ga-DOTATOC / 68Ga-DOTATATE PET 
is useful for differentiation between 
progression and posttreatment 
changes23,24,52

na na

na =  not available.

Downloaded from https://academic.oup.com/neuro-oncology/article-abstract/19/12/1576/3866973
by EANO Member Access user
on 04 December 2017
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PET u mozgových mts

literárne údaje sú sporadické 

diagnos5ka: 

MR 

plánovanie RAT: 

bol preukázaný vplyv AA-PET na GTV 

dif. dg. medzi post-RAT nekrózou a recidívou: 

potencionálne najväčší vplyv, 
princíp obdobný ako u gliómov



31 pac. / 40 MTS lézií po RAT 
FET-PET senzi-vita: 95%, špecificita: 90% pri T/B > 1,9 

Galldiks et al, J Nucl Med 2012



Naše skúsenos- s PET 
mozgových nádorov

• od 2006 18F-FDG-PET, dvoj-fázové vyš., ruqnne 
fúzia s MR, Delbeke kritériá 

• od 10/2013 11C-MET a 9/2017 18F-FET 
spolu cca 2000 AA-PET vyš. mozgových nádorov 

• od 2/2018 68Ga-DOTATOC u meningeómov 

• spolupráca neurochirurg, onko-neurológ, radiačný 
onkológ, rádiológ a NM => BGBT komisia





Zhrnu-e

Rozšírené MR vyšetrenie je základom 

AA-PET prináša doplňujúce informácie u gliómov, najmä: 

plánovanie biopsie, 
delineácia nádoru pred chir. a RAT liečbou 

odlíšenie recidívy od post-terapeut. zmien 

68Ga-DOTATOC / 11C-MET u meningeómov: 

prínos v problema-ckých lokalizáciách 

AA-PET na odlíšenie postRAT nekrózy od viabilnej MTS



Ďakujem za pozornosť



Grading: FDG vs MET

Kato et al, AJNR 2008 

Oligodendroglióm II

Anapl. astrocytóm III

Glioblastóm IV

FDG MET



MET PET a WHO grade

25 histol. verifikovaných lézií 
pred liečbou 
      Povinec et al, 2015

52 histologizovaných lézií  
26 pred a 26 po liečbe 
      Ceyssens et al, 2006



Limitácie 11C-MET PET

• dostupnosť: náhradou sú iné AA - 18FET, 18F-DOPA 

• FN: prevažne dif. astrocytómy I-II (CD31 negat.) 

• FP: hematóm, infarkt, ischémia, leukoencefaliqda



FN: AA-PET

Michael Plotkin, Berlin

FET CD 31

Astrocytóm

Astrocytóm



PET pri TU mozgu
Indikácia FDG AA

Dif.dg. TU/iný proces - +
Grading ++ +
Prognóza ++ +
Plán. biopsie +- ++
Plán. operácie - ++
Plán. rádioterapie - ++
Recidíva/nekróza +- ++
Monitor. terapie +- +
PCNSL ++ ? (+)
MTS - ? (+)


