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Amino-Acids-PET in Neuro-Oncology
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AA-PET in Neuro-Oncology

Gliomas

Correlation Between Postoperative 3-[!>*T]Iodo-1.-
a-Methyltyrosine Uptake and Survival in Patients
with Gliomas
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AA-PET in Neuro-Oncology
Primary GBM
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CLINICAL INVESTIGATION Brain

ASSOCIATION OF "C-METHIONINE PET UPTAKE WITH SITE OF FAILURE AFTER
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Conclusion: Pretreatment MET-PET appears to identify areas at highest risk for recurrence for patients with
GBM. It would be reasonable to test a strategy of incorporating MET-PET into radiation treatment planning, par-
ticularly for identifying areas for conformal hoost.




MET-PET / T1Gd-MRI image fusion. Volumetrical evaluation (T/N >1.6) in GBM
(Grosu et al. IJROBP)
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AA-PET and mpMRT in Neuro-Oncology
Impact on re-RTx in GBM
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PET and mpMRT in Neuro-Oncology
FET-PET+MRI in recurrent CNS Tumors
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Brendle et al., J Nucl Med 2022
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CLINICAL INVESTIGATION Brain
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GLIAA

Study Objective

Evaluation of the value of O-(2-[18F]fluoroethyl)-L-Tyrosine (FET-PET) versus
contrast enhancement (CE)-T1MRI supported target volume contouring for
high-precision/SFRT re-irradiation of recurrent glioblastoma (reGBM)



GLIAA

Study Design SFRT in reGBM 39 Gy, 3 Gy/d, 5x/week

Arm A: 18F-FET-PET (experimental arm)
GTV according to FET-PET:
GTV = FET-PET uptake (TBI > 1.8)
CTV=GTV +3 mm,
PTV =CTV + 1-2mm

200 Patients with reGBM

were 1:1 randomized

GTV max. tumor diameter (PET and MRI) 1-6 cm
Stratification:

time since first radiotherapy

'(\:"Tf'\y"ez/no Arm B: CE-T1MRI (control arm)
Max. tumor diameter >/< 3cm GTV according to CE-T1MRI:

GTV = CE-T1MRI
CTV=GTV + 3 mm,
PTV=CTV + 1-2mm



GLIAA

Inclusion and exclusion criteria

Inclusion criteria:

 Recurrence of GBM (on MRI and PET) — not operated or with residual tumor after surgery (OP)
« Histologically confirmed GBM at initial diagnosis or at relapse

* Pre-irradiation with 59.4 or 60 Gy (ED 1.8-2 Gy)

 Atleast 6 months between pre-irradiation and randomization

« Recurrence can be defined on CE-T1MRI and FET-PET with the maximum diameter (or the sum of the
maximum diameters) between 1 and 6 cm

« Target volume definition and planning possible using CE-T1MRI and FET-PET
« Start SFRT within max. 2 weeks of FET-PET and MRI



GLIAA

Inclusion and exclusion criteria

Exclusion criteria:

« Therapy with bevacizumab/other targeted therapies < 6 months before MRI/FET-PET
 Surgery < 3 weeks before SFRT

« SFRT based on MRI or FET-PET not possible

e etc.



GLIAA
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GLIAA

Primary endpoint: PFS

defined from the day of randomisation to the day of tumor progression, based on MRI (RANO) confirmed by AA-PET
and/ or positive biopsy/ surgery, or the day of death of any cause, whichever occurs first

negative PET-scan excludes progression while a positive PET scan, if unclear was followed by biopsy

patients receiving any new systemic tumor treatment other than preplanned chemotherapy (TMZ, CCNU) for their
reGBM, in the absence of diagnosed tumor progression were considered as having had an event for the endpoint PFS,
at the date that treatment was initiated

patients receiving surgery for distant progression were considered as having had an event for the endpoint PFS
patients receiving Avastin were considered as having an event for the endpoint PFS

tumor progression was divided as local or distant progression




GLIAA
Secondary endpoints

« Overall survival (OS)

* Local control (LC)

* Volumetric analysis of GTVs (MRI and PET)

« Progression pattern (topography of recurrences after re-irradiation)
« Evaluation of patients with long-term survival

« Toxocity and role of FET-PET in the diagnosis of radiation necrosis
« Pharmacovigilance 18-FET

«  Quality of life (QoL)

* Role of diffusion/perfusion-weighted MRI in comparison to FET-PET



GLIAA
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GLIAA

18F-FET-PET - Protocol

FET-PET injected activity [MBq]

Randomized radiation Total  Missing Total valid Mean Std Minimum 1. Quartle Median 3. Quartile  Maximum
AA-PET (intervention) 100 0 100 2218 293 167.0 2045 2130 2255 308.0
MR (control) 100 | 0 100 2201 2386 177.0 206.0 2140 2220 302.0
Total 200 0 200 2210 265 1670 2055 2135 224 0 3080
FET-PET scan start post injection [min]
Randomized radiation Total  Missing Total valid Mean Std Minimum 1. Quartile Median 3. Quartile  Maximum
AA-PET (intervention) 100 0 100 19.2 3.6 0.0 200 200 200 30.0
MRI {control) 100 | 0 100 186 47 00 200 200 200 270
Total 200 0 200 18.9 4.2 0.0 200 200 200 30.0
FET-PET duration of scan (acquisition time) [min]
Randomized radiation Total  Missing Total valid Mean Std Minimum 1. Quartile  Median 3. Quartile  Maximum
AA-PET (intervention) 100 0 100 204 48 150 200 200 200 400
MRI (control) 100 | 0 100 212 6.2 8.0 200 20.0 20.0 450
Total 200 0 200 208 56 8.0 200 20.0 20.0 450




GLIAA

Demographic data

Age, years

Gender, n (%)
female
masculine
Karnofsky Index, n (%)
90%-100% = ECOG 0
70%-80% = ECOG 1
Time after first RT
< 14 months (n, %)
>14 months (n, %)
MGMT-Status, n (%)
methylated
not methylated
at randomisation unknown

Chemotherapy — TMZ and/or CCNU parallel and/or

sequentiell to reRT
no
yes

option not allowed (before amendment)

FET-PET-Arm (n=100)

59.3 £ 11.0 (median 59.5; 27-82)

45 (45.0)
55 (55.0)

52 (52.0)
48 (48.0)

11,6 (5.8-80.6)

58 (58.0)
42 (42.0)

41 (41.0)
31 (31.0)
28 (28.0)

23 (46.0)
27 (27.0)
50 (50.0)

MRI-Arm (n=100)

60.6 £ 9.9 (median 60.5; 30-83)

40 (40.0)
60 (60.0)

49 (49.0)
51 (51.0)

12,0 (5.6-106.2)

61 (61.0)
31(31.0)

41 (41.0)
31(31.0)
28 (28.0)

25 (50.0)
25 (25.0)
50 (50.0)
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GLIAA

Volumetric assessment

* The non-overlapping volume was 9.6 £ 9.6 mlin arm A and 10.1 £ 8.4 mlinarm B
e The overlapping volume was 5.1+ 5.9 mlinarm Aand 5.7 £ 6.3 ml in arm B.

* In 82% of patients in Arm A and 84% of patients in Arm B there was a relevant difference of at least 2 ml between MRI and PET GTV.

Mean 10 ml ——_Viean 10.7 mi

~ Mean 5.4 ml
Overlap

 Arm A (PET-based reRT)
* 93% (+ 13.6%) of GTV-MRI received at least 30 Gy
e 88% (x17.7%) of GTV-MRI received at least 37 Gy

* Arm B (MRI-based reRT)
* 94% (+ 14.5%) of GTV-PET received at least 30 Gy Non-Overlap
* 90% (+ 15.9%) of GTV-PET received at least 37 Gy Mean 9.8 ml




GLIAA

Primary endpoint — progression-free survival

1.00

PET:
median PFS = 4.0 months
(95% Cl 3.7-5.2 months)

0.75

0.50

MRI:
median PFS = 4.9 months
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Months since randomization
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AA-PET (intervent 98 30 7 2 1 0 0 0 0 .
MRI (con(tlrr:n?mn S 35 7 2 1 1 1 1 0 einseitiger Log-Rank-Test
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GLIAA

Overall survival

Overall survival rate

Number at risk

1.00

0.75

0.50

0.25

0.00

AA-PET (intervention)

MRI (control)

: - !
[ O o P B BES I B b s |
0 <] 12 18 24 30 36 42 48 54 60 66 72
Months since randomization
98 73 34 14 7 5 4 2 2 2 1 0 0
97 78 28 10 6 4 2 2 2 2 1 0 0

Randomized radiation

AA-PET (intervention)

— MRI (control)

PET:
median OS = 9.4 months
(95% Cl 7.8-11.1 months)

MRI:
median OS = 9.0 months
(95% Cl 7.6-10.5 months)

HR PET vs. MRI = 1.01
[95% CI 0.75-1.37], p=0.92



GLIAA

Locally controled survival

Locally controlled survival rate

Number at risk

1.00

0.75

0.50

0.25

0.00

AA-PET (intervention)

MRI (control)

_____________________________________________ BT S e O B
6 12 18 24 30 36 42 48 54 60 66 72

Months since randomization
98 50 20 9 4 0 0 0 0 0 0 0 0
97 59 16 5 3 3 2 2 2 2 1 0 0

Randomized radiation

AA-PET (intervention)

— MRI (control)

PET:

Median LCS = 6.3 months
(95% Cl 5.1-7.2 months)
12-Mo - LTC = 22%

MRI:

Median LCS = 6.8 months
(95% Cl 6.2-7.3 months)
12-Mo - LTC = 20%

HR PET vs. MRI = 1.20
[95% Cl 0.88-1.62], p=0.25



GLIAA

Locally controled survival

RT Planning




GLIAA
Toxicity

Acute toxicity grade 3-4: 7 patients in PET arm vs. 4 patients in MRl arm

< 90 days after re-irradiation FET-PET-Arm MRI-Arm
Focal seizures 1 0
Generalized tonic—clonic seizure 0 1
Hemiparesis 3 0
Difficulties in concentration 1 0
Cognitive impairment 1 0
Leukoencephalopathy 0 1
Headache 0 1
Fatigue 1 1

Late toxicity grade 3-4: 8 patients in PET arm vs. 2 patients in MRl arm

> 90 days after re-irradiation FET-PET-Arm MRT-Arm
Focal seizures 1 0
Hemiparesis 2 1
Aphasia 1 0
Hearing loss 1 0
Personality disorder 1 0
Cognitive impairment 2 0
Fatigue 0 1

Radiation necrosis (after PET and/or histology): 25.5% in PET arm vs. 21.6% in MRI arm




GLIAA

Toxicity — impact of radiation necrosis

Factor

Randomized radiation

[Radmrecrosus during follow-up

Tumor progression during follow-up

Survival probability

08

06

04

02

00

20

0s

40

60

Hazard ratio 95%-ClI

Value Hazard ratio Cl Cl p-value
Lower limit Upper limit
AA-PET (intervention) vs. MRI (control) 1.00 0.74 1.35 0.e828
Yes vs. no 0.75 0.52 1.08 0.1222
Yes vs. no 1.22 0.24 1.78 0.3025
Radionecrosis HR: positive effect of radiation necrosis on OS is higher than the
s negative effect of tumor progression on OS and persists
T yes - censored independently of tumor progression
. Median OS 12 Mo vs. 8 Mo in pts. with vs. w/o radionecrosis, p=0.006

Bias: death as competing risk not taken into consideration for Kaplan Meier



GLIAA
CONCLUSION

* This is the first randomized study to compare two imaging modalities: FET-PET and CE-
MRI to delineate the target volume for radiation treatment planning in GBM. The study
shows in 200 evaluated patients, that both imaging modalities are equivalent for the re-
irradiation of reGBM. Therefore, in this case, one of the two modalities could be chosen
to determine the target volume.

* Stereotactic re-irradiation with 39 Gy in 3 Gy fractions was shown to be a safe and
effective treatment option for reGBM.

e Patients who have developed radiation necrosis have a significantly better outcome.

e The patient cohort who had received the FET tracer was defined as the
pharmacovigilance population. The evaluation was carried out in the entire cohort. The
FET-PET examination and in particular the FET application have proven to be safe.
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