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Abstract

The use of F-18 florbetapir (F-18-AV-45) PET to assess brain amyloid deposition in Alzheimer’s disease,

mild cognitive impairment and normal aging

Introduction The incidence of dementia in elderly population, aged 60 year or older, has been rapidly
increasing. Dementia causes significant negative impacts on quality of lives, both in patients and families,
constituting a huge socioeconomic burden and drawback in country’s development. Current diagnostic
approach based on clinical symptoms and signs may not sufficient. Thus, early detection of amyloid
deposition in the brain may play important role in accurate diagnosis, identifying patients at risk, planning for
patient management and also leading to development the drug or procedure aimed for therapy or prevention

of dementia.

Objectives To evaluate the use of F-18 amyloid PET scan in assessing brain amyloid deposition in Alzheimer’s
disease, mild cognitive impairment and normal aging and the correlation between brain amyloid deposition in
PET scan and results from neuropsychological test, MRI brain and F-18 FDG PET scan. We also aimed to

evaluate the correlation between amyloid PET scan results and changes in neuropsychological test, MRI brain

and F-18 FDG PET scan results.

Methods 1) Synthesis of F-18 flobetapir PET tracer 2) Initial clinical study in 43 eligible subjects including 22
normal elderly controls (HC), 12 MCI patients and 9 AD patients according to clinical diagnosis. All subjects
were assessed by 1) clinical signs and symptoms and neuropsychological test, brain MRI, F-18 FDG PET and
F-18 flobetapir PET scan of the brain within 6-week period. The images were then analyzed using visual and

quantitative analyses.

Results The semi-automated synthesized F-18 flobetapir demonstrated equivalent characteristics to those of
reported original compound; radiochemical yield of approximately 20%, pH of 6, half-life of 115.66 minutes,
radiochemical purity > 95%, sterility and pyrogenicity were equivalent to drug for injection standard. Each
synthesis could serve approximately 3 patients. Preliminary results of the clinical study in 17 of 43 eligible
volunteers who had completed study protocol and test analysis found that F-18 flobetapir results in most of
volunteers (n = 16 (94.12%) corresponded to the clinical diagnosis and neuropsychological test results, while
MRI (Schelten’s rating scale) and F-18 FDG PET scan results corresponded with clinical diagnosis and
neuropsychological test in 13 (76.47%) and 15 (88.24%) volunteers, respectively. The correlation of results

between F-18 flobetapir and other tests showed that F-18 flobetapir tended to correlate with



neuropsychological test in 16 (94.12%), MRl in 12 (70.59%) and F-18 FDG in 16 (94.12%) volunteers. So far,

there was no detectable adverse effect in any subject.

Conclusion Our preliminary results found a very high correlation between amyloid PET scan using F-18
flobetapir and clinical diagnosis and neuropsychological test results, which was higher than in F-18 FDG PET
and anatomical abnormality detected by MRI, respectively. However, correlation between amyloid PET scan
results and changes in neuropsychological test, MRI brain and F-18 FDG PET scan results are still needed to

be followed.

Keyword F-18 flobetapir, amyloid, PET scan, dementia, Alzheimer’s disease
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F-18 fluoride was produced by the (p,n) reaction of O-18 18 enriched water (98.20% isotopic purity,
center of molecular research; Moscow, Russia) in a HM-20S cyclotron (Sumitomo Heavy Industries, Ltd.,
Tokyo, Japan) using a 3.5 mL target (20 MeV). Sodium L-ascorbate was purchased from Carlo erba (Val de
Reuil, France). Anhydrous grade acetonitrile (MeCN) and dimethylsulfoxide (DMSQO) were purchased from
Sigma-Aldrich (Milwaukee, WI, USA). methanol (MeOH), ethanol (EtOH), potassium carbonate (K2CO3),
ammonium acetate (NH40OAc), 1 N sodium hydroxide (NaOH), 1 N hydrochloric acid (HCI, further diluted with
water to form a 3.33 N solution) and 4,7,13,16,21,24-Hexaoxa-1,10-diazabicyclo[8.8.8]hexacosane (Kryptofix,
K222) were purchased from Merck KGaA (Darmstadt, Germany). The C18 cartridges (WAT020525) and
quarternary methylammonium (QMA) cartridges (WAT023525) were purchased from Waters (Milford, MA,
USA). Mannose triflate, 3—NBoc—5'—O—dimethoxytrityl—3'—O—nosyl—thymidine (FLT precursor), (E)-tert-Butyl4-(2-
(6-(2-(2-(2-(2-Hydroxyethoxy)ethoxy)ethoxy)pyridin-3 yl)vinyl)phenyl(methyl)carbamate (AV-105 precursor)
was kindly provided by Prof. Juri Gelovani's laboratory (Wayne State University, USA). Any water used was

purified to 18 MQ and 0.1 m filtered for all cleaning.
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Preparation of QWA column QMA cartridges were preconditioned with 10 mL of EtOH solution, 10
mL of a 1M K2CO3 1.5 hydrate solution, removed the impurities with 60 mL of water and then removed water

in column by flashing with a syringe.

Preparation of C18 column C18 cartridges were preconditioned with 10 mL of EtOH followed by 10

mL of water and then removed water in column by flashing with a syringe.
Radiosynthesis and purification of tracers:

The radiosynthesis of F-18 AV45 start with the production of F-18 fluoride in a cyclotron. After
cyclotron production of F-18 using proton beam irradiation of O-18 enriched water via 180(p,n)18F reaction,
F-18 was transferred from the target site to V-vial vessel in CFN no.1 synthesizer module (Sumitomo Heavy
Industries, Ltd., Tokyo, Japan), The synthesis module was operated by CUPID software. F-18 fluoride (2 Ci,
74000 MBq) was trapped by passing the solution through a strong anion exchanging SEP-PAK light QMA
cartridge and the O-18 enriched water to be collected in a recovery vial installed on the cassette. Release the
F-18 fluoride from the cartridge with Kryptofix 222 solution (K222 22 mg/K2CO3 3.3 mg in 0.7 mL ACN and
0.2 mL H20). F-18 fluoride and Kryptofix 222 solution eluate was delivered to reaction vessel and
subsequently the solvents were evaporated under a stream of nitrogen at 95°C until almost dry (4:30
minutes). After cooling for 40 seconds, anhydrous MeCN (0.5 mL) was added to reaction vessel to
azeotropically remove water from the solution at 95°C until complete dryness (2:30 minutes). After cooling for
40 seconds, AV-105 precursor (5 mg dissolved in 0.5 mL DMSO and 0.5 mL MeCN) was transferred to the
activated F-18 fluoride residue in reaction vessel and the solution reacted at 140°C for 7:40 minutes. The
product was hydrolyzed by transferring 1 N HCI (1 mL) and heating the mixture at 140°C for 8:40 minutes.
After cooling for 1 minutes, the reaction mixture was neutralized by transferring 1 M NaOH (0.5 mL). The
Unpurified products were injected into semi-preparative HPLC for separation (44% MeCN: 55% NH40OAc
pH4.5 with 0.5% sodium ascorbate, Flow rate 4 mL/min, UV 350 nm). Collect the F-18 AV45 product with
retention times of 24 minutes, dilute with water (10 mL), purification with C18 cartridges and release the pure
F-18 AV45 from the C18 cartridge with EtOH (2.0 mL). After the purification, the solvent was evaporated at
95°C (3:30 minutes) and 5 mL water was added to the reaction vessel to dissolve. Before entering a vented

sterile collection vial, the product was passed through a 0.22 |lm sterile filter (PVDF) FaUARS ILLEUN NG 1
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(ADL), Alzheimer's disease Assessment Scale (ADAS) waz neuropsychiatric inventory (NPI) Lfiﬂf?ls\l th
TAssnnsuazsEMINAamLTiszaziann 1 uay 2 1 sausiannamsaan niedanes (MRI, F-18 FDG PET/CT uaz F-18

flobetapir PET/CT) WaBudnlasanisuasuasinmuiluszazingn 2 1
NITULALANINANINTIATIRANE

nsudana MRI iedsziluaanuiadninienigdnialiinisiszifiu medial temporal lobe atrophy Hag
visual assessment WAZULNATNAZWWU Schelten’s rating scale T9NANAZUUUAILA 0-49 ANNUUENANAZLULN

Tinudanamsuiuengdneglunasilnfviseiialng

nNaulaNan1Ima F-18 flobetapir PET/CT finel visual analysis AENANTUIRINNINNITALANYDIANT

o

NATFEN gray matter Inalfinzunilu 4-point scales #a%l 0= none, 1= sparse, 2- moderate WAL 3=

frequent10 Taglfimzuuu 0-1 windunan1smsauay Azwuw 2-3 Wwindunanisasaduuan®

nsuUaRANNIMAIIA F-18 FDG PET/CT Ragl Visual analysis mna NIA-AA-C''* 1EuA AD-like (CAT1)

v
'

WLNNANERYATNIZAUAIINIUUIIUAT A UMNRTEN AT Ravan Tuanesanad Al early AD (score 1) 6w
113190 posterior cingulate and/or medial temporal lobes, mild AD (score 2) 1aun anwossiinglu early AD

$aurUR mild temporal-parietal hypometabolism, moderate AD (score 3) MauA ansaueinuly early 3auriu

severe temporal-parietal hypometabolism IPENNN9AZANUIANASIAN frontal region 1Uns WAz severe AD (score

v
o

4) lAun ansouenwuly moderate AD 39NALANNTAARITBINTALANTUNANATIAT frontal region wanwtiaanilea
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NUAMNRALNRLLL Frontotemporal dementia—like (CAT 2) nnsazdntnmnaia@anasi frontal WAz anterior
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1) HAWRINITATIARTANURY beta amyloid TusgNaInEN1TASIA F-18-florbetapir

AINB1ANATATINUIL 17 28R LAFUNNIATIARAZIAIITTRAN1INTVRATUBIBAN LN WA IR Tl wen 16

YNseIzinaANdNiuireenIInan1e iR iasne)iunaniiiadensaatinse b Tnaldeyas

WAPIAIAITIN 1

P97 1 %@H@ﬂﬂﬁﬁ@ﬁﬂ%’mﬂ’gﬁﬂLL@ﬁN@ﬂ’]?[ﬂi'ﬁﬂiiLﬁuLﬁ”ﬂ\iﬁuluﬂ’]@’mﬂ/ﬂﬁ’ﬁ/ﬂﬁ%\i 17 978!
No. | @18 | LWA ns TMSE | CDR | ADL | ADAS NPI MRI F-18 F-18
Maas (Schelten’s FDG flobetapir
N4 scale for PET PET
ARUN* age)
1 61 ikl HC 30 0 80/0 5.66 0/0 Normal Normal Negative
2 62 | s HC 30 0 66/0 | 2.66 0/0 Normal Normal Negative
3 80 LI HC 27 0 75/2 4.34 11/36 Normal Normal Negative
4 69 T8 MCI 25 0.5 | 66/0 13.66 0/0 Abnormal Early AD Positive
5 67 el HC 29 0 74/0 5.66 0/0 Normal Normal Negative
6 66 gl HC 27 0 78/0 3.67 1/0 Normal Other Negative
7 Normal Moderate
72 ael AD 24 0.5 65/0 16.66 0/0 AD Positive
8 80 | w4 HC 25 0 78/0 | 4.67 0/0 Normal Normal Negative
9 75 | 1Y AD 21 1 68/2 | 11.99 11 Abnormal Mild AD Positive
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10 | 65 il HC 29 0 70/0 | 2.33 0/0 Normal Normal Negative
11 65 | w9 HC 29 0 76/0 | 3.67 1/0 Normal Normal Negative
12 72 ilald] MCI 27 0.5 | 67/0 8.33 0/0 Normal Other Positive
13 | 69 il HC 27 0 78/0 | 5.33 0/0 Normal Early AD Positive
14 72 il MCI 27 0.5 70/0 2.99 1/36 Normal Mild AD Positive
15 | 73 | ws HC 27 0 78/0 | 1.67 0/0 Normal Normal Negative
16 | 74 | ws HC 29 0 76/0 | 6.32 0/0 Abnormal Normal Negative
17 | 61 il HC 30 0 80/0 | 5.66 0/0 Normal Normal Negative

*UNIEL6) N3 HAdEN AR TNaABAINNANsdNUsTdRRIaaTenIe tae NN ERNIEN 1AW gIRE uAY

= o =
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?

aNas AvFLnanisnIafag MRI anedluaanasinsiiaiansiinainazuuu Schelten’s rating scale Wu91a

o & o aa
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v o
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nanageUNNantszamluanaasingiies 1 918 Anantamasaunisamlszamerflutdewaesgeanglnfusiug
F-18 flobetapir nuINiN78zaNT8s0 AR M lLuaNes waz F-18 FDG TianenefiadnAdin1iiy early AD @elu
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o d’l ! v Y o A o ! .
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