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OutlineOutline

2 cases: 2 cases: 

[[8989Zr]trastuzumab (herceptin)Zr]trastuzumab (herceptin)

[[1111C]PIBC]PIB
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HER2 and breast cancerHER2 and breast cancer

HER2 amplification/HER2 amplification/overexpressionoverexpression correlates with worse correlates with worse 
prognosis prognosis 

TrastuzumabTrastuzumab: anti: anti--HER2 monoclonal IgG1 antibody for HER2 monoclonal IgG1 antibody for 
treatment of HER2 positive breast cancertreatment of HER2 positive breast cancer
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Rationale for imaging HER2 in Rationale for imaging HER2 in 
breast cancerbreast cancer

NonNon--invasive measurement of HER2 receptor statusinvasive measurement of HER2 receptor status
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111111InIn--DTPADTPA--trastuzumabtrastuzumab SPECT/CTSPECT/CT

NewlyNewly discovered tumor lesions in 13/15 patientsdiscovered tumor lesions in 13/15 patients
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Optimization of HER2 imagingOptimization of HER2 imaging

Use PET to:Use PET to:
Improve spatial resolutionImprove spatial resolution
Increase signalIncrease signal--toto--noise rationoise ratio

Development of PET tracer:Development of PET tracer:
ZirconiumZirconium--89 (89 (8989Zr)Zr)

LongLong--living isotope (Tliving isotope (T½½ = 78 hr)= 78 hr)
Suitable for clinical useSuitable for clinical use
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TrastuzumabTrastuzumab radiolabelingradiolabeling

8989ZrZr--trastuzumab is obtained in 6 simple stepstrastuzumab is obtained in 6 simple steps

Desferal 89Zr-labeled MAb
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Characteristics of Characteristics of 8989ZrZr--trastuzumabtrastuzumab

Excellent radiochemical purity (>95%)Excellent radiochemical purity (>95%)

High specific activity (>50 MBq/mg)High specific activity (>50 MBq/mg)

Maintenance of antigen binding (>80%)Maintenance of antigen binding (>80%)

LongLong--term stability in 37term stability in 37°°C human serumC human serum
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Animal study designAnimal study design

AthymicAthymic mice with HER2 positive or negative mice with HER2 positive or negative xenograftxenograft

5 MBq 5 MBq 8989ZrZr--trastuzumab iv trastuzumab iv 

At 1, 3 & 6 days: At 1, 3 & 6 days: microPETmicroPET imaging & imaging & biodistributionbiodistribution



10

Nuclear Medicine & PET ResearchNuclear Medicine & PET Research

8989ZrZr--trastuzumab trastuzumab tumortumor uptake uptake 

Day 1Day 1 Day 6Day 6 Macroscopic Macroscopic metastases metastases 

IHCIHC confirmedconfirmed HER2 HER2 expressionexpression
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8989ZrZr--trastuzumab specific tumor trastuzumab specific tumor 
uptakeuptake in mice
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Design clinical HER2 imaging studyDesign clinical HER2 imaging study

AimAim
•• Visualize HER2 positive tumorsVisualize HER2 positive tumors
•• Find minimal Find minimal trastuzumabtrastuzumab dose required for optimal imagingdose required for optimal imaging

Eligible patientsEligible patients
•• MetastaticMetastatic HER2 positive breast cancer (n=8)HER2 positive breast cancer (n=8)

Imaging procedureImaging procedure
•• 37 MBq 37 MBq 8989ZrZr--trastuzumab (trastuzumab (≈≈ 20 20 mSvmSv) and PET scans days 1) and PET scans days 1--55
•• Compare to available CT, MRI and bone scansCompare to available CT, MRI and bone scans
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Tumor Tumor visualizationvisualization

Day 4Day 4



14

Nuclear Medicine & PET ResearchNuclear Medicine & PET Research

Metastasis in the brainMetastasis in the brain
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ConclusionConclusion

[[8989Zr]trastuzumab imaging is developed as a non Zr]trastuzumab imaging is developed as a non 
invasive imaging technique to determine HER2 invasive imaging technique to determine HER2 
receptors in vivoreceptors in vivo

Next: larger trial in patients to validate diagnostic Next: larger trial in patients to validate diagnostic 
valuevalue

8989Zr labelling applicable to any MAb. Zr labelling applicable to any MAb. 
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Further readingFurther reading

ImmunoImmuno--PET: A Navigator in Monoclonal PET: A Navigator in Monoclonal 
Antibody Development and ApplicationsAntibody Development and Applications

By Guus van Dongen By Guus van Dongen et alet al
(Blackboard)(Blackboard)
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AlzheimerAlzheimer’’s diseases disease

[[1111C]PIB imaging, C]PIB imaging, 
from research tool to clinical practicefrom research tool to clinical practice
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AD at the cellular levelAD at the cellular level

Senile plaquesSenile plaques

Cause of degenerationCause of degeneration

PostPost--mortemmortem
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Biological targets to imageBiological targets to image

AmyloidAmyloid--β β ((AAββ))

Neurofibrillary tangles (Neurofibrillary tangles (NFTsNFTs))
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Several leads exploredSeveral leads explored

125125I I AAββ –– peptidespeptides
Early 90Early 90’’s, s, 
in vivo: rapid metabolism, low brain uptakein vivo: rapid metabolism, low brain uptake
((MaggioMaggio et al, PNAS, 1992;89:5462)et al, PNAS, 1992;89:5462)

99m99mTc Tc labelledlabelled antibodies (mouse and antibodies (mouse and FabFab))
Human trial: no specific signalHuman trial: no specific signal
FriedlandFriedland et al, Ann NY et al, Ann NY AcadAcad SciSci, 1997;826:242 , 1997;826:242 
Bickel et al, Bickel et al, BioconjugBioconjug ChemChem, 1994;5:119, 1994;5:119
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Staining compounds as leadsStaining compounds as leads

A few ofA few of compoundscompounds

In vitro assays, hydrophilic compoundsIn vitro assays, hydrophilic compounds

Lead optimization via Lead optimization via 

AffinityAffinity

LipophilicityLipophilicity
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First lead: Congo RedFirst lead: Congo Red

NN
NN OHOH

COOHHOOC chrysaminechrysamine--G G 
KdKd 350 350 nMnM
LogDLogD7.47.4 0.570.57

HOOC COOH XX--34 34 
KiKi 452 452 nMnM
LogDLogD7.47.4 0.480.48

NN
NN

NH2 NH2

SO3NaNaO3S

congocongo red red 
KdKd 1100 1100 nMnM
LogDLogD7.47.4 --0.180.18

MeO

OHOH
MeOMeO--XX--04 04 
KiKi : 27 : 27 nMnM
LogDLogD7.47.4 : 2.6: 2.6
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Second lead: Second lead: ThioflavinThioflavin--SS

Major compound: Major compound: ThioflavinThioflavin--TT

S

N
+

N

KiKi : 890 : 890 nMnM
LogDLogD7.47.4 : 0.57: 0.57
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Development of [Development of [1111C]PIBC]PIB

S

N
N

R3

R2

R1

R1: OH, R1: OH, MeOMeO, , fluoroalkylfluoroalkyl etherether
R2/R3: Me, R2/R3: Me, fluoroalkylfluoroalkyl
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Development of [Development of [1111C]PIBC]PIB

N

S
N
H

CH3

OH

NN--methylmethyl--22--(4(4’’methylaminophenyl)methylaminophenyl)--66--hydroxybenzothiazolehydroxybenzothiazole
66--OHOH--BTABTA--1, PIB1, PIB

KiKi 4 4 nMnM
LogDLogD7.47.4 1.21.2
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[11C]PIB

[11C]CO2  + LiAlH4 [11C]CH3OLi [11C]CH3I
THF

1 min, RT
HI

1 min, 130 oC 

i)i) [[1111C]CHC]CH33I, 130 I, 130 ººC, 5 minC, 5 min
ii)ii) MeOH/HClMeOH/HCl, 80, 80ººC, 3min ; 60%C, 3min ; 60%

[[1111C]PIB labelingC]PIB labeling

Yield: 400Yield: 400--1600 MBq EOS (10% 1600 MBq EOS (10% cfdcfd))
SA: 20SA: 20--50 GBq/50 GBq/µµmolmol
N > 40, fail rate>15%N > 40, fail rate>15%
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OH S

N
NH2

OH S

N
N
H

11CH3

[11C]PIB

80 oC, 1 min

MEK

[11C]CH3I + CF3OSO2Ag
GraphPac

200 oC, on-line
CF3OSO2[11C]CH3

[[1111C]PIB labelingC]PIB labeling
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Control vs AD patientControl vs AD patient
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Disease progressDisease progress
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ConclusionConclusion

Amyloid plaques imaging with [Amyloid plaques imaging with [1111C]PIB works goodC]PIB works good

New tool in standard diagnosisNew tool in standard diagnosis

Used in clinical research as wellUsed in clinical research as well
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Further readingFurther reading

Amyloid imaging in AlzheimerAmyloid imaging in Alzheimer’’s disease: s disease: 
a promising new direction in Nuclear Medicinea promising new direction in Nuclear Medicine

By Bart van BerckelBy Bart van Berckel
(on blackboard) (on blackboard) 
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The GeneThe Gene--toto--Medicine paradigmMedicine paradigm

humanhumangenomicsgenomics

Target Target 
discoverydiscovery

Lead chemLead chem

Chem diversityChem diversity

HTSHTS

HitHit

SARSAR

optimiseoptimise

Pre clinicalPre clinical

safetysafety efficacyefficacy

bio informaticsbio informatics

chemo informaticschemo informatics

imagingimaging
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Final remarksFinal remarks

Imaging of biological targets is feasibleImaging of biological targets is feasible

Molecular Imaging is a valueble toolMolecular Imaging is a valueble tool

Especially in translational research. It is the bridge Especially in translational research. It is the bridge 
between bench and bedsie, between lab and clinicbetween bench and bedsie, between lab and clinic

Next years more indepth classes.Next years more indepth classes.


