
11C labeled raclopride is a commonly used radiotracer for studies of the 
dopamine system. Raclopride is an unusually ‘well-behaved’ ligand in vivo, 
and the D2 dopamine receptor to which it binds has a strongly regional 
distribution: high density in the striatum and absent in the cerebellum. 
These features have supported the development and widespread adoption 
of rapid and relatively simple methods for analyzing brain distribution data 
measured by PET.

D2 dopamine receptor targeting drugs have proven to be effective treatment 
for symptoms of psychosis. In the 20 years since Farde and others reported 
that therapeutic doses of D2 antagonists were associated with high levels of 
occupancy of the striatal D2 receptor pool, as measured with 11C-raclopride 
PET, this assay has been critical to pharmaceutical companies for identifying 
a dose range appropriate for clinical testing of new antipsychotics targeting 
the D2 receptor. Accurate estimates of the dose range are critical for the 
success of clinical trials, as a therapeutic window with sharp boundaries 
exists for this mechanism. The minimum occupancy threshold for acute 
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�D�Q���X�S�S�H�U���E�R�X�Q�G���I�R�U���D�Q�W�D�J�R�Q�L�V�W�V���R�F�F�X�U�V���D�U�R�X�Q�G�������������.�D�S�X�U��et al,. Above 
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effects such as akathisia and Parkinsonian motor symptoms are more 
likely to occur.

Given the importance of the accuracy of these measurements, we evaluated 
potential sources of variability during 11C-raclopride PET studies of drug 
occupancy by comparing occupancy curves generated at two different 
PET centers following single dose challenges of a new D2 antagonist. The 
�¿�U�V�W���V�W�X�G�\���H�Y�D�O�X�D�W�H�G���R�F�F�X�S�D�Q�F�\���R�Y�H�U���D���G�R�V�H���U�D�Q�J�H���X�V�L�Q�J���D���Z�L�W�K�L�Q���V�X�E�M�H�F�W��
�L�Q�W�H�U�O�H�D�Y�L�Q�J���G�H�V�L�J�Q�����7�K�H���V�H�F�R�Q�G���X�V�H�G���D���¿�[�H�G���G�R�V�H���D�Q�G���H�Y�D�O�X�D�W�H�G���F�H�Q�W�U�D�O��
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similar, but not identical practices for PET imaging and image analysis. 
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control. Moreover, comparison of the various approaches to study design, 
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thereby enable greater harmonization across studies and more consistent 
interpretation of results.

Two academic PET centers: Site A and Site B, participated in studies evaluating the 
striatal D2 occupancy following single doses of a novel antipsychotic using 11C-raclopride 
PET in healthy male volunteers. Contract research organizations close to the PET centers 
�V�F�U�H�H�Q�H�G���D�Q�G���F�D�U�H�G���I�R�U���W�K�H���V�X�E�M�H�F�W�V���D�Q�G���W�U�D�Q�V�S�R�U�W�H�G���W�K�H�P���W�R���W�K�H���3�(�7���F�H�Q�W�H�U�V���S�U�L�R�U���W�R��
procedures.

�6�X�E�M�H�F�W�V�� �X�Q�G�H�U�Z�H�Q�W�� �S�K�\�V�L�F�D�O�� �D�Q�G�� �P�H�Q�W�D�O�� �K�H�D�O�W�K�� �H�Y�D�O�X�D�W�L�R�Q���� �F�O�L�Q�L�F�D�O�� �O�D�E�R�U�D�W�R�U�\���� �D�Q�G��
cardiovascular screening. Informed consent was obtained after review of all procedures 
and risks. Protocols had been reviewed and approved by local and university ethical 
review boards as well as national health authorities. Inclusion and exclusion criteria were 
�L�G�H�Q�W�L�F�D�O�� �I�R�U�� �W�K�H�� �W�Z�R�� �V�L�W�H�V���� �U�H�V�W�U�L�F�W�L�Q�J�� �S�D�U�W�L�F�L�S�D�W�L�R�Q�� �W�R�� �V�X�E�M�H�F�W�V�� �E�H�W�Z�H�H�Q�� �D�J�H�V�� ������ �W�R�� ������
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occupancy, both studies included 11C-raclopride PET scans at baseline and post-dose 
scans.
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parameters. 11C-raclopride was administered via MedRad infusion pump in a dose of 200 
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���� �2�����V�L�Q�J�O�H���G�R�V�H���R�I�����������0�%�T�������D�O�V�R���I�R�U���F�R�U�H�J�L�V�W�U�D�W�L�R�Q���Z�L�W�K��
the 11C-raclopride images. 
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from preclinical models, and then adaptively selected based on results of preceding 
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were separated by at least 1 week to allow complete clearance of the drug. PET images 
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conducted by drawing ROIs for R, L putamen and cerebellum on the MRI and then on 
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�U�H�I�H�U�H�Q�F�H���W�L�V�V�X�H���P�H�W�K�R�G�����6�5�7�0�������3�.���V�D�P�S�O�H�V���Z�H�U�H���R�E�W�D�L�Q�H�G���S�U�L�R�U���W�R���W�U�D�F�H�U���L�Q�M�H�F�W�L�R�Q�����D�W��
midpoint, and end of the emission scan to estimate average drug concentration during 
the scan.
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�S�R�L�Q�W�������3�(�7���L�P�D�J�H�V���Z�H�U�H���U�H�F�R�Q�V�W�U�X�F�W�H�G���Z�L�W�K���2�U�G�H�U�H�G���6�X�E�V�H�W���(�[�S�H�F�W�D�W�L�R�Q���0�D�[�L�P�L�]�D�W�L�R�Q��
���2�6�(�0�������������V�X�E�V�H�W�V���������L�W�H�U�D�W�L�R�Q�V�������F�R�U�H�J�L�V�W�H�U�H�G���W�R���H�D�F�K���R�W�K�H�U���D�Q�G���W�R���W�K�H���0�5�,�����0�5�,���Z�D�V��
spatially normalized to a common template, normalization parameters were applied 
�W�R�� �W�K�H�� �3�(�7�� �L�P�D�J�H�V���� �D�Q�G�� �D�X�W�R�P�D�W�H�G�� �D�Q�D�W�R�P�L�F�D�O�� �O�D�E�H�O�L�Q�J�� �5�2�,�V�� ���$�$�/���� �7�]�R�X�U�L�R���0�D�]�R�\�H�U��
�1�����H�W�D�O�����1�H�X�U�R�L�P�D�J�H�����������������Z�H�U�H���D�S�S�O�L�H�G���W�R���5�����/���S�X�W�D�P�H�Q�����F�D�X�G�D�W�H�����D�Q�G���F�H�U�H�E�H�O�O�X�P���W�R��
�W�K�H�� �V�S�D�W�L�D�O�O�\�� �Q�R�U�P�D�O�L�]�H�G�� �Y�R�O�X�P�H�V���� �%�L�Q�G�L�Q�J�� �S�R�W�H�Q�W�L�D�O�� ���%�3���� �Z�D�V�� �F�D�O�F�X�O�D�W�H�G�� �X�V�L�Q�J�� �6�5�7�0��
���/�D�P�P�H�U�W�V�P�D���D�Q�G���+�X�P�H�������������������3�.���V�D�P�S�O�H�V���Z�H�U�H���R�E�W�D�L�Q�H�G���D�W���P�L�G�S�R�L�Q�W���R�I���W�K�H���H�P�L�V�V�L�R�Q��
scan to estimate average drug concentration during the scan.

The striatal occupancy as a function of BP was calculated as:

where BPDrug is the binding potential during drug treatment, and BPControl the binding 
potential found in the absence of drug.

�2�F�F�X�S�D�Q�F�\�� �D�V�� �D�� �I�X�Q�F�W�L�R�Q�� �R�I�� �G�U�X�J�� �S�O�D�V�P�D�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �Z�D�V�� �G�H�¿�Q�H�G�� �X�V�L�Q�J�� �W�K�H�� �+�L�O�O��
�H�T�X�D�W�L�R�Q��

Omax���Z�D�V���¿�[�H�G���D�W�������������D�Q�G���2�&���� and �� were estimated.

The occupancy curves were compared between the two sites and potential biological 
�D�Q�G���W�H�F�K�Q�L�F�D�O���V�R�X�U�F�H�V���R�I���Y�D�U�L�D�E�L�O�L�W�\���Z�H�U�H���L�G�H�Q�W�L�¿�H�G���D�Q�G���D�O�V�R���F�R�P�S�D�U�H�G���I�R�U���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R��
any differences in the estimate of OC���� between sites.

Study designs between the sites differed because of the different intervals from dosing. 
Preclinical studies and additional clinical studies indicated that the rate of clearance from 
�E�U�D�L�Q���G�L�G���Q�R�W���V�L�J�Q�L�¿�F�D�Q�W�O�\���G�L�I�I�H�U���I�U�R�P���S�H�U�L�S�K�H�U�D�O���F�O�H�D�U�D�Q�F�H���I�R�U���W�K�H���H�[�S�H�U�L�P�H�Q�W�D�O���G�U�X�J�����V�R��
�D�O�O���S�R�V�W���G�R�V�H���V�F�D�Q�V���D�W���6�L�W�H���%���Z�H�U�H���X�V�H�G���W�R���H�Y�D�O�X�D�W�H���W�K�H���R�F�F�X�S�D�Q�F�\���H�[�S�R�V�X�U�H���U�H�O�D�W�L�R�Q�V�K�L�S��
after single dose at this site as well.

Volunteers at Site B were slightly older and heavier than those at Site A
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a risk with small ‘n’ studies
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		  -OSEM reconstruction slightly biases BP values upward
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Regions of Interest: Site A

Regions of Interest: Site B

�(�D�F�K�� �3�(�7�� �V�F�D�Q�� �I�R�U�� �H�D�F�K�� �V�X�E�M�H�F�W�� �Z�D�V�� �F�R���U�H�J�L�V�W�H�U�H�G�� �W�R�� �W�K�H�L�U�� �0�5�,�� �V�F�D�Q���� �D�Q�G�� �U�H�J�L�R�Q�V�� �R�I��
interest were drawn for left putamen, right putamen, left cerebellum, and right cerebellum 
for each PET scan. 

The PET scans were co-registered to each other, and the MRI co-registered to the PET 
scans. The MRI was spatially normalized to a common template, and the AAL regions for 
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Plasma concentration vs D 2-occupancy at Sites A and B
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Impact of Type of ROI Selection on BP Values
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N 12 ��
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-other �������������� ��������������

Study Demographics

Potential ROI Positioning Errors

Crus2 Fit to Collin-27 Template

Crus2 Fit to Actual Subject
Normalized to Collin-27 Template

It is essential that a consistent method be applied to data �‡	
that is going to be pooled with regard to baseline binding 
potential 
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