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BACKGROUND 

���‡�‹�•�‰���ƒ���•�ƒ�Œ�‘�”���…�ƒ�—�•�‡���‘�ˆ���†�‡�ƒ�–�Š���™�‘�”�Ž�†�™�‹�†�‡�á���…�ƒ�•�…�‡�”���”�‡�•�ƒ�‹�•�•���‘�•�‡���‘�ˆ���–�Š�‡���•�‡�›���†�‹�•�‡�ƒ�•�‡���ƒ�”�‡�ƒ�•���™�‹�–�Š���–�Š�‡��

greatest unmet medical needs. Chemotherapy, the cornerstone of systemic treatment, damages 

���������‹�•���…�‡�Ž�Ž�•���ƒ�¡�‡�…�–�‹�•�‰���ƒ�Ž�Ž���†�‹�˜�‹�†�‹�•�‰���…�‡�Ž�Ž�•�ä�����—�”�”�‡�•�–�Ž�›�á���†�”�—�‰�•���ƒ�”�‡���„�‡�‹�•�‰���†�‡�˜�‡�Ž�‘�’�‡�†���–�Š�ƒ�–���–�ƒ�”�‰�‡�–���–�—�•�‘�”�•��

more selectively. Much experience has been obtained with targeted antibodies, which are 

successfully used in daily clinical practice for the treatment of cancer. Among other mechanisms, 

antibodies can bind and subsequent inactivate pro-oncogenic proteins. Their successful use 

spurred interest in the development of antibody derivatives, including the variable domains of 

�Š�‡�ƒ�˜�›�� �…�Š�ƒ�‹�•�� �‘�•�Ž�›�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�� ���������•�� �‘�”�� �•�ƒ�•�‘�„�‘�†�‹�‡�•�â�� �	�‹�‰�ä�� �]�����ä�� ���‹�–�Š�� �–�Š�‡�‹�”�� �•�•�ƒ�Ž�Ž�� �•�‹�œ�‡�� �‘�ˆ�� �]�a�� �•���ƒ�á��

high stability and straightforward production 1, they can be used as potential antitumor agents by 

inactivating pro-oncogenic proteins and as targeted carriers of cytotoxic payloads2. Due to their 

�•�’�‡�…�‹�¤�…���„�‹�•�†�‹�•�‰���–�‘���–�—�•�‘�”�æ�ƒ�•�•�‘�…�‹�ƒ�–�‡�†���ƒ�•�–�‹�‰�‡�•�•�á���•�ƒ�•�‘�„�‘�†�‹�‡�•���•�ƒ�›���ƒ�Ž�•�‘���•�‡�”�˜�‡���ƒ�•���‹�•�ƒ�‰�‹�•�‰���ƒ�‰�‡�•�–�•�ä

 In addition, antibodies and antibody derivatives can be produced so that they simultaneously 

�–�ƒ�”�‰�‡�–�� �„�‘�–�Š�� �–�—�•�‘�”�� �ƒ�•�†�� �Š�‘�•�–�� �‹�•�•�—�•�‡�� �…�‡�Ž�Ž�•�ä�� ���›�� �Ž�‹�•�•�‹�•�‰�� �„�‘�–�Š�� �…�‡�Ž�Ž�� �–�›�’�‡�•�� �–�Š�‡�•�‡�� �’�”�‘�–�‡�‹�•�•�� �…�ƒ�•��

stimulate the targeted host immune cells to kill the targeted tumor cells.  The use of drugs 

that stimulate host immune cells to destroy cancer cells is known as cancer immunotherapy. 

Cancer immunotherapy is currently gaining much attention and many immune system 

�•�–�‹�•�—�Ž�ƒ�–�‹�•�‰�� �„�‹�•�’�‡�…�‹�¤�…�� �ƒ�•�–�‹�„�‘�†�›�� �…�‘�•�•�–�”�—�…�–�•�� �ƒ�”�‡�� �‹�•�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–�ä�� ���‘�™�‡�˜�‡�”�á�� �–�Š�‡�� �¤�”�•�–�� �„�‹�•�’�‡�…�‹�¤�…��

�ƒ�•�–�‹�„�‘�†�›�����„�Ž�‹�•�ƒ�–�—�•�‘�•�ƒ�„�����–�Š�ƒ�–���ƒ�…�–�‹�˜�ƒ�–�‡�•���‹�•�•�—�•�‡���…�‡�Ž�Ž�•�����…�›�–�‘�–�‘�š�‹�…�����æ�…�‡�Ž�Ž�•�����–�‘���†�‡�•�–�”�‘�›���–�—�•�‘�”���…�‡�Ž�Ž�•��

�Š�ƒ�•���Œ�—�•�–���”�‡�…�‡�•�–�Ž�›���„�‡�‡�•���ƒ�’�’�”�‘�˜�‡�†���ˆ�‘�”���–�Š�‡���–�”�‡�ƒ�–�•�‡�•�–���‘�ˆ���…�ƒ�•�…�‡�”�ä�����Ž�‹�•�ƒ�–�—�•�‘�•�ƒ�„���‹�•���ƒ�’�’�”�‘�˜�‡�†���ˆ�‘�”���–�Š�‡��

�–�”�‡�ƒ�–�•�‡�•�–�� �‘�ˆ�� ���Š�‹�Ž�ƒ�†�‡�Ž�’�Š�‹�ƒ�� �…�Š�”�‘�•�‘�•�‘�•�‡�æ�•�‡�‰�ƒ�–�‹�˜�‡�� �”�‡�Ž�ƒ�’�•�‡�†�� �‘�”�� �”�‡�ˆ�”�ƒ�…�–�‘�”�›�� ���æ�…�‡�Ž�Ž�� �’�”�‡�…�—�”�•�‘�”�� �ƒ�…�—�–�‡��

�Ž�›�•�’�Š�‘�„�Ž�ƒ�•�–�‹�…���Ž�‡�—�•�‡�•�‹�ƒ�ä�����Ž�‹�•�ƒ�–�—�•�‘�•�ƒ�„���‹�•���ƒ���•�‡�•�„�‡�”���‘�ˆ���–�Š�‡���•�‘�˜�‡�Ž���…�Ž�ƒ�•�•���‘�ˆ�����‹�������ƒ�•�–�‹�„�‘�†�‹�‡�•���–�Š�ƒ�–��

�ˆ�ƒ�…�‹�Ž�‹�–�ƒ�–�‡�� �–�Š�‡�� �Ž�‹�•�•�ƒ�‰�‡�� �„�‡�–�™�‡�‡�•�� �–�—�•�‘�”�� �…�‡�Ž�Ž�•�� �ƒ�•�†�� �…�›�–�‘�–�‘�š�‹�…�� ���æ�…�‡�Ž�Ž�•�ä�� ���‹������ �ƒ�•�–�‹�„�‘�†�›�� �…�‘�•�•�–�”�—�…�–�•�� �ƒ�”�‡��

�‡�•�‰�‹�•�‡�‡�”�‡�†���„�›���…�‘�•�„�‹�•�‹�•�‰���–�™�‘���•�‹�•�‰�Ž�‡�æ�…�Š�ƒ�‹�•�����•�…���	�˜���†�‘�•�ƒ�‹�•�•���‘�ˆ���–�™�‘���†�‹�¡�‡�”�‡�•�–���ƒ�•�–�‹�„�‘�†�‹�‡�•�����	�‹�‰�ä���]�����ä��

���•�‡���•�…�	�˜���†�‘�•�ƒ�‹�•���‹�•���†�‹�”�‡�…�–�‡�†���ƒ�‰�ƒ�‹�•�•�–���–�Š�‡���‡�’�•�‹�Ž�‘�•���…�Š�ƒ�‹�•���‘�ˆ���…�Ž�—�•�–�‡�”���‘�ˆ���†�‹�¡�‡�”�‡�•�–�‹�ƒ�–�‹�‘�•�����������_�á���ƒ���’�ƒ�”�–��

of the T-cell receptor complex, and the other domain is directed against a tumor-associated 

�ƒ�•�–�‹�‰�‡�•�ä�����ˆ�–�‡�”���…�‘�•�•�‡�…�–�‹�•�‰�������_�I���‘�•�����æ�…�‡�Ž�Ž�•���™�‹�–�Š���–�—�•�‘�”�æ�ƒ�•�•�‘�…�‹�ƒ�–�‡�†���ƒ�•�–�‹�‰�‡�•�•���‘�•���–�—�•�‘�”���…�‡�Ž�Ž�•�á�����‹������

antibodies activate T-cells to destroy adjacent tumor cells.�_ 

�� ���•���ƒ�†�†�‹�–�‹�‘�•���–�‘�����Ž�‹�•�ƒ�–�—�•�‘�•�ƒ�„���–�Š�ƒ�–���–�ƒ�”�‰�‡�–�•���•�‘�Ž�—�„�Ž�‡���–�—�•�‘�”�•�á���‘�–�Š�‡�”���•�‘�Ž�‹�†���–�—�•�‘�”���–�ƒ�”�‰�‡�–�‹�•�‰�����‹������

�ƒ�•�–�‹�„�‘�†�‹�‡�•�� �ƒ�”�‡�� �‹�•�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–�á�� �‹�•�…�Ž�—�†�‹�•�‰�� �����
�� �]�]�\�� �������]�]�\�â�� �•�‘�Ž�‹�–�‘�•�ƒ�„���á�� �����
�� �^�]�]�� �����������æ�a�b�a�â��

�����]�]�]�����ƒ�•�†�������
���^�]�^�����������^�\�]�\�]�]�^���ä�����Š�‡�•�‡�����‹�������ƒ�•�–�‹�„�‘�†�‹�‡�•���–�ƒ�”�‰�‡�–���”�‡�•�’�‡�…�–�‹�˜�‡�Ž�›���ƒ�•�–�‹�æ�‡�’�‹�–�Š�‡�Ž�‹�ƒ�Ž���…�‡�Ž�Ž��

�ƒ�†�Š�‡�•�‹�‘�•�� �•�‘�Ž�‡�…�—�Ž�‡�������’���������á���ƒ�•�–�‹�æ�…�ƒ�”�…�‹�•�‘�‡�•�„�”�›�‘�•�‹�…���ƒ�•�–�‹�‰�‡�•�� �������������ƒ�•�†���ƒ�•�–�‹�æ�’�”�‘�•�–�ƒ�–�‡�æ�•�’�‡�…�‹�¤�…��

�•�‡�•�„�”�ƒ�•�‡�� �ƒ�•�–�‹�‰�‡�•�� �������������ä�� ���‡�˜�‡�”�ƒ�Ž�� �’�Š�ƒ�•�‡�� ���� �–�”�‹�ƒ�Ž�•�� �™�‹�–�Š�� �–�Š�‡�•�‡�� ���‹������ �ƒ�•�–�‹�„�‘�†�‹�‡�•�� �ƒ�”�‡�� �‘�•�‰�‘�‹�•�‰�� �‘�”��

completed.�`�á�a 
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Figure 1: Antibody derivatives �—�•�‡�†�� �‹�•�� �–�Š�‹�•�� �–�Š�‡�•�‹�•�ä�� �������� ���� �•�ƒ�•�‘�„�‘�†�›�� �‘�”�� �������� �‹�•�� �–�Š�‡�� �˜�ƒ�”�‹�ƒ�„�Ž�‡�� �†�‘�•�ƒ�‹�•�� �‘�ˆ�� �Š�‡�ƒ�˜�›�� �…�Š�ƒ�‹�•�� �‘�•�Ž�›��

�ƒ�•�–�‹�„�‘�†�‹�‡�•�� �–�Š�ƒ�–���ƒ�”�‡���’�”�‘�†�—�…�‡�†�� �‹�•���…�ƒ�•�‡�Ž�‹�†�•�ä�� �������� ���‹�������ƒ�•�–�‹�„�‘�†�›���…�‘�•�•�–�”�—�…�–�•���ƒ�”�‡���‡�•�‰�‹�•�‡�‡�”�‡�†�� �„�›���…�‘�•�„�‹�•�‹�•�‰���–�™�‘���•�…�	�˜���†�‘�•�ƒ�‹�•�•�á��

�†�‡�”�‹�˜�‡�†�� �ˆ�”�‘�•���ƒ�•���ƒ�•�–�‹�æ�����_�I���ƒ�•�–�‹�„�‘�†�›���ƒ�•�†���ƒ�•���ƒ�•�–�‹�„�‘�†�›�� �–�ƒ�”�‰�‡�–�‹�•�‰���ƒ�� �–�—�•�‘�”�æ�ƒ�•�•�‘�…�‹�ƒ�–�‡�†���ƒ�•�–�‹�‰�‡�•�ä�� �����������Š�‡�� �•�ƒ�•�‘�„�‘�†�›���…�‘�•�•�–�”�—�…�–��

�������\�\�]�\�d�a�_���‹�•���†�‡�”�‹�˜�‡�†���ˆ�”�‘�•���–�™�‘���ƒ�•�–�‹�æ�������_���•�ƒ�•�‘�„�‘�†�‹�‡�•���ƒ�•�†���ƒ�•���ƒ�•�–�‹�æ�ƒ�Ž�„�—�•�‹�•���•�ƒ�•�‘�„�‘�†�›�ä���������\�\�]�\�d�a�_���„�‹�•�†�•���������_���ƒ�–���†�‘�•�ƒ�‹�•��

�]���ƒ�•�†���ƒ�–���ƒ���•�‡�…�‘�•�†���—�•�•�•�‘�™�•���†�‘�•�ƒ�‹�•���‘�ˆ���������_�����†�‡�¤�•�‡�†���ƒ�•���š���ä

A

��

C



General introduction | 1312 | Chapter 1

�� ���ƒ�•�›�� �ƒ�•�–�‹�æ�…�ƒ�•�…�‡�”���†�”�—�‰�•���ƒ�”�‡���…�—�”�”�‡�•�–�Ž�›�� �‹�•�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–�á�� �‹�•�…�Ž�—�†�‹�•�‰�� �–�Š�‡�� �•�ƒ�•�‘�„�‘�†�›�� �ƒ�•�†�� ����������
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in early phase clinical studies and the search for an optimal design of late phase clinical studies. 
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might facilitate to address these challenges. Insight in tumor uptake might enable optimization of 
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in highly exposed organs.

 This thesis focuses on the use molecular imaging in the process of drug development of 
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molecular imaging.�b The gained information can potentially be used to facilitate their clinical 
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in order to study the distribution of these drug candidates at a cellular level and to develop 

an imaging agent that could facilitate the visualization of tumor tissue in an intra-operative 

setting.�c�á�d

The aim of this thesis is to obtain insight in the biodistribution and tumor uptake of novel tumor 

targeting antibody derivatives using molecular imaging, in order to support drug development.

OUTLINE OF THE THESIS 

The clinical success of therapeutic antibodies has raised interest in the development of other 
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covalent albumin binding. In order to support fast preclinical and clinical drug development of 

protein drugs, there is an increasing focus on obtaining information about their biodistribution, 

their tumor targeting potential and the presence of their targets in tumors. These properties 

can be assessed by radiolabeling these drugs and visualize them non-invasively with positron 
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pharmacokinetics of protein drugs. In order to optimize the use of molecular imaging and to 
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and tumor uptake is essential. In chapter 2 we reviewed literature, concentrating on often-applied 
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We searched PubMed to identify data for this review. Full articles were obtained and references 
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included in this review are antibodies, antibody fragments and non-immunoglobulin protein 

�•�…�ƒ�¡�‘�Ž�†�•�ä�� ���•�� �–�Š�‹�•�� �…�Š�ƒ�’�–�‡�”�� �™�‡�� �¤�”�•�–�� �ˆ�‘�…�—�•�‡�†�� �‘�•�� �Š�‘�™�� �•�’�‡�…�‹�¤�…�� �’�”�‘�–�‡�‹�•�� �’�”�‘�’�‡�”�–�‹�‡�•�� �‹�•�…�Ž�—�†�‹�•�‰�� �•�‹�œ�‡�á��

�–�ƒ�”�‰�‡�–���‹�•�–�‡�”�ƒ�…�–�‹�‘�•�á���„�‹�•�†�‹�•�‰���–�‘���•�‡�‘�•�ƒ�–�ƒ�Ž���	�…���”�‡�…�‡�’�–�‘�”�á���ƒ�•�†���…�Š�ƒ�”�‰�‡���…�ƒ�•���ƒ�¡�‡�…�–���–�Š�‡���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•���‘�ˆ��

�’�”�‘�–�‡�‹�•�•�ä�� ���—�„�•�‡�“�—�‡�•�–�Ž�›�á���™�‡���ƒ�‹�•�‡�†�� �–�‘���†�‡�•�…�”�‹�„�‡�� �Š�‘�™���’�”�‘�–�‡�‹�•�� �•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�� �•�—�…�Š���ƒ�•���‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•�á��

�Š�—�•�ƒ�•�‹�œ�ƒ�–�‹�‘�•�á���ƒ�Ž�„�—�•�‹�•�� �„�‹�•�†�‹�•�‰�á�� �����
�›�Ž�ƒ�–�‹�‘�•�á�� �”�ƒ�†�‹�‘�ƒ�…�–�‹�˜�‡�� �Ž�ƒ�„�‡�Ž�‹�•�‰���ƒ�•�†���†�”�—�‰���…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•�� �ƒ�¡�‡�…�–��

the biodistribution and tumor uptake of these drugs.

 Given the fact that optical imaging lacks ionizing radiation, optical imaging is recently gaining 

more attention. �e Furthermore, molecular imaging using optical imaging allows image-guided 
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800CW labeled nanobody.
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tumor cell growth better than each antibody alone.10�� ���Ž�‘�…�•�‹�•�‰�� �–�™�‘�� �†�‹�¡�‡�”�‡�•�–�� �������_�� �‡�’�‹�–�‘�’�‡�•�á��

�™�‹�–�Š�� �ƒ�� �„�‹�’�ƒ�”�ƒ�–�‘�’�‹�…�� �•�ƒ�•�‘�„�‘�†�›�� �…�‘�•�•�–�”�—�…�–�� ���������\�\�]�\�d�a�_���á�� �‹�•�� �–�Š�‡�”�‡�ˆ�‘�”�‡�� �ƒ�•�� �‹�•�–�‡�”�‡�•�–�‹�•�‰�� �‘�’�–�‹�‘�•�ä�� ���•��

�…�‘�•�–�”�ƒ�•�–���–�‘���–�Š�‡���•�‹�•�‰�Ž�‡�����������†�‡�•�…�”�‹�„�‡�†���‹�•���…�Š�ƒ�’�–�‡�”���_�á���������\�\�]�\�d�a�_�����_�e�ä�a���•���ƒ�����…�‘�•�•�‹�•�–�•���‘�ˆ���–�™�‘���������_��

targeting nanobodies and an additional third that is able to bind albumin, extending its half-life 

���	�‹�‰�ä���]�����ä�����Š�‡���ƒ�‹�•���‘�ˆ���–�Š�‡���•�–�—�†�›���†�‡�•�…�”�‹�„�‡�†���‹�•��chapter 4 is to gain insight in the pharmacological 

�„�‡�Š�ƒ�˜�‹�‘�”���‘�ˆ�� �������\�\�]�\�d�a�_�� �„�›�� �Ž�ƒ�„�‡�Ž�‹�•�‰���–�Š�‡�� �•�ƒ�•�‘�„�‘�†�›���…�‘�•�•�–�”�—�…�–���™�‹�–�Š�� �d�e�æ���‹�”�…�‘�•�‹�—�•�� ���d�e���”���ä���d�eZr is 

�ƒ�� �������� �‹�•�‘�–�‘�’�‡�� �™�‹�–�Š�� �ƒ�� �Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡�� �‘�ˆ�� �c�d�ä�`�� �Š�‘�—�”�•�á�� �•�ƒ�–�…�Š�‹�•�‰�� �–�Š�‡�� �’�‘�–�‡�•�–�‹�ƒ�Ž�� �Ž�‘�•�‰�� �…�‹�”�…�—�Ž�ƒ�–�‹�‘�•�� �–�‹�•�‡�� �‘�ˆ��

albumin binding constructs. 11 Dose- and time-dependent biodistribution and tumor uptake 

of �d�e���”�æ�������\�\�]�\�d�a�_�� �™�‡�”�‡�� �‡�˜�ƒ�Ž�—�ƒ�–�‡�†�� �‹�•�� �•�ƒ�Ž�‡�� �•�—�†�‡�� �����������…�� �•�‹�…�‡�� �„�‡�ƒ�”�‹�•�‰���•�—�„�…�—�–�ƒ�•�‡�‘�—�•�� �Š�—�•�ƒ�•��

�–�—�•�‘�”�•�ä�����•���ƒ�†�†�‹�–�‹�‘�•�á���–�—�•�‘�”���—�’�–�ƒ�•�‡���™�ƒ�•���†�‡�–�‡�”�•�‹�•�‡�†���‹�•���–�Š�”�‡�‡���–�—�•�‘�”���•�‘�†�‡�Ž�•���™�‹�–�Š���†�‹�¡�‡�”�‡�•�–���������_��

�‡�š�’�”�‡�•�•�‹�‘�•�ä�����”�‘�•�•�æ�”�‡�ƒ�…�–�‹�˜�‹�–�›���‘�ˆ���������\�\�]�\�d�a�_���ˆ�‘�”���������_���ƒ�•�†���ƒ�Ž�„�—�•�‹�•���‘�ˆ���•�‹�…�‡���‘�”�‹�‰�‹�•���…�‘�•�–�”�‹�„�—�–�‡�†���–�‘��

a translational mouse model. 

�� ���‹�•�‹�Ž�ƒ�”�� �–�‘�� �–�Š�‡�� �������� �”�‡�…�‡�’�–�‘�”�� �’�”�‘�–�‡�‹�•�•�á�� ���’�������� �‹�•���‡�š�’�”�‡�•�•�‡�†���‘�•�� �•�ƒ�•�›�� �–�—�•�‘�”���…�‡�Ž�Ž�•�ä�� ���’��������
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is expressed on epithelial tumors and cancer stem cells. Therefore, it is an attractive target for 

���‹�����•�ä�����•�����’���������–�ƒ�”�‰�‡�–�‹�•�‰�����‹�������…�ƒ�Ž�Ž�‡�†���•�‘�Ž�‹�–�‘�•�ƒ�„���������
���]�]�\�����‡�•�ƒ�„�Ž�‡�•�����æ�…�‡�Ž�Ž���•�‡�†�‹�ƒ�–�‡�†���•�‹�Ž�Ž�‹�•�‰���‘�ˆ��

���’���������’�‘�•�‹�–�‹�˜�‡���…�ƒ�•�…�‡�”���…�‡�Ž�Ž�•�ä12 Preliminary results of a phase I study with AMG 110 demonstrated 

�–�Š�ƒ�–���†�‘�•�‡�•���—�’���–�‘���—�’���–�‘���`�d���Û�‰���†�ƒ�›���™�‡�”�‡���–�‘�Ž�‡�”�ƒ�–�‡�†�ä�` The study also revealed signs of pharmacological 

�ƒ�…�–�‹�˜�‹�–�›�ä�� ���•�� �ƒ�†�†�‹�–�‹�‘�•�� �–�‘�� �����
�� �]�]�\�á�� �ƒ�•�‘�–�Š�‡�”�� ���‹������ �ƒ�•�–�‹�„�‘�†�›�� �������
�� �^�]�]���� �Š�ƒ�•�� �„�‡�‡�•�� �†�‡�˜�‡�Ž�‘�’�‡�†�� �–�Š�ƒ�–��

�–�ƒ�”�‰�‡�–�•���������ä�����•���–�Š�‡���’�”�‡�•�‡�•�…�‡���‘�ˆ�����æ�…�‡�Ž�Ž�•�á�������
���^�]�]���…�ƒ�•���–�”�‹�‰�‰�‡�”���†�‘�•�‡�æ�†�‡�’�‡�•�†�‡�•�–���‹�•���˜�‹�–�”�‘���…�‡�Ž�Ž���•�‹�Ž�Ž�‹�•�‰��

�‘�ˆ�� �������æ�‡�š�’�”�‡�•�•�‹�•�‰�� �Š�—�•�ƒ�•�� �…�‘�Ž�‘�•�á�� �’�ƒ�•�…�”�‡�ƒ�–�‹�…�á�� �•�–�‘�•�ƒ�…�Š�á�� �Ž�—�•�‰�á�� �„�”�‡�ƒ�•�–�á�� �ƒ�•�†�� �’�”�‘�•�–�ƒ�–�‡�� �…�ƒ�•�…�‡�”�� �…�‡�Ž�Ž��

lines.�]�_ For solid tumors of especially the gastrointestinal tract, AMG 211 is an interesting new 

���‹������ �ƒ�•�–�‹�„�‘�†�›�� �…�‘�•�•�–�”�—�…�–�á�� �ƒ�•�� �‹�–�� �‹�•�� �˜�‹�–�”�‘�� �Ž�›�•�‡�•�� �‡�š�’�Ž�ƒ�•�–�•�� �‘�ˆ�� �•�‡�–�ƒ�•�–�ƒ�–�‹�…�� �…�‘�Ž�‘�”�‡�…�–�ƒ�Ž�� �…�ƒ�•�…�‡�”�� �…�‡�Ž�Ž�•�� �‘�ˆ��

patients who progressed on chemotherapy.�]� ̀AMG 211 is currently tested in a phase 1 clinical 

trial in colorectal cancer patients.�]�a In order to support drug development of AMG 110 and AMG 

�^�]�]�á���™�‡�� �’�”�‡�…�Ž�‹�•�‹�…�ƒ�Ž�Ž�›�� �•�–�—�†�‹�‡�†�� �–�Š�‡�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �ƒ�•�†�� �–�—�•�‘�”�� �—�’�–�ƒ�•�‡���‘�ˆ�� �”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‡�†���ª�—�‘�”�‡�•�…�‡�•�–��

labeled AMG 110 and AMG 211. These data can potentially be used to initiate clinical studies with 

�”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‡�†�����‹�����•���–�‘���†�‡�–�‡�”�•�‹�•�‡���–�Š�‡�‹�”���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•���ƒ�•�†���–�—�•�‘�”���—�’�–�ƒ�•�‡���‹�•���‡�ƒ�”�Ž�›���’�Š�ƒ�•�‡���…�Ž�‹�•�‹�…�ƒ�Ž��

trials.

 In Chapter 5 we studied the tumor targeting potential and tissue distribution of AMG 

110 after labeling it with �d�eZr or IRDye 800CW. For ex vivo biodistribution studies, �d�eZr-AMG 

�]�]�\�� �ƒ�–�� �’�”�‘�–�‡�‹�•�� �†�‘�•�‡�•�� �‘�ˆ�� �^�\�æ�a�\�\�� �Û�‰�á�� �™�ƒ�•�� �ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†�� �–�‘�� �•�—�†�‡�� �����������…�� �•�‹�…�‡�� �š�‡�•�‘�‰�”�ƒ�ˆ�–�‡�†�� �™�‹�–�Š��

���’�������� �‡�š�’�”�‡�•�•�‹�•�‰�� �����æ�^�e�� �…�‘�Ž�‘�”�‡�…�–�ƒ�Ž�� �ƒ�†�‡�•�‘�…�ƒ�”�…�‹�•�‘�•�ƒ�� �…�‡�Ž�Ž�•�ä�� ���‘�•�æ�‹�•�˜�ƒ�•�‹�˜�‡�� �•�‹�…�”�‘�������� �‹�•�ƒ�‰�‹�•�‰��

�ƒ�•�†�� �‡�š�� �˜�‹�˜�‘�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �™�ƒ�•�� �’�‡�”�ˆ�‘�”�•�‡�†�� �—�’�� �–�‘�� �c�^�� �Š�‘�—�”�•�� �ƒ�ˆ�–�‡�”���d�e���”�æ�����
�� �]�]�\�� �‹�•�Œ�‡�…�–�‹�‘�•�ä�� ���š��

vivo biodistribution of �d�e���”�æ�����
�� �]�]�\�� �™�ƒ�•�� �•�–�—�†�‹�‡�†�� �—�’�� �–�‘�� �c�^�� �Š�‘�—�”�•�� �ƒ�ˆ�–�‡�”�� �‹�•�Œ�‡�…�–�‹�‘�•�ä�� ���‘�•�æ�•�’�‡�…�‹�¤�…��

distribution was determined using �d�e���”�� �Ž�ƒ�„�‡�Ž�‡�†�� ���‡�…�]�`�á���ƒ�� �•�‘�•�æ�•�’�‡�…�‹�¤�…���…�‘�•�–�”�‘�Ž�� ���‹������ �–�ƒ�”�‰�‡�–�‹�•�‰���ƒ��

�Š�ƒ�’�–�‡�•���•�ƒ�•�‡�†���•�‡�…�‘�’�”�‘�’���ƒ�•�†���Š�—�•�ƒ�•�������_�I�ä�����‹�–�Š���ª�‘�™���…�›�–�‘�•�‡�–�”�›�����’���������‡�š�’�”�‡�•�•�‹�‘�•���Š�ƒ�•���„�‡�‡�•��

�†�‡�–�‡�”�•�‹�•�‡�†���‘�•���–�Š�‡���–�—�•�‘�”���…�‡�Ž�Ž���Ž�‹�•�‡�•���–�Š�ƒ�–���™�‡�”�‡���š�‡�•�‘�‰�”�ƒ�ˆ�–�‡�†���‹�•���•�—�†�‡�������������…���•�‹�…�‡�á���„�‡�‹�•�‰���–�Š�‡�������æ�^�e��

�…�‡�Ž�Ž���Ž�‹�•�‡�á���–�Š�‡���Š�—�•�ƒ�•���Š�‡�ƒ�†���ƒ�•�†���•�‡�…�•���•�“�—�ƒ�•�‘�—�•���…�‡�Ž�Ž���…�ƒ�•�…�‡�”���	�ƒ���—���…�‡�Ž�Ž���Ž�‹�•�‡���ƒ�•�†���–�Š�‡�����’���������•�‡�‰�ƒ�–�‹�˜�‡��

�’�”�‘�•�›�‡�Ž�‘�…�›�–�‹�…�� �����æ�b�\�� �…�‡�Ž�Ž�� �Ž�‹�•�‡�ä�� ���—�„�•�‡�“�—�‡�•�–�Ž�›�á�� �‡�š�� �˜�‹�˜�‘�� �–�—�•�‘�”�� �—�’�–�ƒ�•�‡�� �‘�ˆ���d�eZr-AMG 110 has been 

�•�‡�ƒ�•�—�”�‡�†�� �ƒ�•�†�� �…�‘�”�”�‡�Ž�ƒ�–�‡�†�� �™�‹�–�Š�� ���’�������� �‡�š�’�”�‡�•�•�‹�‘�•�ä�� ���ƒ�„�‡�Ž�‹�•�‰�� �‘�ˆ�� �����
�� �]�]�\�� �™�‹�–�Š�� �������›�‡�� �d�\�\������

�ƒ�Ž�Ž�‘�™�‡�†���—�•���–�‘���†�‡�–�‡�”�•�‹�•�‡���–�Š�‡���‹�•�–�”�ƒ�–�—�•�‘�”�ƒ�Ž���†�‹�•�–�”�‹�„�—�–�‹�‘�•���‘�ˆ�������
���]�]�\�ä�����‘�•�æ�•�’�‡�…�‹�¤�…���†�‹�•�–�”�‹�„�—�–�‹�‘�•���‘�ˆ��

���‡�…�]�`���™�ƒ�•���†�‡�–�‡�”�•�‹�•�‡�†���‹�•���–�Š�‡���•�ƒ�•�‡���„�›���…�‘�æ�‹�•�Œ�‡�…�–�‹�•�‰���������›�‡���b�d�\�������Ž�ƒ�„�‡�Ž�‡�†�����‡�…�]�`�ä��

�� ���Š�ƒ�’�–�‡�”�� �a�� �’�”�‘�˜�‡�†�� �–�Š�ƒ�–�� �•�‘�Ž�‡�…�—�Ž�ƒ�”�� �‹�•�ƒ�‰�‹�•�‰�� �™�‹�–�Š�� ���‹�����•�� �™�ƒ�•�� �ˆ�‡�ƒ�•�‹�„�Ž�‡�ä��Chapter 6 therefore 

�†�‡�•�…�”�‹�„�‡�•���–�Š�‡���•�–�—�†�›���‹�•���™�Š�‹�…�Š���ƒ���•�‡�…�‘�•�†�����‹�������ƒ�•�–�‹�„�‘�†�›���������
���^�]�]���á���™�Š�‹�…�Š���‹�•���‹�•���’�Š�ƒ�•�‡���]���†�‡�˜�‡�Ž�‘�’�•�‡�•�–�á��

was labeled with �d�eZr or IRDye 800CW in order to study its tumor targeting property, tissue 

distribution and in vivo integrity. Dose-dependent biodistribution was determined ex vivo after 

administration of �d�e���”�æ�����
�^�]�]���‹�•���ƒ���†�‘�•�‡���”�ƒ�•�‰�‡���‘�ˆ���]�\�æ�a�\�\���Û�‰�á���‹�•���•�—�†�‡�������������…���•�‹�…�‡���š�‡�•�‘�‰�”�ƒ�ˆ�–�‡�†��

�™�‹�–�Š���������æ�‡�š�’�”�‡�•�•�‹�•�‰�������]�c�`�����…�‘�Ž�‘�”�‡�…�–�ƒ�Ž���ƒ�†�‡�•�‘�…�ƒ�”�…�‹�•�‘�•�ƒ���…�‡�Ž�Ž�•�ä�����—�•�‘�”���—�’�–�ƒ�•�‡���ƒ�•�†���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•��

�‘�ˆ���]�\���Q�‰���d�e���”�æ�����
�^�]�]���™�ƒ�•���˜�‹�•�—�ƒ�Ž�‹�œ�‡�†���™�‹�–�Š���•�‘�•�æ�‹�•�˜�ƒ�•�‹�˜�‡���•�‹�…�”�‘���������‹�•�ƒ�‰�‹�•�‰���‹�•�������]�c�`�����š�‡�•�‘�‰�”�ƒ�ˆ�–�‡�†��

�•�‹�…�‡�ä�� ���‘�� �…�Š�‡�…�•�� �ˆ�‘�”�� �������æ�•�’�‡�…�‹�¤�…�� �–�—�•�‘�”�� �—�’�–�ƒ�•�‡�á�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �ƒ�•�†�� �–�—�•�‘�”�� �—�’�–�ƒ�•�‡���d�e���”�æ���‡�…�]�`��

�™�ƒ�•���ƒ�Ž�•�‘���•�–�—�†�‹�‡�†���‹�•���–�Š�‡���•�ƒ�•�‡���•�‹�…�‡���•�‘�†�‡�Ž�•�ä�����•���‘�”�†�‡�”���–�‘���•�–�—�†�›���–�Š�‡���‹�•�ª�—�‡�•�…�‡���‘�ˆ�����������‡�š�’�”�‡�•�•�‹�‘�•���‘�•��
�d�eZr-AMG211 tumor uptake we determined �d�e���”�æ�����
�^�]�]�� �–�—�•�‘�”�� �—�’�–�ƒ�•�‡�� �‹�•�� �����]�c�`���á�� �������æ�’�‘�•�‹�–�‹�˜�‡��

�Š�—�•�ƒ�•���„�”�‡�ƒ�•�–���…�ƒ�•�…�‡�”�������`�c�`���ƒ�•�†���������æ�•�‡�‰�ƒ�–�‹�˜�‡���’�”�‘�•�›�‡�Ž�‘�…�›�–�‹�…�������æ�b�\���…�‡�Ž�Ž���Ž�‹�•�‡�•�ä�����������‡�š�’�”�‡�•�•�‹�‘�•��
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�‘�ˆ�� �–�Š�‡�•�‡�� �…�‡�Ž�Ž�� �Ž�‹�•�‡�•�� �™�ƒ�•�� �†�‡�–�‡�”�•�‹�•�‡�†�� �ª�‘�™���…�›�–�‘�•�‡�–�”�‹�…�ƒ�Ž�Ž�›�ä�� ���Š�‡�� �‹�•�–�‡�‰�”�‹�–�›�� �‘�ˆ���d�eZr-AMG211 has been 

�•�–�—�†�‹�‡�†�� �‹�•�� �����]�c�`���� �š�‡�•�‘�‰�”�ƒ�ˆ�–�‡�†�� �•�‹�…�‡�á�� �ƒ�–�� �^�`�� �Š�� �ƒ�ˆ�–�‡�”�� �‹�•�Œ�‡�…�–�‹�‘�•�ä�� ���—�•�‘�”�á�� �Ž�‹�˜�‡�”�� �ƒ�•�†�� �•�‹�†�•�‡�›�•�� �™�‡�”�‡��

lysed and subsequently analyzed, together with serum, with gel electrophoresis combined 

with autoradiography image analysis. Co-injection of IRDye 800CW labeled AMG 211 and 

�������›�‡�� �b�d�\������ �Ž�ƒ�„�‡�Ž�‡�†�� ���‡�…�]�`�� �‹�•�� �����]�c�`���� �š�‡�•�‘�‰�”�ƒ�ˆ�–�‡�†�� �•�‹�…�‡���‡�•�ƒ�„�Ž�‡�†�� �—�•�� �–�‘�� �•�–�—�†�›�� �������� �†�‡�’�‡�•�†�‡�•�–��

�†�‹�•�–�”�‹�„�—�–�‹�‘�•���‘�ˆ�������
���^�]�]�ä�����ˆ�����������‹�•�ƒ�‰�‹�•�‰���™�‹�–�Š���d�eZr-AMG211 is feasible, it will be used to study the 

distribution and tumor uptake of AMG211 in cancer patients. Therefore, we tested if we could 

produce �d�e���”�æ�����
�^�]�]���ƒ�…�…�‘�”�†�‹�•�‰���–�‘���–�Š�‡���
�‘�‘�†�����ƒ�•�—�ˆ�ƒ�…�–�—�”�‹�•�‰�����”�ƒ�…�–�‹�…�‡�����
���������‰�—�‹�†�‡�Ž�‹�•�‡�•�ä

The results of all the studies presented in this thesis are summarized in chapter 7. The future 

perspectives following the studies described in this thesis are discussed in chapter 8.
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�–�‘���‹�•�…�”�‡�ƒ�•�‡���–�Š�‡�‹�”���–�Š�‡�”�ƒ�’�‡�—�–�‹�…���‡�¡�‡�…�–�á���–�—�•�‘�”���‡�š�’�‘�•�—�”�‡���ƒ�•�†���•�ƒ�ˆ�‡�–�›���’�”�‘�¤�Ž�‡�ä�����—�”�‹�•�‰���–�Š�‡���†�‡�˜�‡�Ž�‘�’�•�‡�•�–��

of protein drugs, molecular imaging is increasingly used to provide additional information on 

their in vivo behavior. As a result, there are increasing numbers of studies that demonstrate 

�–�Š�‡�� �‡�¡�‡�…�–�� �‘�ˆ�� �’�”�‘�–�‡�‹�•�� �•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�� �‘�•�� �™�Š�‘�Ž�‡�� �„�‘�†�›�� �†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �ƒ�•�†�� �–�—�•�‘�”�� �—�’�–�ƒ�•�‡�� �‘�ˆ�� �’�”�‘�–�‡�‹�•��

�†�”�—�‰�•�ä�� ���‘�™�‡�˜�‡�”�á�� �•�—�…�Š�� �•�–�‹�Ž�Ž�� �”�‡�•�ƒ�‹�•�•�� �—�•�…�Ž�‡�ƒ�”�� �ƒ�„�‘�—�–�� �Š�‘�™�� �–�‘�� �‹�•�–�‡�”�’�”�‡�–�� �‘�„�–�ƒ�‹�•�‡�†�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•��

data correctly. Consequently, there is a need for more insight in the correct way of interpreting 

preclinical and clinical imaging data. Summarizing the knowledge gained to date may facilitate 

�–�Š�‹�•�� �‹�•�–�‡�”�’�”�‡�–�ƒ�–�‹�‘�•�ä�� ���Š�‹�•�� �”�‡�˜�‹�‡�™�� �–�Š�‡�”�‡�ˆ�‘�”�‡�� �’�”�‘�˜�‹�†�‡�•�� �ƒ�•�� �‘�˜�‡�”�˜�‹�‡�™�� �‘�ˆ�� �•�’�‡�…�‹�¤�…�� �’�”�‘�–�‡�‹�•�� �’�”�‘�’�‡�”�–�‹�‡�•��

�ƒ�•�†�� �•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•�� �–�Š�ƒ�–���…�ƒ�•���ƒ�¡�‡�…�–�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �ƒ�•�†�� �–�—�•�‘�”�� �—�’�–�ƒ�•�‡���‘�ˆ�� �ƒ�•�–�‹�…�ƒ�•�…�‡�”�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�á��

�ƒ�•�–�‹�„�‘�†�›���ˆ�”�ƒ�‰�•�‡�•�–�•���ƒ�•�†���•�‘�•�æ�‹�•�•�—�•�‘�‰�Ž�‘�„�—�Ž�‹�•���•�…�ƒ�¡�‘�Ž�†�•�ä�����”�‘�–�‡�‹�•���’�”�‘�’�‡�”�–�‹�‡�•���–�Š�ƒ�–���ƒ�”�‡���†�‹�•�…�—�•�•�‡�†���‹�•��

�–�Š�‹�•���”�‡�˜�‹�‡�™���ƒ�”�‡���•�‘�Ž�‡�…�—�Ž�ƒ�”���•�‹�œ�‡�á���–�ƒ�”�‰�‡�–���‹�•�–�‡�”�ƒ�…�–�‹�‘�•�á���	�…���•���„�‹�•�†�‹�•�‰���ƒ�•�†���…�Š�ƒ�”�‰�‡�ä�����”�‘�–�‡�‹�•���•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•��

�–�Š�ƒ�–�� �ƒ�”�‡�� �†�‹�•�…�—�•�•�‡�†�� �ƒ�”�‡�� �”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‹�•�‰�á�� �ª�—�‘�”�‡�•�…�‡�•�–�� �Ž�ƒ�„�‡�Ž�‹�•�‰�� �†�”�—�‰�� �…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•�á�� �‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•�á��

humanization, albumin binding and polyethylene glycolation. 
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INTRODUCTION 

Protein drugs are increasingly used in oncology. Much clinical experience has been obtained with 

�•�‘�•�‘�…�Ž�‘�•�ƒ�Ž���ƒ�•�–�‹�„�‘�†�‹�‡�•�� ���•���„�•���ä�� ���—�‡�� �–�‘�� �–�Š�‡�‹�”�� �…�Ž�‹�•�‹�…�ƒ�Ž�� �•�—�…�…�‡�•�•�‡�•�á�� �”�‡�•�‡�ƒ�”�…�Š�‡�”�•�� �ƒ�†�†�‹�–�‹�‘�•�ƒ�Ž�Ž�›�� �ˆ�‘�…�—�•��

�‘�•�� �–�Š�‡�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–�� �‘�ˆ�� �ƒ�•�–�‹�„�‘�†�›�� �†�‡�”�‹�˜�ƒ�–�‹�˜�‡�•�� �ƒ�•�†�� �•�‘�•�æ�‹�•�•�—�•�‘�‰�Ž�‘�„�—�Ž�‹�•�� �����‰���� �’�”�‘�–�‡�‹�•�� �•�…�ƒ�¡�‘�Ž�†�•�ä��

���Š�‡�•�‡���’�”�‘�–�‡�‹�•���†�”�—�‰�•�á���™�Š�‡�•���–�ƒ�”�‰�‡�–�‹�•�‰���–�—�•�‘�”�æ�ƒ�•�•�‘�…�‹�ƒ�–�‡�†���ƒ�•�–�‹�‰�‡�•�•�á���ƒ�”�‡���‘�ˆ�–�‡�•���•�‘�†�‹�¤�‡�†���–�‘���‘�’�–�‹�•�‹�œ�‡��

�–�Š�‡�”�ƒ�’�‡�—�–�‹�…���‡�¡�‡�…�–�•�á���–�—�•�‘�”���‡�š�’�‘�•�—�”�‡���ƒ�•�†���•�ƒ�ˆ�‡�–�›���’�”�‘�¤�Ž�‡�ä�����š�ƒ�•�’�Ž�‡�•���‘�ˆ���•�—�…�Š���’�”�‘�–�‡�‹�•���•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•��

�‹�•�…�Ž�—�†�‡�� �Š�—�•�ƒ�•�‹�œ�ƒ�–�‹�‘�•�á�� �‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•�á�� �’�‘�Ž�›�‡�–�Š�›�Ž�‡�•�‡�� �‰�Ž�›�…�‘�Ž�� �������
���›�Ž�ƒ�–�‹�‘�•�� �ƒ�•�†�� �„�‘�–�Š�� �…�‘�˜�ƒ�Ž�‡�•�–�� �ƒ�•�†��

�•�‘�•�æ�…�‘�˜�ƒ�Ž�‡�•�–���ƒ�Ž�„�—�•�‹�•���„�‹�•�†�‹�•�‰�����	�‹�‰�ä���]���ä�����—�”�”�‡�•�–�Ž�›�á���9�b�b�Ä���‘�ˆ���	�‘�‘�†���ƒ�•�†�����”�—�‰�����†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•�����	��������

�ƒ�•�†�����—�”�‘�’�‡�ƒ�•�����‡�†�‹�…�‹�•�‡�•�����‰�‡�•�…�›���������������ƒ�’�’�”�‘�˜�‡�†���•���„�•���Š�ƒ�˜�‡���„�‡�‡�•���Š�—�•�ƒ�•�‹�œ�‡�†���–�‘���•�‘�•�‡���‡�š�–�‡�•�–�á��

conjugated to cytotoxic drugs or conjugated to therapeutic radionuclides.1 Apart from mAbs also 

�ƒ�•�–�‹�„�‘�†�›���ˆ�”�ƒ�‰�•�‡�•�–�•���ƒ�•�†���•�‘�•�æ���‰���•�…�ƒ�¡�‘�Ž�†�•���ƒ�”�‡���„�‡�‹�•�‰���•�‘�†�‹�¤�‡�†�ä�^�á�_ 

Figure 1�ä�����˜�‡�”�˜�‹�‡�™���‘�ˆ���…�‘�•�•�‘�•���•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•���–�‘���’�”�‘�–�‡�‹�•�•�ä�����������Ë���ƒ�Ž�„�—�•�‹�•���„�‹�•�†�‹�•�‰���†�‘�•�ƒ�‹�•�ä

�� ���Ž�‹�•�‹�…�ƒ�Ž���†�‡�˜�‡�Ž�‘�’�•�‡�•�–���‘�ˆ�� �’�”�‘�–�‡�‹�•���†�”�—�‰�•�� �‹�•���…�Š�ƒ�Ž�Ž�‡�•�‰�‹�•�‰�ä�� ���’�� �–�‘�� �^�\�]�a�� �•�‘�”�‡�� �–�Š�ƒ�•�� �^�\�\���†�‹�¡�‡�”�‡�•�–��

anticancer mAbs have been tested in clinical trials.�`�� ���—�”�”�‡�•�–�Ž�›�á���‘�•�Ž�›���^�c���•���„�•���ƒ�”�‡���	�������‘�”�� ��������

approved for the treatment of cancer.1�� ���•�‡�� �‘�ˆ�� �–�Š�‡�� �„�‹�‰�‰�‡�•�–�� �…�Š�ƒ�Ž�Ž�‡�•�‰�‡�•�� �‹�•�� �–�Š�‡�� �‹�†�‡�•�–�‹�¤�…�ƒ�–�‹�‘�•�� �‘�ˆ��

�–�Š�‡���„�‡�•�–���†�”�—�‰���…�ƒ�•�†�‹�†�ƒ�–�‡�•���‹�•���‡�ƒ�”�Ž�›���’�Š�ƒ�•�‡���…�Ž�‹�•�‹�…�ƒ�Ž���•�–�—�†�‹�‡�•�ä�����ƒ�”�Ž�›���‹�•�•�‹�‰�Š�–���‹�•���™�Š�‘�Ž�‡���„�‘�†�›���ƒ�•�†���‘�”�‰�ƒ�•��

�’�Š�ƒ�”�•�ƒ�…�‘�•�‹�•�‡�–�‹�…�•�á���ƒ�•���™�‡�Ž�Ž���ƒ�•���–�—�•�‘�”���—�’�–�ƒ�•�‡���‘�ˆ���’�”�‘�–�‡�‹�•���†�”�—�‰�•�á���•�‹�‰�Š�–���ˆ�ƒ�…�‹�Ž�‹�–�ƒ�–�‡���–�Š�‹�•���‹�†�‡�•�–�‹�¤�…�ƒ�–�‹�‘�•�ä��
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���‘�–�Š���…�Š�ƒ�”�ƒ�…�–�‡�”�‹�•�–�‹�…�•���…�ƒ�•�� �•�‘�•�æ�‹�•�˜�ƒ�•�‹�˜�‡�Ž�›�� �„�‡���˜�‹�•�—�ƒ�Ž�‹�œ�‡�†���ƒ�•�†���“�—�ƒ�•�–�‹�¤�‡�†���™�‹�–�Š�� �•�‘�Ž�‡�…�—�Ž�ƒ�”�� �‹�•�ƒ�‰�‹�•�‰�ä�` 

In this way, real-time dynamics can be obtained on whole body biodistribution of protein drugs 

or protein drug candidates in the same animal or patient. Furthermore, a correlation between 

�–�—�•�‘�”���—�’�–�ƒ�•�‡���‘�ˆ���”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‡�†���ƒ�•�–�‹�„�‘�†�‹�‡�•�á���ƒ�•���†�‡�–�‡�”�•�‹�•�‡�†���„�›���’�‘�•�‹�–�”�‘�•���‡�•�‹�•�•�‹�‘�•���–�‘�•�‘�‰�”�ƒ�’�Š�›��������������

imaging, and intratumoral target levels, as determined by enzyme-linked immunosorbent assay 

or immunohistochemistry, has been observed in cancer patients.�a�á���b

�� ���”�‘�–�‡�‹�•�� �•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�� �…�ƒ�•�� �„�‘�–�Š�� �‹�•�–�‡�•�–�‹�‘�•�ƒ�Ž�Ž�›�� �ƒ�•�†�� �—�•�‹�•�–�‡�•�–�‹�‘�•�ƒ�Ž�Ž�›�� �ƒ�Ž�–�‡�”�� �‹�•�� �˜�‹�˜�‘�� �„�‡�Š�ƒ�˜�‹�‘�”�� �‘�ˆ��

�’�”�‘�–�‡�‹�•���†�”�—�‰�•�ä�����Š�‡�”�‡�ˆ�‘�”�‡���–�Š�‡�•�‡���•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•���•�ƒ�›���Š�ƒ�•�’�‡�”���ƒ���•�‘�—�•�†���‹�•�–�‡�”�’�”�‡�–�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���‘�„�–�ƒ�‹�•�‡�†��

imaging data in both the preclinical and clinical setting. This review aims to give insight into 

�’�”�‘�–�‡�‹�•���…�Š�ƒ�”�ƒ�…�–�‡�”�‹�•�–�‹�…�•���–�Š�ƒ�–���ƒ�¡�‡�…�–���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•���ƒ�•�†���–�—�•�‘�”���—�’�–�ƒ�•�‡���‘�ˆ���–�—�•�‘�”�æ�–�ƒ�”�‰�‡�–�‹�•�‰���’�”�‘�–�‡�‹�•��

�†�”�—�‰�•�ä�� ���•�� �–�Š�‹�•�� �”�‡�˜�‹�‡�™�� �™�‡�� �‹�•�…�Ž�—�†�‡�†�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�á�� �ƒ�•�–�‹�„�‘�†�›�� �†�‡�”�‹�˜�ƒ�–�‹�˜�‡�•�� �ƒ�•�†�� �•�‘�•�æ���‰�� �•�…�ƒ�¡�‘�Ž�†�•�� �–�Š�ƒ�–��

�™�‡�”�‡���”�‡�–�”�‹�‡�˜�‡�†���™�‹�–�Š���–�Š�‡���•�‡�ƒ�”�…�Š���•�–�”�ƒ�–�‡�‰�›���™�‡���—�•�‡�†�ä�� �	�—�”�–�Š�‡�”�•�‘�”�‡�á���™�‡���•�—�•�•�ƒ�”�‹�œ�‡���–�Š�‡�� �‹�•�ª�—�‡�•�…�‡���‘�ˆ��

�…�‘�•�•�‘�•���’�”�‘�–�‡�‹�•���•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•���‘�•���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•���ƒ�•�†���–�—�•�‘�”���—�’�–�ƒ�•�‡���‘�ˆ���–�Š�‡�•�‡���’�”�‘�–�‡�‹�•�•�ä��

Search strategy 

Articles for this review were found by searches of PubMed, using the terms as mentioned in table I.

Table I. Used search terms.

Primary search terms Combined with

‘biodistribution

OR pharmacokinetics’

�î�’�”�‘�–�‡�‹�•�����������ƒ�¥�•�‹�–�›�����������…�ƒ�•�…�‡�”�ï

‘FcRn’

‘protein AND charge’

‘labeling AND proteins AND chelator’

�î�•�‹�–�‡�����������•�’�‡�…�‹�¤�…�����������Ž�ƒ�„�‡�Ž�‹�•�‰�ï

�î���…�Š�‡�Ž�ƒ�–�‘�”�����������…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•�����������…�Š�‡�Ž�ƒ�–�‡�†�ï

�î���ƒ�•�–�‹�„�‘�†�›�����������†�”�—�‰�����������…�‘�•�Œ�—�‰�ƒ�–�‡�����������������ï

�î���‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•���������‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‡�†�������������’�”�‘�–�‡�‹�•�����������…�ƒ�•�…�‡�”�ï

‘humanized AND cancer’

‘albumin AND cancer’

�î�’�”�‘�–�‡�‹�•�����������…�ƒ�•�…�‡�”�����������������
�������������
�›�Ž�ƒ�–�‹�‘�•���ï

´fluorescent AND protein AND imaging AND cancer`

�²���������‡�ˆ�ˆ�‡�…�–�² -

Moreover, we included useful studies that were mentioned in the references of obtained articles. 

We did not focus on studies that only included small peptides such as somatostatin analogs. 
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PROPERTIES OF PROTEIN DRUGS DETERMINING BIODISTRIBUTION 
AND TUMOR UPTAKE.

���Š�ƒ�”�•�ƒ�…�‘�•�‹�•�‡�–�‹�…�•�� �ƒ�•�†�� �–�—�•�‘�”�� �—�’�–�ƒ�•�‡�� �…�ƒ�•�� �„�‡�� �‹�•�ª�—�‡�•�…�‡�†�� �„�›�� �ƒ�� �•�—�Ž�–�‹�–�—�†�‡�� �‘�ˆ�� �’�”�‘�–�‡�‹�•�� �’�”�‘�’�‡�”�–�‹�‡�•�ä��

���•�� �–�Š�‹�•�� �”�‡�˜�‹�‡�™�� �™�‡�� �ˆ�‘�…�—�•�� �‘�•�� �–�Š�‡�� �‹�•�ª�—�‡�•�…�‡�� �‘�ˆ�� �•�‹�œ�‡�á�� �–�ƒ�”�‰�‡�–�� �‹�•�–�‡�”�ƒ�…�–�‹�‘�•�á�� �–�Š�‡�� �•�‡�‘�•�ƒ�–�ƒ�Ž�� �ˆ�”�ƒ�‰�•�‡�•�–��
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Molecular size

���‘�–�Š���–�Š�‡���•�‘�Ž�‡�…�—�Ž�ƒ�”���™�‡�‹�‰�Š�–���ƒ�•�†���•�‹�œ�‡���‘�ˆ���’�”�‘�–�‡�‹�•�•���•�ƒ�›���ƒ�¡�‡�…�–���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�ä�����—�‡���–�‘���–�Š�‡���ˆ�ƒ�…�–���–�Š�ƒ�–��

biodistribution studies often mention protein weights rather than the hydrodynamic radius, in 

this review we focus on the impact of molecular weight of proteins on their biodistribution. 
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�•���ƒ�������ƒ�„�Ž�‡���������ä�c�á�d 
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Table II. Targeted proteins and their pharmacokinetics in mice, as adapted from Freise and Wu�c.

Format

Approx.

�������•���ƒ��

Typical serum  

t �]���^

Clearance route

Intact IgG �]�a�\�æ�]�b�\ �]�æ�_���™�‡�‡�•�• ���‡�’�ƒ�–�‹�…

�	���ƒ�„�ï��2 110 8-10 hr ���‡�’�ƒ�–�‹�…

Minibody �c�a �a�æ�]�\���Š�” ���‡�’�ƒ�–�‹�…

Fab �a�\�æ�a�a 12-20 hr Renal

Diabody �a�\ �_�æ�a���Š�” Renal

scFv 28 �^�æ�`���Š�” Renal

������ �]�^�æ�]�a �_�\�æ�b�\���•�‹�• Renal

���¥�„�‘�†�› �c �_�\�æ�b�\���•�‹�• Renal

�	���ƒ�„�ï��2���Ë���ƒ�•�–�‹�„�‘�†�›���‘�ˆ���™�Š�‹�…�Š���–�Š�‡���	�…���†�‘�•�ƒ�‹�•���‹�•���”�‡�•�‘�˜�‡�†���„�›���’�‡�’�•�‹�•���†�‹�‰�‡�•�–�‹�‘�•�â���	�ƒ�„���Ë���ƒ�•�–�‹�‰�‡�•�æ�„�‹�•�†�‹�•�‰���ˆ�”�ƒ�‰�•�‡�•�–�â���•�…�	�˜���Ë���•�‹�•�‰�Ž�‡��

�…�Š�ƒ�‹�•���˜�ƒ�”�‹�ƒ�„�Ž�‡���ˆ�”�ƒ�‰�•�‡�•�–�â�����������Ë���˜�ƒ�”�‹�ƒ�„�Ž�‡���†�‘�•�ƒ�‹�•���‘�ˆ���ƒ���Š�‡�ƒ�˜�›���…�Š�ƒ�‹�•���‘�ˆ���Š�‡�ƒ�˜�›�æ�…�Š�ƒ�‹�•���ƒ�•�–�‹�„�‘�†�‹�‡�•

���–�� �‹�•�� �–�Š�‘�—�‰�Š�–���–�Š�ƒ�–���–�Š�‡���’�‘�”�‡�•�� �‹�•�� �–�Š�‡���‰�Ž�‘�•�‡�”�—�Ž�ƒ�”�� �¤�Ž�–�”�ƒ�–�‹�‘�•�� �•�‡�•�„�”�ƒ�•�‡���ƒ�”�‡���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �c�a�%���ƒ�•�†��

�–�Š�ƒ�–���’�”�‘�–�‡�‹�•�•���ƒ�”�‡���‰�‡�•�‡�”�ƒ�Ž�Ž�›���”�‡�•�ƒ�Ž�Ž�›���¤�Ž�–�‡�”�‡�†���—�•�–�‹�Ž���ƒ���–�Š�”�‡�•�Š�‘�Ž�†���‘�ˆ���ƒ�”�‘�—�•�†���b�\�æ�c�\���•���ƒ���’�”�‘�–�‡�‹�•�•�ä�e�æ�]�^ As a 

�”�‡�•�—�Ž�–���’�”�‘�–�‡�‹�•�•���•�•�ƒ�Ž�Ž�‡�”���–�Š�ƒ�•���9�b�\�æ�c�\���•���ƒ���ƒ�”�‡���•�‘�”�‡���’�”�‘�•�‡���ˆ�‘�”���ˆ�ƒ�•�–���”�‡�•�ƒ�Ž���…�Ž�‡�ƒ�”�ƒ�•�…�‡���ƒ�•�†���ƒ�”�‡���–�Š�‡�”�‡�ˆ�‘�”�‡��

subjected to reabsorption in the proximal tubule as compared to larger proteins. Likely due to the 

�ˆ�ƒ�…�–���–�Š�ƒ�–���’�”�‘�–�‡�‹�•�•���ƒ�”�‡���ª�‡�š�‹�„�Ž�‡���…�‘�•�•�–�”�—�…�–�•�á���’�”�‘�–�‡�‹�•�•�� �Ž�ƒ�”�‰�‡�”���–�Š�ƒ�•���–�Š�‡���ƒ�„�‘�˜�‡�æ�•�‡�•�–�‹�‘�•�‡�†���–�Š�”�‡�•�Š�‘�Ž�†�á��

�•�—�…�Š�� �ƒ�•�� �ƒ�� �d�\�� �•���ƒ�� �…�ƒ�”�…�‹�•�‘�‡�•�„�”�›�‘�•�‹�…�� �ƒ�•�–�‹�‰�‡�•�� ������������ �–�ƒ�”�‰�‡�–�‹�•�‰�� �•�‹�•�‹�„�‘�†�›�á�� �…�ƒ�•�� �•�–�‹�Ž�Ž�� �„�‡�� �’�”�‘�•�‡�� �–�‘��

renal clearance.�]�_���	�ƒ�•�–���”�‡�•�ƒ�Ž���¤�Ž�–�”�ƒ�–�‹�‘�•���‘�ˆ���•�•�ƒ�Ž�Ž���’�”�‘�–�‡�‹�•�•���‰�‡�•�‡�”�ƒ�Ž�Ž�›���”�‡�•�—�Ž�–�•���‹�•���Ž�‘�™���ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•���ƒ�•�†��

�‡�š�’�‘�•�—�”�‡���–�‘���•�‘�”�•�ƒ�Ž���ƒ�•�†���–�—�•�‘�”���–�‹�•�•�—�‡�ä�����•�…�”�‡�ƒ�•�‹�•�‰���–�Š�‡���™�‡�‹�‰�Š�–���‘�ˆ���’�”�‘�–�‡�‹�•�•���–�‘���Ï�b�\�æ�c�\���•���ƒ���…�ƒ�•���’�”�‘�Ž�‘�•�‰��

serum half-life and increase tissue levels, tumor levels and target exposure.�]��̀����‘�™�‡�˜�‡�”�á���Š�‹�‰�Š���–�—�•�‘�”��
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levels of large proteins are not only the result of antigen binding in the tumor. Due to leakiness 

of blood vessels and a poorly developed lymphatic system in tumors, macromolecular particles 

tend to penetrate easily into tumors and poorly drain back onto the blood or lymphatic system, a 

process known since the 80’s.�]�a�����Š�‹�•���•�‘�æ�…�ƒ�Ž�Ž�‡�†���‡�•�Š�ƒ�•�…�‡�†���’�‡�”�•�‡�ƒ�„�‹�Ž�‹�–�›���ƒ�•�†���”�‡�–�‡�•�–�‹�‘�•���������������‡�¡�‡�…�–���‹�•��

�•�‹�œ�‡���†�‡�’�‡�•�†�‹�•�‰���ƒ�•�†���–�Š�‘�—�‰�Š�–���–�‘���•�‘�•�æ�•�’�‡�…�‹�¤�…�ƒ�Ž�Ž�›���‹�•�…�”�‡�ƒ�•�‡���–�—�•�‘�”���—�’�–�ƒ�•�‡���‘�ˆ���•�ƒ�•�‘�æ�•�‹�œ�‡�†���ƒ�•�–�‹�…�ƒ�•�…�‡�”��

drugs, including particles, vesicles, micelles, antibodies, or macromolecules.�]�b It is thought 
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immature blood vessel formation as compared to slow-growing tumors.�]�c In mice with slowly 

�‰�”�‘�™�‹�•�‰�� �Š�—�•�ƒ�•�� �–�—�•�‘�”�•�á���™�Š�‹�…�Š���ƒ�”�‡�� �•�‘�†�‡�Ž�•���…�Ž�‘�•�‡�”�� �–�‘�� �–�Š�‡���…�Ž�‹�•�‹�…�ƒ�Ž���•�‡�–�–�‹�•�‰�á���–�Š�‹�•�� ���������‡�¡�‡�…�–�� �‹�•�� �Ž�‡�•�•��

pronounced.�]�c�����•���ƒ���”�‡�•�—�Ž�–�á���–�Š�‡���‹�•�’�ƒ�…�–���‘�ˆ���–�Š�‡�����������‡�¡�‡�…�–���‘�•���•�‘�•�æ�•�’�‡�…�‹�¤�…���–�—�•�‘�”���ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•���‹�•��
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example, tumor uptake of �b�C̀u-labelled liposomes in 11 canine cancer patients with spontaneous 
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excreted relatively slow, these proteins show relatively long and high tumor exposure after a 

single admission.�]� ̀Therefore increasing molecular weight and size may result in a reduction of 

the required administration frequency. Consequently, there is a growing interest in increasing 

the molecular weight and size of small protein drug candidates, in order to reduce their excretion 
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protein, homo-amino acid polymer, proline-alanine-serine polymer, polyethylene glycol and to 

antibody fragments.�]�e�æ�^�_
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tumor levels. Such an increase should be taken into account when interpreting molecular 
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antigen-dependent tumor uptake, particularly in tumors with low antigen levels. 

Target interaction 

���•���’�”�‘�’�‘�•�‡�†���„�›���
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�‹�•���^�\�\�]�á���–�ƒ�”�‰�‡�–���„�‹�•�†�‹�•�‰���…�ƒ�•���‹�•�ª�—�‡�•�…�‡���ƒ�•�–�‹�„�‘�†�›���’�Š�ƒ�”�•�ƒ�…�‘�•�‹�•�‡�–�‹�…�•�ä�^�`�á�^�a Relative high antigen levels, 

as compared to antibody dose, is thought to shorten the half-life of antibodies due to target 

binding. Nonlinear kinetics have been observed for antibodies targeting membrane-associated 

�ƒ�•�–�‹�‰�‡�•�•�á�� �•�—�…�Š�� �ƒ�•�� �–�”�ƒ�•�–�—�œ�—�•�ƒ�„�� ���–�ƒ�”�‰�‡�–�‹�•�‰�� �Š�—�•�ƒ�•�� �‡�’�‹�†�‡�”�•�ƒ�Ž�� �‰�”�‘�™�–�Š�� �ˆ�ƒ�…�–�‘�”�� �”�‡�…�‡�’�–�‘�”�� �^�� ���������^������
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the half-life of trastuzumab in patients with low circulating levels of the extracellular domain of 
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 In addition, the extent of target binding also depends the degree of tumor accumulation of 

�’�”�‘�–�‡�‹�•���†�”�—�‰�•���–�ƒ�”�‰�‡�–�‹�•�‰���–�—�•�‘�”�æ�ƒ�•�•�‘�…�‹�ƒ�–�‡�†���ƒ�•�–�‹�‰�‡�•�ä�����Š�‡�‹�”���–�ƒ�”�‰�‡�–���ƒ�¥�•�‹�–�›���…�ƒ�•���•�ƒ�Œ�‘�”�Ž�›���ƒ�¡�‡�…�–���–�—�•�‘�”��

�—�’�–�ƒ�•�‡�ä�����‘�–�Š���†�‡�…�”�‡�ƒ�•�‹�•�‰���ƒ�•�†���‹�•�…�”�‡�ƒ�•�‹�•�‰���–�ƒ�”�‰�‡�–���ƒ�¥�•�‹�–�›���…�ƒ�•���”�‡�†�—�…�‡���–�—�•�‘�”���—�’�–�ƒ�•�‡���‘�ˆ���–�Š�‡�•�‡���’�”�‘�–�‡�‹�•��

drugs.�^�e�á�_�\�����•�…�”�‡�ƒ�•�‹�•�‰���–�ƒ�”�‰�‡�–���ƒ�¥�•�‹�–�›���‘�ˆ���ƒ�•�–�‹�„�‘�†�‹�‡�•���ƒ�•�†���•�‹�•�‰�Ž�‡���…�Š�ƒ�‹�•���˜�ƒ�”�‹�ƒ�„�Ž�‡���ˆ�”�ƒ�‰�•�‡�•�–�•�����•�…�	�˜�•�����–�‘��

extremely high levels, prevents them to detach from their targets in the tumor rim, making them 

prone for antigen internalization and catabolization, precluding them to bind targets located 

deeper in tumors.�^�e�á�_�\   
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the internalization rate of the targeted antigens when these antigens are expressed on the cell 

membrane of tumor cells. At dissociation rates faster than the rate of antigen internalization, 
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�–�‘���’�‡�•�‡�–�”�ƒ�–�‡���†�‡�‡�’�Ž�›�� �‹�•�–�‘���–�—�•�‘�”�•�ä�����Š�‹�•�� �Š�ƒ�•�� �„�‡�‡�•���†�‡�•�‘�•�•�–�”�ƒ�–�‡�†���™�‹�–�Š���ƒ�•�–�‹�æ�������^���ƒ�•�–�‹�„�‘�†�‹�‡�•�ä�^�e As 

dissociation rates of the studied antibodies were not measured, the authors used the known 

dissociation rates of the scFvs of these antibodies. In contrast, at dissociation rates slower than 
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antibody catabolism and tumor penetration.�^�e 
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10-10 M, as determined by surface plasmon resonance.�_��̂� ���•�� �•�‡�˜�‡�”�‡�� �…�‘�•�„�‹�•�‡�†�� �‹�•�•�—�•�‘�†�‡�¤�…�‹�‡�•�–��
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�”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‡�†���™�‹�–�Š���‹�•�†�‹�—�•�æ�]�]�]����111���•���ä�����‘�™�‡�˜�‡�”�á���ƒ���Ž�‘�™���ƒ�¥�•�‹�–�›���‘�ˆ���^�ä�c���š���]�\�æ�c M did prevent high tumor 

accumulation, as observed with 111���•�æ�
�e�d���� ���–�Š�‡�� �Ž�‘�™�‡�•�–�� �ƒ�¥�•�‹�–�›�� �ƒ�•�–�‹�„�‘�†�›���ä�� ���—�•�‘�”�� �—�’�–�ƒ�•�‡�� �‘�ˆ��
111���•�æ�
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�—�’�–�ƒ�•�‡�� �‹�•�� ���������æ�_�� �š�‡�•�‘�‰�”�ƒ�ˆ�–�‡�†�� ���ä���]�c�����…�”�æ�•�…�‹�†�� �•�‹�…�‡�ä�_�\ ScFvs were derived from a single clone 

�™�‹�–�Š���‹�•�…�”�‡�ƒ�•�‹�•�‰���ƒ�¥�•�‹�–�‹�‡�•���ˆ�‘�”���–�Š�‡���•�ƒ�•�‡���������^���‡�’�‹�–�‘�’�‡�����_�ä�^���š���]�\�æ�c�����á���]�ä�b���š���]�\-8 M, 1.0 x 10�æ�e M, 1.2 x 

10-10�����á���ƒ�•�†���]�ä�a���š���]�\-11�������ä�����Š�‹�•���•�–�—�†�›���ƒ�Ž�•�‘���•�Š�‘�™�‡�†���–�Š�ƒ�–���ƒ���Š�‹�‰�Š���ƒ�¥�•�‹�–�›���…�‘�—�Ž�†���’�”�‡�˜�‡�•�–���†�‡�‡�’���–�—�•�‘�”��
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�•�…�	�˜���™�‹�–�Š���ƒ�•���ƒ�¥�•�‹�–�›���‘�ˆ���]�ä�a���š���]�\-11�������™�ƒ�•���•�—�…�Š���Ž�‡�•�•���–�Š�ƒ�•���‘�ˆ���–�Š�‡���•�…�	�˜���™�‹�–�Š���ƒ�•���ƒ�¥�•�‹�–�›���‘�ˆ���_�ä�^���š���]�\�æ�c M. 

Tumor uptake of the �]�^�a���� �Ž�ƒ�„�‡�Ž�‡�†�� �•�…�	�˜�•�� �†�‡�’�‡�•�†�‡�†���‘�•�� �„�‘�–�Š�� �–�ƒ�”�‰�‡�–���ƒ�¥�•�‹�–�›�� �ƒ�•�†�� �–�Š�‡���ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†��

�†�‘�•�‡�ä�����•�…�”�‡�ƒ�•�‹�•�‰���������^���ƒ�¥�•�‹�–�›���—�’���–�‘���]�ä�\���š���]�\�æ�e M resulted in increased tumor uptake of the studied 

�ƒ�•�–�‹�æ�������^���•�…�	� �̃á���™�Š�‹�…�Š���”�‡�•�ƒ�‹�•�‡�†���•�‹�•�‹�Ž�ƒ�”���ƒ�–���ƒ�•���ƒ�¥�•�‹�–�›���‘�ˆ�� �]�ä�^���š�� �]�\-10�� ���ä�� ���‘�™�‡�˜�‡�”�á�� �‹�•�…�”�‡�ƒ�•�‹�•�‰���–�Š�‡��

�ƒ�¥�•�‹�–�›���–�‘���]�ä�a���š���]�\-11 M resulted in a reduction of tumor accumulation. Noteworthy, this decrease in 
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tumor. 
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binding of proteins could mediate transcytosis instead of catabolism, which may result in 
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penetrations.    
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of these proteins range between respectively 1 x 10-8 – 1 x 10-11���ƒ�•�†���_�ä�d���š���]�\�æ�e�������æ���]�ä�b���š���]�\-10 M.
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molecular imaging data.  

FcRn binding 
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FcRn receptor.�_�a�á�_�b It is generally accepted that the FcRn receptor protects serum albumin and 

endogenous IgG antibodies from catabolism, as they strongly bind to FcRn at low endosomal 
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endogenous and exogenous IgG antibodies are transported back to the cellular surface and are 
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detectable FcRn binding was transported to the lysosomes for degradation.�_�d 

 The impact of FcRn dependent protection from catabolism has been demonstrated in 

mice.�_�e�� ���•�� �	�…���•�æ�†�‡�¤�…�‹�‡�•�–�� �•�‹�…�‡�á�� �–�Š�‡�� �•�‡�”�—�•�� �Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡�� �‘�ˆ�� ���‰�
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al. radiolabeled both wild-type IgG1 and non-FcRn binding IgG1 with 111In.�`�\ Indeed, 111In labeled 

non-FcRn binding antibody cleared much faster from plasma. In addition, a lack of FcRn binding 

promoted accumulation in the liver, spleen and intestines. These results suggest that FcRn 

binding protects antibodies from catabolism in these organs. 
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increase serum clearance and increase organ uptake, which is mostly observed in the liver and 
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tissue.�`�_ This was likely due to increased interaction of the positively charged particle with negative 

cell surface charges. Similarly, cationization of antibodies by attaching hexamethylenediamine 

�–�‡�•�†�•�� �–�‘�� �‹�•�…�”�‡�ƒ�•�‡�� �–�Š�‡�� �†�‡�’�‘�•�‹�–�‹�‘�•�� �‘�ˆ�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�� �‹�•�� �„�‘�–�Š�� �–�ƒ�”�‰�‡�–�� ���‡�ä�‰�ä�� �–�—�•�‘�”���� �ƒ�•�†�� �•�‘�”�•�ƒ�Ž�� �–�‹�•�•�—�‡�•��

in rats and mice.�`�`�æ�`�d As studied at 1-2 hr after injection, cationization mainly increased organ 

uptake in liver, lung and kidneys. Increased organ uptake additionally resulted in increased 

plasma clearance. Interestingly, anionization of antibodies, by diethylenetriaminepentaace-

�–�‹�…���ƒ�…�‹�†�����������������…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•���ƒ�•�†���‘�”���•�—�…�…�‹�•�›�Ž�ƒ�–�‹�‘�•���ƒ�Ž�•�‘���‹�•�…�”�‡�ƒ�•�‡�†���’�Ž�ƒ�•�•�ƒ���…�Ž�‡�ƒ�”�ƒ�•�…�‡���‹�•���•�‹�…�‡���ƒ�•�†��

rats.�`�e�æ�a�]�� ���Š�‹�Ž�‡�� �…�ƒ�–�‹�‘�•�‹�œ�ƒ�–�‹�‘�•�� �‹�•�…�”�‡�ƒ�•�‡�†�� �•�‘�•�æ�•�’�‡�…�‹�¤�…�� �–�‹�•�•�—�‡�� �—�’�–�ƒ�•�‡�� �ƒ�•�†�� �•�—�„�•�‡�“�—�‡�•�–�Ž�›�� �’�Ž�ƒ�•�•�ƒ��

clearance, anionization of antibodies mainly increased whole body clearance. Anionization of 
111���•���Ž�ƒ�„�‡�Ž�‡�†���ƒ�•�–�‹�„�‘�†�‹�‡�•���‰�‡�•�‡�”�ƒ�Ž�Ž�›���†�‡�…�”�‡�ƒ�•�‡�†���–�Š�‡�‹�”���‘�”�‰�ƒ�•���—�’�–�ƒ�•�‡�����‡�š�…�‡�’�–���ˆ�‘�”���Ž�‹�˜�‡�”���á���ƒ�•���•�–�—�†�‹�‡�†���]�æ�^�`��

hr after injection. �`�e�æ�a�] The fact that hepatic uptake did not decrease might be due to the fact that 

�ƒ�•�‹�‘�•�‹�œ�ƒ�–�‹�‘�•�� �•�ƒ�›�� �Š�ƒ�˜�‡�� �‹�•�…�”�‡�ƒ�•�‡�†�� �–�Š�‡�� �‹�•�–�‡�”�ƒ�…�–�‹�‘�•���‘�ˆ�� �–�Š�‡�� �•�‘�†�‹�¤�‡�†���ƒ�•�–�‹�„�‘�†�‹�‡�•���™�‹�–�Š�� �‹�•�–�”�ƒ�Š�‡�’�ƒ�–�‹�…��

scavenger receptors.�a�] At high antibody doses liver uptake of 111In labeled highly succinylated 
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bovine IgG could be saturated, suggesting that the binding to these scavenger receptors can be 

saturated.�a�]

�� ���•�� �…�‘�•�–�”�ƒ�•�–�� �–�‘�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�á�� �…�Š�ƒ�”�‰�‡�� �…�Š�ƒ�•�‰�‹�•�‰�� �’�”�‘�–�‡�‹�•�� �•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•�� �…�ƒ�•�� �Š�ƒ�˜�‡�� �ƒ�� �†�‹�¡�‡�”�‡�•�–��

�‡�¡�‡�…�–�� �‘�•�� �–�Š�‡�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �‘�ˆ�� �•�•�ƒ�Ž�Ž�‡�”�� �’�”�‘�–�‡�‹�•�•�ä�� ���•�� �•�•�ƒ�Ž�Ž�� �’�”�‘�–�‡�‹�•�•�� ���Î�b�\�� �•���ƒ���� �ƒ�”�‡�� �’�”�‘�•�‡�� �–�‘��

renal excretion, they are exposed to charge dependent renal tubular reabsorption.�a� ̂ In cancer 

patients, high renal accumulation has been observed with small size radiolabeled proteins such 

�ƒ�•���ƒ���–�”�ƒ�•�–�—�œ�—�•�ƒ�„���ƒ�•�–�‹�‰�‡�•�æ�„�‹�•�†�‹�•�‰���ˆ�”�ƒ�‰�•�‡�•�–�����	�ƒ�„�����ƒ�•�†���ƒ�•���ƒ�•�–�‹�æ�������^���ƒ�¥�„�‘�†�›�ä�a�_�á�a�` This high renal 

uptake potentially hampers the visualization of tumor uptake in tumors that are located in 

�…�Ž�‘�•�‡���’�”�‘�š�‹�•�‹�–�›���‘�ˆ���–�Š�‡���•�‹�†�•�‡�›�•�ä�����‘�†�‹�¤�…�ƒ�–�‹�‘�•�•���–�Š�ƒ�–���ƒ�¡�‡�…�–���–�Š�‡���…�Š�ƒ�”�‰�‡���‘�ˆ���•�•�ƒ�Ž�Ž���’�”�‘�–�‡�‹�•���†�”�—�‰�•���…�ƒ�•��

thus alter renal accumulation, potentially hampering the visualization of their tumor uptake. 

Attaching negatively charged glycolate molecules to both an interleukin-2 receptor targeting 

�	�ƒ�„�� �ƒ�•�†�� �†�‹�•�—�Ž�¤�†�‡�æ�„�‘�•�†�‡�†�� �˜�ƒ�”�‹�ƒ�„�Ž�‡�� �”�‡�‰�‹�‘�•�� �ˆ�”�ƒ�‰�•�‡�•�–�á�� �‰�‡�•�‡�”�ƒ�Ž�Ž�›�� �”�‡�†�—�…�‡�†�� �”�‡�•�ƒ�Ž�� �ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•�� �‹�•��

mice.�a�a�á�a�b�� ���•�� �‰�Ž�›�…�‘�Ž�ƒ�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡�� �†�‹�•�—�Ž�¤�†�‡�æ�„�‘�•�†�‡�†�� �˜�ƒ�”�‹�ƒ�„�Ž�‡�� �”�‡�‰�‹�‘�•�� �ˆ�”�ƒ�‰�•�‡�•�–�� �Š�ƒ�”�†�Ž�›�� �‹�•�…�”�‡�ƒ�•�‡�†�� �‹�–�•��

�•�‹�œ�‡�� ���ƒ�� �•�ƒ�š�‹�•�—�•���‘�ˆ�� �^�ä�d�Ä���á�� �–�Š�‡���‘�„�•�‡�”�˜�‡�†���‡�¡�‡�…�–���™�ƒ�•�� �•�‘�•�–�� �Ž�‹�•�‡�Ž�›���†�—�‡�� �–�‘�� �–�Š�‡���ƒ�•�‹�‘�•�‹�œ�ƒ�–�‹�‘�•���‘�ˆ�� �–�Š�‡��

protein. �a�b Renal accumulation of the non-glycolated interleukin-2 receptor targeting Fab was 

indeed triggered by positive charge interaction in the kidneys, as co-injection with positively 

�…�Š�ƒ�”�‰�‡�†�� �Ž�›�•�‹�•�‡���†�”�ƒ�•�–�‹�…�ƒ�Ž�Ž�›�� �”�‡�†�—�…�‡�†�� �”�‡�•�ƒ�Ž���ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•�� ���ˆ�”�‘�•�� �]�e�b�ä�^�� �È���]�d�ä�d�Ä�� �������‰�� �–�‘�� �^�`�ä�e���È���^�ä�\�Ä��

�������‰���ä�a�a�� ���•�� �Ž�‹�•�‡�� �™�‹�–�Š�� �–�Š�‹�•�� �¤�•�†�‹�•�‰�á�� �…�‘�æ�‹�•�Œ�‡�…�–�‹�‘�•�� �‘�ˆ�� �…�ƒ�–�‹�‘�•�‹�…�� �ƒ�•�‹�•�‘�� �ƒ�…�‹�†�•�� �ƒ�Ž�•�‘�� �”�‡�†�—�…�‡�†�� �”�‡�•�ƒ�Ž��

�ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•�� �‘�ˆ�� �‘�–�Š�‡�”�� �’�”�‘�–�‡�‹�•�•�� �‹�•�…�Ž�—�†�‹�•�‰�� �	�ƒ�„�á�� �	���ƒ�„�ï��2, scFv and a variable domain of a heavy 

�…�Š�ƒ�‹�•���‘�ˆ�� �Š�‡�ƒ�˜�›�æ�…�Š�ƒ�‹�•���‘�•�Ž�›���ƒ�•�–�‹�„�‘�†�‹�‡�•�� �����������ä�a�c�æ�b�] Similar to cationic proteins, anionic peptides 

are also prone for charge dependent renal accumulation. Renal uptake of e.g. negatively charged 
111In-minigastrin, 111In-bombesin and 111In-exendin could be reduced by co-injection of negatively 

charged poly-glutamic acid.�b� ̂In contrast to that observed with antibodies, the blood clearance of 

�	�ƒ�„���ˆ�”�ƒ�‰�•�‡�•�–�•���ƒ�•�†���†�‹�•�—�Ž�¤�†�‡�æ�„�‘�•�†�‡�†���˜�ƒ�”�‹�ƒ�„�Ž�‡���”�‡�‰�‹�‘�•���ˆ�”�ƒ�‰�•�‡�•�–�•���–�ƒ�”�‰�‡�–�‹�•�‰���‹�•�–�‡�”�Ž�‡�—�•�‹�•�æ�^���”�‡�…�‡�’�–�‘�”��

alpha did not increase upon anionization.�a�a�á�a�b�� ���•�‹�‘�•�‹�œ�ƒ�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡�� �†�‹�•�—�Ž�¤�†�‡�æ�„�‘�•�†�‡�†�� �˜�ƒ�”�‹�ƒ�„�Ž�‡��

�”�‡�‰�‹�‘�•���ˆ�”�ƒ�‰�•�‡�•�–���Š�ƒ�†���•�‡�‰�Ž�‹�‰�‹�„�Ž�‡���‹�•�’�ƒ�…�–���‘�•���„�Ž�‘�‘�†���Ž�‡�˜�‡�Ž�•���ƒ�•���•�‡�ƒ�•�—�”�‡�†���—�’���–�‘���_���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•���‹�•��

mice.�a�a In case of the Fab fragment, anionization decreased the clearance rate in mice.�a�b 

 As discussed above, the overall charge of proteins can change due to anionizing and 

�…�ƒ�–�‹�‘�•�‹�œ�‹�•�‰�� �’�”�‘�–�‡�‹�•�� �•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•�ä�� ���‹�•�‡�™�‹�•�‡�á�� �’�”�‘�–�‡�‹�•�� �•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•�� �…�ƒ�•�� �ƒ�Ž�•�‘�� �”�‡�†�—�…�‡�� �Ž�‘�…�ƒ�Ž�� �ƒ�•�†��

�‘�˜�‡�”�ƒ�Ž�Ž���…�Š�ƒ�”�‰�‡�á���’�‘�–�‡�•�–�‹�ƒ�Ž�Ž�›�� �‹�•�–�”�‘�†�—�…�‹�•�‰�� �ò�Ž�‹�’�‘�’�Š�‹�Ž�‹�…���’�ƒ�–�…�Š�‡�•�ó���ƒ�•�†�� �‹�•�…�”�‡�ƒ�•�‹�•�‰���‘�˜�‡�”�ƒ�Ž�Ž�� �Ž�‹�’�‘�’�Š�‹�Ž�‹�…�‹�–�›��

of proteins. The presence of a lipophilic patch likely promoted hepatic uptake of radiolabeled 

peptides in monkeys.�b�_�����•���ƒ�†�†�‹�–�‹�‘�•�á���‹�•�…�”�‡�ƒ�•�‹�•�‰���–�Š�‡���Ž�‹�’�‘�’�Š�‹�Ž�‹�…�‹�–�›���‘�ˆ���ƒ�•�–�‹�æ�������^���ƒ�¥�„�‘�†�‹�‡�•���‹�•�…�”�‡�ƒ�•�‡�†��

�–�Š�‡���—�’�–�ƒ�•�‡���‘�ˆ���–�Š�‡�•�‡���ƒ�¥�„�‘�†�‹�‡�•���‹�•���–�Š�‡���Ž�‹�˜�‡�”���ƒ�•�†���•�’�Ž�‡�‡�•���‘�ˆ���•�‹�…�‡���ƒ�–���`���Š�”���ƒ�•�†���^�`���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�ä�_� ̀

���‘�”�‡�‘�˜�‡�”�á�� �’�”�‘�–�‡�‹�•�� �•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•�� �’�”�‘�•�‘�–�‹�•�‰�� �Š�›�†�”�‘�’�Š�‘�„�‹�…�� �‹�•�–�‡�”�ƒ�…�–�‹�‘�•�•�á�� �•�—�…�Š�� �ƒ�•�� �‹�•�…�”�‡�ƒ�•�‹�•�‰�� �–�Š�‡��

�ƒ�•�‘�—�•�–�� �‘�ˆ�� �Ž�‹�’�‘�’�Š�‹�Ž�‹�…�� �†�”�—�‰�•�� �–�‘�� �…�”�‡�ƒ�–�‡�� �ƒ�•�–�‹�„�‘�†�›�æ�†�”�—�‰�� �…�‘�•�Œ�—�‰�ƒ�–�‡�•�� ���������•���á�� �…�ƒ�•�� �•�ƒ�•�‡�� �’�”�‘�–�‡�‹�•�•��

prone to aggregation.�b� ̀ Aggregation may subsequently alter the biodistribution of proteins. 

���Š�‡�•���—�•�‹�•�‰���Ž�‹�’�‘�’�Š�‹�Ž�‹�…���†�”�—�‰�•���ƒ�•�†���†�”�—�‰���Ž�‹�•�•�‡�”�•�á���‹�•�…�”�‡�ƒ�•�‹�•�‰���–�Š�‡���†�”�—�‰���–�‘���ƒ�•�–�‹�„�‘�†�›���”�ƒ�–�‹�‘���������������…�ƒ�•��

�ƒ�Ž�•�‘�� �’�”�‘�•�‘�–�‡�� �–�Š�‡�� �—�’�–�ƒ�•�‡�� �‘�ˆ�� �������•�� �‹�•�� �•�‹�•�—�•�‘�‹�†�ƒ�Ž�� �‡�•�†�‘�–�Š�‡�Ž�‹�—�•�� �ƒ�•�†�� ���—�’�¡�‡�”�� �…�‡�Ž�Ž�•�� �‹�•�� �–�Š�‡�� �Ž�‹�˜�‡�”�� �‘�ˆ��

rats, increasing their clearance rate.�b�a The use of less lipophilic drug linkers can prevent a large 

increase in clearance rate.�b�a 
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�� ���•���…�‘�•�…�Ž�—�•�‹�‘�•�á���„�‘�–�Š���ƒ�•�‹�‘�•�‹�œ�‹�•�‰���ƒ�•�†���…�ƒ�–�‹�‘�•�‹�œ�‹�•�‰���’�”�‘�–�‡�‹�•���•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�•���…�ƒ�•���†�‡�…�”�‡�ƒ�•�‡���’�Ž�ƒ�•�•�ƒ��

�Š�ƒ�Ž�ˆ�æ�Ž�‹�˜�‡�•���‘�ˆ���ƒ�•�–�‹�„�‘�†�‹�‡�•�ä�����‘�™�‡�˜�‡�”�á���–�Š�‡���—�•�†�‡�”�Ž�›�‹�•�‰���•�‡�…�Š�ƒ�•�‹�•�•�•���†�‹�¡�‡�”�ä�����•�‹�‘�•�‹�œ�ƒ�–�‹�‘�•���‘�ˆ���ƒ�•�–�‹�„�‘�†�‹�‡�•��

�—�•�—�ƒ�Ž�Ž�›���‹�•�…�”�‡�ƒ�•�‡�•���™�Š�‘�Ž�‡���„�‘�†�›���…�Ž�‡�ƒ�”�ƒ�•�…�‡�á���™�Š�‹�Ž�‡���…�ƒ�–�‹�‘�•�‹�œ�ƒ�–�‹�‘�•���‘�ˆ���ƒ�•�–�‹�„�‘�†�‹�‡�•���’�”�‘�•�‘�–�‡�•���•�‘�•�æ�•�’�‡�…�‹�¤�…��

accumulation in normal tissue. In contrast however, anionization of smaller proteins may 

decrease clearance rate. For small sized protein drugs that are prone to renal excretion, both 

anionization and cationization can trigger accumulation in the kidneys. This accumulation 

is primarily due to an increase in charge dependent renal tubular reabsorption rather than an 

�‹�•�…�”�‡�ƒ�•�‡���‹�•���”�‡�•�ƒ�Ž���‡�š�…�”�‡�–�‹�‘�•�ä�����Š�‡���†�‹�•�…�—�•�•�‡�†���¤�•�†�‹�•�‰�•���•�ƒ�›���„�‡���–�”�ƒ�•�•�Ž�ƒ�–�‹�‘�•�ƒ�Ž���–�‘���‘�–�Š�‡�”���–�›�’�‡�•���‘�ˆ���’�”�‘�–�‡�‹�•��

drugs and may explain an unexpected biodistribution seen on imaging scans.   
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Table III .�����”�‘�–�‡�‹�•���’�”�‘�’�‡�”�–�‹�‡�•���–�Š�ƒ�–���…�ƒ�•���ƒ�¡�‡�…�–���„�‹�‘�†�‹�•�–�‹�„�—�–�‹�‘�•���’�”�‘�–�‡�‹�•�•�ä��

Protein properties ���¡�‡�…�–���‘�•���’�”�‘�–�‡�‹�•���’�Š�ƒ�”�•�ƒ�…�‘�•�‹�•�‡�–�‹�…�•�������„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•References

Weight

���‹�‰�Š���™�‡�‹�‰�Š�–�����Ï�b�\�æ�c�\���•���ƒ��

Serum half-lifea �Ï �e�á���]�\

���‡�•�ƒ�Ž���‡�š�…�”�‡�–�‹�‘�•�������—�’�–�ƒ�•�‡ �Ð �c�á���d
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Target Interaction

���‘�™���’�”�‘�–�‡�‹�•���†�‘�•�‡�������Š�‹�‰�Š��

antigen levels
Serum half-lifeb �Ð �^�b�æ�^�d

���•�…�”�‡�ƒ�•�‹�•�‰���–�ƒ�”�‰�‡�–���ƒ�¥�•�‹�–�›

���—�•�‘�”���’�‡�•�‡�–�”�ƒ�–�‹�‘�•�����ƒ�•�–�‹�æ�������^���ƒ�•�–�‹�„�‘�†�‹�‡�•���ƒ�–���ƒ�•���ƒ�¥�•�‹�–�›���‘�ˆ���Î�c�ä�_���š���]�\�æ�e������ �Ð �^�e

Tumor uptake

���ƒ�•�–�‹�æ�������^���]�^�a���æ�•�…�	�˜���ƒ�–���ƒ�•���ƒ�¥�•�‹�–�›���‘�ˆ���Î�]�ä�\���š���]�\�æ�e������

���ƒ�•�–�‹�æ�������^��111���•�æ�ƒ�•�–�‹�„�‘�†�‹�‡�•���ƒ�–���ƒ�•���ƒ�¥�•�‹�–�›���‘�ˆ���Î�^�ä�_���š���]�\-8������c

�Ï
�^�e�á���_�\

Tumor uptake

���ƒ�•�–�‹�æ�������^���]�^�a���æ�•�…�	�˜���ƒ�–���ƒ�•���ƒ�¥�•�‹�–�›���‘�ˆ���Î�]�ä�^���š���]�\-10������d

���ƒ�•�–�‹�æ�������^���]�^�a���æ�ƒ�•�–�‹�„�‘�†�‹�‡�•���ƒ�–���ƒ�•���ƒ�¥�•�‹�–�›���‘�ˆ���Î�c�ä�_���š���]�\�æ�e������e

�Ð �^�e�á���_�\

Tumor uptake

���ƒ�•�–�‹�æ�������^���e�e�•���…�æ�†�‡�•�‹�‰�•�‡�†���ƒ�•�•�›�”�‹�•���”�‡�’�‡�ƒ�–���’�”�‘�–�‡�‹�•�•���ƒ�–���ƒ�¥�•�‹�–�‹�‡�•���‘�ˆ���]���š��

10-8 - 1 x 10-11������

���ƒ�•�–�‹�æ�������^��111���•�æ�ƒ�¥�„�‘�†�‹�‡�•���ƒ�–���ƒ�¥�•�‹�–�‹�‡�•���‘�ˆ���_�ä�d���š���]�\�æ�e���æ���]�ä�b���š���]�\-10������

~ �_�_�á���_�`

FcRn Binding

Lack of FcRn binding

Serum half-life �Ð �_�e�á���`�\

���”�‰�ƒ�•���—�’�–�ƒ�•�‡�����‹�•���•�‘�•�–���‘�”�‰�ƒ�•�•�� �Ð �`�]

Uptake in liver, spleen and intestines �Ï �`�\�á���`�]

���•�…�”�‡�ƒ�•�‹�•�‰���	�…���•���ƒ�¥�•�‹�–�›Serum half-life �Ï �`�^

Charge

���‹�‰�Š�Ž�›���…�Š�ƒ�”�‰�‡�† ���‡�•�ƒ�Ž���ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•���‘�ˆ���ƒ���”�‡�•�ƒ�Ž�Ž�›���‡�š�…�”�‡�–�‡�†���’�”�‘�–�‡�‹�•�•�����’�‡�’�–�‹�†�‡�•�Ï �a�a�æ�b�^

Anionization

Serum half-life of antibodies �Ð �`�e�æ�a�]

Serum half-life of fab fragment �Ï �a�a

���‡�”�—�•���Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡���‘�ˆ���†�‹�•�—�Ž�¤�†�‡�æ�„�‘�•�†�‡�†���˜�ƒ�”�‹�ƒ�„�Ž�‡���”�‡�‰�‹�‘�•~ �a�b

���”�‰�ƒ�•���—�’�–�ƒ�•�‡���‘�ˆ���ƒ�•�–�‹�„�‘�†�‹�‡�•�����‹�•���•�‘�•�–���‘�”�‰�ƒ�•�•�� �Ð �`�e�æ�a�]

Cationization
Serum half-life of antibodies �Ï �`�`�æ�`�d

Organ uptake of antibodies �Ð �`�`�æ�`�d

Lipophilic patches
Liver uptake �Ð �_�`�á���b�_

Serum clearance �Ï �b�a

a ���š�…�‡�’�–�‹�‘�•�•���Š�ƒ�˜�‡���„�‡�‡�•���†�‡�•�…�”�‹�„�‡�†���`��̂â��b ���”�ƒ�•�–�—�œ�—�•�ƒ�„���]�\�\�•�‰���ƒ�–���]�\���™�‡�‡�•���‹�•�–�‡�”�˜�ƒ�Ž���ƒ�•�†���•�Š�‡�†���������^���„�Ž�‘�‘�†���Ž�‡�˜�‡�Ž�•���‘�ˆ���Î�a�\�\���Q�‰�������˜�•�ä��

�Î�a�\�\���Q�‰�����â��c �•�‘�–���‘�„�•�‡�”�˜�‡�†���™�‹�–�Š���ƒ�•�–�‹�æ�������^���]�^�a���æ�ƒ�•�–�‹�„�‘�†�‹�‡�•�â��d ���„�•�‡�”�˜�‡�†���ƒ�–���ƒ���†�‘�•�‡���‘�ˆ���]���Q�‰���„�—�–���•�‘�–���ƒ�–���ƒ���†�‘�•�‡���‘�ˆ���^�\���Q�‰�â��e not observed 

�™�‹�–�Š���ƒ�•�–�‹�æ�������^��111���•�æ�ƒ�•�–�‹�„�‘�†�‹�‡�•�â��f Renal accumulation likely increases with the increase of overall charge of proteins that are 

prone to renal excretion 
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PROTEIN MODIFICATIONS THAT AFFECT PHARMACOKINETICS AND 
TUMOR UPTAKE OF PROTEIN DRUGS. 

Radiolabeling 

Radiolabeling of protein drugs changes their chemical structure, potentially altering their in 

�˜�‹�˜�‘���„�‡�Š�ƒ�˜�‹�‘�”�ä�����‡�Ž�‘�™���™�‡���†�‹�•�…�—�•�•���Š�‘�™���†�‹�¡�‡�”�‡�•�…�‡�•���‹�•���”�ƒ�†�‹�‘�•�—�…�Ž�‹�†�‡�á���”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‹�•�‰���•�‡�–�Š�‘�†�á���•�‹�–�‡���‘�ˆ��

�Ž�ƒ�„�‡�Ž�‹�•�‰�á���…�Š�‡�Ž�ƒ�–�‘�”���’�”�‘�–�‡�‹�•�����…���’�����”�ƒ�–�‹�‘���ƒ�•�†���…�Š�‡�Ž�ƒ�–�‘�”���–�›�’�‡���…�ƒ�•���ƒ�Ž�–�‡�”���–�Š�‡���‹�•���˜�‹�˜�‘���„�‡�Š�ƒ�˜�‹�‘�”���‘�ˆ���’�”�‘�–�‡�‹�•��

drugs. 

Radionuclides / radiolabeling method 

�� ���”�‘�–�‡�‹�•���†�”�—�‰�•���…�ƒ�•�� �„�‡���”�ƒ�†�‹�‘�ƒ�…�–�‹�˜�‡�Ž�›�� �Ž�ƒ�„�‡�Ž�‡�†���™�‹�–�Š���†�‹�¡�‡�”�‡�•�–�� ���������ƒ�•�†���•�‹�•�‰�Ž�‡���’�Š�‘�–�‘�•���‡�•�‹�•�•�‹�‘�•��

�…�‘�•�’�—�–�‡�†�� �–�‘�•�‘�‰�”�ƒ�’�Š�›�� ���������������� �”�ƒ�†�‹�‘�•�—�…�Ž�‹�†�‡�•�ä�� ���”�‡�†�‘�•�‹�•�ƒ�•�–�� �”�ƒ�†�‹�‘�•�—�…�Ž�‹�†�‡�•�� �–�Š�ƒ�–�� �ƒ�”�‡�� �…�—�”�”�‡�•�–�Ž�›��

�—�•�‡�†�� �‹�•�� ������������ �‹�•�ƒ�‰�‹�•�‰�� �‹�•�…�Ž�—�†�‡���e�e�•���…�á�� �‹�‘�†�‹�•�‡�æ�]�^�_�� ���]�^�_�������ƒ�•�†��111���•�ä�� ���ˆ�–�‡�•�� �—�•�‡�†�� �������� �”�ƒ�†�‹�‘�•�—�…�Ž�‹�†�‡�•��

�ƒ�”�‡���…�ƒ�”�„�‘�•�æ�]�]����11�����á���ª�—�‘�”�‹�•�‡�æ�]�d����18�	���á���…�‘�’�’�‡�”�æ�b�`�����b��̀��—���á���‰�ƒ�Ž�Ž�‹�—�•�æ�b�d�����b�d�
�ƒ���á���œ�‹�”�…�‘�•�‹�—�•�æ�d�e�����d�e���”�����ƒ�•�†��

�‹�‘�†�‹�•�‡�æ�]�^�`�����]�^��̀����ä��

�� ���Š�‡���…�Š�‘�‹�…�‡���ˆ�‘�”���ƒ���•�’�‡�…�‹�¤�…���”�ƒ�†�‹�‘�•�—�…�Ž�‹�†�‡���†�‡�–�‡�”�•�‹�•�‡�•���™�Š�‹�…�Š���‹�•�ˆ�‘�”�•�ƒ�–�‹�‘�•���…�ƒ�•���„�‡���”�‡�–�”�‹�‡�˜�‡�†���ˆ�”�‘�•��

the labeled proteins, as radionuclides can be trapped in cells after internalization of radiolabeled 

proteins in these cells. Internalization of protein drugs that are directly labeled with neutrally 

�…�Š�ƒ�”�‰�‡�†���”�ƒ�†�‹�‘�Š�ƒ�Ž�‘�‰�‡�•�•�����‡�ä�‰�ä���”�ƒ�†�‹�‘�ƒ�…�–�‹�˜�‡���‹�‘�†�‹�•�‡�����ƒ�”�‡���‰�‡�•�‡�”�ƒ�Ž�Ž�›���…�ƒ�–�ƒ�„�‘�Ž�‹�œ�‡�†���‹�•�–�‘���•�‡�—�–�”�ƒ�Ž�Ž�›���…�Š�ƒ�”�‰�‡�†��

catabolites that can pass the cell membrane.�b�b These radiocatabolites do not accumulate in cells 

�—�’�‘�•�� �‹�•�–�‡�”�•�ƒ�Ž�‹�œ�ƒ�–�‹�‘�•�� �‘�ˆ�� �”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�†�� �’�”�‘�–�‡�‹�•�•�ä�� ���‘�™�‡�˜�‡�”�á�� �‹�•�†�‹�”�‡�…�–�Ž�›�� �”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‡�†�� �’�”�‘�–�‡�‹�•�� �†�”�—�‰�•�á��

with for example �d�eZr or 111In, are often catabolized into charged radiocatabolites that remain 

trapped intracellularly. �b�b Consequently, indirect labeling results in higher tumor signals and is 

therefore a more sensitive approach to visualize tumor uptake.�b�c�æ�c�^ Its use additionally results in 

higher signals in normal tissue, which is for antibodies and their fragments most pronounced 

in liver, spleen and kidneys.�b�c�æ�c�^ ���š�–�”�‡�•�‡�Ž�›�� �Š�‹�‰�Š���‘�”�‰�ƒ�•���—�’�–�ƒ�•�‡�� �•�ƒ�›�� �Š�ƒ�•�’�‡�”���–�Š�‡���˜�‹�•�—�ƒ�Ž�‹�œ�ƒ�–�‹�‘�•���‘�ˆ��

tumor uptake in tumors that are located in or in close proximity of these organs. As charged 

radiocatabolites remain trapped intracellularly after internalization and catabolism, their use 

could provide additional insight in catabolic sites of therapeutic proteins and delivery of toxic 

drugs by for example ADCs.�b 

 One should always take into account that with molecular imaging the biodistribution 

�‘�ˆ�� ���”�ƒ�†�‹�‘���Ž�ƒ�„�‡�Ž�•�� �”�ƒ�–�Š�‡�”�� �–�Š�ƒ�•�� �–�Š�‡�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �‘�ˆ�� �’�”�‘�–�‡�‹�•�•�� �‹�•�� �•�–�—�†�‹�‡�†�ä�� ���Š�‡�•�� �–�Š�‡�� �”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�� �‹�•��

�ƒ�–�–�ƒ�…�Š�‡�†�� �–�‘�� �–�Š�‡�� �’�”�‘�–�‡�‹�•�á�� �„�‘�–�Š�� �ƒ�”�‡�� �–�Š�‡�� �•�ƒ�•�‡�ä�� ���‘�™�‡�˜�‡�”�á�� �‹�ˆ�� �–�Š�‡�•�‡�� �Ž�ƒ�„�‡�Ž�•�� �†�‡�–�ƒ�…�Š�� �‘�”�� �‹�ˆ�� �–�Š�‡�� �’�”�‘�–�‡�‹�•��

degrades, respectively the label or labeled protein fragment are traced in vivo. In addition, the 

�ƒ�–�–�ƒ�…�Š�•�‡�•�–���‘�ˆ���”�ƒ�†�‹�‘�•�‡�–�ƒ�Ž���Ž�ƒ�„�‡�Ž�•���‹�•�˜�‘�Ž�˜�‡�•���–�Š�‡���…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•���‘�ˆ�����•�ƒ�‹�•�Ž�›���•�‡�‰�ƒ�–�‹�˜�‡�Ž�›�����…�Š�ƒ�”�‰�‡�†���…�Š�‡�Ž�ƒ�–�‹�•�‰��

agents. The introduction of such charged chelating agents will alter protein charge and may 

hamper target and FcRn binding. As discussed earlier in this review this can potentially alter the 

biodistribution of protein drugs. Chelating agents require high selectivity and binding capacity 

for the radiometal as the human body possess an excess of biometals and biochelators, which 

concentrations in the human body are typically much higher than that of injected radiolabeled 
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proteins. Copper for example has many chelating biomolecules that may cause transchelation of 

radioactive copper to these biomolecules.�c�_�á�c�` Such transchelation occurs when chelators are not 

kinetically inert and may cause increased liver levels.�c�a�æ�c�c�����•���ƒ���”�‡�•�—�Ž�–���•�—�…�Š���‡�¡�‘�”�–���Š�ƒ�•���’�—�–���‹�•�–�‘���–�Š�‡��

development of kinetically inert chelators.�c�d Like copper, radioactive gallium may transchelate 

�ˆ�”�‘�•���…�Š�‡�Ž�ƒ�–�‹�•�‰���•�‘�‹�‡�–�‹�‡�•���ƒ�•���‹�–���‹�•���™�‡�Ž�Ž���‡�•�–�ƒ�„�Ž�‹�•�Š�‡�†���–�Š�ƒ�–���‰�ƒ�Ž�Ž�‹�—�•�������������Š�ƒ�•���ƒ�¥�•�‹�–�›���ˆ�‘�”���–�”�ƒ�•�•�ˆ�‡�”�”�‹�•�ä�c�e It 

has been shown that �b�dGa-apo-transferrin may accumulate in liver, spine and muscle of mice.80 

Similarly, 111In may transchelate to transferrin and accumulate in liver, spleen and bone tissue.81,82 

Of the remaining often used radionuclides, free �d�eZr likely accumulates in bone tissue�d�_�æ�d�a, 

while non-labeled radioactive iodine and �e�e�•Tc may accumulate in thyroid, salivary glands and 

stomach.�d�b�á���d�c

�� ���•�� �ƒ�†�†�‹�–�‹�‘�•�� �–�‘�� �–�Š�‡�� �ƒ�„�‘�˜�‡�æ�•�‡�•�–�‹�‘�•�‡�†�� �†�‹�¡�‡�”�‡�•�…�‡�•�� �„�‡�–�™�‡�‡�•�� �”�ƒ�†�‹�‘�•�—�…�Ž�‹�†�‡�•�á�� �–�Š�‡�� �…�Š�‘�‹�…�‡�� �ˆ�‘�”�� �ƒ��

�•�’�‡�…�‹�¤�…���”�ƒ�†�‹�‘�•�—�…�Ž�‹�†�‡���‹�•���‘�ˆ�–�‡�•���„�ƒ�•�‡�†���‘�•���–�Š�‡�‹�”���ƒ�˜�ƒ�‹�Ž�ƒ�„�‹�Ž�‹�–�›�ä�����Š�‡���”�ƒ�†�‹�‘�•�—�…�Ž�‹�†�‡�•���]�^�_I, 111In, 11C, 18F, �b�C̀u, �d�eZr 

and �]�^�Ì can only be produced in centers that have a cyclotron, hampering their worldwide use. In 

contrast, �e�e�•Tc and �b�d�
�ƒ���…�ƒ�•���„�‡���”�‡�–�”�‹�‡�˜�‡�†���ˆ�”�‘�•���•�’�‡�…�‹�¤�…���‰�‡�•�‡�”�ƒ�–�‘�”�•���’�”�‘�†�—�…�‹�•�‰���–�Š�‡�•�‡���”�ƒ�†�‹�‘�•�—�…�Ž�‹�†�‡�•��

�‘�•���•�‹�–�‡�ä���	�—�”�–�Š�‡�”�•�‘�”�‡�á���–�Š�‡���…�Š�‘�‹�…�‡���ˆ�‘�”���ƒ���•�’�‡�…�‹�¤�…���”�ƒ�†�‹�‘�•�—�…�Ž�‹�†�‡���…�ƒ�•���„�‡���„�ƒ�•�‡�†���‘�•���‹�–�•���’�Š�›�•�‹�…�ƒ�Ž���Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡��

�����ƒ�„�Ž�‡�����������–�Š�ƒ�–���•�‘�•�–���‘�ˆ�–�‡�•���•�ƒ�–�…�Š�‡�•���–�Š�‡���•�‡�”�—�•���Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡���‘�ˆ���–�Š�‡���’�”�‘�–�‡�‹�•���‘�ˆ���‹�•�–�‡�”�‡�•�–�ä�����‘�™�‡�˜�‡�”�á���‘�•�‡��

may prefer a longer-lived radionuclide in order to study long-term in vivo biodistribution and in 

particular tumor uptake. 88 A radionuclide with a relative long half-life can additionally be used to 

study long-term stability in serum and tumor tissue.�d�e 

Table IV.���	�”�‡�“�—�‡�•�–�Ž�›���—�•�‡�†���������������ƒ�•�†�����������‹�•�‘�–�‘�’�‡�•

SPECT PET

Radionuclide Half-life Radionuclide Half-life

 99mTc �b�ä�\���Š�” 11C �^�\�ä�`���•�‹�•

123I �]�_�ä�^���Š�” 18F �]�\�e�ä�d���•�‹�•

111In 2.8 days 64Cu �]�^�ä�c���Š�”

68Ga �b�c�ä�c���•�‹�•

89Zr �c�d�ä�a���Š�”

124I �`�ä�^���†�ƒ�›�•

Type of chelator or chelating amino acid sequences

Indirect labeling can be performed using a wide range of charged chelators, chelating amino 

acid sequences, and charged radioisotopes. Therefore indirect radiolabeling might alter 

biodistribution and tumor uptake, depending on the type of chelator used. 

�� ���‡�˜�‡�”�ƒ�Ž�� �•�–�—�†�‹�‡�•�� �Š�ƒ�˜�‡�� �†�‡�•�‘�•�•�–�”�ƒ�–�‡�†�� �–�Š�ƒ�–�� �–�Š�‡�� �—�•�‡�� �‘�ˆ�� �•�’�‡�…�‹�¤�…�� �…�Š�‡�Ž�ƒ�–�‹�•�‰�� �ƒ�‰�‡�•�–�•�� �…�ƒ�•�� �ƒ�Ž�–�‡�”�� �–�Š�‡��

�„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �‘�ˆ�� �������^�� �–�ƒ�”�‰�‡�–�‹�•�‰�� �ƒ�¥�„�‘�†�‹�‡�•�� �����������^ ���ä�� ���™�‹�–�…�Š�‹�•�‰�� �„�‡�–�™�‡�‡�•�� �–�Š�‡�� �•�ƒ�…�”�‘�…�›�…�Ž�‹�…��

�…�Š�‡�Ž�ƒ�–�‘�”�•�� �`�á�c�æ�–�”�‹�ƒ�œ�ƒ�…�›�…�Ž�‘�•�‘�•�ƒ�•�‡�æ���á���",N�#�æ�–�”�‹�ƒ�…�‡�–�‹�…�� �ƒ�…�‹�†�� �������������á�� �]�á�`�á�c�á�]�\�æ�–�‡�–�”�ƒ�ƒ�œ�ƒ�…�›�…�Ž�‘�†�‘�†�‡-

�…�ƒ�•�‡�æ�]�á�`�á�c�á�]�\�æ�–�‡�–�”�ƒ�ƒ�…�‡�–�‹�…���ƒ�…�‹�†�����������������ƒ�•�†���]�æ���]�á�_�æ�…�ƒ�”�„�‘�š�›�’�”�‘�’�›�Ž���æ�`�á�c�æ�…�ƒ�”�„�‘�š�›�•�‡�–�Š�›�Ž�æ�]�á�`�á�c�æ�–�”�‹�ƒ�œ�ƒ-

�…�›�…�Ž�‘�•�‘�•�ƒ�•�‡�� �������
���������� �†�‹�†�� �ƒ�Ž�–�‡�”�� �–�Š�‡�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �‘�ˆ�� ���������^�ã���]�á�� �ƒ�•�� �†�‡�–�‡�”�•�‹�•�‡�†�� �`�� �Š�”�� �ƒ�ˆ�–�‡�”��
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injection in mice. �e�\�á���e�]�����ƒ�”�‰�‡�•�–���†�‹�¡�‡�”�‡�•�…�‡�•���‹�•��111In-Z�������^�ã���] levels were observed in blood and liver. 

���Ž�‘�‘�†�� �Ž�‡�˜�‡�Ž�•�� �™�‡�”�‡�� �Ž�‘�™�‡�•�–�� �ˆ�‘�”�� �����
�������� �…�‘�•�Œ�—�‰�ƒ�–�‡�†�� ���������^�ã���]�� �‹�•�� ���������� �•�‹�…�‡�á�� �„�—�–�� �•�‘�–�� �‹�•�� ��������������

�•�—���•�—�� �•�‹�…�‡�ä�e�\�á�e�]�� ���‡�’�ƒ�–�‹�…�� �ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•�� �‘�ˆ��111In-NOTA-Z �������^�ã���]�����b�ä�b�æ�b�ä�d�Ä�� �������‰���� �™�ƒ�•�� �Š�‹�‰�Š�‡�”�� �–�Š�ƒ�•��

of 111In-DOTA-Z �������^�ã���] and 
111In-NOGADA-Z �������^�ã���]�����Î�_�ä�\�Ä�� �������‰���� �‹�•�� �„�‘�–�Š�� �•�‘�—�•�‡�� �•�–�”�ƒ�‹�•�•�ä�e�\�á�e�] It was 

�•�—�‰�‰�‡�•�–�‡�†���–�Š�ƒ�–���–�Š�‹�•���†�‹�¡�‡�”�‡�•�…�‡���™�ƒ�•���†�—�‡���–�‘���–�Š�‡���ˆ�ƒ�…�–���–�Š�ƒ�–��111���•�æ�����������‹�•���’�‘�•�‹�–�‹�˜�‡�Ž�›���…�Š�ƒ�”�‰�‡�†�����Æ�]���á���™�Š�‹�Ž�‡��

both 111In-DOTA and 111In-NOGADA complexes are neutrally charged. Interestingly, labeling 

�™�‹�–�Š���ƒ�•�‘�–�Š�‡�”���–�”�‹�˜�ƒ�Ž�‡�•�–���’�‘�•�‹�–�‹�˜�‡�Ž�›���…�Š�ƒ�”�‰�‡�†���”�ƒ�†�‹�‘�•�‡�–�ƒ�Ž�� ���‰�ƒ�Ž�Ž�‹�—�•�æ�b�d�����”�‡�•�—�Ž�–�‡�†�� �‹�•�� �Ž�‡�•�•���’�”�‘�•�‘�—�•�…�‡�†��

�†�‹�¡�‡�”�‡�•�…�‡�•���‹�•���Š�‡�’�ƒ�–�‹�…���ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•���‘�ˆ�����������^�ã���].
�e�]

 In addition to macrocyclic chelators, radiometals can be labeled to chelating amino 

�ƒ�…�‹�†�� �•�‡�“�—�‡�•�…�‡�•�� �’�”�‡�•�‡�•�–�� �‹�•�� �’�”�‘�–�‡�‹�•�� �†�”�—�‰�•�ä�� ���Š�‡�� �‹�•�’�ƒ�…�–�� �‘�ˆ�� �—�•�‹�•�‰�� �†�‹�¡�‡�”�‡�•�–�� �…�Š�‡�Ž�ƒ�–�‹�•�‰�� �ƒ�•�‹�•�‘�� �ƒ�…�‹�†��

�•�‡�“�—�‡�•�…�‡�•�� �‘�•�� �–�Š�‡�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �‘�ˆ�� �’�”�‘�–�‡�‹�•�� �†�”�—�‰�•�� �Š�ƒ�•�� �‡�š�–�‡�•�•�‹�˜�‡�Ž�›�� �„�‡�‡�•�� �•�–�—�†�‹�‡�†�� �—�•�‹�•�‰�� �e�e�•���…��

labeled Z�������^�ã�_�`�^���‹�•���•�‹�…�‡�ä�����–���`���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�á���†�‹�¡�‡�”�‡�•�…�‡�•���‹�•���e�e�•Tc- Z�������^�ã�_�`�^ levels were mainly 

�‘�„�•�‡�”�˜�‡�†�� �‹�•�� �Ž�‹�˜�‡�”�á�� �•�‹�†�•�‡�›�á�� �•�’�Ž�‡�‡�•�� �ƒ�•�†�� �„�Ž�‘�‘�†�� �����ƒ�„�Ž�‡�������ä�� ���Š�‡�� �”�ƒ�†�‹�‘�ƒ�…�–�‹�˜�‹�–�›�� �‘�ˆ�� �–�Š�‡�� �‹�•�–�‡�•�–�‹�•�‡�•�� �™�‹�–�Š��

content has been determined to estimate hepatobiliary excretion of radioactivity. Radiolabeled 

�ƒ�¥�„�‘�†�‹�‡�•�� �™�‡�”�‡�� �ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†�� �•�—�„�…�—�–�ƒ�•�‡�‘�—�•�Ž�›�� �‘�”�� �‹�•�–�”�ƒ�˜�‡�•�‘�—�•�Ž�›�á�� �™�Š�‹�…�Š�� �‹�•�� �‡�š�’�‡�…�–�‡�†�� �–�‘�� �”�‡�•�—�Ž�–�� �‹�•��

�ƒ�� �•�‹�•�‹�Ž�ƒ�”�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �’�”�‘�¤�Ž�‡�� �ƒ�–�� �`�� �Š�”�� �ƒ�ˆ�–�‡�”�� �‹�•�Œ�‡�…�–�‹�‘�•�ä�e� ̂ Introducing six consecutively placed 

�’�‘�•�‹�–�‹�˜�‡�Ž�›���…�Š�ƒ�”�‰�‡�†���Š�‹�•�–�‹�†�‹�•�‡�•�������b�����ƒ�–���–�Š�‡�����æ�–�‡�”�•�‹�•�—�•���‘�ˆ�����������^�ã�_�`�^ increased hepatic uptake nearly 

�ƒ���a�æ�ˆ�‘�Ž�†���‹�•�������������•�‹�…�‡�ä�e�_�����•���ƒ�†�†�‹�–�‹�‘�•�á���‹�–���”�‡�•�—�Ž�–�‡�†���‹�•���ƒ�•���—�•�—�•�—�ƒ�Ž�Ž�›���Š�‹�‰�Š���Š�‡�’�ƒ�–�‹�…���ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•�����]�e�Ä��

�������‰�����‹�•�������������•�‹�…�‡�ä�e�_ Similarly, the use of positively charged lysines in the chelating sequence at 

the N-terminus of Z�������^�ã�_�`�^���ƒ�Ž�•�‘���”�‡�•�—�Ž�–�‡�†���‹�•���Š�‹�‰�Š���Ž�‹�˜�‡�”�����c�æ�^�_�Ä���������‰���á���Š�‹�‰�Š���•�‹�†�•�‡�›�����_�b�æ�]�^�c�Ä���������‰����

�ƒ�•�†���”�‡�Ž�ƒ�–�‹�˜�‡�Ž�›���Š�‹�‰�Š���•�’�Ž�‡�‡�•�����9�^�ä�a�Ä���������‰�����—�’�–�ƒ�•�‡���‘�ˆ���•�‹�…�‡�ä�e�`�á�e�a Replacing three of the six histidines 

�‹�•�� �–�Š�‡�� ���æ�–�‡�”�•�‹�•�ƒ�Ž�� ���b-tag by three hydrophobic isoleucines resulted in increased levels in 

�„�‘�–�Š�� �–�Š�‡�� �Ž�‹�˜�‡�”�� ���_�^�� �È�� �`�Ä�� �������‰���� �ƒ�•�†�� �•�’�Ž�‡�‡�•�� ���_�d�� �È�� �e�Ä�� �������‰���� �ƒ�•�†�� �†�‡�…�”�‡�ƒ�•�‡�†�� �”�‡�•�ƒ�Ž�� �Ž�‡�˜�‡�Ž�•�� ���e�� �È�� �^�Ä��

�������‰���ä�e�a�� ���‡�’�Ž�ƒ�…�‹�•�‰�� �–�Š�‡�� �•�ƒ�•�‡�� �Š�‹�•�–�‹�†�‹�•�‡�•�� ���ƒ�–�� �–�Š�‡�� ���æ�–�‡�”�•�‹�•�—�•���� �™�‹�–�Š�� �•�‡�‰�ƒ�–�‹�˜�‡�Ž�›�� �…�Š�ƒ�”�‰�‡�†�� �‰�Ž�—�–�ƒ�•�‹�…��

�ƒ�…�‹�†�•���”�‡�†�—�…�‡�†���—�’�–�ƒ�•�‡���‹�•���Ž�‹�˜�‡�”�����Î�]�ä�a�Ä���������‰�����ƒ�•�†���•�’�Ž�‡�‡�•�����9�\�ä�^�Ä���������‰���ä�e�a�á�e�b The use of N-terminal 

�•�‡�”�…�ƒ�’�–�‘�ƒ�…�‡�–�›�Ž�� ���•�ƒ���æ�‰�Ž�›�…�‹�•�‡�� ���
���æ�‰�Ž�›�…�‹�•�‡�æ�‰�Ž�›�…�‹�•�‡�� ���•�ƒ�
�
�
���á�� �ƒ�� �…�Š�‡�Ž�ƒ�–�‹�•�‰�� �•�‡�“�—�‡�•�…�‡�� �…�‘�•�–�ƒ�‹�•�‹�•�‰��

�•�‹�†�‡�� �…�Š�ƒ�‹�•�� �†�‡�¤�…�‹�‡�•�–�� �ƒ�•�‹�•�‘�� �ƒ�…�‹�†�•�á�� �†�‡�…�”�‡�ƒ�•�‡�†�� �”�‡�•�ƒ�Ž�� �ƒ�•�†�� �Š�‡�’�ƒ�–�‹�…�� �ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•�� �–�‘�� �”�‡�•�’�‡�…�–�‹�˜�‡�Ž�›��

�Ð�d�ä�^�Ä���������‰���ƒ�•�†���Ð�\�ä�e�_�Ä���������‰�ä�e�c�á�e�d Replacing the glycines with negatively charged glutamic acids 

�������á���‹�•�…�”�‡�ƒ�•�‡�†���”�‡�•�ƒ�Ž���—�’�–�ƒ�•�‡�����Ð�d�ä�^�Ä���������‰���ˆ�‘�”���•�ƒ�
�
�
�á���d�ä�e���È���\�ä�d�Ä���������‰���ˆ�‘�”���•�ƒ�
���
���ƒ�•�†���e�a���È���^�_�Ä��

�������‰���ˆ�‘�”�� �•�ƒ���������á���™�Š�‹�Ž�‡�� �‹�–���•�Ž�‹�‰�Š�–�Ž�›���†�‡�…�”�‡�ƒ�•�‡�†�� �Š�‡�’�ƒ�–�‹�…���—�’�–�ƒ�•�‡�� ���\�ä�e�_�æ�\�ä�b�b�Ä���������‰���ˆ�‘�”�� �•�ƒ�
�
�
�á�� �\�ä�_��

�È�� �\�ä�]�Ä�� �������‰�� �ˆ�‘�”�� �•�ƒ�
���
�� �ƒ�•�†�� �\�ä�^�]�� �È�� �\�ä�\�^�Ä�� �������‰�� �ˆ�‘�”�� �•�ƒ���������� �ƒ�•�†�� �†�‡�…�”�‡�ƒ�•�‡�†�� �–�Š�‡�� �ƒ�•�‘�—�•�–�� �‘�ˆ�� �–�Š�‡��

�‹�•�–�‡�•�–�‹�•�‡�•���™�‹�–�Š���…�‘�•�–�‡�•�–�� ���^�e�ä�d�`�æ�_�^�Ä�� �������‰���ˆ�‘�”�� �•�ƒ�
�
�
�á�� �d�ä�c�� �È�� �\�ä�d�Ä�� �������‰���ˆ�‘�”�� �•�ƒ�
���
���ƒ�•�†�� �_�� �È�� �^�Ä��

�������‰���ˆ�‘�”���•�ƒ���������ä�e�^�á�e�d Reducing overall charge of the chelating sequence by using the neutrally 

�…�Š�ƒ�”�‰�‡�†���•�‡�”�…�ƒ�’�–�‘�ƒ�…�‡�–�›�Ž�æ�•�‡�”�‹�•�‡���������æ�•�‡�”�‹�•�‡�æ�•�‡�”�‹�•�‡�����•�ƒ�����������…�Š�‡�Ž�ƒ�–�‘�”�á���”�‡�•�—�Ž�–�‡�†���‹�•���Ž�‘�™���—�’�–�ƒ�•�‡���‹�•���–�Š�‡��

�Ž�‹�˜�‡�”�����\�ä�`�c���È���\�ä�\�a�Ä���������‰�����ƒ�•�†���•�’�Ž�‡�‡�•�����Î�\�ä�a�Ä���������‰���á���”�‡�Ž�ƒ�–�‹�˜�‡�Ž�›���Ž�‘�™���—�’�–�ƒ�•�‡���‹�•���–�Š�‡���•�‹�†�•�‡�›�•�����_�_���È���^�Ä��

�������‰�����ƒ�•�†���Š�‹�‰�Š���”�ƒ�†�‹�‘�ƒ�…�–�‹�˜�‡���…�‘�•�–�‡�•�–���‹�•���–�Š�‡���‹�•�–�‡�•�–�‹�•�‡�•�����]�]���È���]�Ä���������‰���ä�e�e 
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�� ���Š�‡�� �ƒ�„�‘�˜�‡�æ�†�‹�•�…�—�•�•�‡�†�� �‡�¡�‡�…�–�•�� �‘�ˆ�� �ƒ�•�‹�•�‘�� �ƒ�…�‹�†�æ�„�ƒ�•�‡�†�� �…�Š�‡�Ž�ƒ�–�‘�”�•�� �‘�•�� �–�Š�‡�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•��

�‘�ˆ�� �ƒ�¥�„�‘�†�‹�‡�•�� �•�–�”�‘�•�‰�Ž�›�� �†�‡�’�‡�•�†�� �‘�•�� �–�Š�‡�‹�”�� �Ž�‘�…�ƒ�–�‹�‘�•�� �‹�•�� �ƒ�¥�„�‘�†�‹�‡�•�� �����ƒ�„�Ž�‡�� �����ä�� ���Š�‹�•�� �•�ƒ�›�� �„�‡�� �†�—�‡�� �–�‘�� �ƒ��

�†�‹�¡�‡�”�‡�•�…�‡���‹�•���…�Š�ƒ�”�‰�‡���†�‹�•�–�”�‹�„�—�–�‹�‘�•�ä�����•�����æ�–�‡�”�•�‹�•�ƒ�Ž���ƒ�•�‹�•�‘���ƒ�…�‹�†�•���ˆ�‘�”�•���ƒ���•�‘�”�‡���•�–�ƒ�„�Ž�‡���…�‘�•�’�Ž�‡�š���™�‹�–�Š��
�e�e�•Tc as compared to the same sequences located at the C-terminus, this may partly explain the 

�‘�„�•�‡�”�˜�‡�†���†�‹�¡�‡�”�‡�•�…�‡�•�� �‹�•�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�ä�e�a Weakly bound �e�e�•Tc transchelates to blood proteins, 

increasing circulation time and blood levels of �e�e�•���…���ƒ�•���•�‡�‡�•���ƒ�–���`���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�������ƒ�„�Ž�‡�������ä�e�a�á�e�b 

�� ���™�‹�–�…�Š�‹�•�‰�� �„�‡�–�™�‡�‡�•�� �…�Š�‡�Ž�ƒ�–�‘�”�•�� �Š�ƒ�•�� �ƒ�� �Ž�‡�•�•�� �’�”�‘�•�‘�—�•�…�‡�†�� �‡�¡�‡�…�–�� �‘�•�� �–�Š�‡�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �‘�ˆ��

�ƒ�•�–�‹�„�‘�†�‹�‡�•�� �‹�•�� �•�‹�…�‡�ä�� ���‘�–�Š�� ���������� �ƒ�•�†�� ���������� �…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•�� �‘�ˆ�� �ƒ�•�� �ƒ�•�–�‹�æ���
�	���� �˜�ƒ�”�‹�ƒ�•�–�� �������� �ƒ�•�–�‹�„�‘�†�›��

resulted in a similar biodistribution pattern, as studied with �]�c�c���—���Ž�ƒ�„�‡�Ž�‹�•�‰���‘�ˆ���ƒ�•�–�‹�æ���
�	�����˜�ƒ�”�‹�ƒ�•�–��

III monoclonal antibody. 100�����•���ƒ�†�†�‹�–�‹�‘�•�á���•�‘���†�‹�¡�‡�”�‡�•�…�‡�•���‹�•���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•���ƒ�•�†���–�—�•�‘�”���—�’�–�ƒ�•�‡���Š�ƒ�˜�‡��

�„�‡�‡�•�� �‘�„�•�‡�”�˜�‡�†�� �ƒ�ˆ�–�‡�”�� �…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•�� �‘�ˆ�� �…�‡�–�—�š�‹�•�ƒ�„�� �ƒ�•�†�� �ƒ�•�–�‹�æ�…�Ž�—�•�–�‡�”�� �‘�ˆ�� �†�‹�¡�‡�”�‡�•�–�‹�ƒ�–�‹�‘�•�� ���������� �`�`�˜�b��

�ƒ�•�–�‹�„�‘�†�›���™�‹�–�Š���•�‹�•�‹�Ž�ƒ�”�Ž�›���…�Š�ƒ�”�‰�‡�†�� �–�‡�–�”�ƒ�ª�—�‘�”�‘�’�Š�‡�•�‘�Ž�æ���æ�•�—�…�…�‹�•�›�Ž�†�‡�•�ˆ�‡�”�ƒ�Ž���‘�”�� �’�æ�‹�•�‘�–�Š�‹�‘�…�›�ƒ�•�ƒ�–�‘�„�‡�•-

�œ�›�Ž�æ�†�‡�•�ˆ�‡�”�”�‹�‘�š�ƒ�•�‹�•�‡�������ƒ�•�†���•�—�„�•�‡�“�—�‡�•�–���d�eZr labeling.101 

���‹�–�‡�æ�•�’�‡�…�‹�¤�…���Ž�ƒ�„�‡�Ž�‹�•�‰��

Indirect radiolabeling by attaching chelating agents to amino acid residues located in or in 

�…�Ž�‘�•�‡���’�”�‘�š�‹�•�‹�–�›���‘�ˆ���ƒ�•�–�‹�‰�‡�•���„�‹�•�†�‹�•�‰���†�‘�•�ƒ�‹�•�•���•�ƒ�›���‹�•�–�‡�”�ˆ�‡�”�‡���™�‹�–�Š���–�ƒ�”�‰�‡�–���„�‹�•�†�‹�•�‰�ä�����Š�‹�•���•�ƒ�›���ƒ�¡�‡�…�–��

�ƒ�•�–�‹�‰�‡�•�� �ƒ�¥�•�‹�–�›�� �ƒ�•�†�� �•�—�„�•�‡�“�—�‡�•�–�Ž�›�� �ƒ�¡�‡�…�–�� �–�—�•�‘�”�� �ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•�ä�� ���•�� �ƒ�� �•�–�—�†�›�� �™�‹�–�Š�� �ƒ�•�� �ƒ�•�–�‹�æ�������^��

�����������]�]���`���á���”�ƒ�•�†�‘�•���Ž�ƒ�„�‡�Ž�‹�•�‰���™�‹�–�Š���ƒ���ª�—�‘�”�‡�•�…�‡�•�–���†�›�‡�����������›�‡�������d�\�\�����”�‡�†�—�…�‡�†���–�ƒ�”�‰�‡�–���ƒ�¥�•�‹�–�›���‘�ˆ��

�]�]���`�� �ƒ�� �]�á�\�\�\�æ�ˆ�‘�Ž�†�ä102�� ���‡�•�’�‹�–�‡�� �–�Š�‡�� �ˆ�ƒ�…�–�� �–�Š�‡�� �‹�•�’�ƒ�…�–���‘�ˆ�� �ª�—�‘�”�‡�•�…�‡�•�–�� �Ž�ƒ�„�‡�Ž�‹�•�‰���™�ƒ�•�� �•�–�—�†�‹�‡�†�� �‹�•�•�–�‡�ƒ�†�� �‘�ˆ��
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biodistribution and tumor uptake. �]�\�_ Nevertheless, indirect labeling is increasingly performed 
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e.g. cysteines or oligosaccharides. Given the low quantity and well-known locations of cysteines 
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targeted protein drugs.

 In addition to lysines and cysteines, chelators can be conjugated to oligosaccharides. 
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be due to the fact that DOTA conjugation to the sugar chains could reveal galactose residues 
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Chelate/protein ratio

Like chelator type and the site of chelator conjugation, the number of chelators attached to 
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of importance in preclinical animal studies, as often small amounts of radioactively labeled 
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into account. 
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liver and spleen, and decreased tumor uptake. DTPA conjugation also altered the biodistribution 
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liver in which levels did not change. As aggregates were removed prior to administration, ex vivo 

aggregation did not cause the increase in hepatic uptake. The largest increase in hepatic uptake 
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Table VI.�����¡�‡�…�–���‘�ˆ���‹�•�…�”�‡�ƒ�•�‹�•�‰���…�Š�‡�Ž�ƒ�–�‹�‘�•���”�ƒ�–�‹�‘���‘�•���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•���ƒ�•�†���–�—�•�‘�”���—�’�–�ƒ�•�‡�ä

Chelator

(increase in c/p ratio)
Time after injection Blood Liver Kidney Spleen Tumor

Antibodies

�������������^�ä�`���–�‘���a�ä�a���]�\�a

1 day �í �Ï �í �Ï �í

2 days �í �Ï �í �í �Ð

�a���†�ƒ�›�• �í �í �í �Ï �Ð

�����
�_�����^�ä�e���–�‘���e�ä�a��110 �`�\���Š�” �Ð �Ð �Ð �Ð �Ð

�����������`�ä�_���–�‘���d�ä�_���]�\�e �c�^���Š�” �Ð �Ï �í �í �Ð

�������������a���–�‘���^�\��108 �`�d���Š�” �Ð �Ï �í �Ï �Ð

�������������c���–�‘���]�^���]�\�c
�^�`���Š�”�����…���’���”�ƒ�–�‹�‘���‘�ˆ���c�����ƒ�•�†

�`�d���Š�”�����…���’���”�ƒ�–�‹�‘���‘�ˆ���]�^��
�Ð �Ï N.D. N.D. N.D.

�����
�_�����e�ä�a���–�‘���]�^�ä�d��110 �`�\���Š�” �Ð �Ð �Ð �Ð �Ð

�	���ƒ�„�ï��2 �������������_���–�‘���a���]�\�b �^�`���Š�” �Ð �Ï �Ð �Ï �Ð

���‡�†���ƒ�”�”�‘�™���Ë���†�‡�…�”�‡�ƒ�•�‡���‹�•���’�”�‘�–�‡�‹�•���†�”�—�‰���Ž�‡�˜�‡�Ž�•�â���„�Ž�—�‡���ƒ�”�”�‘�™���Ë���‹�•�…�”�‡�ƒ�•�‡���‹�•���’�”�‘�–�‡�‹�•���†�”�—�‰���Ž�‡�˜�‡�Ž�•�â���Š�‘�”�‹�œ�‘�•�–�ƒ�Ž���„�Ž�ƒ�…�•���Ž�‹�•�‡���Ë���•�‘���•�‹�‰�•�‹�¤�…�ƒ�•�–��

�…�Š�ƒ�•�‰�‡�� �‹�•�� �’�”�‘�–�‡�‹�•�� �†�”�—�‰�� �Ž�‡�˜�‡�Ž�•�â�� �������� �Ë�� �b�æ���’�æ�„�”�‘�•�‘�ƒ�…�‡�–�ƒ�•�‹�†�‘�„�‡�•�œ�›�Ž���æ�]�á�`�á�d�á�]�]�æ�–�‡�–�”�ƒ�ƒ�œ�ƒ�…�›�…�Ž�‘�–�‡�–�”�ƒ�†�‡�…�ƒ�•�‡�æ�]�á�`�á�d�á�]�]�æ�� �–�‡�–�”�ƒ�ƒ�…�‡�–�‹�…��

�ƒ�…�‹�†�â�����ä���ä���Ë���•�‘�–���†�‡�–�‡�”�•�‹�•�‡�†

 Similar to DTPA conjugation, DOTA conjugation can also alter the biodistribution of protein 

�†�”�—�‰�•�ä�����•�…�”�‡�ƒ�•�‹�•�‰���–�Š�‡���…���’���”�ƒ�–�‹�‘�����ˆ�”�‘�•���_���–�‘���a�����‘�ˆ���ƒ���]�c�c���—���Ž�ƒ�„�‡�Ž�‡�†���	���ƒ�„�ï��2 targeting a L1 cell adhesion 

�•�‘�Ž�‡�…�—�Ž�‡�á���†�‡�…�”�‡�ƒ�•�‡�†���‹�–�•���ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•���‹�•���–�Š�‡���•�‹�†�•�‡�›�•�����ˆ�”�‘�•���9�_�a�Ä���������‰���–�‘���9�a�Ä���������‰�����ƒ�•�†���–�—�•�‘�”��

���ˆ�”�‘�•�� �9�]�a�Ä�� �������‰�� �–�‘�� �Î�a�Ä�� �������‰���á�� �™�Š�‹�Ž�‡�� �‹�–�� �‹�•�…�”�‡�ƒ�•�‡�†�� �ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•�� �‹�•�� �–�Š�‡�� �Ž�‹�˜�‡�”�� ���ˆ�”�‘�•�� �9�]�\�Ä�� �������‰��

�–�‘�� �9�_�a�Ä�� �������‰�����ƒ�•�†���•�’�Ž�‡�‡�•�� ���ˆ�”�‘�•�� �9�a�Ä�� �������‰���–�‘�� �9�]�\�Ä�� �������‰���ä�]�\�b The labeling of DOTA to the full 

�ƒ�•�–�‹�„�‘�†�›�á���–�ƒ�”�‰�‡�–�‹�•�‰���–�Š�‡���•�ƒ�•�‡���–�ƒ�”�‰�‡�–�á���ƒ�Ž�•�‘���ƒ�¡�‡�…�–�‡�†���‹�–�•���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�ä�����‘�™�‡�˜�‡�”�á���–�Š�‡���Ž�‘�™�‡�•�–���–�‡�•�–�‡�†��

�…���’�� �”�ƒ�–�‹�‘�� �™�ƒ�•�� �c�ä�� ���•�…�”�‡�ƒ�•�‹�•�‰�� �–�Š�‡�� �…���’�� �”�ƒ�–�‹�‘�� �ˆ�”�‘�•�� �c�� �–�‘�� �]�^�� �–�‘�� �]�a�� �‰�”�ƒ�†�—�ƒ�Ž�Ž�›�� �‹�•�…�”�‡�ƒ�•�‡�†�� �„�‘�–�Š�� �…�Ž�‡�ƒ�”�ƒ�•�…�‡��

rate and hepatic uptake.�]�\�c In addition to these two studies, DOTA conjugation also altered the 

biodistribution of a 111���•���Ž�ƒ�„�‡�Ž�‡�†���•�Œ�Ú�‰�”�‡�•���•�›�•�†�”�‘�•�‡���–�›�’�‡�������ƒ�•�–�‹�‰�‡�•���–�ƒ�”�‰�‡�–�‹�•�‰���ƒ�•�–�‹�„�‘�†�›�����������`�����ƒ�•�†��

its 111In labeled isotypic control in mice.108�����•�…�”�‡�ƒ�•�‹�•�‰���–�Š�‡���…���’���”�ƒ�–�‹�‘���ˆ�”�‘�•���a���–�‘���^�\���‘�ˆ��111���•�æ�������`���ƒ�•�†��

its 111In labeled isotypic control promoted the uptake in liver and spleen. Tumor uptake was only 

�ƒ�¡�‡�…�–�‡�†���„�›���…���’���”�ƒ�–�‹�‘���ˆ�‘�”��111���•�æ�������`�� �‹�•���–�ƒ�”�‰�‡�–���’�‘�•�‹�–�‹�˜�‡���–�—�•�‘�”�•�á���•�—�‰�‰�‡�•�–�‹�•�‰���–�Š�ƒ�–���–�Š�‹�•�� �‹�•���†�—�‡���–�‘���–�Š�‡��

�‘�„�•�‡�”�˜�‡�†���†�‡�…�”�‡�ƒ�•�‡���‹�•���ƒ�•�–�‹�‰�‡�•���ƒ�¥�•�‹�–�›�ä

�� ���•�…�”�‡�ƒ�•�‹�•�‰���–�Š�‡���…���’���”�ƒ�–�‹�‘���‘�ˆ���ƒ�����������…�Š�‡�Ž�ƒ�–�‡�†���Ž�›�•�’�Š�‘�•�ƒ���–�ƒ�”�‰�‡�–�‹�•�‰���ƒ�•�–�‹�„�‘�†�›�á���Š�ƒ�†���ƒ���•�‹�•�‹�Ž�ƒ�”���‡�¡�‡�…�–��

on the biodistribution as above described DOTA or DTPA chelated antibodies.�]�\�e The tested 

�…���’�� �”�ƒ�–�‹�‘�•�� �™�‡�”�‡�� �^�ä�]�á�� �`�ä�_�á�� �d�ä�c�á�� �ƒ�•�†�� �]�]�ä�`�ä�� �	�‹�•�†�‹�•�‰�� �–�Š�‡�� �‘�’�–�‹�•�ƒ�Ž�� �”�ƒ�–�‹�‘�� �™�ƒ�•�� �–�”�‹�‰�‰�‡�”�‡�†�� �„�›�� �–�Š�‡�� �ˆ�ƒ�…�–�� �–�Š�ƒ�–��
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�…�‘�’�’�‡�”�æ�b�c�� �™�ƒ�•�� �—�•�‡�†�� �ƒ�•�� �ƒ�•�� �‡�Ž�‡�…�–�”�‘�•�æ�‡�•�‹�–�–�‹�•�‰�� �–�Š�‡�”�ƒ�’�‡�—�–�‹�…�� �”�ƒ�†�‹�‘�‹�•�‘�–�‘�’�‡�á�� �™�Š�‹�…�Š�� �‹�•�� �…�‘�•�–�ƒ�•�‹�•�ƒ�–�‡�†��

�™�‹�–�Š���•�‘�•�æ�”�ƒ�†�‹�‘�ƒ�…�–�‹�˜�‡���…�‘�’�’�‡�”�ä�����–���c�^���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�á���–�—�•�‘�”���—�’�–�ƒ�•�‡���•�‹�‰�•�‹�¤�…�ƒ�•�–�Ž�›���†�‡�…�”�‡�ƒ�•�‡�†���ƒ�–���…���’��

�”�ƒ�–�‹�‘�•���Ï�`�ä�_���ƒ�•�†���Ž�‹�˜�‡�”���Ž�‡�˜�‡�Ž�•���‹�•�…�”�‡�ƒ�•�‡���‰�”�ƒ�†�—�ƒ�Ž�Ž�›���‹�•�…�”�‡�ƒ�•�‡�†���™�‹�–�Š���‹�•�…�”�‡�ƒ�•�‹�•�‰���…���’���”�ƒ�–�‹�‘�•�ä�����Š�‡���‹�•�…�”�‡�ƒ�•�‡��

�‹�•���…���’���”�ƒ�–�‹�‘�•���†�‹�†���•�‘�–���ƒ�¡�‡�…�–���ƒ�•�–�‹�„�‘�†�›���—�’�–�ƒ�•�‡���‹�•���‘�–�Š�‡�”���‘�”�‰�ƒ�•�•�ä�����–���†�‹�†���ƒ�¡�‡�…�–���…�Ž�‡�ƒ�”�ƒ�•�…�‡�á���™�Š�‹�…�Š���ƒ�–���…���’��

�”�ƒ�–�‹�‘�•���‘�ˆ���^�ä�]�á���`�ä�_�á���d�ä�c�á���ƒ�•�†���]�]�ä�`���™�‡�”�‡���”�‡�•�’�‡�…�–�‹�˜�‡�Ž�›���`�ä�\�á���a�ä�a�á���^�ä�b���ƒ�•�†���^�ä�d���†�ƒ�›�•�ä

�� ���Š�‡���ˆ�ƒ�…�–���–�Š�ƒ�–�� �‹�•�…�”�‡�ƒ�•�‹�•�‰���…���’���”�ƒ�–�‹�‘�•���”�‡�•�—�Ž�–�� �‹�•�� �Š�‹�‰�Š�‡�”�� �Š�‡�’�ƒ�–�‹�…���—�’�–�ƒ�•�‡���‘�ˆ���”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‡�†���’�”�‘�–�‡�‹�•��

�†�”�—�‰�•�á���•�—�‰�‰�‡�•�–�•���–�Š�ƒ�–���‹�•�…�”�‡�ƒ�•�‹�•�‰���–�Š�‡���…���’���”�ƒ�–�‹�‘���’�”�‘�•�‘�–�‡�•���Š�‡�’�ƒ�–�‹�…���‡�š�…�”�‡�–�‹�‘�•�ä�����•�†�‡�‡�†�á���‹�•�…�”�‡�ƒ�•�‹�•�‰���–�Š�‡��

�…���’���”�ƒ�–�‹�‘�����ˆ�”�‘�•���c���–�‘���]�\�����‘�ˆ���ƒ�����ƒ�
�
�
���…�‘�•�Œ�—�‰�ƒ�–�‡�†���ƒ�•�–�‹�„�‘�†�›�����`�d���•�‘�–���‘�•�Ž�›���‹�•�…�”�‡�ƒ�•�‡�†���Š�‡�’�ƒ�–�‹�…���—�’�–�ƒ�•�‡���ƒ�–��

�^�`���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�á���‹�–���ƒ�Ž�•�‘���‹�•�…�”�‡�ƒ�•�‡�†���–�Š�‡���”�ƒ�†�‹�‘�ƒ�…�–�‹�˜�‡���…�‘�•�–�‡�•�–�����‡�•�–�‹�•�ƒ�–�‹�‘�•���‘�ˆ���Š�‡�’�ƒ�–�‹�…���‡�š�…�”�‡�–�‹�‘�•�����‹�•��

the ileum and colon of mice.110�����–���–�Š�‡���•�ƒ�•�‡���–�‹�•�‡���„�Ž�‘�‘�†���Ž�‡�˜�‡�Ž�•���†�‡�…�”�‡�ƒ�•�‡�†�ä�����•�…�”�‡�ƒ�•�‹�•�‰���–�Š�‡���…���’���”�ƒ�–�‹�‘��

�ˆ�”�‘�•���^�ä�e���–�‘���e�ä�a���ƒ�•�†���ˆ�”�‘�•���e�ä�a���–�‘���]�^���ƒ�Ž�•�‘���†�‡�…�”�‡�ƒ�•�‡�†���„�Ž�‘�‘�†���Ž�‡�˜�‡�Ž�•���ƒ�–���`�\���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�ä�����Š�‹�•���†�‡�…�”�‡�ƒ�•�‡��

in blood levels additionally resulted in lower organ uptake. Despite the promotion of hepatic 

�‡�š�…�”�‡�–�‹�‘�•�á���–�Š�‡���‹�•�…�”�‡�ƒ�•�‡���‹�•���…���’���”�ƒ�–�‹�‘���”�‡�†�—�…�‡�†���–�Š�‡���—�’�–�ƒ�•�‡���‘�ˆ���”�Š�‡�•�‹�—�•�æ�]�b�d���Ž�ƒ�„�‡�Ž�‡�†�����ƒ�
�
�
�æ���`�d���‹�•��

�–�Š�‡���™�‡�Ž�Ž�æ�’�‡�”�ˆ�—�•�‡�†���Ž�‹�˜�‡�”�á���ƒ�•���‘�„�•�‡�”�˜�‡�†���`�\���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�ä��

�� ���Š�‡���ƒ�„�‘�˜�‡�æ�•�‡�•�–�‹�‘�•�‡�†���•�–�—�†�‹�‡�•���Š�ƒ�˜�‡���„�‡�‡�•���’�‡�”�ˆ�‘�”�•�‡�†���‹�•���•�‹�…�‡�á���‹�•���™�Š�‹�…�Š���Š�‹�‰�Š���…���’���”�ƒ�–�‹�‘�•���ƒ�”�‡���‘�ˆ�–�‡�•��

�—�•�‡�†���–�‘���‘�„�–�ƒ�‹�•�� �Š�‹�‰�Š�æ�“�—�ƒ�Ž�‹�–�›���•�…�ƒ�•�•�ä�����‘�™�‡�˜�‡�”�á���Ž�‘�™�‡�”���…���’���”�ƒ�–�‹�‘�•���ƒ�”�‡���‰�‡�•�‡�”�ƒ�Ž�Ž�›���—�•�‡�†���‹�•�� �•�‘�•�æ�Š�—�•�ƒ�•��

primate and clinical studies.111,112�����—�…�Š���†�‹�¡�‡�”�‡�•�…�‡�•���…�ƒ�•���Š�ƒ�•�’�‡�”���‡�š�–�”�ƒ�’�‘�Ž�ƒ�–�‹�‘�•���‘�ˆ���’�”�‡�…�Ž�‹�•�‹�…�ƒ�Ž���”�‡�•�—�Ž�–�•��

to the clinical setting.   

Conclusion 

���›�� �”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‹�•�‰�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�á�� �ƒ�•�–�‹�„�‘�†�›�� �ˆ�”�ƒ�‰�•�‡�•�–�•�� �ƒ�•�†�� �•�‘�•�æ���‰�� �•�…�ƒ�¡�‘�Ž�†�•�á�� �–�Š�‡�•�‡�� �…�ƒ�•�� �„�‡�� �–�”�ƒ�…�‡�†�� �‹�•��

�˜�‹�˜�‘�ä�� ���‘�™�‡�˜�‡�”�á�� �”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‹�•�‰�� �…�ƒ�•�� �ƒ�Ž�•�‘�� �ƒ�Ž�–�‡�”�� �–�Š�‡�‹�”�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �ƒ�•�†�� �–�—�•�‘�”�� �—�’�–�ƒ�•�‡�ä�� ���—�…�Š�� �ƒ�•��

impact may hamper a sound interpretation of imaging data, as the data is often used to predict 

the biodistribution of non-labeled protein drug candidates or protein drugs. When interpreting 

imaging data, one should consider the fact that biodistribution depends on the radiolabeling 

�•�‡�–�Š�‘�†�á���–�›�’�‡���ƒ�•�†���•�‹�–�‡���‘�ˆ���…�Š�‡�Ž�ƒ�–�‘�”���…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•���ƒ�•�†���…���’���”�ƒ�–�‹�‘�ä���
�‡�•�‡�”�ƒ�Ž�Ž�›�á���‹�•�†�‹�”�‡�…�–���Ž�ƒ�„�‡�Ž�‹�•�‰���”�‡�•�—�Ž�–�•��

�‹�•���Š�‹�‰�Š�‡�”���‘�”�‰�ƒ�•���ƒ�•�†���–�—�•�‘�”���—�’�–�ƒ�•�‡���ƒ�•���…�‘�•�’�ƒ�”�‡�†���–�‘���†�‹�”�‡�…�–���Ž�ƒ�„�‡�Ž�‹�•�‰�á���ƒ�•���‹�–���”�‡�•�—�Ž�–�•���‹�•���ƒ���•�‘�”�‡���‡�¥�…�‹�‡�•�–��

intracellular accumulation of radiocatabolites over time. Furthermore, the use of cationic 

chelating amino acid sequences generally increases hepatic and renal accumulation, as seen with 
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reduction in tumor uptake of protein drugs that is caused by chelation to sites in or in close 

proximity of antigen binding domains.

 

Fluorescent labeling
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emerging imaging modality can support researchers to study normal tissue and tumor 

�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡�•�‡�� �’�”�‘�–�‡�‹�•�•�á�� �™�Š�‹�…�Š�� �…�‘�—�Ž�†�� �…�‘�•�’�Ž�‡�•�‡�•�–�� �–�Š�‡�� �������������������� �‹�•�ƒ�‰�‹�•�‰�� �•�‘�†�ƒ�Ž�‹�–�‹�‡�•�ä��

Moreover, optical imaging may enable real-time tumor visualization in an intra-operative setting 

or visualization of tumor margins in excised tissues.�]�]�_�á�]�]�`��Furthermore, reactive oxygen species 

�‰�‡�•�‡�”�ƒ�–�‹�•�‰���ª�—�‘�”�‡�•�…�‡�•�–���†�›�‡�•���…�ƒ�•���„�‡���—�•�‡�†���–�‘���Ž�‘�ƒ�†���–�—�•�‘�”���–�ƒ�”�‰�‡�–�‹�•�‰���’�”�‘�–�‡�‹�•�•�ä�]�]�a��Such labeled proteins 

possess antitumor activity.�]�]�a

�� ���‡�˜�‡�”�ƒ�Ž���•�‡�ƒ�”�æ�‹�•�ˆ�”�ƒ�”�‡�†���������������ª�—�‘�”�‡�•�…�‡�•�–���†�›�‡�•���Š�ƒ�˜�‡���„�‡�‡�•���—�•�‡�†���–�‘���Ž�ƒ�„�‡�Ž���’�”�‘�–�‡�‹�•�•�ä�����•���‘�ˆ�–�‡�•���—�•�‡�†��

NIR dye is IRDye 800CW, as it can be produced under good manufacturing practice conditions, 
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dyes often have a hydrophobic core with negatively charged groups. Labeling could therefore 

�ƒ�¡�‡�…�–���Ž�‘�…�ƒ�Ž���…�Š�ƒ�”�‰�‡���ƒ�•�†���Š�›�†�”�‘�’�Š�‘�„�‹�…�‹�–�›���‘�ˆ���’�”�‘�–�‡�‹�•�•���—�’�‘�•���…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•�á���™�Š�‹�…�Š���•�ƒ�›���•�—�„�•�‡�“�—�‡�•�–�Ž�›��

alter their biodistribution. Furthermore, labeling may induce protein aggregation and albumin 

binding. �]�]�b�á�]�]�c��A comparison between the distribution of dual-labeled ���d�e���”�� �ƒ�•�†�� �������›�‡�� �d�\�\��������

�ƒ�•�–�‹�æ�����]�e�ä�e�� �ƒ�•�–�‹�„�‘�†�›�� ���a���]���� �™�‹�–�Š���d�e���”�� �Ž�ƒ�„�‡�Ž�‡�†�� �a���]�� �†�‡�•�‘�•�•�–�”�ƒ�–�‡�†�� �–�Š�ƒ�–�� �…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•�� �‘�ˆ�� �������›�‡��

800CW can increase liver uptake and reduced levels in blood and in other organs, at 120 hr after 

injection. 118 ���Š�‡���†�‡�…�”�‡�ƒ�•�‡���‹�•���•�’�Ž�‡�•�‹�…���—�’�–�ƒ�•�‡���™�ƒ�•���•�‘�•�–���’�”�‘�•�‘�—�•�…�‡�†�á���™�Š�‹�…�Š���†�‡�…�”�‡�ƒ�•�‡�†���ˆ�”�‘�•���]�e�ä�d�Ä��

�������‰���–�‘�� �a�ä�c�Ä���������‰�ä�����•���—�’�–�ƒ�•�‡���‘�ˆ�� �]�e�ä�d�Ä���������‰���‹�•���”�‡�Ž�ƒ�–�‹�˜�‡�Ž�›�� �Š�‹�‰�Š���ˆ�‘�”���ƒ�•�–�‹�„�‘�†�‹�‡�•�ä�����…�…�‘�”�†�‹�•�‰���–�‘���–�Š�‡��

authors, the observed decrease in splenic uptake might be the result of a reduced formation of 

aggregates. Unfortunately, the formation of aggregates was not studied after tacer production or 

post injection. Therefore, the amount of aggregation at the time of injection is unknown. 

 Although optical imaging holds great promise as a stratagy to visualize tumor tissue both 

�‹�•���˜�‹�˜�‘���ƒ�•�†���‡�š���˜�‹�˜�‘�á���‹�–���‹�•���…�Š�ƒ�Ž�Ž�ƒ�•�‰�‹�•�‰���–�‘���‰�‡�–���•�—�¥�…�‹�‡�•�–���Š�‹�‰�Š���•�‹�‰�•�ƒ�Ž�•���ˆ�”�‘�•���–�—�•�‘�”���–�‹�•�•�—�‡�ä�����•���‘�”�†�‡�”���–�‘��
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pharmacology and toxicology. A safety pharmacology study has been performed with therapeutic 

doses of IRDye 800CW labeled cetuximab in cynomolgus macaques.�]�]�e Cetuximab-800CW was 
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800CW. The only exception was a slightly higher and more persistent prolongation of the corrected 

QT interval after injection of cetuximab-800CW, as compared to non-conjugated cetuximab. 

This resulted in cardiac monitoring of patients that were injected with cetuximab-800CW, in a 

�–�‡�”�•�‹�•�ƒ�–�‡�†���…�Ž�‹�•�‹�…�ƒ�Ž���’�Š�ƒ�•�‡���]���•�–�—�†�›�����������\�]�e�d�c�_�c�a���ä��

Dye/protein ratio
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�‘�•�‡�� �…�‘�—�Ž�†�� �‹�•�…�”�‡�ƒ�•�‡�� �–�Š�‡�� �†�›�‡���’�”�‘�–�‡�‹�•�� �”�ƒ�–�‹�‘�� ���†���’�� �”�ƒ�–�‹�‘���ä�� ���‘�™�‡�˜�‡�”�á�� �ª�—�‘�”�‘�’�Š�‘�”�‡�•�� �…�ƒ�•�� �Š�ƒ�˜�‡�� �–�Š�‡��

tendency to self-aggregate and to quench each other when placed in near proximity to each 

other.120 ���Š�‡�”�‡�ˆ�‘�”�‡�á�� �‹�•�…�”�‡�ƒ�•�‹�•�‰�� �–�Š�‡�� �†���’�� �”�ƒ�–�‹�‘�� �•�ƒ�›�� �”�‡�•�—�Ž�–�� �‹�•�� �“�—�‡�•�…�Š�‹�•�‰���‘�ˆ�� �ª�—�‘�”�‡�•�…�‡�•�–�� �•�‹�‰�•�ƒ�Ž�� �ƒ�•�†��

may increase the tendency of labeled proteins to aggregate. Aggregation has been observed 
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�æ�c�b�a���� �ƒ�–�� �ƒ�� �†���’��
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labeled antibodies. Aggregation can be observed directly after conjugation, however, it may also 
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promoted aggregation of the labeled antibody.�]�]�c�����Š�‹�•���ƒ�•�–�‹�„�‘�†�›���™�ƒ�•���Ž�ƒ�„�‡�Ž�‡�†���™�‹�–�Š���ƒ���†���’���”�ƒ�–�‹�‘���‘�ˆ���^�ä�b��
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Interestingly, incubation in human serum also triggered albumin binding, which was maximal 
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 As compared with �]�^�a�����Ž�ƒ�„�‡�Ž�‡�†���d���^�á���ƒ�•���ƒ�•�–�‹�„�‘�†�›���–�ƒ�”�‰�‡�–�‹�•�‰���ƒ�•���—�•�•�’�‡�…�‹�¤�‡�†���–�ƒ�”�‰�‡�–�á���������›�‡���d�\�\������

labeled 8C2 showed higher liver exposure, shorter serum half-life and lower organ exposure in all 

other studied organs.121  ���Š�‡���†���’���”�ƒ�–�‹�‘���‘�ˆ���d���^�æ�d�\�\�������™�ƒ�•���]�ä�^�æ�]�ä�`�ä�����–���•�Š�‘�—�Ž�†���„�‡���•�‘�–�‡�†���–�Š�ƒ�–���–�Š�‡���•�‡�”�—�•��

half-life of 8C2-800CW was determined by using enzyme-linked immunosorbent assay, while 

the serum half-life of �]�^�aI-8C2 was determined by using gamma counting. In mice, increasing 
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IRDye 800CW labeled cetuximab and panitumumab.122 ���ˆ�–�‡�”���“�—�ƒ�•�–�‹�¤�…�ƒ�–�‹�‘�•���‘�ˆ���‡�š���˜�‹�˜�‘���ª�—�‘�”�‡�•�…�‡�•�–��
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As discussed in the chapter concerning radiolabeling, labels that are conjugated to proteins 

may interfere with their antigen binding. In order to prevent such interference, labeling can 

�„�‡�� �’�‡�”�ˆ�‘�”�•�‡�†�� �•�‹�–�‡�æ�•�’�‡�…�‹�¤�…�ƒ�Ž�Ž�›�� �ƒ�–�� �Ž�‘�…�ƒ�–�‹�‘�•�•�� �†�‹�•�–�ƒ�•�–�� �ˆ�”�‘�•�� �ƒ�•�–�‹�‰�‡�•�� �„�‹�•�†�‹�•�‰�� �†�‘�•�ƒ�‹�•�•�ä�� ���†�†�‹�–�‹�‘�•�ƒ�Ž��

�ƒ�†�˜�ƒ�•�–�ƒ�‰�‡�•���‘�ˆ���•�‹�–�‡�æ�•�’�‡�…�‹�¤�…���Ž�ƒ�„�‡�Ž�‹�•�‰���Š�ƒ�˜�‡���„�‡�‡�•���†�‹�•�…�—�•�•�‡�†���‹�•���–�Š�‡���•�‡�…�–�‹�‘�•���…�‘�•�…�‡�”�•�‹�•�‰���”�ƒ�†�‹�‘�Ž�ƒ�„�‡�Ž�‹�•�‰�ä��

���‹�–�‡�æ�•�’�‡�…�‹�¤�…�� �Ž�ƒ�„�‡�Ž�‹�•�‰�� �•�ƒ�›�� �•�‡�‡�†�� �•�‘�†�‹�¤�…�ƒ�–�‹�‘�•�� �‘�ˆ�� �’�”�‘�–�‡�‹�•�� �•�–�”�—�…�–�—�”�‡�•�� �’�”�‹�‘�”�� �–�‘�� �–�Š�‡�� �…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•�� �‘�ˆ��

�ª�—�‘�”�‡�•�…�‡�•�–�� �†�›�‡�•�ä�� ���•�� �–�Š�‡�� �…�ƒ�•�‡�� �‘�ˆ�� �������•�� �ˆ�‘�”�� �‡�š�ƒ�•�’�Ž�‡�á�� �ƒ�� ���æ�–�‡�”�•�‹�•�ƒ�Ž�� �…�›�•�–�‡�‹�•�‡�� �…�ƒ�•�� �„�‡�� �‹�•�–�”�‘�†�—�…�‡�†�ä��

���—�…�Š�� �ƒ�� �…�›�•�–�‡�‹�•�‡�� �‹�•�� �ƒ�„�Ž�‡�� �–�‘�� �”�‡�ƒ�…�–�� �™�‹�–�Š�� �–�Š�‹�‘�Ž�æ�”�‡�ƒ�…�–�‹�˜�‡�� �������� �ª�—�‘�”�‡�•�…�‡�•�–�� �†�›�‡�•�ä�� ���•�� �†�‹�•�…�—�•�•�‡�†�� �‡�ƒ�”�Ž�‹�‡�”�á��

�”�ƒ�•�†�‘�•�� �Ž�ƒ�„�‡�Ž�‹�•�‰�� �‘�ˆ�� �ƒ�•�� �ƒ�•�–�‹�æ�������^�� �������� ���]�]���`���� �™�‹�–�Š�� �������›�‡�� �����d�\�\�� �”�‡�†�—�…�‡�†�� �–�ƒ�”�‰�‡�–�� �ƒ�¥�•�‹�–�›�� �‘�ˆ��

�]�]���`���ƒ�� �]�á�\�\�\�æ�ˆ�‘�Ž�†�ä102�����Š�‹�•���†�‡�…�”�‡�ƒ�•�‡�� �‹�•���ƒ�¥�•�‹�–�›���”�‡�•�—�Ž�–�‡�†�� �‹�•���ƒ���†�”�ƒ�•�–�‹�…���†�‡�…�”�‡�ƒ�•�‡�� �‹�•�� �–�—�•�‘�”���—�’�–�ƒ�•�‡�ä�� ���•��

�…�‘�•�–�”�ƒ�•�–���–�‘���•�‹�–�‡�æ�•�’�‡�…�‹�¤�…�ƒ�Ž�Ž�›���Ž�ƒ�„�‡�Ž�‡�†���]�]���`�æ�d�\�\�����á���–�—�•�‘�”���—�’�–�ƒ�•�‡���‘�ˆ���”�ƒ�•�†�‘�•�Ž�›���Ž�ƒ�„�‡�Ž�‡�†���]�]���`�æ�d�\�\������

�™�ƒ�•���•�‘�–���˜�‹�•�‹�„�Ž�‡���ƒ�–���`���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�ä�����‹�•�‹�Ž�ƒ�”���¤�•�†�‹�•�‰�•���Š�ƒ�˜�‡���„�‡�‡�•���’�—�„�Ž�‹�•�Š�‡�†���™�‹�–�Š���������›�‡���b�d�\������

�Ž�ƒ�„�‡�Ž�‡�†�� �ƒ�•�–�‹�æ�������^�� �������� ���^���•�]�a�†���� �‹�•�� �•�‹�…�‡�ä�]�^�c�� ���‘�•�’�ƒ�”�‡�†�� �–�‘�� �•�‹�–�‡�æ�•�’�‡�…�‹�¤�…�� �Ž�ƒ�„�‡�Ž�‡�†�� �^���•�]�a�†�æ�b�d�\�����á��

random labeling decreased tumor uptake and, except for the kidneys, increased the levels in 

�„�Ž�‘�‘�†���ƒ�•�†���•�‘�”�•�ƒ�Ž���‘�”�‰�ƒ�•�•�á���ƒ�–���^�`���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�ä�����‹�•�‡���ˆ�‘�”���]�]���`�á���•�‹�–�‡�æ�•�’�‡�…�‹�¤�…���Ž�ƒ�„�‡�Ž�‹�•�‰���‘�ˆ���^���•�]�a�†��

�™�ƒ�•���’�‡�”�ˆ�‘�”�•�‡�†���„�›���—�•�‹�•�‰���…�›�•�–�‡�‹�•�‡���ƒ�•���ƒ���…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•���’�ƒ�”�–�•�‡�”���‘�ˆ���–�Š�‡�����������ª�—�‘�”�‡�•�…�‡�•�–���†�›�‡�ä�����Ž�–�Š�‘�—�‰�Š��

�–�Š�‡���—�•�‡���‘�ˆ���…�›�•�–�‡�‹�•�‡���–�ƒ�‰�‰�‹�•�‰���‘�ˆ���������•���•�ƒ�›���’�”�‡�˜�‡�•�–���ƒ�¥�•�‹�–�›���Ž�‘�•�•���ƒ�ˆ�–�‡�”���Ž�ƒ�„�‡�Ž�‹�•�‰�á���’�‘�–�‡�•�–�‹�ƒ�Ž�Ž�›���”�‡�•�—�Ž�‹�•�‰��

�‹�•�� �Š�‹�‰�Š�‡�”�� �–�—�•�‘�”�� �—�’�–�ƒ�•�‡�á�� �…�›�•�–�‡�‹�•�‡�� �–�ƒ�‰�‰�‹�•�‰���‘�ˆ�� �������•�� �…�—�”�”�‡�•�–�Ž�›�� �”�‡�•�—�Ž�–�•�� �‹�•�� �ƒ�� �•�‹�‰�•�‹�¤�…�ƒ�•�–�� �”�‡�†�—�…�–�‹�‘�•��
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Although the authors concluded that in vivo behavior of both constructs is comparable, data 
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may therefore alter the biodistribution of proteins. In order to prevent a change in total protein 
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lysines does not change overall protein charge. The labeling with such a zwitterionic dye may 

therefore have less impact on the charge-dependent biodistribution of proteins as compared 
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a cyclic peptide consisting of Arg-Gly-Asp-D-Tyr-Lys with ZW800-1 resulted in tumor uptake 

with lower background signal than was observed when was conjugated with IRDye 800CW or 
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Conclusion 
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depend on the protein dose or species in which the pharmacokinetic study is performed.     

Drug conjugation   

In order to increase the selectivity of cytotoxic drugs, they can be attached to tumor targeting 

proteins. Due to the clinical successes and their high potential, an increasing amount of ADCs 
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to the interest in the conjugation of cytotoxic drugs to tumor-targeting antibody fragments 
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and pharmacokinetics of proteins. Most experience with drug conjugation has been obtained 
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trastuzumab emtansine and inotuzumab ozogamicin, while gemtuzumab ozogamicin is FDA 
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evaluated in the clinical setting.�]�`�] Drugs that have been conjugated to antibodies target tubulin 
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uptake potentially changes. Due to the increasing amounts of available linkers, cytotoxic drugs 
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and protein sites that can be used to attach cytotoxic drugs to antibodies, the impact of drug 
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impact of drug conjugation is likely higher when antibodies are loaded with relatively high 
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marginally express antigens. Current techniques allow the loading of antibodies with drugs using 
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the uptake in normal organs, potentially increasing toxicity. 

 These drugs can be conjugated to multiple sites of antibodies. Lysines are often used as 
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accessible lysines.�]�`� ̀Therefore this strategy results in highly heterogeneous ADCs. When aiming 
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interactions that primarily determine the chemical structure of antibodies. �]�`�a�á�]�`�b Similar to 

cysteine conjugation, other conjugation methods can be used to reduce heterogeneity as well. 

These include chemo-enzymatic loading of cytotoxic drugs and the conjugation of cytotoxic 

drugs to glycans and incorporated cysteines or unusual amino acids.�]�`�^�á�]�`�c 

 To study in vivo behavior of ADCs, they can be radiolabeled and traced in vivo using 
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potential problems with stability of the radiolabeled ADC, its naked antibody counterpart can 

be radiolabeled instead and used to provide insight in its biodistribution. In order to predict 
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uptake of radiolabeled naked antibody counterparts of ADCs can have predictive value. It has 
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naked counterparts. It has been observed in rats with an antibody targeting six-transmembrane 
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labeled ADC was 2-fold higher than the 111In labeled parental antibody at 120 hr after injection.�]�`�e 

Drug conjugation only marginally increased spleen uptake of the parental antibody. The observed 
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in cancer patients.�]�a�\ As determined after 111In labeling, drug conjugation increased both clearance 
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 The impact of drug conjugation on the pharmacokinetics of antibodies could depend on 

the site of drug conjugation. This has been demonstrated with the conjugation of maytansine 
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maytansine was conjugated did impact the half-life of the ADCs. Conjugation of maytansine 

�ƒ�–�� �–�Š�‡�� ���æ�–�‡�”�•�‹�•�—�•�� �”�‡�•�—�Ž�–�‡�†�� �‹�•�� �–�Š�‡�� �������� �™�‹�–�Š�� �–�Š�‡�� �Ž�‘�•�‰�‡�•�–�� �Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡�� �‹�•�� �����������…�� �•�‹�…�‡�á�� �„�‡�‹�•�‰�� �c�ä�d�� �È��

�\�ä�a�� �†�ƒ�›�•�ä�� ���Š�‡�� �������� �Š�ƒ�Ž�ˆ�æ�Ž�‹�˜�‡�•�� �™�‡�”�‡�� �•�Š�‘�”�–�‡�”�� �™�Š�‡�•�� �•�ƒ�›�–�ƒ�•�•�‹�•�‡�� �™�ƒ�•�� �…�‘�•�Œ�—�‰�ƒ�–�‡�†�� �–�‘�� �‹�•�…�‘�”�’�‘�”�ƒ�–�‡�†��

�ƒ�Ž�†�‡�Š�›�†�‡�•���‹�•���–�Š�‡���Ž�‹�‰�Š�–���…�Š�ƒ�‹�•�����a�ä�^���È���\�ä�^���†�ƒ�›�•���á���–�Š�‡�������]���†�‘�•�ƒ�‹�•�����a�ä�c���È���\�ä�_���†�ƒ�›�•�����‘�”���–�‘���Ž�›�•�‹�•�‡�•�������æ�����]�á��

�b���È���\�ä�_���†�ƒ�›�•���ä����

 In addition to the enzymatic introduction of aldehydes, aldehydes can be created in an 

�‘�š�‹�†�‹�œ�‹�•�‰�� �‡�•�˜�‹�”�‘�•�•�‡�•�–�ä�� ���—�…�Š�� �ƒ�•�� �‡�•�˜�‹�”�‘�•�•�‡�•�–�� �…�ƒ�•�� �ƒ�¡�‡�…�–�� �–�Š�‡�� �’�Š�ƒ�”�•�ƒ�…�‘�•�‹�•�‡�–�‹�…�•�� �‘�ˆ�� �������•�ä�� ���•�‡��

�‘�ˆ�� �–�Š�‡�� �•�–�”�ƒ�–�‡�‰�‹�‡�•�� �–�‘�� �•�‹�–�‡�æ�•�’�‡�…�‹�¤�…�ƒ�Ž�Ž�›�� �…�‘�•�Œ�—�‰�ƒ�–�‡�� �…�›�–�‘�–�‘�š�‹�…�� �†�”�—�‰�•�� �–�‘�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�� �‹�•�� �„�›�� �‘�š�‹�†�‹�œ�‹�•�‰��

carbohydrate residues in the native glycans at the Fc-domain of IgG antibodies, in order to 

�…�”�‡�ƒ�–�‡���ƒ�Ž�†�‡�Š�›�†�‡�•�ä�����Š�‡�•�‡���ƒ�Ž�†�‡�Š�›�†�‡�•���…�ƒ�•���–�Š�‡�•���„�‡���–�ƒ�”�‰�‡�–�‡�†���™�‹�–�Š���ƒ�…�–�‹�˜�ƒ�–�‡�†���…�›�–�‘�–�‘�š�‹�…���†�”�—�‰�•�ä�����‘�™�‡�˜�‡�”�á��

over-oxidation could oxidize methionine residues that are located in close proximity of the FcRn 

�„�‹�•�†�‹�•�‰���•�‹�–�‡���‘�ˆ�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�á���™�Š�‹�…�Š���…�ƒ�•�� �•�‡�‰�ƒ�–�‹�˜�‡�Ž�›�� �ƒ�¡�‡�…�–�� �	�…���•�� �„�‹�•�†�‹�•�‰���ƒ�•�†�� �•�—�„�•�‡�“�—�‡�•�–�Ž�›�� �•�‡�”�—�•��

half-life. �]�a��̂� ���š�‹�†�ƒ�–�‹�‘�•�� �™�ƒ�•�� �ƒ�Ž�•�‘�� �—�•�‡�†�� �‹�•�� �–�Š�‡�� �’�”�‘�…�‡�•�•�� �–�‘�� �•�‹�–�‡�æ�•�’�‡�…�‹�¤�…�ƒ�Ž�Ž�›�� �…�‘�•�Œ�—�‰�ƒ�–�‡�� �•�‘�•�‘�•�‡�–�Š�›�Ž��

�ƒ�—�”�‹�•�–�ƒ�–�‹�•�� ���� �ƒ�•�†�� ���� �–�‘�� �•�‘�†�‹�¤�‡�†�� �–�”�ƒ�•�–�—�œ�—�•�ƒ�„�ä�]�`�c Zhou et al. post-translationally introduced 

�•�‹�ƒ�Ž�‹�…�� �ƒ�…�‹�†�� �‹�•�–�‘�� �•�ƒ�–�‹�˜�‡�� ���^�e�c�� �‰�Ž�›�…�ƒ�•�•�� �‘�ˆ�� �–�”�ƒ�•�–�—�œ�—�•�ƒ�„�ä�� ���—�„�•�‡�“�—�‡�•�–�Ž�›�á�� �•�‹�Ž�†�� �‘�š�‹�†�‹�œ�‹�•�‰�� �…�‘�•�†�‹�–�‹�‘�•�•��

were used to form aldehyde-functionalized trastuzumab. In addition, these conditions partially 

�‘�š�‹�†�‹�œ�‡�†�� �•�‡�–�Š�‹�‘�•�‹�•�‡�� �”�‡�•�‹�†�—�‡�•�� �…�Ž�‘�•�‡�� �–�‘�� �–�Š�‡�� �	�…���•�� �„�‹�•�†�‹�•�‰�� �”�‡�‰�‹�‘�•�á�� �”�‘�—�‰�Š�Ž�›�� �`�\�Ä�� �‘�ˆ�� ���‡�–�æ�^�a�^�� �ƒ�•�†��

�Î�]�\�Ä���‘�ˆ�� ���‡�–�æ�`�^�d���™�ƒ�•���‘�š�‹�†�‹�œ�‡�†�á���”�‡�•�—�Ž�–�‹�•�‰���‹�•���ƒ���9�]�a�Ä���”�‡�†�—�…�–�‹�‘�•���‘�ˆ�� �	�…���•�� �„�‹�•�†�‹�•�‰�ä�����—�…�Š���‘�š�‹�†�ƒ�–�‹�‘�•��

�ƒ�•�†���”�‡�†�—�…�‡�†���	�…���•���‹�•���•�‘�–���Ž�‹�•�‡�Ž�›���–�‘���•�ƒ�Œ�‘�”�Ž�›���ƒ�¡�‡�…�–���Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡�ä�����ƒ�”�–�‹�ƒ�Ž���‘�š�‹�†�ƒ�–�‹�‘�•���‘�ˆ�����ý�`�\�Ä�����‘�ˆ�����‡�–�æ�^�a�^��

�‘�•���–�”�ƒ�•�–�—�œ�—�•�ƒ�„���”�‡�†�—�…�‡�†���‹�–�•���	�…���•���„�‹�•�†�‹�•�‰���„�›���9�^�a�Ä�á���™�Š�‹�…�Š���‘�•�Ž�›���Š�ƒ�†���ƒ���•�‹�•�‹�•�ƒ�Ž���‡�¡�‡�…�–���‘�•���Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡��

in human FcRn transgenic mouse.�]�a��̂� ���‘�™�‡�˜�‡�”�á�� �ƒ�� �Š�‹�‰�Š�‡�”�� �†�‡�‰�”�‡�‡�� �‘�ˆ�� �‘�š�‹�†�ƒ�–�‹�‘�•�� ���d�\�Ä���� �‘�ˆ�� ���‡�–�æ�^�a�^��
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�Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡�����„�›���9�d�\�Ä���ä�]�a� ̂ 

 Drug conjugation does not always alter the biodistribution of antibodies. It has been 

�†�‡�•�‘�•�•�–�”�ƒ�–�‡�†���‹�•���’�”�‡�…�Ž�‹�•�‹�…�ƒ�Ž���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•���•�–�—�†�‹�‡�•���™�‹�–�Š���ƒ�•�����æ�•�‡�–�Š�›�Ž�æ���æ���`�æ�•�‡�”�…�ƒ�’�–�‘�æ�`�æ�•�‡�–�Š-

�›�Ž�æ�]�æ�‘�š�‘�’�‡�•�–�›�Ž���æ���æ�ƒ�Ž�ƒ�•�‹�•�‡���‡�•�–�‡�”���‘�ˆ���•�ƒ�›�–�ƒ�•�•�‹�•�‘�Ž���–�Š�ƒ�–���™�ƒ�•���…�‘�•�Œ�—�‰�ƒ�–�‡�†���–�‘���Ž�›�•�‹�•�‡�•���‘�ˆ���ƒ�•���ƒ�•�–�‹�æ���ƒ�•���‰��

�ƒ�•�–�‹�„�‘�†�›�������������_�ä�a�æ�`�ä�\���á���–�‘�š�‹�…���–�—�„�—�Ž�›�•�‹�•���ƒ�•�ƒ�Ž�‘�‰���������æ�����������…�‘�•�Œ�—�‰�ƒ�–�‡�†���–�‘���Ž�›�•�‹�•�‡�•���‘�ˆ���–�”�ƒ�•�–�—�œ�—�•�ƒ�„��

���������•���‘�ˆ���^���ƒ�•�†���`�����ƒ�•�†���ƒ�—�”�‹�•�–�ƒ�–�‹�•���…�‘�•�Œ�—�‰�ƒ�–�‡�†���–�‘���’�æ���…�‡�–�›�Ž�’�Š�‡�•�›�Ž�ƒ�Ž�ƒ�•�‹�•�‡�����ƒ�•���—�•�•�ƒ�–�—�”�ƒ�Ž���ƒ�•�‹�•�‘���ƒ�…�‹�†����

�–�Š�ƒ�–���™�ƒ�•���•�‹�–�‡�æ�•�’�‡�…�‹�¤�…�ƒ�Ž�Ž�›���‹�•�…�‘�”�’�‘�”�ƒ�–�‡�†���‹�•�–�‘���–�Š�‡���Š�‡�ƒ�˜�›���…�Š�ƒ�‹�•�•���‘�ˆ���ƒ�•���ƒ�•�–�‹�æ�������^�����‰�
�]���ƒ�•�–�‹�„�‘�†�›������������

�9�^�ä�\���ä�]�a�_�æ�]�a�a The pharmacokinetics of these radiolabeled ADCs were comparable with that of the 

radiolabeled parental antibodies in non-tumor bearing mice or rats. Due to the use of non-tumor 

bearing mice or rats, it is not known if drug conjugation altered tumor uptake of these antibodies. 

 Similar to tumor targeting antibodies, both tumor targeting antibody fragments and non-Ig 

�•�…�ƒ�¡�‘�Ž�†�•���…�ƒ�•���„�‡���…�‘�•�Œ�—�‰�ƒ�–�‡�†���™�‹�–�Š���…�›�–�‘�–�‘�š�‹�…���†�”�—�‰�•�ä�]�a�b�á�]�a�c Protein backbones that have been used to 

target anticancer drugs include diabodies, Fab fragments and designed ankyrin repeat proteins.�]�a�c 

���Š�‡���‡�¡�‡�…�–���‘�ˆ���†�”�—�‰���…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•���Š�ƒ�•���„�‡�‡�•���†�‡�•�…�”�‹�„�‡�†���ˆ�‘�”���ƒ�•���ƒ�•�–�‹�æ�����_�\���†�‹�ƒ�„�‘�†�›���–�Š�ƒ�–���™�ƒ�•���‡�•�‰�‹�•�‡�‡�”�‡�†��

�™�‹�–�Š�� �–�™�‘���…�›�•�–�‡�‹�•�‡�� �•�—�–�ƒ�–�‹�‘�•�•�� �ˆ�‘�”���•�‹�–�‡�æ�•�’�‡�…�‹�¤�…���†�”�—�‰���…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•�ä�]�a�d The diabody was conjugated 

�™�‹�–�Š���•�‘�•�‘�•�‡�–�Š�›�Ž���ƒ�—�”�‹�•�–�ƒ�–�‹�•�������‘�”���	�������������9�`���á���™�Š�‹�…�Š���•�‡�‰�ƒ�–�‹�˜�‡�Ž�›���ƒ�Ž�–�‡�”�‡�†���–�Š�‡���…�Ž�‡�ƒ�”�ƒ�•�…�‡���”�ƒ�–�‡���‘�ˆ���–�Š�‡��

�†�‹�ƒ�„�‘�†�›���„�›���”�‘�—�‰�Š�Ž�›���ƒ���a�æ�ˆ�‘�Ž�†�ä�����Š�‡���”�‡�ƒ�•�‘�•���ˆ�‘�”���–�Š�‡���‘�„�•�‡�”�˜�‡�†���†�‡�…�”�‡�ƒ�•�‡���‹�•���†�‹�ƒ�„�‘�†�›���…�Ž�‡�ƒ�”�ƒ�•�…�‡���‹�•���—�•�…�Ž�‡�ƒ�”�ä��

���•�� �–�Š�‡�� �‹�•�…�”�‡�ƒ�•�‡�� �‹�•���•�‹�œ�‡���™�ƒ�•���•�•�ƒ�Ž�Ž�á�� �ˆ�”�‘�•�� �9�_�d�•���ƒ���–�‘�� �`�c�•���ƒ�á���–�Š�‡�� �‹�•�…�”�‡�ƒ�•�‡�� �‹�•���•�‹�œ�‡�� �‹�•�� �•�‘�–�� �Ž�‹�•�‡�Ž�›�� �–�Š�‡��

reason. Remarkably the major route of clearance changed from renal to hepatobiliary excretion. 

���Š�‡���”�‡�ƒ�•�‘�•���ˆ�‘�”���–�Š�‡���…�Š�ƒ�•�‰�‡���‹�•���…�Ž�‡�ƒ�”�ƒ�•�…�‡���”�‘�—�–�‡���™�ƒ�•���•�‘�–���•�–�—�†�‹�‡�†���ƒ�•�†���‹�•���–�Š�‡�”�‡�ˆ�‘�”�‡���—�•�•�•�‘�™�•�ä�����‘�™�‡�˜�‡�”�á��

the fact that the lipophilicity of the diabodies increases upon conjugation with both drugs may 

�Š�ƒ�˜�‡�� �…�ƒ�—�•�‡�†�� �–�Š�‡�� �…�Š�ƒ�•�‰�‡�� �‹�•�� �…�Ž�‡�ƒ�”�ƒ�•�…�‡�� �”�‘�—�–�‡�ä�� ���•�� �–�Š�‡�� �E�� �Š�ƒ�Ž�ˆ�æ�Ž�‹�˜�‡�•�� �„�‡�–�™�‡�‡�•�� �–�Š�‡�� �†�‹�ƒ�„�‘�†�›�� �ƒ�•�†�� �–�Š�‡��

�†�‹�ƒ�„�‘�†�›�æ�†�”�—�‰���…�‘�•�Œ�—�‰�ƒ�–�‡���™�‡�”�‡���•�‹�•�‹�Ž�ƒ�”�á���–�Š�‡���†�‹�¡�‡�”�‡�•�…�‡���‹�•���…�Ž�‡�ƒ�”�ƒ�•�…�‡���”�ƒ�–�‡���•�‹�‰�Š�–���„�‡���†�—�‡���–�‘���ƒ���†�‹�¡�‡�”�‡�•�…�‡��

in distribution and distribution rate. Unfortunately, no biodistribution study was performed that 

�…�‘�—�Ž�†���‰�‹�˜�‡���ƒ�•���ƒ�•�•�™�‡�”���–�‘���–�Š�ƒ�–���“�—�‡�•�–�‹�‘�•�ä�����•�–�‡�”�‡�•�–�‹�•�‰�Ž�›�á���†�”�—�‰���…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•���‘�ˆ���ƒ�•���ƒ�•�–�‹�æ�����_�\���ƒ�•�����‰�
�]��

�ƒ�•�–�‹�„�‘�†�›�� ���������� �9�`���� �‹�•�� �–�Š�‡�� �•�ƒ�•�‡�� �•�‘�—�•�‡�� �•�‘�†�‡�Ž�•�� �†�‹�†�� �•�‘�–�� �•�‹�‰�•�‹�¤�…�ƒ�•�–�Ž�›�� �ƒ�Ž�–�‡�”�� �–�Š�‡���…�Ž�‡�ƒ�”�ƒ�•�…�‡���‘�ˆ�� �–�Š�‡��

antibody.  

 In conclusion, drug conjugation can increase hepatic uptake, clearance from circulation and 

decrease tumor uptake of antibodies and decrease the clearance of diabodies. Such an impact 

should be taken into account when interpreting imaging data that is obtained with radiolabeled 

ADCs or diabody drug conjugates. 

Glycosylation 

When protein drugs are produced in eukaryotic cell systems, they typically undergo the process 

of glycosylation.�]�a�e�� �
�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•�� �‘�ˆ�� �’�”�‘�–�‡�‹�•�� �†�”�—�‰�•�� �…�ƒ�•�� �ƒ�¡�‡�…�–�� �–�Š�‡�‹�”�� �…�‘�•�ˆ�‘�”�•�ƒ�–�‹�‘�•�á�� �•�‘�Ž�—�„�‹�Ž�‹�–�›�á��

stability, in vivo activity and immunogenicity. �]�b�\�á�]�b�] In addition, glycosylation may also alter the 

biodistribution and tumor uptake of protein drugs. 

�� �
�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•���‹�•���ƒ���…�‘�•�’�Ž�‡�š���’�‘�•�–�æ�–�”�ƒ�•�•�Ž�ƒ�–�‹�‘�•�ƒ�Ž���•�‘�†�‹�¤�…�ƒ�–�‹�‘�•���„�›���™�Š�‹�…�Š���‰�Ž�›�…�ƒ�•�•���ƒ�”�‡���‡�•�œ�›�•�ƒ�–�‹�…�ƒ�Ž�Ž�›��

�ƒ�–�–�ƒ�…�Š�‡�†���–�‘���•�‹�†�‡���…�Š�ƒ�‹�•�•���‘�ˆ���ƒ�•�’�ƒ�”�ƒ�‰�‹�•�‡����N�æ�‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•���á���•�‡�”�‹�•�‡���‘�”���–�Š�”�‡�‘�•�‹�•�‡�������æ�‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•�����‘�ˆ��
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protein drugs.�]�a�e This process strongly depends on the expression system of the protein drug. In 

�›�‡�ƒ�•�–�•�á���‰�Ž�›�…�ƒ�•�•���…�‘�•�–�ƒ�‹�•���•�ƒ�•�›���•�ƒ�•�•�‘�•�‡���•�—�‰�ƒ�”�•�á���’�Ž�ƒ�•�–�•���…�‘�•�•�‹�•�–�‡�•�–�Ž�›���ƒ�†�†���D�]�á�_�æ�ˆ�—�…�‘�•�‡���ƒ�•�†���E�]�á�_�æ�š�›�Ž�‘�•�‡��

sugars and although Escherichia coli bacteria are not capable of adding glycans to proteins, a 

glycosylation machinery can be incorporated in their DNA.�]�b�^�æ�]�b�` Mammalian cells can add a variety 

of glycans to proteins, often resulting in highly heterogeneous glycosylated proteins.�]�b�a Switching 

expression system can therefore change the glycosylation status. Subsequently, it can alter the 

biodistribution of protein drugs as has been demonstrated with a �]�^��̀����Ž�ƒ�„�‡�Ž�‡�†���ƒ�•�–�‹�æ�������^���†�‹�ƒ�„�‘�†�›��

�����b�ä�a�†�„�����‹�•���•�‹�…�‡�ä�]�b�b�����”�‘�†�—�…�–�‹�‘�•���‘�ˆ�����b�ä�a�†�„���‹�•���›�‡�ƒ�•�–�•����Pichia pastoris�����”�‡�•�—�Ž�–�‡�†���‹�•���–�Š�‡���ƒ�†�†�‹�–�‹�‘�•���‘�ˆ��

branched mannose glycans, while production in Escherichia coli resulted in non-glycosylated 

���b�ä�a�†�„�ä�� ���•�� �•�‹�…�‡�á�� �•�ƒ�•�•�‘�•�‡�� �‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‡�†���]�^��̀��æ���b�ä�a�†�„�� �…�Ž�‡�ƒ�”�‡�†�� �ˆ�ƒ�•�–�‡�”�� �ˆ�”�‘�•�� �–�Š�‡�� �„�Ž�‘�‘�†�� �ƒ�•�� �…�‘�•�’�ƒ�”�‡�†��

to non-glycosylated �]�^��̀��æ���b�ä�a�†�„�á���”�‡�•�—�Ž�–�‹�•�‰���‹�•���9�^�æ�ˆ�‘�Ž�†���Ž�‘�™�‡�”���–�—�•�‘�”���—�’�–�ƒ�•�‡���ƒ�–���^�`���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�ä��

The observed increase in clearance of glycosylated �]�^��̀��æ���b�ä�a�†�„���•�ƒ�›���„�‡���†�—�‡���–�‘���–�Š�‡���”�‡�…�‘�‰�•�‹�–�‹�‘�•���‘�ˆ��

mannose sugars by mannose receptors on intrahepatic cells present in mice and humans.�]�b�c�á�]�b�d 

Contradictory, at 2 hr after injection hepatic uptake of mannose glycosylated �]�^��̀��æ���b�ä�a�†�„�� �™�ƒ�•��

lower than was observed with non-glycosylated �]�^��̀��æ���b�ä�a�†�„�ä�� ���–���™�ƒ�•���•�—�‰�‰�‡�•�–�‡�†���–�Š�ƒ�–���–�Š�‹�•���™�ƒ�•���†�—�‡��

to mannose receptor-mediated hepatic clearance that likely occurred within 2 hr after tracer 

�‹�•�Œ�‡�…�–�‹�‘�•�ä�� ���•�� �…�‘�•�–�”�ƒ�•�–�� �–�‘�� ���b�ä�a�†�„�á�� �‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•�� �™�‹�–�Š�‘�—�–�� �•�ƒ�•�•�‘�•�‡�� �„�—�–�� �™�‹�–�Š�� �ˆ�—�…�‘�•�‡�á�� �Š�‡�š�‘�•�‡�á��

N-acetylhexosamine and sialic acid-containing glycans, moderately increased circulation time 

�‘�ˆ���ƒ���„�‹�•�’�‡�…�‹�¤�…���•�‹�•�‰�Ž�‡�æ�…�Š�ƒ�‹�•���†�‹�ƒ�„�‘�†�‹�‡�•�����•�…���„�����–�ƒ�”�‰�‡�–�‹�•�‰�����������ƒ�•�†�������_�ä�]�b�e�����š�…�‡�’�–���ˆ�‘�”���”�‡�•�ƒ�Ž���—�’�–�ƒ�•�‡�á��

�‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•���Š�ƒ�†���ƒ���•�‹�•�‘�”���‡�¡�‡�…�–���‘�•���–�Š�‡���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•���‘�ˆ���–�Š�‹�•���•�…���„���Ž�ƒ�„�‡�Ž�‡�†���™�‹�–�Š���‹�‘�†�‹�•�‡�æ�]�_�]�����]�_�]�����ä�]� ̀

�
�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•���†�‹�†���†�‡�…�”�‡�ƒ�•�‡���”�‡�•�ƒ�Ž���—�’�–�ƒ�•�‡���ˆ�”�‘�•���9�^�a�Ä���������‰���–�‘���9�a�Ä���������‰���ƒ�–���^���Š�”���ƒ�ˆ�–�‡�”���‹�•�Œ�‡�…�–�‹�‘�•�ä��

 In order to increase the antibody-dependent cellular cytotoxicity of therapeutic antibodies, 

glycosylated antibodies can be defucosylated.�]�c�\�����›���”�‡�•�‘�˜�‹�•�‰���ˆ�—�…�‘�•�‡���ˆ�”�‘�•���–�Š�‡���‰�Ž�›�…�ƒ�•�•���‘�ˆ�����
�c�]�]�b�á��

�ƒ�� �������_�� �–�ƒ�”�‰�‡�–�‹�•�‰�� �•���„�á�� �‹�–�•�� �ƒ�•�–�‹�„�‘�†�›�æ�†�‡�’�‡�•�†�‡�•�–�� �…�‡�Ž�Ž�—�Ž�ƒ�”�� �…�›�–�‘�–�‘�š�‹�…�‹�–�›�� �‹�•�’�”�‘�˜�‡�†�ä�]�c�] A study 

with �d�e���”�æ���
�c�]�]�b�� �‹�•�� �•�‹�…�‡�� �†�‡�•�‘�•�•�–�”�ƒ�–�‡�†�� �ƒ�� �•�‘�”�•�ƒ�Ž�� �ƒ�•�–�‹�„�‘�†�›�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �’�”�‘�¤�Ž�‡�á�� �‡�š�…�‡�’�–�� �ˆ�‘�”��

�‡�š�–�”�‡�•�‡�Ž�›���Š�‹�‰�Š���•�’�Ž�‡�•�‹�…���—�’�–�ƒ�•�‡���‘�ˆ���Ï�a�\�Ä���������‰���ˆ�‘�”���ƒ�Ž�Ž���†�‘�•�‡���‰�”�‘�—�’�•���–�‡�•�–�‡�†�ä�]�c� ̂Its 111In labeled naturally 

glycosylated IgG control showed much lower splenic uptake in mice. The fact that splenic uptake 

of �d�e���”�æ���
�c�]�]�b���‹�•�������������•�‹�…�‡���™�ƒ�•���Š�‹�‰�Š�‡�”���–�Š�ƒ�•��111In-IgG might be due to the glycosylation status of 

���
�c�]�]�b�ä���
�Ž�›�…�‘�‡�•�‰�‹�•�‡�‡�”�‹�•�‰���‘�ˆ�����
�c�]�]�b���‹�•�…�”�‡�ƒ�•�‡�†���–�Š�‡���ƒ�¥�•�‹�–�›���–�‘���	�…�æ�‰�ƒ�•�•�ƒ���”�‡�…�‡�’�–�‘�”�����������ä�����•������������

mice express a murine homolog of this receptor on monocytes and macrophages, both present 

�‹�•�� �–�Š�‡�� �•�’�Ž�‡�‡�•�á�� �‰�Ž�›�…�‘�‡�•�‰�‹�•�‡�‡�”�‹�•�‰�� �‘�ˆ�� ���
�c�]�]�b�� �•�‹�‰�Š�–�� �Š�ƒ�˜�‡�� �‡�•�Š�ƒ�•�…�‡�†�� �•�’�Ž�‡�•�‹�…�� �—�’�–�ƒ�•�‡���d�e���”�æ���
�c�]�]�b�ä��

���Ž�–�Š�‘�—�‰�Š���ƒ���Š�‹�‰�Š���•�’�Ž�‡�•�‹�…���—�’�–�ƒ�•�‡���…�‘�—�Ž�†���„�‡���†�—�‡���–�‘���–�Š�‡���‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•���•�–�ƒ�–�—�•���‘�ˆ�����
�c�]�]�b�á���Š�‹�‰�Š���•�’�Ž�‡�•�‹�…��

�—�’�–�ƒ�•�‡�����Ï�d�\�Ä���������‰�����™�ƒ�•���ƒ�Ž�•�‘���‘�„�•�‡�”�˜�‡�†���™�‹�–�Š���•�‘�•�æ�‰�Ž�›�…�‘�‡�•�‰�‹�•�‡�‡�”�‡�†��111In labeled anti-mesothelin 

antibody and �d�e���”�æ�’�‡�”�–�—�œ�—�•�ƒ�„���ƒ�–���”�‡�•�’�‡�…�–�‹�˜�‡�Ž�›���^�`���Š�”���ƒ�•�†���c���†�ƒ�›�•���ƒ�ˆ�–�‡�”���–�”�ƒ�…�‡�”���‹�•�Œ�‡�…�–�‹�‘�•���‹�•���•�‹�…�‡�ä�]�c�_�á�]�c�` 

���‹�‰�Š���•�’�Ž�‡�•�‹�…���—�’�–�ƒ�•�‡���•�‹�‰�Š�–���„�‡���•�‘�—�•�‡���•�–�”�ƒ�‹�•�æ�•�’�‡�…�‹�¤�…���‹�•�•�–�‡�ƒ�†�á���ƒ�•���‹�•���–�Š�‡���ƒ�„�‘�˜�‡���–�Š�”�‡�‡���•�–�—�†�‹�‡�•���‘�•�Ž�›������������

mice were used. Indeed splenic uptake of �d�e���”�æ�’�‡�”�–�—�œ�—�•�ƒ�„���™�ƒ�•���•�—�…�Š���Ž�‘�™�‡�”���‹�•���ƒ�–�Š�›�•�‹�…���•�—���•�—���•�‹�…�‡��

���^�ä�c���È���]�ä�c�Ä���������‰���ä�����•���ƒ�†�†�‹�–�‹�‘�•�á���‡�š�–�”�‡�•�‡�Ž�›���Š�‹�‰�Š���•�’�Ž�‡�•�‹�…���—�’�–�ƒ�•�‡���‘�ˆ���d�e���”�æ���
�c�]�]�b���™�ƒ�•���•�‘�–���‘�„�•�‡�”�˜�‡�†���‹�•��

patients.�]�c�a Four days after injection, the concentration of �d�e���”�æ���
�c�]�]�b���‹�•���–�Š�‡���•�’�Ž�‡�‡�•�á���“�—�ƒ�•�–�‹�¤�‡�†���ƒ�•��

maximum standardized uptake value, was lower than its concentration in the blood pool. 

 In conclusion, unexpected organ and tumor uptake might be the result of the glycosylation 
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�•�–�ƒ�–�—�•�� �ƒ�”�‡�� �–�Š�‡�� �•�‹�†�•�‡�›�•�á�� �Ž�‹�˜�‡�”�� �ƒ�•�†�� �•�’�Ž�‡�‡�•�ä�� ���‘�–�Š�� �†�‡�ˆ�—�…�‘�•�›�Ž�ƒ�–�‹�‘�•�� �ƒ�•�†�� �‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‹�‘�•�á�� �‡�•�’�‡�…�‹�ƒ�Ž�Ž�›��

mannosylation, can change the biodistribution of proteins. As the glycosylation status depends 

�‘�•�� �–�Š�‡���‡�š�’�”�‡�•�•�‹�‘�•���•�›�•�–�‡�•�•�á�� �‹�–�•���‡�¡�‡�…�–���‘�•�� �„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•�� �•�‹�‰�Š�–�� �„�‡���”�‡�Ž�‡�˜�ƒ�•�–�� �‹�•�� �–�Š�‡���•�‡�ƒ�”�…�Š�� �ˆ�‘�”���ƒ�•��

optimal system.

Humanization 

���”�‘�–�‡�‹�•�� �†�”�—�‰�•�� �…�ƒ�•�� �‡�Ž�‹�…�‹�–�� �ƒ�•�–�‹�æ�†�”�—�‰�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�� ���������•���� �‹�•�� �’�ƒ�–�‹�‡�•�–�•�ä�� �	�‘�”�•�ƒ�–�‹�‘�•�� �‘�ˆ�� �������æ�†�”�—�‰��

complexes can subsequently increase drug clearance via the liver or spleen.�]�c�b�� ���—�•�ƒ�•�‹�œ�ƒ�–�‹�‘�•��

of targeted proteins reduces the chance of being recognized by the human body as ‘foreign’ 

�ƒ�•�†�� �’�‘�–�‡�•�–�‹�ƒ�Ž�Ž�›�� �”�‡�†�—�…�‡�•�� �–�Š�‡�� �…�Š�ƒ�•�…�‡�� �‘�ˆ�� �������� �’�”�‘�†�—�…�–�‹�‘�•�ä�� ���•�� �ƒ�� �”�‡�•�—�Ž�–�á�� �Š�—�•�ƒ�•�‹�œ�ƒ�–�‹�‘�•�� �•�ƒ�›�� �ƒ�¡�‡�…�–��

the biodistribution of protein drugs. Although humanization may reduce the chance of ADA 

production in humans and in cynomolgus monkeys, both humanized and fully human antibodies 

can still induce ADA production. �]�c�c This may partly be due to factors other than humanization, 

e.g. related to clinical use, product formulation and patient characteristics. These factors may 

be responsible for the variability in ADA production after administration of drugs and drug 

candidates.�]�c�d�� ���›�� �Ž�‹�•�•�‹�•�‰�� �˜�ƒ�”�‹�ƒ�„�Ž�‡�� �†�‘�•�ƒ�‹�•�•�� �‘�ˆ�� �•�—�”�‹�•�‡�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�� �–�‘�� �Š�—�•�ƒ�•�� �…�‘�•�•�–�ƒ�•�–�� �”�‡�‰�‹�‘�•�•�á��

murine antibodies can be humanized.�]�c�e To further enlarge the human content of antibodies, 

�•�‘�—�•�‡���…�‘�•�’�Ž�‡�•�‡�•�–�ƒ�”�‹�–�›�æ�†�‡�–�‡�”�•�‹�•�‹�•�‰���”�‡�•�‹�†�—�‡�•�����������•�����…�ƒ�•���„�‡���‰�”�ƒ�ˆ�–�‡�†���‹�•�–�‘���Š�—�•�ƒ�•���ƒ�•�–�‹�„�‘�†�‹�‡�•�ä180 

Current technology additionally allows the production of fully human antibodies. 181,182 Despite 

being fully human, these antibodies can still elicit ADAs.�]�d�_ In addition to the humanization of 

�ƒ�•�–�‹�„�‘�†�‹�‡�•�á�� �������•�� �…�ƒ�•�� �„�‡�� �Š�—�•�ƒ�•�‹�œ�‡�†�� �ƒ�•�� �™�‡�Ž�Ž�ä�]�d� ̀Given a high homology with the heavy chain 

�˜�ƒ�”�‹�ƒ�„�Ž�‡���†�‘�•�ƒ�‹�•���‘�ˆ���Š�—�•�ƒ�•���ƒ�•�–�‹�„�‘�†�‹�‡�•�á���Š�—�•�ƒ�•�‹�œ�ƒ�–�‹�‘�•���‘�ˆ���������•���‹�•���”�ƒ�–�Š�‡�”���•�–�”�ƒ�‹�‰�Š�–�ˆ�‘�”�™�ƒ�”�†�ä��

 Similar to antibodies, other human proteins have been used to develop drug candidates, 

including anticalins and adnectins. Although these drug candidates have been derived from 

human proteins, they still can elucidate an immune response. For example, an anticalin 

���������æ�\�a�\�����–�ƒ�”�‰�‡�–�‹�•�‰���˜�ƒ�•�…�—�Ž�ƒ�”���‡�•�†�‘�–�Š�‡�Ž�‹�ƒ�Ž���‰�”�‘�™�–�Š���ˆ�ƒ�…�–�‘�”�����á���†�‡�”�‹�˜�‡�†���ˆ�”�‘�•���Š�—�•�ƒ�•���Ž�‹�’�‘�…�ƒ�Ž�‹�•�•�á���•�‡�‡�•�•��

to be non-immunogenic in cancer patients, while a vascular endothelial growth factor receptor 

�^�� �–�ƒ�”�‰�‡�–�‹�•�‰�� �ƒ�†�•�‡�…�–�‹�•�� �������æ�_�^�^���� �•�–�‹�Ž�Ž�� �’�”�‘�˜�‘�•�‡�†�� �������� �’�”�‘�†�—�…�–�‹�‘�•�� �‹�•�� �_�]�� �‘�—�–�� �‘�ˆ�� �_�d�� ���d�^�Ä���� �…�ƒ�•�…�‡�”��

patients.�]�d�a�á�]�d�b 

�� ���—�•�ƒ�•�‹�œ�ƒ�–�‹�‘�•���†�‘�‡�•���ƒ�¡�‡�…�–���–�Š�‡���Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡���‘�ˆ���ƒ�•�–�‹�„�‘�†�‹�‡�•���‹�•���Š�—�•�ƒ�•�•�����	�‹�‰�ä���^���ä���
�‡�•�‡�”�ƒ�Ž�Ž�›�á���Š�ƒ�Ž�ˆ�æ�Ž�‹�˜�‡�•��

�‘�ˆ�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�� �‹�•�� �Š�—�•�ƒ�•�•�� �…�‘�”�”�‡�Ž�ƒ�–�‡�� �™�‹�–�Š�� �–�Š�‡�� �†�‡�‰�”�‡�‡�� �‘�ˆ�� �Š�—�•�ƒ�•�‹�œ�ƒ�–�‹�‘�•�á�� �‹�•�� �–�Š�‡�� �‘�”�†�‡�”�� �‘�ˆ�� �ò�ˆ�—�Ž�Ž�›�æ�”�‘

�†�‡�•�–�ó���Î���…�Š�‹�•�‡�”�‹�…���Î���������æ�‰�”�ƒ�ˆ�–�‡�†�� �Š�—�•�ƒ�•���Î���ò�ˆ�—�Ž�Ž�›�� �Š�—�•�ƒ�•�ó�ä�]�d�c In line, humanization can decrease 

�–�Š�‡�� �…�Ž�‡�ƒ�”�ƒ�•�…�‡�� �”�ƒ�–�‡�� �‹�•�� �•�‘�•�æ�Š�—�•�ƒ�•�� �’�”�‹�•�ƒ�–�‡�•�ä�� ���—�•�ƒ�•�‹�œ�ƒ�–�‹�‘�•�á�� �—�•�‹�•�‰�� �ƒ�� �������æ�‰�”�ƒ�ˆ�–�‹�•�‰�� �•�‡�–�Š�‘�†�á��

�‘�ˆ�� �ƒ�•�� �ƒ�•�–�‹�æ�–�—�•�‘�”�� �•�‡�…�”�‘�•�‹�•�� �ˆ�ƒ�…�–�‘�”�æ�ƒ�Ž�’�Š�ƒ�� �•�—�”�‹�•�‡�� �ƒ�•�–�‹�„�‘�†�›�� �‹�•�…�”�‡�ƒ�•�‡�†�� �‹�–�•�� �Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡�� �–�‘�� �`�\�æ�e�\�� �Š�”�� ���ƒ��

�^�æ�_�� �ˆ�‘�Ž�†�� �‹�•�…�”�‡�ƒ�•�‡���� �‹�•�� �…�›�•�‘�•�‘�Ž�‰�—�•�� �•�‘�•�•�‡�›�•�ä188 In contrast, humanization of antibodies can 

increase clearance rate in mice. This has been observed with an astatine-211 labeled humanized 

�ƒ�•�–�‹�„�‘�†�›�� �����‡�„�•�ƒ�„�^�\�\���� �ƒ�•�†�� �•�—�”�‹�•�‡�� �ƒ�•�–�‹�„�‘�†�›�� �������_�a���� �–�ƒ�”�‰�‡�–�‹�•�‰�� �•�‘�†�‹�—�•�æ�†�‡�’�‡�•�†�‡�•�–�� �’�Š�‘�•�’�Š�ƒ�–�‡��

transporter.�]�d�e�����–���^�`���Š�”���ƒ�ˆ�–�‡�”���–�”�ƒ�…�‡�”���‹�•�Œ�‡�…�–�‹�‘�•���‹�•���–�—�•�‘�”�æ�„�‡�ƒ�”�‹�•�‰���•�‹�…�‡�á���•�Ž�‹�‰�Š�–�Ž�›���Ž�‘�™�‡�”���„�Ž�‘�‘�†���Ž�‡�˜�‡�Ž�•��

�™�‡�”�‡�� �‘�„�•�‡�”�˜�‡�†�� �ˆ�‘�”�� �ƒ�•�–�ƒ�–�‹�•�‡�æ�^�]�]�� �Ž�ƒ�„�‡�Ž�‡�†�� ���‡�„�•�ƒ�„�^�\�\�� �ƒ�•�� �…�‘�•�’�ƒ�”�‡�†�� �–�‘�� �ƒ�•�–�ƒ�–�‹�•�‡�æ�^�]�]�� �Ž�ƒ�„�‡�Ž�‡�†�� �����_�a��



���•�ª�—�‡�•�…�‡���‘�ˆ���’�”�‘�–�‡�‹�•���’�”�‘�’�‡�”�–�‹�‡�•���ƒ�•�†���’�”�‘�–�‡�‹�•���•�‘�†�‹�¤�…�ƒ�–�‹�‘�•���‘�•���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•���ƒ�•�†���–�—�•�‘�”��| 49
�—�’�–�ƒ�•�‡���‘�ˆ���ƒ�•�–�‹�…�ƒ�•�…�‡�”���ƒ�•�–�‹�„�‘�†�‹�‡�•�á���ƒ�•�–�‹�„�‘�†�›���†�‡�”�‹�˜�ƒ�–�‹�˜�‡�•���ƒ�•�†���•�‘�•�æ���‰���•�…�ƒ�¡�‘�Ž�†�•��

48 | Chapter 2

���”�‡�•�’�‡�…�–�‹�˜�‡�Ž�›�� �9�]�a�Ä�� �������‰�� �ƒ�•�†�� �9�^�\�Ä�� �������‰���ä�� ���‘�� �†�‹�¡�‡�”�‡�•�…�‡�•�� �™�‡�”�‡�� �‘�„�•�‡�”�˜�‡�†�� �‹�•�� �‘�”�‰�ƒ�•�� �ƒ�•�†�� �–�—�•�‘�”��

�—�’�–�ƒ�•�‡�ä�� ���•�� �…�‘�•�–�”�ƒ�•�–�� �–�‘�� �–�Š�‡�� �ƒ�•�–�ƒ�–�‹�•�‡�æ�^�]�]�� �Ž�ƒ�„�‡�Ž�‡�†�� �ƒ�•�–�‹�„�‘�†�‹�‡�•�á�� �•�‘�� �†�‹�¡�‡�”�‡�•�…�‡�•�� �‹�•�� �„�‘�–�Š�� �„�Ž�‘�‘�†�� �Ž�‡�˜�‡�Ž�•��

and tissue levels were observed between when both antibodies were labeled with �]�^�aI instead of 

astatine-211. 
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interaction was only present in mice and absent in cynomolgus monkey and human plasma, 
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muscle, liver and tumor at 1 hr after injection. 

 In conclusion, humanization of antibodies generally increases their half-life in humans 

an can increase half-life in cynomolgus monkeys, while it can decrease the half-life in mice. 
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not extensively been studied for proteins other than antibodies.

Albumin binding 

Albumin, the most abundant protein in human and murine plasma, displays an extraordinary 
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 In conclusion, albumin binding can increase protein levels in blood, organs and tumors. The 
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obtained with albumin binding proteins.

PEGylation 

Although small protein drugs hold great promise as anticancer agents, they are cleared fast and 
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in mice, rats and cynomolgus monkeys.�^�]�_ 
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receptors in the liver. 
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This might be the result of both an increased circulation time, resulting in increased exposure to 
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penetration also prevented high tumor uptake. 
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increase protein adsorption.�^�]�c The binding to proteins that interact with receptors on cells of 

�•�‘�•�‘�•�—�…�Ž�‡�ƒ�”�� �’�Š�ƒ�‰�‘�…�›�–�‡�� �•�›�•�–�‡�•�� �•�ƒ�›�� �’�”�‘�•�‘�–�‡�� �–�Š�‡�� �…�Ž�‡�ƒ�”�ƒ�•�…�‡�� �‘�ˆ�� �����
�›�Ž�ƒ�–�‡�†�� �’�”�‘�–�‡�‹�•�•�� �„�›�� �–�Š�‡�•�‡��

cells.�^�]�b�� ���•�� �ƒ�†�†�‹�–�‹�‘�•�á�� �–�Š�‡�� �‹�•�•�ƒ�–�‡�� �‹�•�•�—�•�‡�� �•�›�•�–�‡�•�� �•�ƒ�›�� �”�‡�…�‘�‰�•�‹�œ�‡�� �����
�á�� �ƒ�•�� �–�Š�‹�•�� �•�›�•�–�‡�•�� �‹�•�� �•�•�‘�™�•��

�–�‘�� �”�‡�…�‘�‰�•�‹�œ�‡�� �’�ƒ�–�Š�‘�‰�‡�•�æ�•�’�‡�…�‹�¤�…�� �”�‡�’�‡�ƒ�–�‹�•�‰�� �•�–�”�—�…�–�—�”�‡�•�ä�� �	�—�”�–�Š�‡�”�•�‘�”�‡�á�� �Š�—�•�ƒ�•�� �•�ƒ�›�� �†�‡�˜�‡�Ž�‘�’�� �����
��

�•�’�‡�…�‹�¤�…���ƒ�•�–�‹�„�‘�†�‹�‡�•�� �ƒ�ˆ�–�‡�”�� �”�‡�’�‡�ƒ�–�‡�†���‡�š�’�‘�•�—�”�‡�� �–�‘�� �����
�� �ƒ�•�� �Š�ƒ�•�� �„�‡�‡�•�� �•�Š�‘�™�•�� �‹�•�� �ƒ���…�Ž�‹�•�‹�…�ƒ�Ž�� �•�–�—�†�›�� �™�‹�–�Š��



���•�ª�—�‡�•�…�‡���‘�ˆ���’�”�‘�–�‡�‹�•���’�”�‘�’�‡�”�–�‹�‡�•���ƒ�•�†���’�”�‘�–�‡�‹�•���•�‘�†�‹�¤�…�ƒ�–�‹�‘�•���‘�•���„�‹�‘�†�‹�•�–�”�‹�„�—�–�‹�‘�•���ƒ�•�†���–�—�•�‘�”��| 53
�—�’�–�ƒ�•�‡���‘�ˆ���ƒ�•�–�‹�…�ƒ�•�…�‡�”���ƒ�•�–�‹�„�‘�†�‹�‡�•�á���ƒ�•�–�‹�„�‘�†�›���†�‡�”�‹�˜�ƒ�–�‹�˜�‡�•���ƒ�•�†���•�‘�•�æ���‰���•�…�ƒ�¡�‘�Ž�†�•��

52 | Chapter 2

�����
�ƒ�•�’�ƒ�”�ƒ�‰�‹�•�ƒ�•�‡�ä218�����Š�‡���”�‡�•�—�Ž�–�•���‘�ˆ���–�Š�ƒ�–���•�ƒ�•�‡���•�–�—�†�›���ƒ�Ž�•�‘���‹�•�†�‹�…�ƒ�–�‡���–�Š�ƒ�–���^�a�Ä���‘�ˆ���–�Š�‡���•�–�—�†�›���’�‘�’�—�Ž�ƒ�–�‹�‘�•��

�Š�ƒ�†���’�”�‡�æ�‡�š�‹�•�–�‹�•�‰�� �����
�� �”�‡�…�‘�‰�•�‹�œ�‹�•�‰���ƒ�•�–�‹�„�‘�†�‹�‡�•�� �’�”�‹�‘�”�� �–�‘�� �–�Š�‡���•�–�—�†�›�ä�� ���…�…�‘�”�†�‹�•�‰���–�‘�� �–�Š�‡���ƒ�—�–�Š�‘�”�•�� �–�Š�‹�•��

�…�‘�—�Ž�†���„�‡���–�Š�‡���”�‡�•�—�Ž�–���‘�ˆ���”�‡�’�‡�ƒ�–�‡�†���‡�š�’�‘�•�—�”�‡���–�‘�������
���‹�•���…�‘�•�•�‡�–�‹�…���’�”�‘�†�—�…�–�•���–�Š�ƒ�–���™�‡�”�‡���Ž�‹�•�‡�Ž�›���—�•�‡�†���„�›���–�Š�‡��

patients. 
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penetration resulting in a decrease in tumor uptake. 

 

CONCLUSIONS AND FUTURE PROSPECTS 
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of protein drugs, can intentionally and unintentionally alter their biodistribution and tumor 
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therefore be determined for each type of protein drug separately. 

 Currently, the distribution and tumor uptake of clinically studied protein drugs is increasingly 
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and active non-recruiting clinical trials in which the biodistribution and tumor uptake of �d�eZr 
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extrapolated to the clinical setting. Further research may additionally clarify which preclinical 

models best approach the clinical setting and which preclinical models should be avoided to 

study biodistribution and tumor uptake of protein drugs.
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biodistribution and tumor uptake of protein drugs. This review may facilitate in addressing this 
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imaging can be implemented in more clinical trials. Generally, the implementation of molecular 
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to take into account the need for standardized scanning methods and the costs of molecular 

imaging.�^�]�e�á�^�^�\ Furthermore, a good collaboration between academia and industry will expand the 

incorporation of molecular imaging in clinical trials. 
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constituent targeting mesothelin with �d�eZr and IRDye 800CW in mice bearing human pancreatic tumor xenografts. 
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Chapter 3
Rapid optical imaging of human breast tumour 
xenografts using anti-HER2 VHHs site-directly 

conjugated to IRDye 800CW for 
image-guided surgery
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ABSTRACT

Molecular optical imaging using monoclonal antibodies is slow with low tumour to background 

�”�ƒ�–�‹�‘�ä�����‡���—�•�‡�†���ƒ�•�–�‹�æ�������^���������•���…�‘�•�Œ�—�‰�ƒ�–�‡�†�� �–�‘�� �������›�‡�� �d�\�\������ �–�‘�� �‹�•�˜�‡�•�–�‹�‰�ƒ�–�‡�� �–�Š�‡�‹�”�� �’�‘�–�‡�•�–�‹�ƒ�Ž���ƒ�•��

�’�”�‘�„�‡�•���ˆ�‘�”���”�ƒ�’�‹�†���‘�’�–�‹�…�ƒ�Ž���•�‘�Ž�‡�…�—�Ž�ƒ�”���‹�•�ƒ�‰�‹�•�‰���‘�ˆ���������^�æ�’�‘�•�‹�–�‹�˜�‡���–�—�•�‘�—�”�•���„�›���–�Š�‡���†�‡�–�‡�”�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ��

tumour accumulation and tumour to background levels. 

Methods: �� ���Š�”�‡�‡�� �ƒ�•�–�‹�æ�������^�� �������•�� ���]�]���`�á�� �]�d���_�á�� �^�^�
�]�^���� �™�‡�”�‡�� �•�‡�Ž�‡�…�–�‡�†�� �™�‹�–�Š�� �’�Š�ƒ�‰�‡�� �†�‹�•�’�Ž�ƒ�›�� �ƒ�•�†��

produced in Escherichia coli�ä�����‹�•�†�‹�•�‰���ƒ�¥�•�‹�–�‹�‡�•���‘�ˆ���–�Š�‡�•�‡���’�”�‘�„�‡�•���–�‘�����������_���…�‡�Ž�Ž�•���™�‡�”�‡���†�‡�–�‡�”�•�‹�•�‡�†��

�„�‡�ˆ�‘�”�‡���ƒ�•�†���ƒ�ˆ�–�‡�”���•�‹�–�‡�æ�•�’�‡�…�‹�¤�…���…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•���–�‘���������›�‡���d�\�\�����ä�����‘���†�‡�–�‡�”�•�‹�•�‡���–�Š�‡���’�‘�–�‡�•�–�‹�ƒ�Ž���‘�ˆ���������æ������

�ƒ�•�� �‹�•�ƒ�‰�‹�•�‰�� �’�”�‘�„�‡�•�á�� �•�‡�”�‹�ƒ�Ž�� �‘�’�–�‹�…�ƒ�Ž�� �‹�•�ƒ�‰�‹�•�‰�� �•�–�—�†�‹�‡�•�� �™�‡�”�‡�� �…�ƒ�”�”�‹�‡�†�� �‘�—�–�� �—�•�‹�•�‰�� �Š�—�•�ƒ�•�� ���������_�� �ƒ�•�†��

�Š�—�•�ƒ�•�� �������æ�����æ�^�_�]�� �š�‡�•�‘�‰�”�ƒ�ˆ�–�� �„�”�‡�ƒ�•�–���…�ƒ�•�…�‡�”�� �•�‘�†�‡�Ž�•�ä�� ���‡�”�ˆ�‘�”�•�ƒ�•�…�‡���‘�ˆ�� �–�Š�‡���ƒ�•�–�‹�æ�������^�� �������æ������

�™�ƒ�•�� �…�‘�•�’�ƒ�”�‡�†�� �–�‘�� �–�Š�ƒ�–�� �‘�ˆ�� �–�”�ƒ�•�–�—�œ�—�•�ƒ�„�æ������ �ƒ�•�†�� �ƒ�� �•�‘�•�æ�������^�æ�•�’�‡�…�‹�¤�…�� �������æ�����ä�� ���•�ƒ�‰�‡�æ�‰�—�‹�†�‡�†��

�•�—�”�‰�‡�”�›�� �™�ƒ�•�� �’�‡�”�ˆ�‘�”�•�‡�†�� �†�—�”�‹�•�‰�� �™�Š�‹�…�Š�� ���������_�� �–�—�•�‘�—�”�� �™�ƒ�•�� �”�‡�•�‘�˜�‡�†�� �—�•�†�‡�”�� �–�Š�‡�� �‰�—�‹�†�ƒ�•�…�‡�� �‘�ˆ�� �–�Š�‡��

�������æ�������•�‹�‰�•�ƒ�Ž�ä

Results: �� ���‹�–�‡�æ�•�’�‡�…�‹�¤�…���…�‘�•�Œ�—�‰�ƒ�–�‹�‘�•���‘�ˆ�� �������›�‡�� �d�\�\������ �–�‘�� �–�Š�”�‡�‡���ƒ�•�–�‹�æ�������^���������•�� �’�”�‡�•�‡�”�˜�‡�†�� �Š�‹�‰�Š��

�ƒ�¥�•�‹�–�›���„�‹�•�†�‹�•�‰���™�‹�–�Š���–�Š�‡���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���†�‹�•�•�‘�…�‹�ƒ�–�‹�‘�•���…�‘�•�•�–�ƒ�•�–�•������D���ã���]�]���`���]�ä�e�È�\�ä�\�_�á���]�d���_���]�`�ä�_�È�]�ä�d���ƒ�•�†��

�^�^�
�]�^���_�ä�^�È�\�ä�a���•���ä�����ƒ�•�‡�†���—�’�‘�•���†�‹�¡�‡�”�‡�•�–���…�”�‹�–�‡�”�‹�ƒ���•�—�…�Š���ƒ�•���„�‹�•�†�‹�•�‰�á���’�”�‘�†�—�…�–�‹�‘�•���›�‹�‡�Ž�†���ƒ�•�†���–�—�•�‘�—�”��

�ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•�á���]�]���`���™�ƒ�•���•�‡�Ž�‡�…�–�‡�†���ˆ�‘�”���ˆ�—�”�–�Š�‡�”���•�–�—�†�‹�‡�•�ä�����‘�•�’�ƒ�”�‹�•�‘�•���‘�ˆ���]�]���`�æ�������™�‹�–�Š���–�”�ƒ�•�–�—�œ�—�•�ƒ�„�æ������

�•�Š�‘�™�‡�†�� �9�^�\�� �–�‹�•�‡�•�� �ˆ�ƒ�•�–�‡�”�� �–�—�•�‘�—�”�� �ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡�� �ƒ�•�–�‹�æ�������^�� �������á�� �™�‹�–�Š�� �ƒ�� �•�—�…�Š�� �Š�‹�‰�Š�‡�”��

�…�‘�•�–�”�ƒ�•�–���„�‡�–�™�‡�‡�•���–�—�•�‘�—�”���ƒ�•�†���„�ƒ�…�•�‰�”�‘�—�•�†���–�‹�•�•�—�‡�����]�]���`�æ�������^�ä�a�È�\�ä�_�á���–�”�ƒ�•�–�—�œ�—�•�ƒ�„�æ�������]�ä�`�È�\�ä�`�á���`���Š��

�’�‘�•�–�æ�‹�•�Œ�‡�…�–�‹�‘�•���ä���]�]���`�æ�������™�ƒ�•���†�‡�•�‘�•�•�–�”�ƒ�–�‡�†���–�‘���„�‡���ƒ���—�•�‡�ˆ�—�Ž���–�‘�‘�Ž���‹�•���‹�•�ƒ�‰�‡�æ�‰�—�‹�†�‡�†���•�—�”�‰�‡�”�›�ä

Conclusion:���������æ�������Ž�‡�†���–�‘���ƒ���•�—�…�Š���ˆ�ƒ�•�–�‡�”���–�—�•�‘�—�”���ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•���™�‹�–�Š���Š�‹�‰�Š���–�—�•�‘�—�”���–�‘���„�ƒ�…�•�‰�”�‘�—�•�†��

ratios as compared to trastuzumab-IR allowing same-day imaging for clinical investigation as 

well as image-guided surgery.



���ƒ�’�‹�†���‘�’�–�‹�…�ƒ�Ž���‹�•�ƒ�‰�‹�•�‰���‘�ˆ���Š�—�•�ƒ�•���„�”�‡�ƒ�•�–���–�—�•�‘�—�”���š�‡�•�‘�‰�”�ƒ�ˆ�–�•���—�•�‹�•�‰���ƒ�•�–�‹�æ�������^���������•���•�‹�–�‡�æ�†�‹�”�‡�…�–�Ž�›��| 73
conjugated to IRDye 800CW for image-guided surgery 

72 | ���Š�ƒ�’�–�‡�”���_

INTRODUCTION

���”�‡�ƒ�•�–�� �…�ƒ�•�…�‡�”�� �‹�•�� �–�Š�‡�� �•�‘�•�–�� �ˆ�”�‡�“�—�‡�•�–�� �…�ƒ�•�…�‡�”�� �‹�•�� �–�Š�‡�� ���—�”�‘�’�‡�ƒ�•�� �ˆ�‡�•�ƒ�Ž�‡�� �’�‘�’�—�Ž�ƒ�–�‹�‘�•�� �ƒ�•�†�� �]�d���^�a�� �Ä�� �‘�ˆ��

�ƒ�Ž�Ž���–�Š�‡�•�‡���…�ƒ�•�‡�•���Š�ƒ�˜�‡���–�Š�‡���������^���‰�‡�•�‡���ƒ�•�’�Ž�‹�¤�‡�†�á���”�‡�•�—�Ž�–�‹�•�‰���‹�•���������^���”�‡�…�‡�’�–�‘�”���‘�˜�‡�”�‡�š�’�”�‡�•�•�‹�‘�•�ä�����‹�•�…�‡��

�������^���‹�•���‡�š�’�”�‡�•�•�‡�†���‘�•�Ž�›���ƒ�–���˜�‡�”�›���Ž�‘�™���Ž�‡�˜�‡�Ž�•���‹�•���•�‘�”�•�ƒ�Ž���‡�’�‹�–�Š�‡�Ž�‹�ƒ�Ž���…�‡�Ž�Ž�•1, it is considered a clinically 

�”�‡�Ž�‡�˜�ƒ�•�–���–�—�•�‘�—�”���•�ƒ�”�•�‡�”�ä�����Š�‡���Š�—�•�ƒ�•���������^���”�‡�…�‡�’�–�‘�”���‹�•���ƒ���]�d�a���•���ƒ���–�”�ƒ�•�•�•�‡�•�„�”�ƒ�•�‡���’�”�‘�–�‡�‹�•���–�Š�ƒ�–�á��

�–�‘�‰�‡�–�Š�‡�”���™�‹�–�Š���������]�����‡�’�‹�†�‡�”�•�ƒ�Ž���‰�”�‘�™�–�Š���ˆ�ƒ�…�–�‘�”���”�‡�…�‡�’�–�‘�”�á�����
�	�����á���������_���ƒ�•�†���������`�á���„�‡�Ž�‘�•�‰�•���–�‘���–�Š�‡��

���”�„�����ˆ�ƒ�•�‹�Ž�›���‘�ˆ���”�‡�…�‡�’�–�‘�”���–�›�”�‘�•�‹�•�‡���•�‹�•�ƒ�•�‡�•�������������ä�����–���‹�•���ƒ�•���ƒ�—�–�‘�æ�ƒ�…�–�‹�˜�ƒ�–�‡�†���”�‡�…�‡�’�–�‘�”�á���™�Š�‹�…�Š���‹�•���’�”�‡�•�‡�•�–��

on the cell membrane in an extended open conformation, enabling the continuous formation of 

homo- and heterodimers with other family members. As a result, signalling in tumours expressing 

�������^���‹�•���‡�•�Š�ƒ�•�…�‡�†���…�ƒ�—�•�‹�•�‰���•�‘�”�‡���ƒ�‰�‰�”�‡�•�•�‹�˜�‡���†�‹�•�‡�ƒ�•�‡�á���™�‹�–�Š���‰�”�‡�ƒ�–�‡�”���Ž�‹�•�‡�Ž�‹�Š�‘�‘�†���‘�ˆ���”�‡�‘�…�…�—�”�”�‡�•�…�‡�ä�^�á�_

�� ���•�•�‡�•�•�•�‡�•�–���‘�ˆ���������^���‡�š�’�”�‡�•�•�‹�‘�•���‹�•���…�‘�•�•�‘�•���’�”�ƒ�…�–�‹�…�‡���ˆ�‘�”���ƒ�…�…�—�”�ƒ�–�‡���†�‹�ƒ�‰�•�‘�•�‹�•���ƒ�•�†���•�—�„�•�‡�“�—�‡�•�–��

selection of the treatment protocol for breast cancer patients. At the moment, there are two ex 

�˜�‹�˜�‘���–�‡�•�–�•���–�‘���ƒ�•�•�‡�•�•���������^���‡�š�’�”�‡�•�•�‹�‘�•���Ž�‡�˜�‡�Ž�•�á���‡�ä�‰�ä���‹�•�•�—�•�‘�Š�‹�•�–�‘�…�Š�‡�•�‹�•�–�”�›���������������ƒ�•�†���ª�—�‘�”�‡�•�…�‡�•�…�‡��

�‹�•���•�‹�–�—���Š�›�„�”�‹�†�‹�œ�ƒ�–�‹�‘�•�����	���������ä�����‘�–�Š���•�‡�–�Š�‘�†�•���”�‡�“�—�‹�”�‡���ƒ���„�‹�‘�’�•�›���‘�ˆ���–�Š�‡���’�”�‹�•�ƒ�”�›���–�—�•�‘�—�”�á���™�Š�‹�…�Š���†�‘�‡�•��

�•�‘�–���•�‡�…�‡�•�•�ƒ�”�‹�Ž�›���”�‡�ª�‡�…�–���–�Š�‡���������^���•�–�ƒ�–�—�•���‘�ˆ���–�Š�‡���‡�•�–�‹�”�‡���–�—�•�‘�—�”���‘�”���‹�•���•�‡�–�ƒ�•�–�ƒ�–�‹�…���Ž�‡�•�‹�‘�•�•�á���†�—�‡���–�‘���‹�•�–�”�ƒ�æ��

�ƒ�•�†�� �‹�•�–�‡�”�–�—�•�‘�”�ƒ�Ž�� �Š�‡�–�‡�”�‘�‰�‡�•�‡�‹�–�›�� �‘�ˆ�� �������^�� �‡�š�’�”�‡�•�•�‹�‘�•�ä�`�æ�c Conversely, non-invasive molecular 

�‹�•�ƒ�‰�‹�•�‰���™�‹�–�Š���’�‘�•�‹�–�”�‘�•���‡�•�‹�•�•�‹�‘�•�� �–�‘�•�‘�‰�”�ƒ�’�Š�›�� ������������ �‹�•�ƒ�‰�‹�•�‰���‘�ˆ�� �������^���…�ƒ�•���‰�‹�˜�‡�� �‹�•�ˆ�‘�”�•�ƒ�–�‹�‘�•���‘�•��

�������^���‡�š�’�”�‡�•�•�‹�‘�•���Ž�‡�˜�‡�Ž�•���‘�ˆ���–�Š�‡���‡�•�–�‹�”�‡���–�—�•�‘�—�”�á���‹�–�•���Š�‡�–�‡�”�‘�‰�‡�•�‡�‹�–�›���ƒ�•�†���ƒ�Ž�•�‘���’�”�‘�˜�‹�†�‡���•�’�ƒ�–�‹�‘�æ�–�‡�•�’�‘�”�ƒ�Ž��

information of the tumour within the breast at various stages of tumour progression.8 Furthermore, 

molecular imaging can provide instant information on the response to applied treatment, e.g. 

trastuzumab, and possible reoccurrence of the tumour during follow-up.�e�æ�]�] Moreover, molecular 

imaging using optical imaging modalities allows for imageguided surgery, which can be of great 

help for the surgeon performing more radical tumour resections, but also for the detection of 

metastatic lesions in locoregional lymph nodes. Molecular imaging using a targeted tracer is 

usually performed with radioactive isotopes using single photon emission computed tomography 

���������������á�����������‘�”�����‡�”�‡�•�•�‘�˜���Ž�—�•�‹�•�‡�•�…�‡�•�…�‡���‹�•�ƒ�‰�‹�•�‰�������������ä�]�^�á�]�_ More recently, optical imaging using 

�•�‘�•�æ�”�ƒ�†�‹�‘�ƒ�…�–�‹�˜�‡���ª�—�‘�”�‡�•�…�‡�•�–���–�”�ƒ�…�‡�”�•���‹�•���‰�ƒ�‹�•�‹�•�‰���•�‘�”�‡���ƒ�–�–�‡�•�–�‹�‘�•�á���„�‡�…�ƒ�—�•�‡���‘�ˆ���”�‡�…�‡�•�–���ƒ�†�˜�ƒ�•�…�‡�•���‹�•���–�Š�‡��

�–�‡�…�Š�•�‘�Ž�‘�‰�›�� ���‡�ä�‰�ä�� �•�—�Ž�–�‹�•�’�‡�…�–�”�ƒ�Ž���ª�—�‘�”�‡�•�…�‡�•�…�‡�� �‹�•�ƒ�‰�‹�•�‰�����ƒ�•�†���–�”�ƒ�…�‡�”���†�‡�˜�‡�Ž�‘�’�•�‡�•�–���‡�•�’�Ž�‘�›�‡�†�]� ̀  and 

�„�‡�…�ƒ�—�•�‡���‹�–���‹�•���•�‘�”�‡���’�ƒ�–�‹�‡�•�–�æ�ˆ�”�‹�‡�•�†�Ž�›�á���Ž�ƒ�…�•�•���‹�‘�•�‹�œ�‹�•�‰���”�ƒ�†�‹�ƒ�–�‹�‘�•���ƒ�•�†���‹�•���…�‘�•�–�‡�¡�‡�…�–�‹�˜�‡�ä

 Advances in molecular imaging relate to novel improvements in technology simultaneously 

�™�‹�–�Š�� �–�Š�‡�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–�� �‘�ˆ�� �–�ƒ�”�‰�‡�–�‡�†�� �’�”�‘�„�‡�•�� �™�Š�‹�…�Š�� �‹�•�’�”�‘�˜�‡�� �„�‘�–�Š�� �•�’�‡�…�‹�¤�…�‹�–�›�� �ƒ�•�†�� �•�‡�•�•�‹�–�‹�˜�‹�–�›�� �‘�ˆ��

�‹�•�ƒ�‰�‹�•�‰�ä�����Š�‹�•���‹�•���—�•�—�ƒ�Ž�Ž�›���†�‘�•�‡���—�•�‹�•�‰���ƒ�•�–�‹�„�‘�†�‹�‡�•���‘�”���ƒ�•�–�‹�„�‘�†�›���ˆ�”�ƒ�‰�•�‡�•�–�•���…�‘�•�Œ�—�‰�ƒ�–�‡�†���–�‘���ª�—�‘�”�‘�’�Š�‘�”�‡�•��

or isotopes. One of the disadvantages of antibodies is their long half-life in the bloodstream, 

which results in high background levels right after systemic administration and, consequently, 

�‹�•���Ž�‘�™���–�—�•�‘�—�”���–�‘���„�ƒ�…�•�‰�”�‘�—�•�†���������������”�ƒ�–�‹�‘�•�ä�����‘�”�‡�‘�˜�‡�”�á���…�‘�•�˜�‡�•�–�‹�‘�•�ƒ�Ž���ƒ�•�–�‹�„�‘�†�‹�‡�•���Š�ƒ�˜�‡���ƒ���”�ƒ�–�Š�‡�”���•�Ž�‘�™��

�†�‹�¡�—�•�‹�‘�•�� �‹�•�–�‘�� �–�Š�‡�� �•�‘�Ž�‹�†�� �–�—�•�‘�—�”�á�� �™�Š�‹�…�Š�� �•�ƒ�›�� �‡�˜�‡�•�� �’�”�‡�˜�‡�•�–�� �–�Š�‡�•�� �ˆ�”�‘�•�� �”�‡�ƒ�…�Š�‹�•�‰���ƒ�•�†�� �„�‹�•�†�‹�•�‰�� �–�‘��

the entire tumour mass.�]�\�á�]�]�á�]�a For these reasons more interest is now expressed in smaller tracers 

�•�—�…�Š���ƒ�•���ƒ�¥�„�‘�†�‹�‡�•�á���†�‡�•�‹�‰�•�‡�†���ƒ�•�•�›�”�‹�•���”�‡�’�‡�ƒ�–���’�”�‘�–�‡�‹�•�•�������������‹�•�•�����ƒ�•�†���˜�ƒ�”�‹�ƒ�„�Ž�‡���†�‘�•�ƒ�‹�•���‘�ˆ���–�Š�‡���Š�‡�ƒ�˜�›��

chain of heavy-chain only antibodies that are found in animals from the Camelidae, indicated as 
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���������‘�”���•�ƒ�•�‘�„�‘�†�›�ä

�� �������•���ƒ�”�‡���–�Š�‡���•�•�ƒ�Ž�Ž�‡�•�–�á���•�ƒ�–�—�”�ƒ�Ž�Ž�›���‘�…�…�—�”�”�‹�•�‰�á���ˆ�—�•�…�–�‹�‘�•�ƒ�Ž���ƒ�•�–�‹�‰�‡�•�æ�„�‹�•�†�‹�•�‰���ˆ�”�ƒ�‰�•�‡�•�–�•���‘�ˆ���‘�•�Ž�›��

�]�a�� �•���ƒ�ä�� ���‡�� �Š�ƒ�˜�‡�� �”�‡�…�‡�•�–�Ž�›�� �†�‡�•�‘�•�•�–�”�ƒ�–�‡�†�� �–�Š�ƒ�–�� �������•�� �…�ƒ�•�� �„�‡�� �…�‘�•�Œ�—�‰�ƒ�–�‡�†�� �–�‘�� �•�‡�ƒ�”�æ�‹�•�ˆ�”�ƒ�”�‡�†�� ������������

�ª�—�‘�”�‡�•�…�‡�•�–�� �†�›�‡�•�� �ƒ�•�†�� �ˆ�—�•�…�–�‹�‘�•�� �ƒ�•�� �‘�’�–�‹�…�ƒ�Ž�� �•�‘�Ž�‡�…�—�Ž�ƒ�”�� �‹�•�ƒ�‰�‹�•�‰�� �–�”�ƒ�…�‡�”�•�ä�]�b Due to their small size, 

�������•���†�‹�•�–�”�‹�„�—�–�‡���ƒ�•�†���†�‹�¡�—�•�‡���‡�¥�…�‹�‡�•�–�Ž�›���–�Š�”�‘�—�‰�Š�‘�—�–���•�‘�Ž�‹�†���–�—�•�‘�—�”�•�á���ƒ�•�†���†�—�‡���–�‘���–�Š�‡�‹�”���Š�‹�‰�Š���„�‹�•�†�‹�•�‰��

�•�’�‡�…�‹�¤�…�‹�–�›�� �ƒ�•�†�� �ƒ�¥�•�‹�–�›�� ����D�Î�]�\�� �•������ �–�‘�� �–�Š�‡�‹�”�� �–�ƒ�”�‰�‡�–�� �ƒ�•�–�‹�‰�‡�•�•�á�� �Š�‹�‰�Š�� �–�—�•�‘�—�”�� �—�’�–�ƒ�•�‡�� �‘�ˆ�� �������•�� �Š�ƒ�•��

�„�‡�‡�•���‘�„�•�‡�”�˜�‡�†�ä�����•�’�‘�”�–�ƒ�•�–�Ž�›�á���–�Š�‡�‹�”���Š�ƒ�Ž�ˆ�æ�Ž�‹�ˆ�‡���‹�•���–�Š�‡���„�Ž�‘�‘�†�•�–�”�‡�ƒ�•���‹�•���•�‹�‰�•�‹�¤�…�ƒ�•�–�Ž�›���•�Š�‘�”�–�‡�”�����]�ä�a���Š�����–�Š�ƒ�•��

�ˆ�—�Ž�Ž�æ�Ž�‡�•�‰�–�Š���ƒ�•�–�‹�„�‘�†�‹�‡�•�����^�]���†�ƒ�›�•���ˆ�‘�”�����‰�
�]���á���ƒ�Ž�Ž�‘�™�‹�•�‰���”�ƒ�’�‹�†���…�Ž�‡�ƒ�”�ƒ�•�…�‡���‘�ˆ���–�Š�‡���—�•�„�‘�—�•�†���ˆ�”�ƒ�…�–�‹�‘�•���„�›���–�Š�‡��

kidneys, leading to the visualization of tumours shortly after their administration. �]�b���]�d Moreover, 

�������•�� �ƒ�”�‡�� �•�–�ƒ�„�Ž�‡�� �ƒ�•�†�� �‡�ƒ�•�‹�Ž�›�� �’�”�‘�†�—�…�‡�†�� �‹�•�� �Ž�ƒ�”�‰�‡�� �“�—�ƒ�•�–�‹�–�‹�‡�•�� �—�•�‹�•�‰�� �‹�•�†�—�•�–�”�‹�ƒ�Ž�� �‰�”�ƒ�†�‡�� �ƒ�•�†�� �“�—�ƒ�Ž�‹�¤�‡�†��

bacteria, yeast or mammalian cells.

�� ���•���–�Š�‹�•���•�–�—�†�›���™�‡���ˆ�‘�…�—�•�‡�†���‘�•���•�‡�Ž�‡�…�–�‹�‘�•���ƒ�•�†���‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•���‘�ˆ���ƒ�•�–�‹�æ�������^���������•���…�‘�•�Œ�—�‰�ƒ�–�‡�†���–�‘���–�Š�‡��
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Llama glamas���™�‡�”�‡���‹�•�•�—�•�‹�œ�‡�†���™�‹�–�Š���������^�æ�‡�š�’�”�‡�•�•�‹�•�‰�������	�c���‘�”�������`�c�`���…�‡�Ž�Ž�•���ƒ�•�†���������^�æ�„�‹�•�†�‹�•�‰��
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�–�Š�‡�•�‡���������•���–�‘���������^���‹�•���˜�‹�–�”�‘�ä�����•���˜�‹�˜�‘�á���˜�‹�•�—�ƒ�Ž�‹�œ�ƒ�–�‹�‘�•���‘�ˆ���Š�—�•�ƒ�•���–�—�•�‘�—�”���š�‡�•�‘�‰�”�ƒ�ˆ�–�•���™�ƒ�•���‘�„�•�‡�”�˜�‡�†��

�ƒ�Ž�”�‡�ƒ�†�›���`���Š���ƒ�ˆ�–�‡�”���’�”�‘�„�‡���‹�•�Œ�‡�…�–�‹�‘�•�ä�����Š�‹�•���™�ƒ�•���ˆ�‘�—�•�†���–�‘���„�‡���^�\���–�‹�•�‡�•���ˆ�ƒ�•�–�‡�”���–�Š�ƒ�•���–�Š�‡���†�‡�Ž�‹�•�‡�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡��

tumours with the monoclonal antibody trastuzumab. Moreover, better contrast was obtained 

�™�‹�–�Š�� �–�Š�‡�� �������•�á�� �™�Š�‹�…�Š�� �”�‡�•�—�Ž�–�‡�†�� �‹�•�� �…�Ž�‡�ƒ�”�� �†�‡�Ž�‹�•�‡�ƒ�–�‹�‘�•�� �ƒ�•�†�� �”�‡�ƒ�Ž�æ�–�‹�•�‡�� �‹�•�ƒ�‰�‹�•�‰�� �‘�ˆ�� �–�Š�‡�� �š�‡�•�‘�‰�”�ƒ�ˆ�–�•��

�†�—�”�‹�•�‰���‹�•�ƒ�‰�‡�æ�‰�—�‹�†�‡�†���•�—�”�‰�‡�”�›�ä�����Š�‡���‘�„�–�ƒ�‹�•�‡�†���”�‡�•�—�Ž�–�•���Š�‹�‰�Š�Ž�‹�‰�Š�–���–�Š�‡���’�‘�–�‡�•�–�‹�ƒ�Ž���‘�ˆ���ƒ�•�–�‹�æ�������^���������•��

as probes for optical molecular imaging of breast cancer and in particular image-guided surgery.

MATERIALS AND METHODS

Cell lines

���Š�‡�� �Š�—�•�ƒ�•�� �„�”�‡�ƒ�•�–�� �…�ƒ�•�…�‡�”�� �…�‡�Ž�Ž�� �Ž�‹�•�‡�•�� ���������_�á�� �����`�c�`�� �ƒ�•�†�� �������æ�����æ�^�_�]�� �™�‡�”�‡�� �‘�„�–�ƒ�‹�•�‡�†�� �ˆ�”�‘�•�� �–�Š�‡��

���•�‡�”�‹�…�ƒ�•�����›�’�‡�����—�Ž�–�—�”�‡�����‘�Ž�Ž�‡�…�–�‹�‘�•�����������������ƒ�•�†���•�ƒ�‹�•�–�ƒ�‹�•�‡�†���‹�•���������������
�‹�„�…�‘�����™�‹�–�Š���c�ä�a���Ä�����˜���˜����

�ˆ�‡�–�ƒ�Ž���„�‘�˜�‹�•�‡���•�‡�”�—�•�����	�������á���]�\�\���������•�Ž���’�‡�•�‹�…�‹�Ž�Ž�‹�•�á���]�\�\���•�‰���•�Ž���•�–�”�‡�’�–�‘�•�›�…�‹�•���ƒ�•�†���^���•�������æ�‰�Ž�—�–�ƒ�•�‹�•�‡�ä��

These cells were tested and authenticated by the provider.
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�”�‘�•�‹�•�‰�‡�•�����������[�b�_�^�b�����ä

Immunization of llamas and construction of VHH libraries

To induce a humoral immune response directed towards the cell surface proteins of human 

breast cancer cells, llamas were immunized with approximately 108 �‹�•�–�ƒ�…�–���Š�—�•�ƒ�•�������	�c���‘�”�������`�c�`��

�…�‡�Ž�Ž�•�ä�����ƒ�…�Š���ƒ�•�‹�•�ƒ�Ž���”�‡�…�‡�‹�˜�‡�†���ˆ�‘�—�”���������`�c�`�����‘�”���•�‡�˜�‡�•���������	�c�����†�‘�•�‡�•���‘�ˆ���•�—�„�…�—�–�ƒ�•�‡�‘�—�•�Ž�›���ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†��

cells. Preimmune and immune sera were collected and tested by enzyme-linked immunosorbent 
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�ƒ�•�•�ƒ�›�� ���������������� �—�•�‹�•�‰�� �������^�� �‡�…�–�‘�†�‘�•�ƒ�‹�•�� �����������ä�]�e Four days after the last immunization, blood 

�™�ƒ�•�� �…�‘�Ž�Ž�‡�…�–�‡�†�á�� �ƒ�•�†�� �’�‡�”�‹�’�Š�‡�”�ƒ�Ž�� �„�Ž�‘�‘�†�� �Ž�›�•�’�Š�‘�…�›�–�‡�•�� ���������•���� �™�‡�”�‡�� �’�—�”�‹�¤�‡�†�� �„�›�� �†�‡�•�•�‹�–�›�� �‰�”�ƒ�†�‹�‡�•�–��

�…�‡�•�–�”�‹�ˆ�—�‰�ƒ�–�‹�‘�•���‘�•���	�‹�…�‘�Ž�Ž�æ���ƒ�“�—�‡�C�������������‰�”�ƒ�†�‹�‡�•�–�•�����
�������‡�ƒ�Ž�–�Š�…�ƒ�”�‡���ä�����‘�–�ƒ�Ž�����������™�ƒ�•���‡�š�–�”�ƒ�…�–�‡�†���ˆ�”�‘�•��

these tissues and transcribed into cDNA using reverse transcription polymerase chain reaction 

�������������á�����‹�ˆ�‡�����‡�…�Š�•�‘�Ž�‘�‰�‹�‡�•���ä�����—�”�‹�¤�‡�†���…���������™�ƒ�•���–�Š�‡�•���—�•�‡�†���ƒ�•���ƒ���–�‡�•�’�Ž�ƒ�–�‡���ˆ�‘�”���…�”�‡�ƒ�–�‹�‘�•���‘�ˆ���‹�•�•�—�•�‡��

libraries, as described earlier.�]�e

Phage display selection of anti-HER2 VHH fragments
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trypsin and used to infect Escherichia coli�����
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In vivo studies

A detailed description of the in vivo studies can be found in supplementary information. In 
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