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Introduction

�T�`�� ���������H�� �G�‘�?���`���™�� �k�2�� � �î�`�����‘�� �¤���™���î�‘���:�� �ZFriends�[�� �U������ ���‘�?�¥�?���î�U�� �Å�k�‘�R�� �?�`�� �™���?���`�����H�� �Ž�k�U�?���Ë�H�� �î�`���� �‘���3�­�U�î�¥�?�k�`��
�¥�k�� ���î�¥�î�U�Ë�Õ���� �^���î�`�?�`�3�2�­�U�� �?�^�Ž�‘�k�Ä���^���`�¥�™�� �?�`�� �k�`���k�U�k�3�Ë�� ���‘�­�3�� �����Ä���U�k�Ž�^���`�¥�H�� �U���3�?�™�U�î�¥�?�Ä���� �î�`���� �‘���3�­�U�î�¥�k�‘�Ë��
�Ž�k�U�?���Ë�H�� �î�`���� �Ž�î�¥�?���`�¥�� ���î�‘���M��Friends�� �­�`�?�¥���™�� �™���?���`�¥�?�™�¥�™�H�� ���Ê�Ž���‘�¥�™�H�� �î���Ä�k���î�¥���™�H�� �î�`���� �Ž�î�¥�?���`�¥�™�� �¥�:�‘�k�­�3�:�k�­�¥�� 
�¥�:���� �Ë���î�‘�� �¥�k�� ���k�U�U�î���k�‘�î�¥�?�Ä���U�Ë�� �3���`���‘�î�¥���� �¥�?�^���U�Ë�� �™�k�U�­�¥�?�k�`�™�� �¥�:�‘�k�­�3�:�� �Å�k�‘�R�?�`�3�� �3�‘�k�­�Ž�™�H�� �‘�k�­�`���¥�î���U���™�H�� �î�`����
�™���?���`�¥�?�ö�������k�`�2���‘���`�����™�M

�¹�:�?�™�� �Ë���î�‘�H�� �¥�:���� �À�M�¬�M�� �G�k�k���� �î�`���� �'�‘�­�3�� �����^�?�`�?�™�¥�‘�î�¥�?�k�`�� �Z�G�'���[�� �‘���U���î�™������ �™���Ä���‘�î�U�� �3�­�?���î�`������ ���k���­�^���`�¥�™�H��
�?�`���U�­���?�`�3�� �3�­�?���î�`������ �k�`�� �¥�:���� �­�™���� �k�2�� ���?�‘���­�U�î�¥�?�`�3�� �¥�­�^�k�‘�� �'�s���� �Z���¥�'�s���[�H�� �‘���î�U�`�Å�k�‘�U���� ���î�¥�î�� �î�`���� ���Ä�?�����`������
�Z�¤�Ø�'�S�/�[�H�� �î�`���� �î�� �¥�?�™�™�­���� �î�3�`�k�™�¥�?���� �î�Ž�Ž�‘�k�î���:�� �¥�k�� ���‘�­�3�� �����Ä���U�k�Ž�^���`�¥�� �?�`�� �k�`���k�U�k�3�Ë�H�� �����^�k�`�™�¥�‘�î�¥�?�`�3�� �¥�:����
�?�^�Ž�k�‘�¥�î�`������ �k�2�� �î�U�?�3�`�^���`�¥�� �k�`�� �™�¥�‘�î�¥���3�?���™�� �î�`���� ���Ä�?�����`�¥�?�î�‘�Ë�� �`�������™�� �?�`�� �¥�:���™���� �î�‘���î�™�M�� �¬���Ä���‘�î�U�� �k�2��Friends’ 
recently launched research partnerships enable Friends�� �¥�k�� �Ž�U�î�Ë�� �î�� �U���î���?�`�3�� �‘�k�U���� �?�`�� �¥�:�?�™�� �Å�k�‘�R�� ���Ë�� 
�3���`���‘�î�¥�?�`�3���`�k�Ä���U�����î�¥�î���¥�k���?�`�2�k�‘�^���™�k�U�­�¥�?�k�`�™���¥�k�����­�‘�‘���`�¥�����:�î�U�U���`�3���™�M���s�k�¥�î���U�Ë�H��Friends�k�����¥�q�k�`�?�¹�¤���Ž�‘�k�O�����¥�H��
�Å�:�?���:�� �?�`�Ä���™�¥�?�3�î�¥���™�� �¥�:���� �­�™���� �k�2�� ���¥�'�s���� �î�™�� �î�`�� ���`���Ž�k�?�`�¥�� �¥�k�� �^���î�™�­�‘���� �¥�‘���î�¥�^���`�¥�� �‘���™�Ž�k�`�™���H�� �2�­�U�ö�U�U�™�� �¥�:���� 
���Ä�?�����`�¥�?�î�‘�Ë�� �`�������™�� �2�k�‘�� �­�™�?�`�3�� ���¥�'�s���� �î�™�� �î�`�� ���î�‘�U�Ë�� ���`���Ž�k�?�`�¥�� �����™���‘�?�������� �?�`�� �G�'���� �3�­�?���î�`�����M�� �¹�:�?�™�� �Ë���î�‘�H��
Friends developed a roadmap to use ctDNA as an early endpoint in drug development and highlight 
�¥�:���™���� ���2�2�k�‘�¥�™�� �?�`�� �k�­�‘�� �¡�‘�k�O�����¥�� �¬�Ž�k�¥�U�?�3�:�¥�� �Z�Ž�î�3���� �����[�H�� �Å�:�?���:�� �?�`���U�­�����™�� �¥�:���� �U�î�­�`���:�� �k�2�� �î�� �`���Å�� ���k�U�U�î���k�‘�î�¥�?�Ä����
�Ž�‘�k�O�����¥�����k�^�Ž�î�‘�?�`�3�����¥�'�s�������î�™���U�?�`�����U���Ä���U�™���î���‘�k�™�™�����î�`�����‘���¥�Ë�Ž���™�H�����?�™���î�™�����™�¥�î�3���™�H���î�`�������¥�'�s�����î�™�™�î�Ë�™�M��

Other research partnerships include projects that identify clinically useful endpoints in real-world 
���î�¥�î���Z�¤�Ø�/���¡�?�U�k�¥�[���î�`�����:�î�‘�^�k�`�?�Õ�������k�^�Ž�U���Ê�����?�k�^�î�‘�R���‘�™���¥�k���k�Ž�¥�?�^�?�Õ�����¥���™�¥���‘���U�?�î���?�U�?�¥�Ë���î�`�����î�����­�‘�î���Ë���Z�O�¤�'��
�O�î�‘�^�k�`�?�Õ�î�¥�?�k�`�[�M���~�­�¥�Ž�­�¥�™���2�‘�k�^���¥�:���™�����‘���™���î�‘���:���Ž�î�‘�¥�`���‘�™�:�?�Ž�™�H���?�`���î�����?�¥�?�k�`���¥�k���k�­�‘���Å�k�‘�R�?�`�3���3�‘�k�­�Ž�™�H���‘�k�­�`��-
�¥�î���U���™�H�� �î�`���� �™���?���`�¥�?�ö���� ���k�`�2���‘���`�����™�H�� �î�‘���� ���î�Ž�¥�­�‘������ �?�`�� �¥�:�?�™�� �™���?���`�¥�?�ö���� �‘���Ž�k�‘�¥�M�� �¹�:���� ���������� �¬���?���`�¥�?�ö���� �¤���Ž�k�‘�¥��
contains the full text of our 2022 white papers and publications to serve as a resource for those in the 
���‘�­�3�������Ä���U�k�Ž�^���`�¥���î�`�����‘���3�­�U�î�¥�k�‘�Ë���™�Ž�î�������X�î�`�������î�`���������2�k�­�`�����k�`�U�?�`�����­�™�?�`�3���¥�:�����£�¤�����k�������k�`���¥�:�������k�Ä���‘�Y�M��
�~�­�‘���Å�:�?�¥�����Ž�î�Ž���‘�™���î�`�����Ž�­���U�?���î�¥�?�k�`�™���2�k���­�™�������k�`���™���Ä���‘�î�U���R���Ë���¥�:���^���™�G

 PATIENT-FOCUSED DRUG DEVELOPMENT : Ensuring patient-centered trial designs  

 REAL-WORLD EVIDENCE : Leveraging RWD to advance research 

 INNOVATIVE DRUG DEVELOPMENT : Evaluating lessons learned to inform continued progress  

 COMPLEX BIOMARKERS: Generating evidence to support alignment in drug development
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2022 By the Numbers

working  
groups

 19

131
stakeholder 

groups

561
working group

members11
  roundtables &
public meetings

Participants representing stakeholder groups 
in industry, academia, government, 

and advocacy
 

13 white papers, 
abstracts & 
publications
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Patient-Focused Drug Development 

Introduction 

�~�Ä���‘�� �¥�:���� �Ž�î�™�¥�� ������ �Ë���î�‘�™�H�� �G�'���k�™�� �Ž�î�¥�?���`�¥�`�2�k���­�™������ ���‘�­�3�� 

development program has increased awareness of the need 

to incorporate the patient voice into drug development  and 

���U�?�`�?���î�U�� �¥�‘�?�î�U�� �����™�?�3�`�™�M�� �~�`���� �Å�î�Ë�� �k�2�� ���k�?�`�3�� �™�k�� �?�™�� �¥�:�‘�k�­�3�:�� �¥�:����

���k�U�U�����¥�?�k�`�� �k�2�� �Ž�î�¥�?���`�¥�� ���Ê�Ž���‘�?���`������ ���î�¥�î�H�� �?�`���U�­���?�`�3�� �Ž�î�¥�?���`�¥��

�‘���Ž�k�‘�¥�������k�­�¥���k�^���™���Z�¡�¤�~�™�[�H���Å�:�?���:���î�‘�������î�¥�î�����k�U�U�����¥���������?�‘�����¥�U�Ë 

from the patient about their experience with their disease 

�î�`���� �¥�‘���î�¥�^���`�¥�M�� �T�`�� ���������H��Friends�� ���k�`�Ä���`������ �™�¥�î�R���:�k�U�����‘�™��

to discuss the need for alignment and use of tools to 

���k�U�U�����¥�� �¡�¤�~�™�� �î�`���� �?�����`�¥�?�ö������ �¥�:���� �s�î�¥�?�k�`�î�U�� � �î�`�����‘�� �T�`�™�¥�?�¥�­�¥����

(NCI)’s PROs Version of the Common Terminology Criteria 

for Adverse Events (PRO-CTCAE) symptom library as 

�î�� �‘���™�k�­�‘������ �¥�k�� ���k�U�U�����¥�� �™�Ë�^�Ž�¥�k�^�î�¥�?���� �™�?������ ���2�2�����¥�™�M�� �¹�:���`�H�� �?�`��

�������	�H��Friends�� �3�î�¥�:���‘������ �R���Ë�� �™�¥�î�R���:�k�U�����‘�™�� �¥�k�� �����Ä���U�k�Ž�� �î��

�^�k�‘���� �:�k�U�?�™�¥�?���� �����ö�`�?�¥�?�k�`�� �k�2�� �¥�k�U���‘�î���?�U�?�¥�Ë�� �¥�:�î�¥�� �?�`���k�‘�Ž�k�‘�î�¥���™��

�¥�:���� �Ž�î�¥�?���`�¥�� ���Ê�Ž���‘�?���`������ ���Ë�� ���k�U�U�����¥�?�`�3�� �¡�¤�~�™�M�����¥�� �¥�:����Friends’ 

���������� ���`�`�­�î�U�� �q�����¥�?�`�3�H�� ���?�™���­�™�™�?�k�`�™�� �:�?�3�:�U�?�3�:�¥������ �¥�:���� �`�������� 

for including PROs in early phase studies to understand  

�¥�k�U���‘�î���?�U�?�¥�Ë���î�`�����?�`�2�k�‘�^�����k�™�î�3�����™���U�����¥�?�k�`�M���G�­�¥�­�‘�����Å�k�‘�R���Å�?�U�U���2�k���­�™ 

on opportunities for implementing and interpreting PRO data 

�?�`�����î�‘�U�Ë���Ž�:�î�™�������U�?�`�?���î�U���¥�‘�?�î�U�™���¥�k���?�`�2�k�‘�^�����k�™�î�3�����™���U�����¥�?�k�`�M

�T�`���î�����?�¥�?�k�`���¥�k���¡�¤�~�™�H�����k�`�™�?�™�¥���`�¥���?�����`�¥�?�ö���î�¥�?�k�`�H�����:�î�‘�î���¥���‘�?�Õ�î�¥�?�k�`�H��

and reporting of clinically relevant toxicities contribute to 

�î�����k�^�Ž�‘���:���`�™�?�Ä�����­�`�����‘�™�¥�î�`���?�`�3���k�2���î���¥�:���‘�î�Ž�Ë�k�™���‘�?�™�R�S�����`���ö�¥ 

�Ž�‘�k�ö�U���M�� �H�‘���î�¥���‘�� �î�Ä�î�?�U�î���?�U�?�¥�Ë�� �î�`���� �­�™���� �k�2�� �?�^�^�­�`�k�`�k�`���k�U�k�3�Ë 

therapies has helped identify unique toxicities associated  

�Å�?�¥�:�� �¥�:���?�‘�� �­�™���� �™�­���:�� �î�™�� ���Ë�¥�k�R�?�`���� �‘���U���î�™���� �™�Ë�`���‘�k�^���� �Z� �¤�¬�[�M��

�T�`�� ���������H��Friends proposed several evidence-based  

strategies for capturing and reporting CRS and associated 

adverse events (AEs) which will support more consistent 

�?�����`�¥�?�ö���î�¥�?�k�`�H�� �^�k�`�?�¥�k�‘�?�`�3�H�� �î�`���� �^�î�`�î�3���^���`�¥�� �k�2�� � �¤�¬�� �î�`����

enable accurate comparisons of these toxicities across 

�¥�:���‘�î�Ž�?���™�M

17%-94%

Cytokine Release 
Syndrome �
is the most 

common toxicity 
associated with 
use of CAR T-cell 

therapies�with 
an�incidence 

ranging between

of patients.
 

172% growth  
in cancer cell 

immunotherapy 
research and 

development from 
2019 – 2022. 
Therefore, it 

is important to 
enhance safety 
data collection 

for optimal 
patient care and 

outcomes.
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>61%
of novel oncology 
drugs approved 
since 2013 were 

for patients 
with�metastatic 

disease who had 
received prior 

therapy.

Another area focused on moving therapies into earli er lines of  

�¥�‘���î�¥�^���`�¥�M�� �¹�‘�î���?�¥�?�k�`�î�U�U�Ë�H�� �k�`���k�U�k�3�Ë�� �¥�:���‘�î�Ž���­�¥�?���™�� �î�‘���� �?�`�Ä���™�¥�?�3�î�¥������ �î�`����

�î�Ž�Ž�‘�k�Ä�������?�`���U�î�¥�����U�?�`�����^���¥�î�™�¥�î�¥�?�����™���¥�¥�?�`�3�™�H���:�k�Å���Ä���‘�H���^�k�Ä�?�`�3���¥�‘���î�¥�^���`�¥�™��

into earlier lines of therapy earlier in clinical development would allow 

for more patients to be treated and at a time when cancer outcomes 

�î�‘���� �����¥�¥���‘�M�� ���™�� �™�­���:�H�� �G�'���� ���™�¥�î���U�?�™�:������ �¡�‘�k�O�����¥�� �G�‘�k�`�¥�¤�­�`�`���‘�H�� �Å�:�?���:��

proposes opportunities for studying therapies in early metastatic 

�™���¥�¥�?�`�3�™�M�� ���¥�� �¥�:����Friends�k�� ���`�`�­�î�U�� �q�����¥�?�`�3�� �?�`�� ���������H��Friends convened 

�R���Ë�� �™�¥�î�R���:�k�U�����‘�™�� �¥�k�� �?�����`�¥�?�2�Ë�� �k�Ž�Ž�k�‘�¥�­�`�?�¥�?���™�� �î�`���� ���:�î�U�U���`�3���™�� �‘���U�î�¥������ �¥�k��

�¡�‘�k�O�����¥���G�‘�k�`�¥�¤�­�`�`���‘�M

 2022 GUIDANCE RELEASED BY FDA RELATED TO PATIENT-FOCUSED  
 DRUG DEVELOPMENT

�� �F�� �¡�î�¥�?���`�¥�`�G�k���­�™�������'�‘�­�3���'���Ä���U�k�Ž�^���`�¥�G���¬���U�����¥�?�`�3�H���'���Ä���U�k�Ž�?�`�3�H���k�‘���� ��
�� �� �q�k���?�2�Ë�?�`�3���G�?�¥�`�2�k�‘�`�¡�­�‘�Ž�k�™����� �U�?�`�?���î�U���~�­�¥���k�^�������™�™���™�™�^���`�¥�™�H���'�‘�î�2�¥���� ��
�� �� �H�­�?���î�`�����H���c�­�`������������
�� �F�� � �:�î�‘�î���¥���‘�?�Õ�?�`�3�H��� �k�U�U�����¥�?�`�3�H���¨���¤���Ž�k�‘�¥�?�`�3���T�^�^�­�`���`�q�����?�î�¥�������� �� ��
�� �� �����Ä���‘�™�����¤���î���¥�?�k�`�™���?�`��� �î�`�����‘���T�^�^�­�`�k�¥�:���‘�î�Ž���­�¥�?����� �U�?�`�?���î�U���¹�‘�?�î�U�™�H���� ��
�� �� �'�‘�î�2�¥���H�­�?���î�`�����H���~���¥�k�����‘������������
 • Diversity Plans to Improve Enrollment of Participants from    
�� �� �À�`�����‘�‘���Ž�‘���™���`�¥�������¤�î���?�î�U���î�`�����/�¥�:�`�?�����¡�k�Ž�­�U�î�¥�?�k�`�™���?�`��� �U�?�`�?���î�U���¹�‘�?�î�U�™�H���� ��
�� �� �'�‘�î�2�¥���H�­�?���î�`�����H�����Ž�‘�?�U����������

Real-World Evidence

Randomized controlled trials (RCTs) are the gold standard for generating 

���î�¥�î�� �î�`���� ���Ä�î�U�­�î�¥�?�`�3�� �¥�:���� �™�î�2���¥�Ë�� �î�`���� ���2�ö���î���Ë�� �k�2�� �^�����?���î�U�� �Ž�‘�k���­���¥�™�M��

�O�k�Å���Ä���‘�H�� �?�`�� �����‘�¥�î�?�`�� ���?�™���î�™���� �™���¥�¥�?�`�3�™�� �k�‘�� �Ž�k�Ž�­�U�î�¥�?�k�`�™�H�� �Ž���‘�2�k�‘�^�?�`�3�� �î��

�¤� �¹���^�î�Ë���`�k�¥���������2���î�™�?���U�����k�‘�����¥�:�?���î�U�M���¤���î�U�`�Å�k�‘�U�������î�¥�î���Z�¤�Ø�'�[���Ž�‘�k�Ä�?�����™��

one opportunity to supplement clinical trial data to support clinical 

�����Ä���U�k�Ž�^���`�¥���Ž�‘�k�3�‘�î�^�™���î�`�����?�`�2�k�‘�^���¥�:�����™�î�2���¥�Ë���î�`�������2�ö���î���Ë���k�2���î���Ž�‘�k���­���¥�M 

�������?�¥�?�k�`�î�U�U�Ë�H�� �î�™�� ���U�?�`�?���î�U�� �¥�‘�?�î�U�™�� �k�2�¥���`�� ���`�‘�k�U�U�� �î�� �Å���U�U�`�����ö�`������ �î�`���� �^�k�‘����

�`�î�‘�‘�k�Å�� �Ž�î�¥�?���`�¥�� �Ž�k�Ž�­�U�î�¥�?�k�`�� �¥�:�î�`�� �¥�:���� �Ž�î�¥�?���`�¥�™�� �Å�:�k�� �Å�?�U�U�� �U�?�R���U�Ë�� �‘�������?�Ä����
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�¥�:�����Ž�‘�k���­���¥���?�`���¥�:�����‘���î�U���Å�k�‘�U���H���¤�Ø�'�����î�`���3���`���‘�î�¥�����î�����?�¥�?�k�`�î�U�����Ä�?�����`�������¥�:�î�¥���‘���÷�����¥�™���î���U�î�‘�3���‘���î�`�����^�k�‘����

���?�Ä���‘�™�����Ž�î�¥�?���`�¥���Ž�k�Ž�­�U�î�¥�?�k�`���¥�:�î�`���?�™���?�`���U�­���������?�`�����U�?�`�?���î�U���¥�‘�?�î�U�™�M��

�T�`�� ���������H��Friends�� �™�:�î�‘������ �¥�:���� �ö�`���?�`�3�™�� �2�‘�k�^�� �î�� �^�­�U�¥�?�`�™�¥�î�R���:�k�U�����‘�� ���k�U�U�î���k�‘�î�¥�?�Ä���� �?�`�?�¥�?�î�¥�?�Ä���� �¥�k�� �?�����`�¥�?�2�Ë��

�k�Ž�Ž�k�‘�¥�­�`�?�¥�?���™���î�`�����:�?�3�:�U�?�3�:�¥���R���Ë�����k�`�™�?�����‘�î�¥�?�k�`�™���2�k�‘���­�™�����k�2���¤�Ø�'���¥�k���3���`���‘�î�¥�����™�­�Ž�Ž�U���^���`�¥�î�U�����Ä�?�����`������

�2�k�‘�� �‘���3�­�U�î�¥�k�‘�Ë�� �������?�™�?�k�`�`�^�î�R�?�`�3�� �2�k�‘�� �^�­�U�¥�?�`���î�`�����‘�� ���î�‘�U�Ë�� �����¥�����¥�?�k�`�� �Z�q� �/�'�[�� �™���‘�����`�?�`�3�� �¥���™�¥�™�M�� �q� �/�'��

�™���‘�����`�?�`�3�� �¥���™�¥�™�� �:�k�U���� �Ž�‘�k�^�?�™���� �?�`�� �����¥�����¥�?�`�3�� ���î�`�����‘�`�î�™�™�k���?�î�¥������ �™�?�3�`�î�U�™�� �î�¥�� ���î�‘�U�Ë�� �™�¥�î�3���™�� �k�2�� ���î�`�����‘�H��

�?�`���U�­���?�`�3���2�k�‘�����î�`�����‘�™���Å�?�¥�:�k�­�¥���™�¥�î�`���î�‘�����k�2�����î�‘�����™���‘�����`�?�`�3���^�k���î�U�?�¥�?���™�M�����`�k�¥�:���‘���k�Ž�Ž�k�‘�¥�­�`�?�¥�Ë���2�k�‘���­�™�����k�2��

RWD to augment RCTs explored by Friends���Å�î�™���¥�:�����­�™�����k�2�����Ê�¥���‘�`�î�U�����k�`�¥�‘�k�U���î�‘�^�™���Z�/� ���™�[�M��Friends 

�Å�k�‘�R�������?�`���î���^�­�U�¥�?�`�™�¥�î�R���:�k�U�����‘���3�‘�k�­�Ž���¥�k���Ž�­���U�?�™�:���î���^�î�`�­�™���‘�?�Ž�¥���:�?�3�:�U�?�3�:�¥�?�`�3���¥�:�����2���î�™�?���?�U�?�¥�Ë���k�2���­�™�?�`�3���î�`��

�/� ���H���3���`���‘�î�¥�������2�‘�k�^���Ž�î�¥�?���`�¥�`�U���Ä���U�����î�¥�î���2�‘�k�^���Ž�‘���Ä�?�k�­�™�U�Ë�����k�`���­���¥���������U�?�`�?���î�U���¥�‘�?�î�U�™���k�‘���¤�Ø�'�H���¥�k���^�?�‘�‘�k�‘��

�¥�:���� �k�Ä���‘�î�U�U�� �™�­�‘�Ä�?�Ä�î�U�� �‘���™�­�U�¥�™�� �2�‘�k�^�� �î�� �‘�î�`���k�^�?�Õ������ ���k�`�¥�‘�k�U�� �?�`�� �¥�:���� �™�î�^���� �?�`���?���î�¥�?�k�`�M�� �~�­�‘�� �Å�k�‘�R�� �™�­�Ž�Ž�k�‘�¥�™��

the thoughtful and robust use of RWD to generate clinically meaningful evidence to support the  

���Ä�î�U�­�î�¥�?�k�`���k�2���`�k�Ä���U���¥�:���‘�î�Ž�?���™���î�`�����¥���™�¥�™���2�k�‘���Ž�î�¥�?���`�¥�™���Å�?�¥�:�����î�`�����‘�M

 2022 GUIDANCE RELEASED BY FDA RELATED TO REAL-WORLD EVIDENCE 

 • Submitting Documents Using Real-World Data and Real-World Evidence to FDA for Drug and  
�� �� ���?�k�U�k�3�?���î�U���¡�‘�k���­���¥�™�H���G�?�`�î�U���H�­�?���î�`�����H���¬���Ž�¥���^�����‘����������

Experimental Studies
Study design specifies screening exposure  

or intervention in an intended use  
population.  

 

Observational Studies
Study design does not specify screening exposure or 
require specified intervention. Individuals are select -

ed and monitored

RWD to Determine Patient Eligibility 
and Outcomes

Linking RWD to Study Cohort 

RWD as External Control Arm

RWD Case-Control Study

RWD Cohort Study 

Randomized 
Controlled Trials

Individuals 
screened are 

randomly 
allocated and 
endpoints are 

measured.

Non-Randomized 
Controlled Trials

Individuals 
screened are 
not randomly 
allocated and 
endpoints are 

measured.

Cross-Sectional 
Study

Screened 
individuals have 

endpoint and test 
result assessed 

at a point 
in time.

Case-Control 
Study 

Endpoints of cases 
are compared to 

controls regarding 
prior screening 

exposure.

Cohort 
Study

Screened 
individuals are 

followed to 
ascertain 
endpoints.

Types of Study Designs for Screening Tests and Incorporation of Real-World Data (RWD)
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Innovative Drug Development

���™���?�̀ �̀ �k�Ä�î�¥�?�k�̀ ���?�̀ ���k�̀ ���k�U�k�3�Ë�����‘�­�3�������Ä���U�k�Ž�̂ ���̀ �¥�����k�̀ �¥�?�̀ �­���™�H���k�Ž�Ž�k�‘�¥�­�̀ �?�¥�?���™  

�¥�k���3���¥���™�î�2�����î�`�������2�2�����¥�?�Ä�����¥�‘���î�¥�^���`�¥�™���¥�k���Ž�î�¥�?���`�¥�™�����2�ö���?���`�¥�U�Ë��requires 

�¥�:�k�­�3�:�¥�2�­�U�� �î�Ž�Ž�‘�k�î���:���™�� �¥�k�� ���U�?�`�?���î�U�� �¥�‘�?�î�U�� �����™�?�3�`�M�� �T�`�� ���������H��Friends 

�™�:�î�‘������ �ö�`���?�`�3�™�� �2�‘�k�^�� �^�­�U�¥�?�Ž�U���� ���k�U�U�î���k�‘�î�¥�?�Ä���� �?�`�?�¥�?�î�¥�?�Ä���™�� �2�k���­�™������

�k�`���:�k�Å���‘���3�­�U�î�¥�k�‘�Ë���÷���Ê�?���?�U�?�¥�?���™���î�`�����Ž�k�U�?���Ë�����:�î�`�3���™�����k�­�U�����?�^�Ž�‘�k�Ä����

���U�?�`�?���î�U���¥�‘�?�î�U�������™�?�3�`�™���î�`�������Ê�Ž�î�`�����Ž�î�¥�?���`�¥���î�������™�™�M

Friends conducted several analyses to evaluate how  

policy changes over the past decade shaped the current 

�U�î�`���™���î�Ž���� �k�2�� �k�`���k�U�k�3�Ë�� ���U�?�`�?���î�U�� �¥�‘�?�î�U�™�H�� �¥�:���‘�î�Ž�?���™�H�� �î�`���� ���‘�­�3��

�����Ä���U�k�Ž�^���`�¥���Ž�î�‘�î���?�3�^�™�H���Å�:�?�U�����?�����`�¥�?�2�Ë�?�`�3���2�­�‘�¥�:���‘���k�Ž�Ž�k�‘�¥�­�`�?�¥�?���™���2�k�‘�� 

�î���Ä�î�̀ �����̂ ���̀ �¥�™�M���G�k�‘���¥�:���������`�Ë���î�‘���î�`�`�?�Ä���‘�™�î�‘�Ë���k�2���¥�:�������‘���î�R�¥�:�‘�k�­�3�:��

�¹�:���‘�î�Ž�Ë�� �'���™�?�3�`�î�¥�?�k�`�� �Z���¹�'�[�H�� �G�‘�?���`���™�� �����^�k�`�™�¥�‘�î�¥������ �¥�:�î�¥�� 

products with BTD improved outcomes for patients with cancer 

�î�`���� �?�����`�¥�?�ö������ �î�`�� �k�Ž�Ž�k�‘�¥�­�`�?�¥�Ë�� �¥�k�� ���™�¥�î���U�?�™�:�� �î�� �¥�?�^���U�Ë�� �Ž�‘�k�����™�™�� �2�k�‘�� 

�?�`�?�¥�?�î�¥�?�`�3�� ���k�Ä���‘�î�3���� �î�`���� �‘���?�^���­�‘�™���^���`�¥�� �������?�™�?�k�`�`�^�î�R�?�`�3�M�� �T�`��

���������H��Friends also assessed how the Research to Accelerate 

Cures and Equity (RACE) Act has impacted the investigation 

of therapies in pediatric patients one-year post-implemen -

tation and found an increase in approved cancer therapeu-

�¥�?���™�� �¥�:�î�¥�� �‘���•�­�?�‘���� �Ž�����?�î�¥�‘�?���� �?�`�Ä���™�¥�?�3�î�¥�?�k�`�M�� �¹�:���™���� �î�™�™���™�™�^���`�¥�™�� 

demonstrate the value of new legislation in improving patient 

�î�������™�™���¥�k���?�`�`�k�Ä�î�¥�?�Ä�����¥�‘���î�¥�^���`�¥�™�M

���™�� �?�`�`�k�Ä�î�¥�?�Ä���� ���‘�­�3�™�� �î�‘���� �����Ä���U�k�Ž�����H�� �‘���3�­�U�î�¥�k�‘�Ë�� �÷���Ê�?���?�U�?�¥�Ë��

�î�`���� �`�k�Ä���U�� �î�Ž�Ž�‘�k�î���:���™�� �¥�k�� ���U�?�`�?���î�U�� �¥�‘�?�î�U�� �����™�?�3�`�� �î�‘���� ���‘�?�¥�?���î�U�M�� 

�¹�:���� � �~�×�T�'�`���
�� �Ž�î�`�����^�?���� �î�U�U�k�Å������ �2�k�‘�� �3�‘���î�¥���‘�� �÷���Ê�?���?�U�?�¥�Ë�� �k�2��

���U�?�`�?���î�U�� �¥�‘�?�î�U�� �����™�?�3�`�™�H�� �î�`����Friends established a project with 

�¥�:�������^���‘�?���î�`���¬�k���?���¥�Ë���k�2��� �U�?�`�?���î�U���~�`���k�U�k�3�Ë���Z���¬� �~�[���î�`�����î�� �¥�î�™�R��

�2�k�‘������ �k�2�� �¥�:�k�­�3�:�¥�� �U���î�����‘�™�� �¥�k�� ���:�î�‘�î���¥���‘�?�Õ���� �¥�:���� �÷���Ê�?���?�U�?�¥�?���™�� �¥�:�î�¥��

clinical trial sponsors incorporated during the pandemic to 

�Å�k�‘�R�� �¥�k�Å�î�‘���™�� �����¥���‘�^�?�`�?�`�3�� �Å�:���¥�:���‘�� �¥�:���™���� ���:�î�`�3���™�� �?�^�Ž�î���¥������

���î�¥�î�� �?�`�¥���3�‘�?�¥�Ë�M�� �¹�:���� �:�k�Ž���� �?�™�� �¥�:�î�¥�� �¥�:���� �ö�`���?�`�3�™�� �2�‘�k�^�� �¥�:�?�™�� �Ž�‘�k�O�����¥��

�Å�?�U�U�� �™�­�Ž�Ž�k�‘�¥�� �î�`�� �­�`�����‘�™�¥�î�`���?�`�3�� �k�2�� �Å�:�?���:�� �÷���Ê�?���?�U�?�¥�?���™�� �î�‘���� �^�k�™�¥��

�?�^�Ž�k�‘�¥�î�`�¥���¥�k�����î�‘�‘�Ë���2�k�‘�Å�î�‘���M��

>50%
(6/12) of novel 

oncology  
drugs�approved  

in 2022 were 
first-in-class 

drugs.

In 2022,�
FDA approved

12
novel drugs  

for treatment of  
10 different cancers.  
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2022 GUIDANCE RELEASED BY FDA RELATED TO INNOVATIVE DRUG DEVELOPMENT 

�F�� � �k�`�™�?�����‘�î�¥�?�k�`�™���2�k�‘���¤���™���?�`���?�`�3���î�����‘���î�R�¥�:�‘�k�­�3�:���¹�:���‘�î�Ž�Ë���'���™�?�3�`�î�¥�?�k�`�H���'�‘�î�2�¥���H�­�?���î�`�����H���c�­�`������������
�F�� �/�¥�:�?���î�U��� �k�`�™�?�����‘�î�¥�?�k�`�™���2�k�‘��� �U�?�`�?���î�U���T�`�Ä���™�¥�?�3�î�¥�?�k�`�™���k�2���q�����?���î�U���¡�‘�k���­���¥�™���T�`�Ä�k�U�Ä�?�`�3��� �:�?�U���‘���`�H���'�‘�î�2�¥���� ��
�� �H�­�?���î�`�����H���¬���Ž�¥���^�����‘����������
�F�� �O�­�^�î�`���H���`�����¹�:���‘�î�Ž�Ë���¡�‘�k���­���¥�™���T�`���k�‘�Ž�k�‘�î�¥�?�`�3���O�­�^�î�`���H���`�k�^�����/���?�¥�?�`�3�H���'�‘�î�2�¥���H�­�?���î�`�����H���q�î�‘���:����������

31% vs.  15% 
BTD Drugs  Non-BTD Drugs

 
Improvement in overall survival (OS) 

over standard of care
 

2 years prior  to  
the RACE Act, 

were required 
to conduct 

pediatric studies.�

 0% 
of cancer 

drugs

2 years after   
the RACE Act, 

were required 
to conduct  

pediatric studies.��

 50% 
of cancer 

drugs
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Complex Biomarkers

�T�`�`�k�Ä�î�¥�?�Ä���� ���‘�­�3�� �����Ä���U�k�Ž�^���`�¥�� �:�î�™�� �U������ �¥�k�� �¥�:���� �î���Ä���`�¥�� �k�2�� �¥�î�‘�3���¥������ �¥�:���‘�î�Ž�?���™�H�� �Å�:�?���:�� �Å�k�‘�R�� �^�k�™�¥�� 

���2�2�����¥�?�Ä���U�Ë���Å�:���`���¥�:�����Ž�î�¥�?���`�¥�k�™���¥�­�^�k�‘���:�î�™���î���™�Ž�����?�ö�������?�k�^�î�‘�R���‘���Ž�‘���™���`�¥�M�����?�k�^�î�‘�R���‘�™�����î�`���î�U�™�k���������­�™������

�¥�k�� �­�`�����‘�™�¥�î�`���� �:�k�Å�� �î�� �¥�­�^�k�‘�� �‘���™�Ž�k�`���™�� �¥�k�� �¥�‘���î�¥�^���`�¥�� �k�Ä���‘�� �¥�?�^���M�� �¹�k�� �?�����`�¥�?�2�Ë�� ���?�k�^�î�‘�R���‘�™�H�� ���k���¥�k�‘�™�� �­�™����

���?�î�3�`�k�™�¥�?�����¥���™�¥�™�H���Å�:�?���:���^�î�Ë���:�î�Ä�����Ä�î�‘�?�î���U�����¥���™�¥���Ž���‘�2�k�‘�^�î�`�������î�`�������?�™���k�‘���î�`�������‘���™�­�U�¥�™���2�‘�k�^���¥���™�¥���¥�k���¥���™�¥��

���­�����¥�k���2�‘�î�3�^���`�¥�������‘���3�­�U�î�¥�k�‘�Ë���k�Ä���‘�™�?�3�:�¥���™�Ë�™�¥���^�M

�O�k�^�k�U�k�3�k�­�™���‘�����k�^���?�`�î�¥�?�k�`�� �����ö���?���`���Ë�� �Z�O�¤�'�[�� �?�™���î�� ���?�k�^�î�‘�R���‘�� �­�™������ �¥�k�� �?�����`�¥�?�2�Ë�� �Ž�î�¥�?���`�¥�™���Å�?�¥�:�� �����‘�¥�î�?�`��

���î�`�����‘�™���Å�:�k���Å�k�­�U���������`���ö�¥���2�‘�k�^�������‘�¥�î�?�`���¥�‘���î�¥�^���`�¥�™�M���¹�:����Friends�k���O�¤�'���O�î�‘�^�k�`�?�Õ�î�¥�?�k�`���¡�‘�k�O�����¥���R�?���R������

off in 2022 with a goal of examining sources of variability across HRD tests and identifying opportunities  

�2�k�‘�� �î�U�?�3�`�^���`�¥�� �Å�:�?�U���� �Ž�‘�k�Ž�k�™�?�`�3�� �™�k�U�­�¥�?�k�`�™�� �¥�k�� �?�^�Ž�‘�k�Ä���� �î�3�‘�����^���`�¥�� �?�`�� �¥�:���� �2�­�¥�­�‘���M��Friends published a 

�U�î�`���™���î�Ž�����î�™�™���™�™�^���`�¥���k�2���O�¤�'���¥���™�¥�™�H���¥�:���`���­�™�������¥�:�î�¥���2�k�­�`���î�¥�?�k�`���¥�k�����­�?�U�����î���Ž�‘�k�O�����¥���2�k���­�™�������k�`���î�™�™�î�Ë��

�î�U�?�3�`�^���`�¥���Å�?�¥�:���k�Ä���‘�����������?�î�3�`�k�™�¥�?���������Ä���U�k�Ž���‘�™���î�`�����k�¥�:���‘���R���Ë���™�¥�î�R���:�k�U�����‘�™�M���T�`�?�¥�?�î�U���ö�`���?�`�3�™���2�‘�k�^���¥�:����

�Ž�‘�k�O�����¥���Å���‘�����Ž�‘���™���`�¥�������î�¥���¥�:�������™�™�k���?�î�¥�?�k�`���2�k�‘���q�k�U�����­�U�î�‘���¡�î�¥�:�k�U�k�3�Ë�����k�`�2���‘���`�������?�`���s�k�Ä���^�����‘�����������M��

�������?�¥�?�k�`�î�U���‘���™�­�U�¥�™���î�‘�����2�k�‘�¥�:���k�^�?�`�3���?�`�����������M

� �?�‘���­�U�î�¥�?�`�3�� �¥�­�^�k�‘�� �'�s���� �Z���¥�'�s���[�� �?�™�� �2�‘�î�3�^���`�¥�™�� �k�2�� �'�s���� �™�:������ �2�‘�k�^�� ���î�`�����‘�� �����U�U�™�H�� �2�k�­�`���� �?�`�� �¥�:���� ���U�k�k��-

�™�¥�‘���î�^�H�� �î�`���� ���k�U�U�����¥������ �­�™�?�`�3�� �î�� ���U�k�k���� ���‘�î�Å�M�� �/�^���‘�3�?�`�3�� �™���?���`������ �����^�k�`�™�¥�‘�î�¥���™�� ���¥�'�s���� �^�î�Ë�� ������ �­�™���2�­�U��

�2�k�‘�� ���?�î�3�`�k�™�?�`�3�� �î�`���� �¥�‘�î���R�?�`�3�� �î�� �Ž�î�¥�?���`�¥�k�™�� ���î�`�����‘�M�� �O�k�Å���Ä���‘�H�� �����2�k�‘���� ���¥�'�s���� �^���î�™�­�‘���^���`�¥�� �?�™�� �­�™������ �?�`��

���U�?�`�?���î�U���Ž�‘�î���¥�?�������î�`�����2�k�‘���‘���3�­�U�î�¥�k�‘�Ë���������?�™�?�k�`�™�H���î�����?�¥�?�k�`�î�U�����Ä�?�����`�������`�������™���¥�k���������3���`���‘�î�¥�����M���¹�:�������¥�'�s����

for Monitoring Treatment Response (ctMoniTR) Project is a meta-analysis to understand whether 

���:�î�`�3���™�� �?�`�� ���¥�'�s���� �î�‘���� �Ž�‘�����?���¥�?�Ä���� �k�2�� �k�­�¥���k�^���™�M�� �G�?�`���?�`�3�™�� �2�‘�k�^�� �¬�¥���Ž�� ���� �k�2�� ���¥�q�k�`�?�¹�¤�� �Å���‘���� �Ž�­���U�?�™�:������

in 2022 and Friends�����‘�k�­�3�:�¥���¥�k�3���¥�:���‘���R���Ë���™�¥�î�R���:�k�U�����‘�™���¥�k���î�U�?�3�`���k�`���î���‘�k�î���^�î�Ž���¥�k���?�����`�¥�?�2�Ë���R���Ë�����î�¥�î��

�`�������™�™�î�‘�Ë���¥�k���™�­�Ž�Ž�k�‘�¥���¥�:�����­�™�����k�2�����¥�'�s�����î�™���î�`�����î�‘�U�Ë�����`���Ž�k�?�`�¥���?�`�����U�?�`�?���î�U���¥�‘�?�î�U�™�M
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2022 GUIDANCE RELEASED BY FDA RELATED TO COMPLEX BIOMARKERS 

�F�� �¹�?�™�™�­�������3�`�k�™�¥�?�����'�‘�­�3���'���Ä���U�k�Ž�^���`�¥���?�`���~�`���k�U�k�3�Ë�H���'�‘�î�2�¥���H�­�?���î�`�����H���~���¥�k�����‘������������
�F�� �À�™�����k�2��� �?�‘���­�U�î�¥�?�`�3���¹�­�^�k�‘���'�s�����2�k�‘���/�î�‘�U�Ë�`�¬�¥�î�3�����¬�k�U�?�����¹�­�^�k�‘���'�‘�­�3���'���Ä���U�k�Ž�^���`�¥�H���'�‘�î�2�¥���H�­�?���î�`�����H��
 May 2022

Homologous 
Recombination

Deficiency
 

Consequences
Genomic instability  

e.g., loss of heterozygosity (gLOH) telomeric allelic 
imbalances (TAI) large-scale transitions (LST)

 

Causes
 
 

e.g., BRCA1, BRCA2, CHEK1, CHEK2, PALB2, RAD51B

 

Inactivation of genes in the  
HRR pathway  

Friends brought together key stakeholders to perform a landscape assessment of homologous recombination 
�����ö���?���`���Ë���Z�O�¤�'�[���î�`�����?�¥�™���­�™�����î�™���î�����?�k�^�î�‘�R���‘���?�`�����î�`�����‘�M�������R���Ë���k�­�¥�Ž�­�¥���Å�î�™�����U�î�‘�?�2�Ë�?�`�3���¥�:�����î�Ž�Ž�‘�k�î���:���¥�k�������ö�`�?�`�3���O�¤�'�M��
�'�?�î�3�`�k�™�¥�?���™�������Ä���U�k�Ž���‘�™���?�����`�¥�?�2�Ë�����î�­�™���™���î�`�������k�`�™���•�­���`�����™���k�2���O�¤�'�����Ë���î�`�î�U�Ë�Õ�?�`�3���3���`���¥�?�����^�î�¥���‘�?�î�U���Z�?�M���M�H���'�s���H���¤�s���[�M
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Project Spotlight: ctDNA Portfolio Development and Milestones 

Goal 
���¥�'�s�����:�k�U���™���Ž�‘�k�^�?�™�����2�k�‘���^���î�™�­�‘�?�`�3���¥�‘���î�¥�^���`�¥�����2�ö���î���Ë���?�`�����U�?�`�?���î�U���¥�‘�?�î�U�™�M���G�‘�?���`���™���k�2��� �î�`�����‘���¤���™���î�‘���:��
(Friends�[�� �?�™�� �Å�k�‘�R�?�`�3�� �¥�k�� ���™�¥�î���U�?�™�:�� �î�`�� �î�U�?�3�`������ �™�¥�‘�î�¥���3�Ë�� �2�k�‘�� �����Ä���U�k�Ž�?�`�3�� �¥�:���� �`�������™�™�î�‘�Ë�� ���î�¥�î�� �¥�k�� �™�­�Ž�Ž�k�‘�¥�� 
�¥�:���� �­�™���� �k�2�� ���¥�'�s���� �î�™�� �î�`�� ���î�‘�U�Ë�� ���`���Ž�k�?�`�¥�� �2�k�‘�� �¥�‘���î�¥�^���`�¥�� �‘���™�Ž�k�`�™���� �2�k�‘�� �‘���3�­�U�î�¥�k�‘�Ë�� �������™�?�k�`�`�^�î�R�?�`�3�� 
�î�`���� �U���î���?�`�3�� �î�� �^�­�U�¥�?�`�™�¥�î�R���:�k�U�����‘�� �3�‘�k�­�Ž�� �¥�k�� �3���`���‘�î�¥���� �¥�:�?�™�� ���î�¥�î�M�� �×�î�U�?���î�¥�?�`�3�� �¥�:���� �­�™���� �k�2�� ���¥�'�s���� �î�™�� �î�`�� 
���`���Ž�k�?�`�¥���Å�?�U�U���î�������U���‘�î�¥�����‘���™���î�‘���:�����Ë�����`�î���U�?�`�3���‘�î�Ž�?�����?�����`�¥�?�ö���î�¥�?�k�`���k�2�����2�2�����¥�?�Ä�����`���Å�����î�`�����‘���¥�:���‘�î�Ž�?���™���î�`���� 
�­�U�¥�?�^�î�¥���U�Ë���î�U�U�k�Å���¥�:���^���¥�k���‘���î���:���Ž�î�¥�?���`�¥�™���™�k�k�`���‘�M

Background
�¹�:���� �?�`�¥�‘�k���­���¥�?�k�`�� �k�2�� �`�k�Ä���U�� �¥�:���‘�î�Ž���­�¥�?���™�H�� ���™�Ž�����?�î�U�U�Ë�� �¥�î�‘�3���¥������ �¥�:���‘�î�Ž�?���™�H�� �:�î�™�� ���:�î�`�3������ �¥�:���� �Ž�î�‘�î���?�3�^��
�2�k�‘�� �¥�‘���î�¥�?�`�3�� �™�k�U�?���� �¥�­�^�k�‘�™�M���Ø�:�?�U���� �¥�:���™���� �`���Å�� �¥�:���‘�î�Ž�?���™���Ž�‘�k�Ä�?������ �?�`���‘���î�™������ ���U�?�`�?���î�U�� �����`���ö�¥�� �2�k�‘�� �Ž�î�¥�?���`�¥�™�H��
the concomitant increase in survival time creates a unique challenge in the expedient evaluation of 
�`���Å�� �¥�:���‘�î�Ž�?���™�M���¹�‘�î���?�¥�?�k�`�î�U�� ���U�?�`�?���î�U�� �¥�‘�?�î�U�� �����™�?�3�`�™���­�™�?�`�3�� �U�k�`�3�`�¥���‘�^�� ���U�?�`�?���î�U�� �k�­�¥���k�^���� ���`���Ž�k�?�`�¥�™���™�­���:�� �î�™�� 
�Ž�‘�k�3�‘���™�™�?�k�`�`�2�‘�������™�­�‘�Ä�?�Ä�î�U���Z�¡�G�¬�[���k�‘���k�Ä���‘�î�U�U���™�­�‘�Ä�?�Ä�î�U���Z�~�¬�[���^�î�Ë���`�k�¥���î�U�U�k�Å���2�k�‘���î�`�����2�ö���î���Ë�������¥���‘�^�?�`�î�¥�?�k�`���?�`��
�î���¥�?�^���U�Ë���^�î�`�`���‘�M���¹�:�����­�™�����k�2�����¥�'�s�����U���Ä���U�™���î�™���î�`�����î�‘�U�Ë�����`���Ž�k�?�`�¥���‘���Ž�‘���™���`�¥�™���î�`�����^���‘�3�?�`�3���k�Ž�Ž�k�‘�¥�­�`�?�¥�Ë���¥�k��
�î�™�™���™�™�����2�ö���î���Ë�����î�‘�U�?���‘�M���O�k�Å���Ä���‘�H���?�¥���?�™�����‘�?�¥�?���î�U���¥�k���k���¥�î�?�`���‘�k���­�™�¥�����î�¥�î���¥�k���2�­�U�U�Ë���•�­�î�U�?�2�Ë���î�`�����Ä�î�U�?���î�¥�������¥�'�s����
�î�™���î�`�����î�‘�U�Ë�����`���Ž�k�?�`�¥���2�k�‘���U�k�`�3�`�¥���‘�^�����U�?�`�?���î�U���k�­�¥���k�^���™���?�`���™�k�U�?�����¥�­�^�k�‘�™�M��

Approach
Establishing the necessary evidence to support the use of ctDNA as an early endpoint requires a 
multiprong approach:

•  CTDNA EVIDENTIARY ROADMAP:�� �T�`�� ���������H��Friends�� ���k�k�‘���?�`�î�¥������ �î�� �3�‘�k�­�Ž�� �k�2�� �™�¥�î�R���:�k�U�����‘�™�� �¥�k��
�����Ä���U�k�Ž�� �î�`�� �î�U�?�3�`������ �™�¥�‘�î�¥���3�Ë�� �2�k�‘�� �3���`���‘�î�¥�?�`�3�� ���î�¥�î�� �î�`���� ���Ä�?�����`�����M�� �G�?�`���?�`�3�™�� �����^�k�`�™�¥�‘�î�¥���� �¥�:���‘���� �î�‘����
multiple technical and clinical characteristics contributing to variability in ctDNA measurements 
�¥�:�î�¥���™�:�k�­�U�����������î�����•�­�î�¥���U�Ë���î�����k�­�`�¥�������2�k�‘���Å�:���`�����k�`���­���¥�?�`�3���Ä�î�U�?���î�¥�?�k�`���™�¥�­���?���™�M

•  �¹�O�/�� � �¹�'�s���� �¹�~�� �q�~�s�T�¹�~�¤�� �¹�¤�/���¹�q�/�s�¹�� �¤�/�¬�¡�~�s�¬�/�� �Z� �¹�q�~�s�T�¹�¤�[�� �¡�¤�~�c�/� �¹�G�� �¹�:�?�™�� �ö�‘�™�¥�� �k�2�� �?�¥�™�� �R�?�`����
�Ž�î�‘�¥�`���‘�™�:�?�Ž�� �™�����R�™�� �¥�k�� �î�`�™�Å���‘�� �¥�:���� �?�^�Ž�k�‘�¥�î�`�¥�� �•�­���™�¥�?�k�`�G�� �'�k�� ���:�î�`�3���™�� �?�`�� ���¥�'�s���� �‘���÷�����¥�� �‘���™�Ž�k�`�™����
to �¥�‘���î�¥�^���`�¥�N�� �¬�¥���Ž�� ���� �k�2�� �¥�:���� �Ž�‘�k�O�����¥�� �R�?���R������ �k�2�2�� �?�`�� ���î�‘�U�Ë�� �������
�� �î�`���� �?�`���U�­�������� ���î�¥�î�� �2�‘�k�^�� ���� ���U�?�`�?���î�U�� 
trials representing 200 patients with advanced non-small cell lung cancer treated with PD(L)-1  
�?�`�:�?���?�¥�k�‘�™�M��Friends�� �Å�k�‘�R������ �Å�?�¥�:�� �™�¥�î�R���:�k�U�����‘�™�� �¥�k�� ���™�¥�î���U�?�™�:�� �î�`���� �?�^�Ž�U���^���`�¥�� �î�`�� �î�`�î�U�Ë�™�?�™�� �î�Ž�Ž�‘�k�î���:��
���k�`���­���¥���������Ë��� �î�`�����‘���¤���™���î�‘���:�����`�������?�k�™�¥�î�¥�?�™�¥�?���™���Z� �¤�����[�M���G�?�`���?�`�3�™���2�‘�k�^���¥�:�����™�¥�­���Ë���Ž�­���U�?�™�:�������?�`���¥�:����
summer of 2022 demonstrate that changes in ctDNA levels associate with treatment outcomes: 
increases in ctDNA levels associate with poor outcomes while decreases in ctDNA associate with 
�����¥�¥���‘���k�­�¥���k�^���™�M���¬�¥���Ž�������™�:�k�Å�������¥�:�î�¥���:�î�‘�^�k�`�?�Õ�?�`�3�����î�¥�î���î���‘�k�™�™���¥�‘�?�î�U�™���Å�?�¥�:�����?�2�2���‘���`�¥���î�™�™�î�Ë�™���î�`�����¥�?�^����
�Ž�k�?�`�¥�™���?�™���2���î�™�?���U�����î�`�����™���¥���¥�:�����™�¥�î�3�����2�k�‘���¥�:�����k�`�3�k�?�`�3���¬�¥���Ž�������Ž�‘�k�O�����¥�H���Å�:�?���:�����Ê�Ž�î�`���™���¥�:�����î�Ž�Ž�‘�k�î���:���¥�k��
�‘�î�¥�:���‘���¥�:�î�`���?�`�¥�k���^�k�‘�����Ž�î�¥�?���`�¥�™�H���¥�‘�?�î�U�™�H���î�����?�¥�?�k�`�î�U�����î�`�����‘���¥�Ë�Ž���™�H���î�`�����¥�‘���î�¥�^���`�¥�™�M 
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•  �����¬�/�g�T�s�/�� � �¹�'�s���� �g�/�×�/�g�¬�� �¡�¤�~�c�/� �¹�G Findings from the ctDNA Evidentiary Roadmap highlight a 
need to evaluate the landscape of ctDNA detection in different cancer types and stages to provide 
�?�`�™�?�3�:�¥�™�� �?�`�¥�k�� �¥�:���� ���Ê�¥���`�¥�� �¥�k�� �Å�:�?���:�� �ö�`���?�`�3�™�� ���î�`�� ������ �3���`���‘�î�U�?�Õ������ �î���‘�k�™�™�� ���î�‘�U�Ë�`�� �î�`���� �U�î�¥���`�™�¥�î�3���� ���î�`�����‘�� 
�™���¥�¥�?�`�3�™�H�� �î�™�� �Å���U�U�� �î�™�� �î���‘�k�™�™�� �î�™�™�î�Ë�� �¥�����:�`�k�U�k�3�?���™�M�� �� �¹�:�‘�k�­�3�:�� �î�� ���k�U�U�î���k�‘�î�¥�?�Ä���� ���2�2�k�‘�¥�� �?�`�Ä�k�U�Ä�?�`�3�� �^�­�U�¥�?�Ž�U����
���?�î�3�`�k�™�¥�?���� �����Ä���U�k�Ž���‘�™�H��Friends�� �™�����R�™�� �¥�k�� ���™�¥�î���U�?�™�:�� ���Ä�?�����`������ �‘���3�î�‘���?�`�3�� ���î�™���U�?�`���� �Z�?�M���M�H�� �Ž�‘���`�¥�‘���î�¥�^���`�¥�[��
�™���`�™�?�¥�?�Ä�?�¥�Ë���^���¥�‘�?���™���2�k�‘�����¥�'�s���������¥�����¥�?�k�`���î���‘�k�™�™�����î�`�����‘���¥�Ë�Ž���™�H���™�¥�î�3���™�H���î�`�����î�™�™�î�Ë�™�M���¹�:�?�™���3�‘���î�¥���‘���­�`�����‘-
�™�¥�î�`���?�`�3���k�2���¥�:�������?�k�U�k�3�?���î�U���U�î�`���™���î�Ž�����k�2�����î�™���U�?�`�������¥�'�s�����U���Ä���U�™���Å�?�U�U���:���U�Ž���?�`�2�k�‘�^���î�����k�`�����Ž�¥�­�î�U���2�‘�î�^���Å�k�‘�R��
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SPRING 2022
Step 2 datasets finalized 
and include over 3000 

patients from more than 
20 clinical trials.

SPRING 2022
Friends hosted roundtables to 
discuss  evidentiary needs to 
support the regulatory use of 
ctDNA as an early endpoint.

SUMMER 2022
Public meeting held to present 
findings from the evidentiary 

roadmap.

SUMMER 2022
Findings from Step 1 

published in JCO Precision 
Oncology.

FALL 2022
Baseline ctDNA Project 

initiated to describe baseline 
ctDNA levels across cancer 
types, stages, and assays.

�

WINTER 2023
Planned analysis and 
submission of initial  
Step 2 findings for 
presentation in Q2.

2023 AND BEYOND
Complete analyses from 

Step 2. Present finalized results 
at meetings and publish 

manuscripts.

2023 AND BEYOND
Identify opportunities to 

incorporate analyses 
developed through ctMoinTR 

in additional prospective 
studies. 

2023 AND BEYOND
Perform meta-analysis of 
baseline ctDNA levels and 
aid the use of ctDNA as an 

endpoint in different 
cancer types. 

FALL 2018 
ctDNA for monitoring 
treatment response 
discussed during the 

Friends’  Annual Meeting.  

SPRING 2019
ctMoniTR Step 1 initiated 
to align on datasets and 
select an independent 

analysis center.

SUMMER 2020
Step 1 findings present -
ed presented showing 
decreases in ctDNA are 
strongly associated with 
better clinical outcomes 
in 5 clinical trials of 200 

patients with NSCLC treat -
ed with immunotherapy.

SPRING 2021
ctMoniTR Step 2 launched 
with a goal of developing 

and analyzing a 
larger dataset. 

STEP 2
STEP 1

ROADMA
P

BASELINEctMoniTR 
Step 1

Research 
partnership with 
5 NSCLC trials 

(200 pts)

ctMoniTR 
Step 2  

Expanded research 
partnerhship 

with >20 trials 
(>3000 pts)

Evidentiary 
Roadmap
Roadmap of 
evidence to 

support regulatory 
use of ctDNA

Baseline 
ctDNA

Research partnership 
determining 

baseline 
ctDNA levels
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Patient-Focused Drug 
Development: 
Ensuring patient-centered 
trial designs  
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Supporting a Patient-Centric Approach 
to Dose Optimization in Oncology:  

The Essential Role of Patient-Reported 
Outcomes (PROs)

�¼�á�ç�å�â�×�è�Ö�ç�Ü�â�á
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A B S T R A C T

As cancer immunotherapies continue to expand across all areas of oncology, it is imperative to establish a
standardized approach for de � ning and capturing clinically important toxicities, such as cytokine release
syndrome (CRS). In this paper, we provide considerations for categorizing the variety of adverse events that
may accompany CRS and for recognizing that presentations of CRS may differ among various immunothera-
pies (e.g., monoclonal antibodies, CAR T cell therapies and T cell engagers, which can include bispeci � c anti-
bodies and other constructs). The goals of this paper are to ensure accurate and consistent identi � cation of
CRS in patients receiving immunotherapies in clinical studies to aid in reporting; enable more precise evalua-
tion of the therapeutic risk � bene� t pro � le and cross-study analyses; support evidence-based monitoring
and management of important toxicities related to cancer immunotherapies; and improve patient care and
outcomes. These efforts will become more important as the number and variety of molecular targets for
immunotherapies broaden and as therapies with novel mechanisms continue to be developed.

© 2022 Published by Elsevier Inc. on behalf of International Society for Cell & Gene Therapy. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/ )
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Introduction

The emergence of cancer immunotherapies has led to transforma-
tional advances across solid and hematologic malignancies, bringing
new hope to patients with serious, life-threatening diseases. Cancer
immunotherapies provide clinically bene � cial alternatives and addi-
tions to traditional cytotoxic treatments. Recent U.S. Food and Drug
Administration (FDA) approvals of immunotherapies and the rapid

expansion into new indications for existing agents are enabling
broader availability of immunotherapies to cancer patients.

The immuno-oncology (IO) drug development pipeline con-
tinues to grow, and cancer immunotherapies are quickly being
integrated into the standard of care for many cancers [1] . Impor-
tantly, our increasing clinical experience with these immuno-
therapeutic agents has brought greater awareness to several
toxicities unique to immunotherapies that are not typically
observed with traditional cytotoxic agents. With the success of
newer immunotherapies such as T cell engagers and chimeric
antigen receptor (CAR) T cells in several hematologic malignan-
cies, there has been growing recognition of cytokine release* Corresponding author:

E-mail address:mstewart@focr.org (M.D. Stewart).
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syndrome (CRS) as a distinct clinical entity. Cytokine release syn-
drome represents one of the most common toxicities of these
therapies and occurs with varying frequency, severity and pre-
sentation among immunotherapeutic agents [2] . The incidence of
CRS is relatively low for conventional monoclonal antibodies, but
there is a higher risk of CRS with CAR T cell therapies and T cell
engagers (incidence ranging from 17% to 94% for all grades) [3] .
Early in the development of immunotherapies, the term CRS was
used more generally to describe a syndrome with a dramatic pre-
sentation requiring intensive care, but we now understand that
CRS presents with a spectrum of severities, ranging from a self-
limited low-grade fever to serious multiorgan collapse.

Although CRS is increasingly recognized as an on-target effect
associated with CAR T cells and T cell engagers, the full extent of this
syndrome, including pathophysiology and effects on end-organ func-
tion, has not been fully characterized. A standardized approach is
needed for diagnosing CRS and its manifestations in clinical trials and
for reporting CRS in both prescribing information and published liter-
ature. In addition, with the advent of T cell engagers and other IO
agents, there is an increasing need to distinguish CRS from other clin-
ical entities, such as acute infusion-related reactions (IRR), septic
shock, or hemophagocytic lymphohistiocytosis (HLH). For instance,
acute IRRs and CRS can have overlapping symptoms and temporality,
but likely have different pathophysiology and differ in management
and prognosis. Our current mechanistic understanding of these over-
lapping clinical entities continues to evolve, and concerted efforts to
harmonize data capture will help better characterize these events to
uncover key differential features and inform development of individ-
ualized mitigation strategies, as appropriate. The importance of cap-
turing adverse events (AEs) in a systematic and harmonized manner
has been highlighted by the emergence and growing recognition of
immune-effector cell � related AEs observed with immune checkpoint
inhibitors and their management, which has been a focus in recent
clinical guidelines published by the Society for Immunotherapy in
Cancer and the American Society for Clinical Oncology [ 4,5]. Inconsis-
tent or inadequate characterization of these toxicities in clinical trials
impact how data are presented in publications and prescribing infor-
mation, potentially resulting in suboptimal representation of these
clinical events. This, in turn, can put patients at risk if their treatment
side effects are not appropriately managed.

Growing Clinical Experience of Infusion Reactions and CRS

Adverse events known broadly as IRRs have long been de � ned,
diagnosed and reported in an ambiguous and inconsistent manner
[6] . This arises, in part, from the fact that the term IRR came into use
at a time when few biological therapies were available and acute
reactions to an infusion of a biologic agent were starting to be
reported. Additionally, little was known about the exact mediators
involved in these reactions. Since the introduction of therapeutic
monoclonal antibodies and other biologics into clinical practice, IRR
has been used as a broad term to encompass acute � ndings during or
shortly after an infusion that may include hypersensitivity/anaphy-
laxis, complement activation � related pseudoallergy (CARPA), CRS, or
more nonspeci � c signs and symptoms [6] . During clinical develop-
ment, IRRs are generally de� ned as AEs occurring within the � rst 24
h after infusion of a therapy, with causality deemed by the investiga-
tor to be related to the therapy. This operational de � nition has
resulted in the term IRR being used to de � ne a wide array of symp-
toms with potentially disparate pathophysiology whose main com-
monality is occurrence within 24 h of infusion. The majority of IRRs
reported with therapeutic monoclonal antibodies are self-limited
and treated symptomatically [7� 10] . Infusion-related reactions after
CAR T cell administration are infrequent and generally mild. Never-
theless, with the emergence of T cell � engaging therapeutics, in par-
ticular T cell engagers and other IO agents, distinguishing CRS from

IRR has been a challenge, in that the signs and symptoms may par-
tially overlap.

CRS is a supraphysiologic response driven by the immune system.
It has been commonly observed in sepsis and other infections, includ-
ing those related to COVID-19, and as an on-target AE of T cell � medi-
ated therapies or in response to other therapies such as COVID-19
mRNA vaccines [11] . CRS is initiated by the activation of T cells and
mediated by cytokines produced by macrophages and other myeloid
cells. CRS can occur within several hours to days after infusion of an
immunotherapeutic, but typically does not present beyond 14 days
after initiation of therapy [12] . CRS can be short-lived, but often lasts
for several days. Because symptoms of CRS can overlap with other
toxicities that have generally been classi � ed as IRRs, and because
both CRS and IRR can occur within a day after infusion, careful exami-
nation of the signs and symptoms, their attribution, and the response
to therapy is important. The presentation of CRS may differ depend-
ing on the immunotherapeutic and the clinical and biological status
of the patient. Factors (therapy- and patient-dependent) include
tumor antigen target, location of tumor ( i.e., blood vs. solid tumor)
and target antigen or T cell binding potency. In addition, the timing
of the onset of CRS can coincide closely with infusion of T cell engag-
ers. However, for cellular products, T cell expansion precedes the
onset of CRS, and there is therefore a lag between infusion and CRS
symptom onset [13] .

CRS typically presents with a fever and may progress to hypoten-
sion or hypoxia. Flushing and rash may accompany both anaphylactic
reactions and CRS, although speci� c skin and mucosal changes such
as hives and mucosal swelling predominate in anaphylactic reactions,
occurring in 80% of cases [14] . An underlying hallmark associated
with CRS is the release of cytokines, and this has been identi � ed as a
differentiating criterion in the Common Terminology Criteria for
Adverse Events (CTCAE) v.5 de� nition for CRS and IRRs. However, the
measurement of cytokines is not yet a routine element in clinical
practice, nor are there reliable cytokine thresholds for CRS diagnosis.
Thus, this distinction alone may not yet be helpful to clinicians at the
bedside, and emergent interventions are still largely based on the
clinical manifestations and severity of CRS as well as response to
therapeutic interventions. For example, the role of the interleukin
(IL)-6 pathway in CAR T cell therapy has been characterized, and
therefore use of IL-6 blocking agents has become a mainstay inter-
ventional treatment of CRS [ 15,16].

CRS De� nition and Severity

In light of our evolving clinical experience with emerging immu-
notherapeutics, several efforts have been made to update and harmo-
nize grading criteria for CRS in clinical trials ( Table 1). Additionally,
the elements described in each grading system offer information on
what de � nes severity.

Fever is a CRS-de� ning characteristic but does not dictate the
severity of CRS. Therefore, the Memorial Sloan Kettering Cancer Cen-
ter (MSKCC) grading system initially relied on the availability of cyto-
kine levels measured from patients in real time to distinguish severe
versus nonsevere CRS[23] . However, real-time cytokine testing may
be limited to speci � c health care research settings, and there is cur-
rently poor correlation between pre-/posttreatment cytokine levels
and the severity of CRS signs and symptoms. Thus, the presence and
severity of hypotension and hypoxia are most commonly used to
assign the grade of severity for CRS, as these two events typically
drive the need for higher level of care ( e.g., intensive care) and clini-
cally relevant sequelae. One unique aspect of CRS grading is that the
severity is often based on the type and/or level of practitioner inter-
vention. For example, the utilization of one versus more than one
vasopressor agent to treat hypotension, or the use of supplemental
oxygen alone versus mechanical ventilation for hypoxia, determines
the CRS severity grade in several of the currently used CRS grading
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criteria (see Table 1). This is important, as the use of vasopressors or
respiratory support is based on the clinical judgment of the physician,
which may vary and thus lead to individual bias in CRS grading.

The presence of other organ function abnormalities is included in
some, but not all, CRS grading systems. Other organ abnormalities
could be reported either as separate AEs with no relationship to CRS
or as preferred terms encompassing CRS. Therefore, it is important to
clarify whether the de � nition of CRS should consider including these
abnormalities to capture the full extent of CRS and minimize the risk
of underdocumenting or underreporting. Additionally, if a therapeu-
tic modality has the potential to cause clinically severe CRS that
requires treatment with � uids, vasopressors, supplemental oxygen
and anti-cytokine therapy, then initial low-grade events related to
these manifestations should be assumed to be part of that spectrum
and de� ned as CRS. Although there are a variety of published manu-
scripts, descriptions and adapted grading criteria and management
strategies for CRS[22] , it is noted that published de � nitions and grad-
ing criteria do not readily articulate the distinctions among CRS and

other clinical entities that may have overlapping symptoms and tem-
porality ( e.g., IRR, macrophage activation syndrome [MAS]/HLH).

Given the current variations in de � ning and reporting CRS, the
working group feels an urgent need to harmonize the grading, col-
lecting and reporting of CRS. Below are the working group proposals.

Alignment on De � ning and Grading CRS

The American Society for Transplantation and Cellular Therapy
(ASTCT) de� nes CRS as“a supraphysiologic response following any
immune therapy that results in the activation or engagement of
endogenous or infused T cells and/or other immune effector cells.
Signs and symptoms can be progressive, must include fever at the
onset, and may include hypotension, capillary leak (hypoxia), and
end organ dysfunction ” [22] . ASTCT’s de� nition for CRS represents an
opportunity for alignment and prioritization of grading of clinically
relevant events and can be inclusive of currently available and

Table 1
Evolving de � nitions and criteria for grading and managing CRS.

Lee criteria [17]

Grade 1: Symptoms are not life-threatening and require symptomatic treatment only ( e.g., fever, nausea, fatigue, headache, myalgias, malaise)
Grade 2: Symptoms require and respond to moderate intervention; oxygen requirement < 40% or hypotension responsive to IV � uids or low-dose single vasopres-
sor or grade 2 organ toxicity
Grade 3: Symptoms require and respond to aggressive intervention; oxygen requirement of � 40% or hypotension requiring high-dose or multiple vasopressors or
grade 3 organ toxicity or grade 4 transaminitis
Grade 4: Life-threatening symptoms; requirements for ventilator support or grade 4 toxicity (excluding transaminitis)

CTCAE v5.0[18]

Grade 1: Fever with or without constitutional symptoms
Grade 2: Hypotension responding to � uids; hypoxia responding to < 40% oxygen
Grade 3: Hypotension managed with one vasopressor; hypoxia requiring � 40% oxygen
Grade 4: Life-threatening consequences; urgent intervention indicated

Memorial Sloan Kettering Cancer Center (MSKCC) [19]

Grade 1: Mild symptoms requiring observation or supportive care only ( e.g., antipyretics, antiemetics, pain medication)
Grade 2: Hypotension requiring any vasopressors < 24 h; hypoxia or dyspnea requiring supplemental oxygen < 40%
Grade 3: Hypotension requiring any vasopressors � 24 h; hypoxia or dyspnea requiring supplemental oxygen � 40%
Grade 4: Life-threatening symptoms; Hypotension refractory to high-dose vasopressors; hypoxia or dyspnea requiring mechanical ventilation

Chimeric Antigen Receptor Toxicity (CARTOX) [20]

Grade 1: Temperature � 38°C; grade 1 organ toxicity
Grade 2: Hypotension responds to intravenous � uids or low-dose vasopressor; hypoxia requiring oxygen < 40%; grade 2 organ toxicity
Grade 3: Hypotension needing high-dose or multiple vasopressors; hypoxia requiring oxygen � 40%; grade 3 organ toxicity or grade 4 transaminitis
Grade 4: Life-threatening hypotension; needing ventilator support; grade 4 organ toxicity except grade 4 transaminitis

Penn Criteria [21]

Grade 1: Mild reaction: treated with supportive care, such as antipyretics, antiemetics
Grade 2: Moderate reaction: some signs of organ dysfunction (grade 2 creatinine or grade 3 liver function tests [LFTs]) related to CRS and not attributable to any
other condition; hospitalization for management of CRS-related symptoms, including neutropenic fever and need for IV therapies (not including � uid resuscitation
for hypotension)
Grade 3: More severe reaction: hospitalization required for management of symptoms related to organ dysfunction, including grade 4 LFTs or grade 3 creatinine,
related to CRS and not attributable to any other condition; hypotension treated with multiple � uid boluses or low-dose vasopressors; coagulopathy requiring fresh
frozen plasma, cryoprecipitate or � brinogen concentrate; hypoxia requiring supplemental oxygen (nasal cannula oxygen, high- � ow oxygen, CPAP or BiPAP)
Grade 4: Life-threatening complications, such as hypotension requiring high-dose vasopressors; hypoxia requiring mechanical ventilation

American Society for Transplantation and Cellular Therapy (ASTCT) [22]

Grade 1: Temperature � 38°C
Grade 2: Temperature � 38°C; hypotension not requiring vasopressor; hypoxia requiring low- � ow nasal cannula or oxygen blow-by
Grade 3: Temperature � 38°C; hypotension requiring one vasopressor with or without vasopressin; hypoxia requiring high- � ow nasal cannula, facemask, nonre-
breather mask or Venturi mask
Grade 4: Temperature � 38°C; hypotension requiring multiple vasopressors (excluding vasopressin); hypoxia requiring positive pressure ventilatory support (CPAP,
BiPAP, intubation or mechanical ventilation)



31

P
A

T
IE

N
T

-F
O

C
U

S
E

D
 D

R
U

G
 D

E
V

E
L

O
P

M
E

N
T

: E
N

S
U

R
IN

G
 P

A
T

IE
N

T
-C

E
N

T
E

R
E

D
 T

R
IA

L
 D

E
S

IG
N

S

emerging immunotherapies, with some considerations as noted
below.

Although each CRS grading scale in Table 1 has advantages and
limitations, the working group supports the use of a harmonized de � -
nition and grading scale as well as collection of common data ele-
ments within and across development programs. An informal
sponsor survey indicated that of eight sponsors, seven are using/
planning to use ASTCT criteria for new protocols (see Supplement for
Survey Summary). Several sponsors indicated that some develop-
ment programs have been underway before the release of the ASTCT
2019 grading criteria, and CTCAE and Lee Criteria 2014 were predom-
inantly being used to grade CRS. This is likely driven by efforts to sim-
plify the characterization and categorization of the severity of CRS in
the ASTCT criteria. Some limitations exist, such as the overlapping
nature of oxygen requirements between grade 1 and grade 2 hypoxia
due to the reliance on the oxygen delivery method and exclusion of
end organ toxicities that result from CRS ( e.g., renal or hepatic injury).
Furthermore, the use of proactive premedication ( e.g., corticoste-
roids) may limit or minimize the cascade of signs and symptoms of
CRS, such as fever, hypotension and hypoxia, which is used as a de� n-
ing characteristic of CRS in the ASTCT 2019 de� nition.

Because these guidelines have primarily been developed based on
the clinical experience with CAR T cell therapy, they may prove, with
additional clinical experience, to be incomplete for all cancer immu-
notherapies and may need to be revised as new data become avail-
able from existing and novel therapies [22] . As such, it is important
that data collection is aimed at more than meeting the requirements
of any one grading system. Therefore, establishing core principles for
de� ning CRS that consider the therapeutic modality, symptom mani-
festation, timing and response to intervention will be important to
enable � exibility and maximize utility of a harmonized de � nition for
CRS to adequately assess safety pro� les of therapeutics being offered
to patients ( Table 2).

Strategy for Assessing CRS over the Course of a Clinical
Development Program

The characterization of CRS for a given experimental therapeutic
in the course of a clinical development program is crucial to ensure
the correct diagnosis and management of toxicity to help maximize
treatment bene � t. During the development of protocols for safety
data collection and monitoring strategies as they relate to CRS, con-
sideration should be given to how toxicities will be identi � ed and
managed in routine clinical care. Recognizing the association
between the immunotherapeutic agent and CRS will inform the
framework on how best to collect these data.

The collection of a broad dataset for characterizing CRS is resource
intensive for both sponsors and investigators; however, assessing the
risk of an IRR or CRS during preclinical and early clinical development
of a new therapy will help gauge the robustness of data collection
required during development to characterize the potential risk of
CRS (Figure 1). The robustness of data collection can be assessed
using a decision tree approach, which includes (1) an initial assess-
ment of the risk of IRR or CRS based on mechanistic models and pre-
clinical assessment; (2) biomarker and clinical data collection; and
(3) iterative review of aggregate data to make an informed decision
regarding CRS designation.

If there is a low risk or no risk of IRR or CRS based on mechanistic
models, known class effects and nonclinical data, “LOW/NO” guide-
lines would be followed ( Figure 1). In this instance, standard AE
reporting and no upfront cytokine or other biomarker data collection
would be recommended initially. With ongoing frequent safety data
review and consideration for inclusion of cytokine and biomarker
data collection, the data collection plan should be adapted if the clini-
cal data are suggestive of potential IRR or CRS toxicity.

For therapeutic classes that are known to be associated with CRS
or at particularly high risk for inducing CRS based on mechanism of
action or preclinical data, the implementation of a dedicated clinical
and safety monitoring plan may be required from the onset. The
potential risks of IRR and CRS should be de� ned in the Investigator
Brochure and protocol for the � rst-in-human trial, with a dedicated
case report form (CRF) for IRR and/or CRS that collects the associated
signs and symptoms. In addition, special preparation may be war-
ranted as part of the protocol such as speci � c site training on CRS and
the requirement of certain clinical interventions ( e.g., inpatient moni-
toring, intensive care unit [ICU] availability, and readily available
tocilizumab). In most circumstances, it is recommended that physi-
cians report either IRR or CRS as the Medical Dictionary for Regula-
tory Activities (MedDRA) preferred term until human data at the
population level ( e.g., aggregate data in the clinical trial) are available.
If there is evidence at the population level of cytokine-driven clinical
signs and symptoms, increase in CRS biomarkers such as IL-6 or
responsiveness to tocilizumab or other cytokine-directed therapies,
it would be concluded that CRS is an identi � ed risk and can then be
characterized accordingly and allow proper clinical management.
Lack of such evidence (e.g., response to IL-6 directed agents) may sug-
gest that the reaction is a manifestation of IRR or hypersensitivity but
should not exclude the possibility of CRS based on further exploration
and clinical assessments.

As more data are collected in a harmonized fashion, the � eld can
better decide at which point and with which factors an event is deter-
mined to be a high-grade IRR versus a low-grade CRS. Understanding
if there are implications on patient management will be important.

Table 2
Principle components for de � ning CRS.

Principles Considerations
Therapeutic modality The spectrum of CRS and symptoms may change as different antigen targets and the methods to engage the immune system evolve;

therefore, the de � nition of CRS may evolve.
Therapeutic schedule The onset of CRS and severity can differ based on treatment administration ( i.e., one-time infusion vs. multiple infusions). Kinetics of

CRS may differ by both disease state and therapeutic platform ( e.g., cellular products vs. T cell engagers).
Temporal association The timing of development of CRS depends on patient-, disease- and treatment-related factors. In the setting of CAR T cells, in vivo

expansion of CAR T cells is associated with the onset and maximum severity of CRS. A reasonable temporal relationship to the
therapy must be present.

Sign and symptom manifestation A suspected diagnosis of CRS should be made based on clinical signs and symptoms. Hallmarks of CRS are fever with or without
hypotension and hypoxia; however, symptoms of CRS are not unique and overlap with other toxicities. Careful evaluation is
required to ensure that the symptoms are associated with the cancer therapy, and other information such as blood cultures, fever
workup, etc., should be collected to assist in the differential.

Laboratory evaluation Baseline assessment of in � ammatory markers can assist in comparing with increased levels after treatment. Laboratory evaluation
including C-reactive protein and ferritin are routinely available. Other cytokine level assessments (IL-6, IL-1, IL-8, TNF a and IFNg),
if available, can be helpful in further characterizing this syndrome retrospectively (unless available in real time).

Interventional care CRS implies the toxicity may be effectively treated with anti � IL-6 therapy or other cytokine-directed therapies given in conjunction
with corticosteroids, depending on the type of immunotherapy.
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Harmonized Data Elements for Characterizing CRS

With the evolution of de � ning and grading CRS in the � eld, there
is an opportunity for the medical community to ensure that the
appropriate data elements are collected to allow derivation with dif-
ferent grading systems. Collection of common data variables using
aligned protocols will be important to enable comparison with differ-
ent therapies in the future. Early in the clinical development of a
novel therapy, it is important to collect individual signs and symp-
toms associated with each case of CRS, since the de� nition of CRS has
evolved and is likely to continue to evolve as more experience is
gained with immunotherapies. A suspected diagnosis of CRS will
most likely be based on clinical signs and symptoms, such as fever,
hypotension and hypoxia [24] . However, the collection of all individ-
ual signs and symptoms consider to be associated with CRS as well as
certain data variables, such as laboratory assessments, cytokine pro-
� les and biomarkers, will be important for future retrospective analy-
ses to assess the relationship of certain signs and symptoms with CRS,
the severity of CRS, natural history of the event including response to
therapy, or the identi � cation of predictive biomarkers. CRS would
generally be considered as an AE of special interest (AESI) if there are
CRS reports in early clinical studies of the immunotherapy product or
with products of the same class. A con � rmatory diagnosis could be
made at a later date and in the context of the evolution of clinical
symptoms and cytokine data or response to cytokine-directed inter-
ventions (see section “Consistent Method for Recording and Report-
ing CRS Events”).

Table 3 outlines key data elements driven largely in part by ASTCT
2019. Review of key data variables from published severity scales
would inform the components of a dedicated CRF for CRS. These rep-
resent minimum data collection elements, and sponsors may capture
additional variables. Comprehensive data capture will be critical to
facilitate new iterations of grading criteria and past criteria to ensure
the safe monitoring and administration of T cell � engaging immuno-
therapies.

Vital sign assessment should include body temperature, pulse
(heart rate), blood pressure and oxygen saturation. It is important to
note that ASTCT grading depends on the use of supplemental oxygen
or positive pressure ventilation and the use of vasopressors. Because
the criteria to use these interventions are not standardized, some
bias could be introduced into the grading of CRS. Once CRS is further
characterized, biomarker testing can be reduced to key time points
and biomarkers. Capturing these core data elements may be impor-
tant for drug label descriptions and management guideline develop-
ment.

Additional laboratory tests to consider among patients who expe-
rience a more severe manifestation of CRS without initial response to
interventional therapy can include � brinogen and complete blood
counts (if not already included in the routine hematologic laboratory
assessments), triglycerides, and a bone marrow biopsy. The latter
would be necessary to con � rm the diagnosis of MAS/HLH, which
likely has a worse prognosis and may warrant additional therapies.

In the setting of CAR T cell therapy, one important determinant
associated with CRS and its severity is the in vivo expansion of these
cells after infusion. While to-date treatment guidelines are based on

Figure 1. Decision tree for assessing a population-level CRS risk during product development of an experimental agent. A decision tree approach to characterizing the safety pro � les
of new molecules during preclinical and early clinical development. This process would begin with an initial assessment of the molecule ’s potential for CRS or IRR, based on preclini-
cal data, mechanism of action and experience with other agents in the same therapeutic class. (Color version of � gure is available online.)
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symptoms, it is important to capture the laboratory value informa-
tion, including cytokine biomarkers, as laboratory values and cyto-
kines help improve our understanding of the pathophysiology and
may inform future development of management guidelines.
Although there are currently no commercially available assays to
determine expansion and persistence of CAR T cells, and real-time
cytokine analysis is also not typically available, correlative analyses
in the context of clinical trials may allow retrospective analyses to
interrogate CRS cases and direct future guidelines for toxicity man-
agement.

With CAR T cell therapy, routine CRS assessment may range from
daily CRS assessments immediately after infusion, to two to three
times a week for the � rst 30 days after infusion, to help characterize
the evolution of symptoms, development of additional toxicities,
treatment and response to treatment. The timing and frequency of
CRS assessments for T cell engagers may vary and depend on the
pharmacokinetics and pharmacodynamics of the particular molecule
and dosing schedule. Timing of sampling should be adapted to
accommodate treatment cycles and protocol-de � ned scheduled vis-
its.

Consistent Method for Recording and Reporting CRS Events

As described in Figure 1, identi � cation and characterization of CRS
early in a new experimental therapeutic ’s clinical development can

be challenging owing to the heterogeneity in signs and symptoms
and similarity of CRS signs and symptoms to those of other AEs, such
as IRR or infection, as noted earlier. A hypothetical case is shown in
Figure 2. A patient treated with a T cell engager experiences several
AEs. Initially, the patient presents with a fever of 40.1°C lasting 6 h
that is accompanied by hypotension responsive to a 1-liter � uid
bolus. The fever and hypotension are CTCAE grade 3. The next morn-
ing, liver function test (LFT) increases are noted (grade 4), and later
that day, the patient has a brief generalized seizure that is self-lim-
ited, lasting less than a minute (grade 2). Grade 2 CRS is diagnosed
[22] . It is important for all these AEs to be captured into the CRF and
independently reported for characterization of the range and severity
of signs and symptoms constituting the grade 2 CRS. Although all of
these may precede the investigator diagnosing CRS, all AEs should be
captured into the CRF and independently reported. Independent AE
reporting is critical, and clinical investigators should carefully
describe all events that are suggestive of potential CRS. This will
enable pharmacovigilance experts to evaluate relevant, linked events
and code them as CRS, as appropriate.

In the example case, the event of fever precedes the diagnosis of
CRS and would be captured into the AE database independently and
graded independently, as the differential diagnosis for the fever could
include not only CRS, but other potential etiologies such as IRR and
infection. Additional events such as the increase in LFTs and seizure
are attributable to the CRS, but could also be recorded as independent
AEs into the database. Once CRS is diagnosed and recorded as an AE
in the trial database, the signs and symptoms indicative of CRS ideally
would be linked to the CRS event.

We propose a comprehensive method to capture all the events
and link those AEs that are signs and symptoms of CRS to the CRS
event, such that CRS is the AE, but the symptoms (fever, LFT increase,
seizure) that are AEs in themselves are attributable to CRS and are
linked to the CRS event ( Figure 2, “Link Events to CRS”). For instance,
one way is to � ag each AE that is related to CRS and link it to the spe-
ci� c CRS event. This will allow a more qualitative analysis of CRS, as
CRS can manifest in a variety of organs including hepatic, renal and
neural system. This method would also allow the optionality of
reporting all AEs, CRS and the speci� c organ toxicity separately or
allow collapsing of the CRS-related events to a single AE. Given the
importance of central nervous system (CNS)-related toxicity with T
cell therapies, it is recommended that ICANS (immune effector cell-
associated neurotoxicity syndrome) events be captured and scored
separately. In the case described, any seizure would be captured as a
grade � 3 ICANS.

Without data collection standards, several outcomes in terms of
data capture may arise. For instance, one possible method is that all
the signs and symptoms that are attributable to CRS could be col-
lapsed into the AE preferred term of CRS. Once the investigator iden-
ti � es CRS, as part of data cleaning, the fever, LFT increase and even
seizure events could be accounted for by CRS, and only the CRS event
is reported ( Figure 2, “Collapse Events to CRS”). However, this
method would lead to the loss of actionable information that may be
useful for retrospective application of future CRS diagnostic or grad-
ing criteria and for physicians and patients.

As described in Table 3, additional information would be cap-
tured including use of concomitant medications ( e.g., tocilizumab
or other cytokine-directed therapy, oxygen, vasopressors, cortico-
steroids) and speci � c interventions ( e.g., method of oxygen deliv-
ery, mechanical intervention, intravenous � uids). In our example
case, the use of intravenous � uids and not vasopressors de � ne a
grade 2 CRS event. Although these items may be collected in other
parts of the electronic data captur e record, it is important that they
are easily linked to a speci � c CRS event, as CRS grading is depen-
dent on these interventions in most classi � cation systems. In addi-
tion, some grading systems can lead to downgrading of events. As
an example, liver function laboratory values may increase

Table 3
Harmonized collection of discrete data elements.

Parameter Data collection

Signs and symptoms Minimum signs and symptoms to collect
include fever, nausea, chills, vomiting,
diarrhea, confusion, dizziness, dyspnea,
tachycardia, headache, hypotension, hyp-
oxia, lymphadenopathy, hepatosplenome-
galy; but the eCRF should allow an
investigator to enter any symptom thought
to be a CRS symptom
Date/time onset (e.g., x hour[s] after infu-
sion of dose); initial grade; maximum
grade; date/time resolution; intervention;
outcome

Hypotension management No intervention required, blood pressure val-
ues, intravenous � uids, use of vasopressors
and dose, start/stop date of treatment,
duration of treatment

Hypoxia management No oxygen supplementation required, regu-
lar � ow nasal cannula, high- � ow nasal can-
nula, facemask, nonrebreather mask, or
Venturi mask; positive pressure ventilatory
support (CPAP, BiPAP, intubation, mechan-
ical ventilation)

Organ toxicity Liver function tests, creatinine, amylase,
lipase, rash, neurotoxicity, cardiac, pulmo-
nary, renal, hepatic toxicities

Cytokines IL-6, IL-1, IL-8, TNFa and IFNg are recom-
mended as a core cytokine panel, if avail-
able and considered in a research setting

Other laboratory assessments Routine hematology analysis, including com-
plete blood count and differential, serum
chemistries, coagulation factors, ferritin, C-
reactive protein

Care setting Admitted to hospital or ICU; duration, includ-
ing distinction between ICU and non-ICU
duration

Intervention for management Tocilizumab or other cytokine-directed ther-
apy administered for management, as well
as corticosteroids or other supportive care,
such as antipyretics, and type of prophy-
laxis, if any; if applicable, permanent dis-
continuation of immunotherapy or ability
to rechallenge and administer therapy
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transiently and meet the criteria for CTCAE grade 4 CRS based on
these laboratory changes; however, this increase will only meet
the de � nition of a grade 2 CRS by ASTCT criteria if it is not accom-
panied by clinically signi � cant changes in blood pressure or oxy-
gen requirement.

Conclusions

Cytokine release syndrome is commonly seen with newer immu-
notherapies, such as T cell engagers and CAR T cells, and presents as a
range of signs and symptoms, most commonly fever, hypotension
and hypoxia. There are currently several different scales used to
grade the severity of CRS, and therefore, it is important to standardize
the grading to ensure consistency in how data are collected and pre-
sented and to better distinguish CRS from other clinical entities with
overlapping symptoms. Ideally, all investigators would commit to a
harmonized data collection approach using a dedicated CRS eCRF
with data elements identi � ed in Table 3 as a guide. Moreover, this
working group outlined several actionable proposals for deployment
in early clinical development programs of emerging immunothera-
pies. To improve alignment on de � ning CRS, clinical programs could
establish core principles that consider the therapeutic modality,
symptom manifestation, timing, and response to intervention as part
of a harmonized de � nition of CRS. A strategy for assessing CRS over
the course of a clinical development program that takes into account
an initial assessment of the risk of IRR or CRS, biomarker and clinical
data collection, and an ongoing review of data is needed to make an
informed decision of CRS designation. In regard to data, harmonized
data elements for characterizing CRS need to be determined, as com-
prehensive data capture will allow for easier adaptation of one grad-
ing scale to another. Lastly, a consistent method for recording and
reporting CRS events is necessary to simultaneously delineate the
individual signs and symptoms of CRS as well as to characterize the
CRS event as its own entity. In particular, the previous experience
with the study of immune-related AEs due to checkpoint inhibitors
emphasized that, when evaluating CRS events, alignment of

important data elements and a more comprehensive understanding
of AEs early in clinical development can support ongoing pharmaco-
vigilance and real-world data collection to enable further characteri-
zation of these events in the postmarketing setting.

As our clinical understanding of CRS and other clinical entities
associated with these types of therapies evolves, a harmonized
approach for de � ning, characterizing and reporting CRS in patients
receiving immunotherapies is necessary to support evidence-based
monitoring and management of novel toxicities; facilitate and har-
monize the assessment and communication of risk-bene � t pro � les
with regulatory agencies, the clinical community, and the public; and
improve patient care and outcomes. Furthermore, such an approach
can also support retrospective analyses to compose new iterations of
grading criteria and clinical guidelines, to ensure the safe monitoring
and administration of T cell engaging immunotherapies.
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Figure 2. Patient treatment timeline and event reporting after immunotherapy administration.
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���å�æ�ç���â�å���æ�Ø�Ö�â�á�×� �ß�Ü�á�Ø���æ�Ø�ç�ç�Ü�á�Ú�œ���à�Ô�ì���Õ�Ø���Ô�ã�ã�å�â�ã�å�Ü�Ô�ç�Ø���Ù�â�å���Ô���æ�è�Õ�æ�Ø�ç���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ô�á�×���×�å�è�Ú���×�Ø�é�Ø�ß�â�ã�à�Ø�á�ç��
�æ�Ö�Ø�á�Ô�å�Ü�â�æ�¡���Ç�Û�Ø���ã�å�â�ã�â�æ�Ø�×���Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ���Ù�â�å���æ�Ø�ß�Ø�Ö�ç�Ü�á�Ú���Ô���Ö�ß�Ü�á�Ü�Ö�Ô�ß���×�Ø�é�Ø�ß�â�ã�à�Ø�á�ç���æ�Ö�Ø�á�Ô�å�Ü�â��
�Ô�ã�ã�å�â�ã�å�Ü�Ô�ç�Ø���Ù�â�å���ç�Û�Ø���Ã�å�â�Ý�Ø�Ö�ç���¹�å�â�á�ç�Å�è�á�á�Ø�å���æ�Ø�ç�ç�Ü�á�Ú���Ô�å�Ø���æ�Û�â�ê�á���Ü�á���Ç�Ô�Õ�ß�Ø���¤�¡��
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�Ç�Ô�Õ�ß�Ø���¤�­���¶�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ���Ù�â�å���Æ�Ø�ß�Ø�Ö�ç�Ü�á�Ú���Ô���Ã�å�â�Ý�Ø�Ö�ç���¹�å�â�á�ç�Å�è�á�á�Ø�å���¶�ß�Ü�á�Ü�Ö�Ô�ß��
�·�Ø�é�Ø�ß�â�ã�à�Ø�á�ç���Ã�Ô�å�Ô�×�Ü�Ú�à����

�¹�Ô�Ö�ç�â�å �¶�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ �¶�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ

�·�Ü�æ�Ø�Ô�æ�Ø��
�¶�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ

�x �Á�Ô�ç�è�å�Ô�ß���Û�Ü�æ�ç�â�å�ì���â�Ù���×�Ü�æ�Ø�Ô�æ�Ø
�›�Ø�¡�Ú�¡�Ÿ���ß�â�á�Ú���â�å���æ�Û�â�å�ç���á�Ô�ç�è�å�Ô�ß
�æ�è�å�é�Ü�é�Ô�ß�œ

�x �Æ�Ü�í�Ø���â�Ù���Ø�ß�Ü�Ú�Ü�Õ�ß�Ø���ã�â�ã�è�ß�Ô�ç�Ü�â�á
�›�Ø�¡�Ú�¡�Ÿ���å�Ô�å�Ø���â�å���à�â�å�Ø
�Ö�â�à�à�â�á�œ

�x �Á�Ô�ç�è�å�Ô�ß���Û�Ü�æ�ç�â�å�ì���â�Ù���ç�Û�Ø���×�Ü�æ�Ø�Ô�æ�Ø���Ö�Ô�á���Ü�à�ã�Ô�Ö�ç���ç�Û�Ø���ß�Ø�á�Ú�ç�Û
�â�Ù���ç�Ü�à�Ø���Ü�ç���ç�Ô�Þ�Ø�æ���Ù�â�å���×�Ô�ç�Ô���ç�â���à�Ô�ç�è�å�Ø���ç�â���×�Ø�à�â�á�æ�ç�å�Ô�ç�Ø
�ç�å�Ø�Ô�ç�à�Ø�á�ç���Õ�Ø�á�Ø���ç�¡���´�á���Ø�Ô�å�ß�Ü�Ø�å���å�Ø�Ô�×�â�è�ç���â�Ù���Ô���ê�Ø�ß�ß� 
�Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ø�×���Ü�á�ç�Ø�å�à�Ø�×�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç���Ö�â�è�ß�×���Ù�â�å�à���ç�Û�Ø
�Õ�Ô�æ�Ü�æ���Ù�â�å���´�´���Ô�Û�Ø�Ô�×���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Õ�Ø�á�Ø���ç���â�è�ç�Ö�â�à�Ø�æ�¡

�x �Ç�Û�Ø���æ�Ü�í�Ø���â�Ù���ç�Û�Ø���Ø�ß�Ü�Ú�Ü�Õ�ß�Ø���ã�Ô�ç�Ü�Ø�á�ç���ã�â�ã�è�ß�Ô�ç�Ü�â�á���Ü�æ���Ô�á
�Ü�à�ã�â�å�ç�Ô�á�ç���Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á���Õ�Ø�Ö�Ô�è�æ�Ø���Ü�ç���Ö�Ô�á���Ü�à�ã�Ô�Ö�ç
�Ø�á�å�â�ß�ß�à�Ø�á�ç���å�Ô�ç�Ø���Ô�á�×���è�ß�ç�Ü�à�Ô�ç�Ø�ß�ì���ç�Û�Ø���ç�Ü�à�Ø���Ü�ç���ç�Ô�Þ�Ø�æ���Ù�â�å
�ç�å�Ü�Ô�ß���å�Ø�æ�è�ß�ç�æ���›�Ü�á�ç�Ø�å�Ü�à���Ô�á�×�����á�Ô�ß�œ���ç�â���Õ�Ø���Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø�¡

�¼�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß��
�Ç�å�Ø�Ô�ç�à�Ø�á�ç��

�¶�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ

�x �Á�â�é�Ø�ß�ç�ì���â�Ù���à�Ø�Ö�Û�Ô�á�Ü�æ�à���â�Ù
�Ô�Ö�ç�Ü�â�á���›�Ø�¡�Ú�¡�Ÿ�����å�æ�ç� �Ü�á� �Ö�ß�Ô�æ�æ
�â�å���¦�å�×�¢�§�ç�Û���Ü�á���Ö�ß�Ô�æ�æ�œ

�x �´�ã�ã�å�â�é�Ô�ß���æ�ç�Ô�ç�è�æ���›�Ø�¡�Ú�¡�Ÿ
�á�Ø�ê���à�â�ß�Ø�Ö�è�ß�Ô�å���Ø�á�ç�Ü�ç�ì���â�å
�Ø�ë�ã�Ô�á�×�Ü�á�Ú���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á���â�Ù
�Ô�ã�ã�å�â�é�Ø�×���×�å�è�Ú�œ

�x �¿�Ø�é�Ø�ß���â�Ù���ç�â�ë�Ü�Ö�Ü�ç�ì���›�Ø�¡�Ú�¡�Ÿ���Û�Ü�Ú�Û
�â�å���ß�â�ê�œ

�x �·�Ô�ç�Ô���›�Ø�¡�Ú�¡�Ÿ���Ø�Ù���Ö�Ô�Ö�ì�Ÿ���×�â�æ�Ü�á�Ú�Ÿ���ç�â�ë�Ü�Ö�Ü�ç�ì���ã�å�â���ß�Ø�œ���à�Ô�ì
�Õ�Ø���ß�Ø�é�Ø�å�Ô�Ú�Ø�×���Ù�â�å���×�å�è�Ú�æ���ç�Û�Ô�ç���Û�Ô�é�Ø���Õ�Ø�Ø�á���ã�å�Ø�é�Ü�â�è�æ�ß�ì
�Ô�ã�ã�å�â�é�Ø�×���Ü�á���â�ç�Û�Ø�å���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á�æ���â�å���Ù�â�å���Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß
�Ô�Ú�Ø�á�ç�æ���ê�Ü�ç�Û�Ü�á���Ô�á���Ø�ë�Ü�æ�ç�Ü�á�Ú���×�å�è�Ú���Ö�ß�Ô�æ�æ�Ÿ���ê�Û�Ü�Ö�Û���Ö�Ô�á���Û�Ø�ß�ã
�×�Ø� �å�Ü�æ�Þ���ç�Û�Ø���Ô�ã�ã�å�â�Ô�Ö�Û�¡

�x �¼�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß���Ô�Ú�Ø�á�ç�æ���ê�Ü�ç�Û���Û�Ü�Ú�Û���ç�â�ë�Ü�Ö�Ü�ç�ì���à�Ô�ì���á�â�ç���Õ�Ø
�Ô�à�Ø�á�Ô�Õ�ß�Ø���ç�â���æ�ç�è�×�ì���Ü�á���Ø�Ô�å�ß�ì���ß�Ü�á�Ø�æ���ê�Ü�ç�Û���Ø�ë�Ü�æ�ç�Ü�á�Ú�Ÿ���ß�Ø�æ�æ
�ç�â�ë�Ü�Ö���Æ�Â�¶���â�ã�ç�Ü�â�á�æ�¡

�Â�ç�Û�Ø�å���´�é�Ô�Ü�ß�Ô�Õ�ß�Ø��
�Ç�Û�Ø�å�Ô�ã�Ü�Ø�æ��

�x �¸�Ù���Ö�Ô�Ö�ì�Ÿ���æ�Ô�Ù�Ø�ç�ì���â�Ù
�Ô�ã�ã�å�â�é�Ø�×���Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø
�ç�Û�Ø�å�Ô�ã�Ü�Ø�æ���Ü�á���Ø�Ô�å�ß�ì��
�à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö���æ�Ø�ç�ç�Ü�á�Ú���›�Ü�¡�Ø�¡�Ÿ��
�¤�æ�ç�¢�¥�á�×���ß�Ü�á�Ø���æ�Ø�ç�ç�Ü�á�Ú�œ

�x �¸�Ù���Ö�Ô�Ö�ì���â�Ù���Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø
�ç�Û�Ø�å�Ô�ã�Ü�Ø�æ

�x �Ç�â�ß�Ø�å�Ô�Õ�Ü�ß�Ü�ç�ì���â�Ù���Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø
�ç�Û�Ø�å�Ô�ã�Ü�Ø�æ

�x �Æ�Ø�ç�ç�Ü�á�Ú�æ���ê�Û�Ø�å�Ø���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ø�×���Æ�Â�¶���Ü�æ���Ô�æ�æ�â�Ö�Ü�Ô�ç�Ø�×���ê�Ü�ç�Û
�à�â�×�Ø�æ�ç� �ç�â� �à�â�×�Ø�å�Ô�ç�Ø���â�è�ç�Ö�â�à�Ø�æ���â�å���ã�â�â�å���ç�â�ë�Ü�Ö�Ü�ç�ì��
�â�Ù�Ù�Ø�å�æ���â�ã�ã�â�å�ç�è�á�Ü�ç�Ü�Ø�æ���ç�â���×�Ø�à�â�á�æ�ç�å�Ô�ç�Ø���Ö�â�á�é�Ü�á�Ö�Ü�á�Ú���Ô�á�×��
�Ö�ß�Ü�á�Ü�Ö�Ô�ß�ß�ì���à�Ø�Ô�á�Ü�á�Ú�Ù�è�ß���Ü�à�ã�å�â�é�Ø�à�Ø�á�ç�¡

�¶�ß�Ü�á�Ü�Ö�Ô�ß���¸�á�×�ã�â�Ü�á�ç�æ��
�x �¼�á�ç�Ø�å�à�Ø�×�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç�æ

�Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø���Ô�á�×���Ô�Ö�Ö�Ø�ã�ç�Ô�Õ�ß�Ø��
�Ù�â�å���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���è�æ�Ø

�x �·�Ü�æ�Ø�Ô�æ�Ø���æ�Ø�ç�ç�Ü�á�Ú�æ���ç�Û�Ô�ç���Û�Ô�é�Ø���ê�Ø�ß�ß� �Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ø�×
�Ü�á�ç�Ø�å�à�Ø�×�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç�æ���›�Ø�¡�Ú�¡�Ÿ���Ö�â�å�å�Ø�ß�Ô�ç�Ü�â�á���ç�â���ß�â�á�Ú� 
�ç�Ø�å�à���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ø�á�×�ã�â�Ü�á�ç�æ�œ���ç�â���æ�è�ã�ã�â�å�ç���Ü�á�ç�Ø�å�Ü�à���Ô�á�Ô�ß�ì�æ�Ø�æ��
�à�Ô�ì���Õ�Ø���à�â�æ�ç���Ô�ã�ã�å�â�ã�å�Ü�Ô�ç�Ø�¡

�Æ�â�à�Ø���×�Ü�æ�Ø�Ô�æ�Ø���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ���Ô�å�Ø���à�â�å�Ø���Ô�à�Ø�á�Ô�Õ�ß�Ø���ç�â���ç�Û�Ø���¹�å�â�á�ç�Å�è�á�á�Ø�å���ã�Ô�å�Ô�×�Ü�Ú�à���ç�Û�Ô�á���â�ç�Û�Ø�å�æ�Ÿ��
�Ü�á�Ö�ß�è�×�Ü�á�Ú���ç�Û�â�æ�Ø���Ù�â�å���ê�Û�Ü�Ö�Û���ç�Û�Ø�å�Ø���Ü�æ���Ø�é�Ü�×�Ø�á�Ö�Ø���ç�â���æ�è�ã�ã�â�å�ç���ç�Û�Ø���è�æ�Ø���â�Ù���Ô�á���Ü�á�ç�Ø�å�à�Ø�×�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç�Ÿ��
�æ�è�Ö�Û���Ô�æ���Â�Å�Å�Ÿ���ç�Û�Ô�ç���Ü�æ���å�Ø�Ô�æ�â�á�Ô�Õ�ß�ì���ß�Ü�Þ�Ø�ß�ì���ç�â���ã�å�Ø�×�Ü�Ö�ç���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Õ�Ø�á�Ø���ç���Ô�á�×���Ö�â�è�ß�×���æ�è�ã�ã�â�å�ç���Ü�á�ç�Ø�å�Ü�à��
�Ô�á�Ô�ß�ì�æ�Ø�æ���Ø�é�Ô�ß�è�Ô�ç�Ü�á�Ú���ç�å�Ø�Ô�ç�à�Ø�á�ç���Ø�Ù���Ö�Ô�Ö�ì�¡���Ç�Û�Ø�æ�Ø���Ü�á�Ö�ß�è�×�Ø���×�Ü�æ�Ø�Ô�æ�Ø�æ���ê�Ü�ç�Û���ß�â�á�Ú���á�Ô�ç�è�å�Ô�ß���Û�Ü�æ�ç�â�å�Ü�Ø�æ���æ�è�Ö�Û��
�Ô�æ���Ü�á�×�â�ß�Ø�á�ç���á�â�á� �»�â�×�Ú�Þ�Ü�á���ß�ì�à�ã�Û�â�à�Ô���â�å���à�è�ß�ç�Ü�ã�ß�Ø���à�ì�Ø�ß�â�à�Ô���Ü�á���ç�Û�Ø���Ù�å�â�á�ç�ß�Ü�á�Ø���æ�Ø�ç�ç�Ü�á�Ú�¡���´�ß�ç�Ø�å�á�Ô�ç�Ü�é�Ø�ß�ì�Ÿ��
�×�Ü�æ�Ø�Ô�æ�Ø�æ���ê�Û�Ø�å�Ø���ç�Û�Ø���á�Ô�ç�è�å�Ô�ß���Û�Ü�æ�ç�â�å�ì���Ü�æ���æ�Û�â�å�ç�Ÿ���Õ�è�ç���Â�Æ���›�å�Ô�ç�Û�Ø�å���ç�Û�Ô�á���Ã�¹�Æ�œ���Ü�æ���ç�Û�Ø���Ø�á�×�ã�â�Ü�á�ç���â�Ù���Ü�á�ç�Ø�å�Ø�æ�ç��
�Ù�â�å���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���Ô�ã�ã�å�â�é�Ô�ß�Ÿ���æ�è�Ö�Û���Ô�æ���æ�Ø�Ö�â�á�×� �ß�Ü�á�Ø���á�â�á� �æ�à�Ô�ß�ß���Ö�Ø�ß�ß���ß�è�á�Ú���Ö�Ô�á�Ö�Ø�å�Ÿ���ê�â�è�ß�×���Ô�ß�æ�â���Õ�Ø��
�Ö�Ô�á�×�Ü�×�Ô�ç�Ø�æ���Ù�â�å���ç�Û�Ø���¹�å�â�á�ç�Å�è�á�á�Ø�å���Ô�ã�ã�å�â�Ô�Ö�Û�¡���¼�á���ç�Û�Ü�æ���æ�Ø�ç�ç�Ü�á�Ú�Ÿ���ç�Û�Ø���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ø�×���Æ�Â�¶���Ü�æ���Ô�æ�æ�â�Ö�Ü�Ô�ç�Ø�×���ê�Ü�ç�Û��
�ß�â�ê� �ç�â� �à�â�×�Ø�å�Ô�ç�Ø���â�è�ç�Ö�â�à�Ø�æ���›�¤�¨� �¥�£�˜���Â�Å�Å�œ���Ô�á�×���Ô�á���Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß���ç�Û�Ø�å�Ô�ã�ì���à�Ô�ì���×�Ø�à�â�á�æ�ç�å�Ô�ç�Ø��

�Ç�Ô�Õ�ß�Ø���¤�­���¶�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ���Ù�â�å���Æ�Ø�ß�Ø�Ö�ç�Ü�á�Ú���Ô���Ã�å�â�Ý�Ø�Ö�ç���¹�å�â�á�ç�Å�è�á�á�Ø�å���¶�ß�Ü�á�Ü�Ö�Ô�ß��
�·�Ø�é�Ø�ß�â�ã�à�Ø�á�ç���Ã�Ô�å�Ô�×�Ü�Ú�à����

�¹�Ô�Ö�ç�â�å �¶�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ �¶�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ

�·�Ü�æ�Ø�Ô�æ�Ø��
�¶�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ

�x �Á�Ô�ç�è�å�Ô�ß���Û�Ü�æ�ç�â�å�ì���â�Ù���×�Ü�æ�Ø�Ô�æ�Ø
�›�Ø�¡�Ú�¡�Ÿ���ß�â�á�Ú���â�å���æ�Û�â�å�ç���á�Ô�ç�è�å�Ô�ß
�æ�è�å�é�Ü�é�Ô�ß�œ

�x �Æ�Ü�í�Ø���â�Ù���Ø�ß�Ü�Ú�Ü�Õ�ß�Ø���ã�â�ã�è�ß�Ô�ç�Ü�â�á
�›�Ø�¡�Ú�¡�Ÿ���å�Ô�å�Ø���â�å���à�â�å�Ø
�Ö�â�à�à�â�á�œ

�x �Á�Ô�ç�è�å�Ô�ß���Û�Ü�æ�ç�â�å�ì���â�Ù���ç�Û�Ø���×�Ü�æ�Ø�Ô�æ�Ø���Ö�Ô�á���Ü�à�ã�Ô�Ö�ç���ç�Û�Ø���ß�Ø�á�Ú�ç�Û
�â�Ù���ç�Ü�à�Ø���Ü�ç���ç�Ô�Þ�Ø�æ���Ù�â�å���×�Ô�ç�Ô���ç�â���à�Ô�ç�è�å�Ø���ç�â���×�Ø�à�â�á�æ�ç�å�Ô�ç�Ø
�ç�å�Ø�Ô�ç�à�Ø�á�ç���Õ�Ø�á�Ø���ç�¡���´�á���Ø�Ô�å�ß�Ü�Ø�å���å�Ø�Ô�×�â�è�ç���â�Ù���Ô���ê�Ø�ß�ß� 
�Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ø�×���Ü�á�ç�Ø�å�à�Ø�×�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç���Ö�â�è�ß�×���Ù�â�å�à���ç�Û�Ø
�Õ�Ô�æ�Ü�æ���Ù�â�å���´�´���Ô�Û�Ø�Ô�×���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Õ�Ø�á�Ø���ç���â�è�ç�Ö�â�à�Ø�æ�¡

�x �Ç�Û�Ø���æ�Ü�í�Ø���â�Ù���ç�Û�Ø���Ø�ß�Ü�Ú�Ü�Õ�ß�Ø���ã�Ô�ç�Ü�Ø�á�ç���ã�â�ã�è�ß�Ô�ç�Ü�â�á���Ü�æ���Ô�á
�Ü�à�ã�â�å�ç�Ô�á�ç���Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á���Õ�Ø�Ö�Ô�è�æ�Ø���Ü�ç���Ö�Ô�á���Ü�à�ã�Ô�Ö�ç
�Ø�á�å�â�ß�ß�à�Ø�á�ç���å�Ô�ç�Ø���Ô�á�×���è�ß�ç�Ü�à�Ô�ç�Ø�ß�ì���ç�Û�Ø���ç�Ü�à�Ø���Ü�ç���ç�Ô�Þ�Ø�æ���Ù�â�å
�ç�å�Ü�Ô�ß���å�Ø�æ�è�ß�ç�æ���›�Ü�á�ç�Ø�å�Ü�à���Ô�á�×�����á�Ô�ß�œ���ç�â���Õ�Ø���Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø�¡

�¼�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß��
�Ç�å�Ø�Ô�ç�à�Ø�á�ç��

�¶�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ

�x �Á�â�é�Ø�ß�ç�ì���â�Ù���à�Ø�Ö�Û�Ô�á�Ü�æ�à���â�Ù
�Ô�Ö�ç�Ü�â�á���›�Ø�¡�Ú�¡�Ÿ�����å�æ�ç� �Ü�á� �Ö�ß�Ô�æ�æ
�â�å���¦�å�×�¢�§�ç�Û���Ü�á���Ö�ß�Ô�æ�æ�œ

�x �´�ã�ã�å�â�é�Ô�ß���æ�ç�Ô�ç�è�æ���›�Ø�¡�Ú�¡�Ÿ
�á�Ø�ê���à�â�ß�Ø�Ö�è�ß�Ô�å���Ø�á�ç�Ü�ç�ì���â�å
�Ø�ë�ã�Ô�á�×�Ü�á�Ú���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á���â�Ù
�Ô�ã�ã�å�â�é�Ø�×���×�å�è�Ú�œ

�x �¿�Ø�é�Ø�ß���â�Ù���ç�â�ë�Ü�Ö�Ü�ç�ì���›�Ø�¡�Ú�¡�Ÿ���Û�Ü�Ú�Û
�â�å���ß�â�ê�œ

�x �·�Ô�ç�Ô���›�Ø�¡�Ú�¡�Ÿ���Ø�Ù���Ö�Ô�Ö�ì�Ÿ���×�â�æ�Ü�á�Ú�Ÿ���ç�â�ë�Ü�Ö�Ü�ç�ì���ã�å�â���ß�Ø�œ���à�Ô�ì
�Õ�Ø���ß�Ø�é�Ø�å�Ô�Ú�Ø�×���Ù�â�å���×�å�è�Ú�æ���ç�Û�Ô�ç���Û�Ô�é�Ø���Õ�Ø�Ø�á���ã�å�Ø�é�Ü�â�è�æ�ß�ì
�Ô�ã�ã�å�â�é�Ø�×���Ü�á���â�ç�Û�Ø�å���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á�æ���â�å���Ù�â�å���Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß
�Ô�Ú�Ø�á�ç�æ���ê�Ü�ç�Û�Ü�á���Ô�á���Ø�ë�Ü�æ�ç�Ü�á�Ú���×�å�è�Ú���Ö�ß�Ô�æ�æ�Ÿ���ê�Û�Ü�Ö�Û���Ö�Ô�á���Û�Ø�ß�ã
�×�Ø� �å�Ü�æ�Þ���ç�Û�Ø���Ô�ã�ã�å�â�Ô�Ö�Û�¡

�x �¼�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß���Ô�Ú�Ø�á�ç�æ���ê�Ü�ç�Û���Û�Ü�Ú�Û���ç�â�ë�Ü�Ö�Ü�ç�ì���à�Ô�ì���á�â�ç���Õ�Ø
�Ô�à�Ø�á�Ô�Õ�ß�Ø���ç�â���æ�ç�è�×�ì���Ü�á���Ø�Ô�å�ß�ì���ß�Ü�á�Ø�æ���ê�Ü�ç�Û���Ø�ë�Ü�æ�ç�Ü�á�Ú�Ÿ���ß�Ø�æ�æ
�ç�â�ë�Ü�Ö���Æ�Â�¶���â�ã�ç�Ü�â�á�æ�¡

�Â�ç�Û�Ø�å���´�é�Ô�Ü�ß�Ô�Õ�ß�Ø��
�Ç�Û�Ø�å�Ô�ã�Ü�Ø�æ��

�x �¸�Ù���Ö�Ô�Ö�ì�Ÿ���æ�Ô�Ù�Ø�ç�ì���â�Ù
�Ô�ã�ã�å�â�é�Ø�×���Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø
�ç�Û�Ø�å�Ô�ã�Ü�Ø�æ���Ü�á���Ø�Ô�å�ß�ì��
�à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö���æ�Ø�ç�ç�Ü�á�Ú���›�Ü�¡�Ø�¡�Ÿ��
�¤�æ�ç�¢�¥�á�×���ß�Ü�á�Ø���æ�Ø�ç�ç�Ü�á�Ú�œ

�x �¸�Ù���Ö�Ô�Ö�ì���â�Ù���Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø
�ç�Û�Ø�å�Ô�ã�Ü�Ø�æ

�x �Ç�â�ß�Ø�å�Ô�Õ�Ü�ß�Ü�ç�ì���â�Ù���Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø
�ç�Û�Ø�å�Ô�ã�Ü�Ø�æ

�x �Æ�Ø�ç�ç�Ü�á�Ú�æ���ê�Û�Ø�å�Ø���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ø�×���Æ�Â�¶���Ü�æ���Ô�æ�æ�â�Ö�Ü�Ô�ç�Ø�×���ê�Ü�ç�Û
�à�â�×�Ø�æ�ç� �ç�â� �à�â�×�Ø�å�Ô�ç�Ø���â�è�ç�Ö�â�à�Ø�æ���â�å���ã�â�â�å���ç�â�ë�Ü�Ö�Ü�ç�ì��
�â�Ù�Ù�Ø�å�æ���â�ã�ã�â�å�ç�è�á�Ü�ç�Ü�Ø�æ���ç�â���×�Ø�à�â�á�æ�ç�å�Ô�ç�Ø���Ö�â�á�é�Ü�á�Ö�Ü�á�Ú���Ô�á�×��
�Ö�ß�Ü�á�Ü�Ö�Ô�ß�ß�ì���à�Ø�Ô�á�Ü�á�Ú�Ù�è�ß���Ü�à�ã�å�â�é�Ø�à�Ø�á�ç�¡

�¶�ß�Ü�á�Ü�Ö�Ô�ß���¸�á�×�ã�â�Ü�á�ç�æ��
�x �¼�á�ç�Ø�å�à�Ø�×�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç�æ

�Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø���Ô�á�×���Ô�Ö�Ö�Ø�ã�ç�Ô�Õ�ß�Ø��
�Ù�â�å���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���è�æ�Ø

�x �·�Ü�æ�Ø�Ô�æ�Ø���æ�Ø�ç�ç�Ü�á�Ú�æ���ç�Û�Ô�ç���Û�Ô�é�Ø���ê�Ø�ß�ß� �Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ø�×
�Ü�á�ç�Ø�å�à�Ø�×�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç�æ���›�Ø�¡�Ú�¡�Ÿ���Ö�â�å�å�Ø�ß�Ô�ç�Ü�â�á���ç�â���ß�â�á�Ú� 
�ç�Ø�å�à���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ø�á�×�ã�â�Ü�á�ç�æ�œ���ç�â���æ�è�ã�ã�â�å�ç���Ü�á�ç�Ø�å�Ü�à���Ô�á�Ô�ß�ì�æ�Ø�æ��
�à�Ô�ì���Õ�Ø���à�â�æ�ç���Ô�ã�ã�å�â�ã�å�Ü�Ô�ç�Ø�¡

�Æ�â�à�Ø���×�Ü�æ�Ø�Ô�æ�Ø���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ���Ô�å�Ø���à�â�å�Ø���Ô�à�Ø�á�Ô�Õ�ß�Ø���ç�â���ç�Û�Ø���¹�å�â�á�ç�Å�è�á�á�Ø�å���ã�Ô�å�Ô�×�Ü�Ú�à���ç�Û�Ô�á���â�ç�Û�Ø�å�æ�Ÿ��
�Ü�á�Ö�ß�è�×�Ü�á�Ú���ç�Û�â�æ�Ø���Ù�â�å���ê�Û�Ü�Ö�Û���ç�Û�Ø�å�Ø���Ü�æ���Ø�é�Ü�×�Ø�á�Ö�Ø���ç�â���æ�è�ã�ã�â�å�ç���ç�Û�Ø���è�æ�Ø���â�Ù���Ô�á���Ü�á�ç�Ø�å�à�Ø�×�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç�Ÿ��
�æ�è�Ö�Û���Ô�æ���Â�Å�Å�Ÿ���ç�Û�Ô�ç���Ü�æ���å�Ø�Ô�æ�â�á�Ô�Õ�ß�ì���ß�Ü�Þ�Ø�ß�ì���ç�â���ã�å�Ø�×�Ü�Ö�ç���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Õ�Ø�á�Ø���ç���Ô�á�×���Ö�â�è�ß�×���æ�è�ã�ã�â�å�ç���Ü�á�ç�Ø�å�Ü�à��
�Ô�á�Ô�ß�ì�æ�Ø�æ���Ø�é�Ô�ß�è�Ô�ç�Ü�á�Ú���ç�å�Ø�Ô�ç�à�Ø�á�ç���Ø�Ù���Ö�Ô�Ö�ì�¡���Ç�Û�Ø�æ�Ø���Ü�á�Ö�ß�è�×�Ø���×�Ü�æ�Ø�Ô�æ�Ø�æ���ê�Ü�ç�Û���ß�â�á�Ú���á�Ô�ç�è�å�Ô�ß���Û�Ü�æ�ç�â�å�Ü�Ø�æ���æ�è�Ö�Û��
�Ô�æ���Ü�á�×�â�ß�Ø�á�ç���á�â�á� �»�â�×�Ú�Þ�Ü�á���ß�ì�à�ã�Û�â�à�Ô���â�å���à�è�ß�ç�Ü�ã�ß�Ø���à�ì�Ø�ß�â�à�Ô���Ü�á���ç�Û�Ø���Ù�å�â�á�ç�ß�Ü�á�Ø���æ�Ø�ç�ç�Ü�á�Ú�¡���´�ß�ç�Ø�å�á�Ô�ç�Ü�é�Ø�ß�ì�Ÿ��
�×�Ü�æ�Ø�Ô�æ�Ø�æ���ê�Û�Ø�å�Ø���ç�Û�Ø���á�Ô�ç�è�å�Ô�ß���Û�Ü�æ�ç�â�å�ì���Ü�æ���æ�Û�â�å�ç�Ÿ���Õ�è�ç���Â�Æ���›�å�Ô�ç�Û�Ø�å���ç�Û�Ô�á���Ã�¹�Æ�œ���Ü�æ���ç�Û�Ø���Ø�á�×�ã�â�Ü�á�ç���â�Ù���Ü�á�ç�Ø�å�Ø�æ�ç��
�Ù�â�å���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���Ô�ã�ã�å�â�é�Ô�ß�Ÿ���æ�è�Ö�Û���Ô�æ���æ�Ø�Ö�â�á�×� �ß�Ü�á�Ø���á�â�á� �æ�à�Ô�ß�ß���Ö�Ø�ß�ß���ß�è�á�Ú���Ö�Ô�á�Ö�Ø�å�Ÿ���ê�â�è�ß�×���Ô�ß�æ�â���Õ�Ø��
�Ö�Ô�á�×�Ü�×�Ô�ç�Ø�æ���Ù�â�å���ç�Û�Ø���¹�å�â�á�ç�Å�è�á�á�Ø�å���Ô�ã�ã�å�â�Ô�Ö�Û�¡���¼�á���ç�Û�Ü�æ���æ�Ø�ç�ç�Ü�á�Ú�Ÿ���ç�Û�Ø���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ø�×���Æ�Â�¶���Ü�æ���Ô�æ�æ�â�Ö�Ü�Ô�ç�Ø�×���ê�Ü�ç�Û��
�ß�â�ê� �ç�â� �à�â�×�Ø�å�Ô�ç�Ø���â�è�ç�Ö�â�à�Ø�æ���›�¤�¨� �¥�£�˜���Â�Å�Å�œ���Ô�á�×���Ô�á���Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß���ç�Û�Ø�å�Ô�ã�ì���à�Ô�ì���×�Ø�à�â�á�æ�ç�å�Ô�ç�Ø��
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�à�Ø�Ô�á�Ü�á�Ú�Ù�è�ß���Ü�à�ã�å�â�é�Ø�à�Ø�á�ç�¡���À�â�å�Ø���Ö�â�à�à�â�á���×�Ü�æ�Ø�Ô�æ�Ø�æ���Ü�á���ê�Û�Ü�Ö�Û���ç�å�Ü�Ô�ß���Ø�á�å�â�ß�ß�à�Ø�á�ç���Ö�Ô�á���Õ�Ø���Ö�â�à�ã�ß�Ø�ç�Ø�×��
�Ø�ë�ã�Ø�×�Ü�ç�Ü�â�è�æ�ß�ì���ê�Ü�ß�ß���ß�Ü�Þ�Ø�ß�ì���Ô�ß�æ�â���Õ�Ø�á�Ø���ç���Ù�å�â�à���Ô���¹�å�â�á�ç�Å�è�á�á�Ø�å���Ô�ã�ã�å�â�Ô�Ö�Û�Ÿ���Ô�æ���Ô�Ö�Ö�å�è�Ô�ß���â�Ù���Ô���æ�è�Ù���Ö�Ü�Ø�á�ç��
�æ�Ô�à�ã�ß�Ø���æ�Ü�í�Ø���ê�Ü�ß�ß���ß�Ü�Þ�Ø�ß�ì���á�â�ç���Õ�Ø���å�Ô�ç�Ø� �ß�Ü�à�Ü�ç�Ü�á�Ú�¡���Ç�Û�Ø�æ�Ø���Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ���Ô�å�Ø���Õ�Ô�æ�Ø�×���â�á���ç�Û�Ø���è�æ�Ø���â�Ù���Â�Å�Å���Ù�â�å��
�Ü�á�ç�Ø�å�Ü�à���Ô�á�Ô�ß�ì�æ�Ø�æ�¡���»�â�ê�Ø�é�Ø�å�Ÿ���Ü�á���ç�Û�Ø���Ù�è�ç�è�å�Ø���Ü�Ù���â�ç�Û�Ø�å���Ü�á�ç�Ø�å�à�Ø�×�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç�æ�Ÿ���æ�è�Ö�Û���Ô�æ���ç�Û�â�æ�Ø���Õ�Ô�æ�Ø�×���â�á��
�Ö�Ü�å�Ö�è�ß�Ô�ç�Ü�á�Ú���ç�è�à�â�å���·�Á�´���›�Ö�ç�·�Á�´�œ���â�å���à�Ü�á�Ü�à�Ô�ß���å�Ø�æ�Ü�×�è�Ô�ß���×�Ü�æ�Ø�Ô�æ�Ø���›�À�Å�·�œ�Ÿ���Ô�å�Ø���å�â�Õ�è�æ�ç�ß�ì���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�í�Ø�×��
�Ô�á�×���Ô�Ö�Ö�Ø�ã�ç�Ø�×���Ô�æ���å�Ø�Ô�æ�â�á�Ô�Õ�ß�ì���ß�Ü�Þ�Ø�ß�ì���ç�â���ã�å�Ø�×�Ü�Ö�ç���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Õ�Ø�á�Ø���ç�Ÿ���Ô�×�×�Ü�ç�Ü�â�á�Ô�ß���Ö�ß�Ü�á�Ü�Ö�Ô�ß���æ�Ö�Ø�á�Ô�å�Ü�â�æ���à�Ô�ì��
�Õ�Ø�Ö�â�à�Ø���Ô�à�Ø�á�Ô�Õ�ß�Ø�¡

�Â�ã�Ø�å�Ô�ç�Ü�â�á�Ô�ß�Ü�í�Ü�á�Ú���Ô���Ã�å�â�Ý�Ø�Ö�ç���¹�å�â�á�ç�Å�è�á�á�Ø�å���´�ã�ã�å�â�Ô�Ö�Û���·�è�å�Ü�á�Ú���¶�ß�Ü�á�Ü�Ö�Ô�ß��
�·�Ø�é�Ø�ß�â�ã�à�Ø�á�ç

�¹�Ô�Ö�ç�â�å�æ���¼�á���è�Ø�á�Ö�Ü�á�Ú���ç�Û�Ø���¶�ß�Ü�á�Ü�Ö�Ô�ß���·�Ø�é�Ø�ß�â�ã�à�Ø�á�ç
�Ê�Û�Ø�á���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ü�á�Ú���ç�Û�Ø���×�Ø�é�Ø�ß�â�ã�à�Ø�á�ç���ã�ß�Ô�á���Ù�â�å���Ô�á���Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß���×�å�è�Ú�Ÿ���Æ�ã�â�á�æ�â�å�æ���æ�Û�â�è�ß�×���à�Ô�Þ�Ø��
�ã�ß�Ô�á�æ���Õ�Ø�ì�â�á�×���ç�Û�Ø���Ü�á�Ü�ç�Ü�Ô�ß���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ü�á�Ú���Ô���Û�â�ß�Ü�æ�ç�Ü�Ö���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ô�á�×���å�Ø�Ú�Ü�æ�ç�å�Ô�ç�Ü�â�á���ã�ß�Ô�á�¡��
�Ç�Û�Ü�æ���ã�ß�Ô�á���æ�Û�â�è�ß�×���×�Ø�ç�Ø�å�à�Ü�á�Ø���ç�Û�Ø���Ù�Ø�Ô�æ�Ü�Õ�Ü�ß�Ü�ç�ì���Ô�á�×���Ô�ã�ã�ß�Ü�Ö�Ô�Õ�Ü�ß�Ü�ç�ì���â�Ù���Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�á�Ú���ç�Û�Ø���Ô�Ú�Ø�á�ç���Ü�á���Ø�Ô�å�ß�Ü�Ø�å��
�æ�Ø�ç�ç�Ü�á�Ú�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û�Ü�á�Ú���æ�Ø�ç���×�Ø�Ö�Ü�æ�Ü�â�á���ã�â�Ü�á�ç�æ���ç�â���×�Ø�ç�Ø�å�à�Ü�á�Ø���ê�Û�Ø�á���ç�â���Ü�á�Ü�ç�Ü�Ô�ç�Ø���æ�ç�è�×�Ü�Ø�æ���Ô�á�×��
�ê�Û�Ô�ç���Ø�é�Ü�×�Ø�á�Ö�Ø���Ü�æ���á�Ø�Ø�×�Ø�×���ç�â���æ�è�ã�ã�â�å�ç���ç�Û�Ø���à�â�é�Ø���ç�â���Ø�Ô�å�ß�Ü�Ø�å���ß�Ü�á�Ø�æ�¡���Ç�Û�Ø�æ�Ø���×�Ø�Ö�Ü�æ�Ü�â�á�æ���æ�Û�â�è�ß�×���Õ�Ø���Õ�Ô�æ�Ø�×��
�â�á���Ø�Ô�å�ß�ì���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ô�á�×���æ�Ö�Ü�Ø�á�ç�Ü���Ö���Ø�é�Ü�×�Ø�á�Ö�Ø�Ÿ���Ù�è�å�ç�Û�Ø�å���×�Ü�æ�Ö�è�æ�æ�Ø�×���Õ�Ø�ß�â�ê���Ô�á�×���Û�Ü�Ú�Û�ß�Ü�Ú�Û�ç�Ø�×���Ü�á���¹�Ü�Ú�è�å�Ø���¤�Ÿ
�Õ�è�ç���à�Ô�ì���Ô�ß�æ�â���Õ�Ø���×�å�Ü�é�Ø�á���Õ�ì���Ù�Ô�Ö�ç�â�å�æ���æ�è�Ö�Û���Ô�æ���ç�Û�Ø���ß�Ø�é�Ø�ß���â�Ù���å�Ü�æ�Þ���Ô���æ�ã�â�á�æ�â�å���Ô�á�×���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���Õ�â�×�Ü�Ø�æ���Ô�å�Ø��
�ê�Ü�ß�ß�Ü�á�Ú���ç�â���Ô�Ö�Ö�Ø�ã�ç�Ÿ���×�Ø�é�Ø�ß�â�ã�à�Ø�á�ç���ç�Ü�à�Ø�ß�Ü�á�Ø���ç�â���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���Ô�ã�ã�å�â�é�Ô�ß�Ÿ���à�Ô�å�Þ�Ø�ç���â�ã�ã�â�å�ç�è�á�Ü�ç�ì���›�Ü�á�Ö�ß�è�×�Ü�á�Ú���Ô�á��
�Ô�æ�æ�Ø�æ�æ�à�Ø�á�ç���â�Ù���Ö�â�à�ã�Ø�ç�Ü�ç�Ü�â�á���Ô�á�×���ã�â�ç�Ø�á�ç�Ü�Ô�ß���Ö�Û�Ô�á�Ú�Ø�æ���Ü�á���ç�Û�Ø���ç�å�Ø�Ô�ç�à�Ø�á�ç���ß�Ô�á�×�æ�Ö�Ô�ã�Ø�œ�Ÿ���æ�Ü�í�Ø���â�Ù���ç�Ô�å�Ú�Ø�ç��
�ã�â�ã�è�ß�Ô�ç�Ü�â�á�Ÿ���å�Ø�ß�Ø�é�Ô�á�Ö�Ø���â�Ù���ç�Û�Ø���ç�Ô�å�Ú�Ø�ç���Ü�á���ç�Û�Ø���Ø�Ô�å�ß�Ü�Ø�å���æ�Ø�ç�ç�Ü�á�Ú�Ÿ���Ô�á�×���à�Ô�å�Þ�Ø�ç���Ô�Ö�Ö�Ø�æ�æ���Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ���â�Ù��
�ç�Û�Ø���ã�â�å�ç�Ù�â�ß�Ü�â�¡���´���Ã�å�â�Ý�Ø�Ö�ç���¹�å�â�á�ç�Å�è�á�á�Ø�å���Ô�ã�ã�å�â�Ô�Ö�Û���ê�â�è�ß�×���á�â�ç���ã�å�Ø�Ö�ß�è�×�Ø���ç�Û�Ø�æ�Ø���×�Ø�Ö�Ü�æ�Ü�â�á�æ���Ù�å�â�à���Õ�Ø�Ü�á�Ú��
�à�Ô�×�Ø�Ÿ���Õ�è�ç���å�Ô�ç�Û�Ø�å���Ü�ç���ê�â�è�ß�×���Ö�ß�Ô�å�Ü�Ù�ì���â�ã�ã�â�å�ç�è�á�Ü�ç�Ü�Ø�æ���Ô�á�×���Ø�á�Ö�â�è�å�Ô�Ú�Ø���ç�å�Ü�Ô�ß���×�Ø�æ�Ü�Ú�á�æ���Ü�á���Ø�Ô�å�ß�Ü�Ø�å���à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö��
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�´�´���Ô�á�×���æ�è�Õ�æ�Ø�ä�è�Ø�á�ç�ß�ì
�é�Ø�å�Ü���Ø�æ���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Õ�Ø�á�Ø���ç
�ê�Ü�ç�Û���Ú�è�Ô�å�Ô�á�ç�Ø�Ø���â�Ù���ç�Ü�à�Ø�ß�ì
�Ö�â�á���å�à�Ô�ç�â�å�ì���å�Ø�Ô�×�â�è�ç
�‡�´�´���Ú�å�Ô�á�ç�Ø�×���â�á

�ã�ß�Ô�á�á�Ø�×���Ô�á�Ô�ß�ì�æ�Ü�æ���â�Ù
�Â�Å�Å���›�ã�â�ç�Ø�á�ç�Ü�Ô�ß�ß�ì���Ü�á���Ô
�æ�è�Õ�æ�Ø�ç���â�Ù���ã�Ô�ç�Ü�Ø�á�ç�æ�œ

�‡�Ç�å�Ô�×�Ü�ç�Ü�â�á�Ô�ß���Ô�ã�ã�å�â�é�Ô�ß
�Ú�å�Ô�á�ç�Ø�×���â�á���Ö�ß�Ü�á�Ü�Ö�Ô�ß
�Õ�Ø�á�Ø���ç���›�Ø�¡�Ú�¡�Ÿ���Ã�¹�Æ�Ÿ���Â�Æ�œ

�‡ �Æ�Ü�á�Ú�ß�Ø� �Ô�å�à���ç�å�Ü�Ô�ß���Ø�ë�Ô�à�Ü�á�Ü�á�Ú���Â�Å�Å���Ü�á���å�¢�å���æ�Ø�ç�ç�Ü�á�Ú�Ÿ
�Ô�ß�ß�â�ê�Ü�á�Ú���Ù�â�å���Ö�â�ß�ß�Ø�Ö�ç�Ü�â�á���â�Ù���×�Ô�ç�Ô���ç�Û�Ô�ç���æ�è�ã�ã�â�å�ç�æ���Ô�á
�Ø�Ô�å�ß�Ü�Ø�å���Ü�á�Ü�ç�Ü�Ô�ç�Ü�â�á���â�Ù���Ô���Å�¶�Ç���Ü�á���ã�Ô�ç�Ü�Ø�á�ç�æ���Ü�á���Ø�Ô�å�ß�Ü�Ø�å
�à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö���ß�Ü�á�Ø�æ���Ô�á�×���´�´���Ü�á���ç�Û�Ø���å�¢�å���æ�Ø�ç�ç�Ü�á�Ú

�‡ �Å�¶�Ç���Ü�á���ã�Ô�ç�Ü�Ø�á�ç�æ���Ü�á���Ø�Ô�å�ß�Ü�Ø�å���ç�å�Ø�Ô�ç�à�Ø�á�ç���æ�Ø�ç�ç�Ü�á�Ú���ç�â
�æ�è�ã�ã�â�å�ç���´�´���Ô�á�×���æ�è�Õ�æ�Ø�ä�è�Ø�á�ç�ß�ì���Ö�â�á���å�à���Ö�ß�Ü�á�Ü�Ö�Ô�ß
�Õ�Ø�á�Ø���ç

�´�×�é�Ô�á�ç�Ô�Ú�Ø�æ �‡ �À�â�å�Ø���ç�Û�â�å�â�è�Ú�Û���æ�Ô�Ù�Ø�ç�ì
�Ô�æ�æ�Ø�æ�æ�à�Ø�á�ç���ç�Û�Ô�á���æ�Ü�á�Ú�ß�Ø� 
�Ô�å�à���ç�å�Ü�Ô�ß

�‡ �·�Ø���á�Ü�ç�Ü�é�Ø���Ø�é�Ü�×�Ø�á�Ö�Ø���â�Ù
�Õ�Ø�á�Ø���ç� �å�Ü�æ�Þ���Ù�å�â�à���æ�Ü�á�Ú�ß�Ø
�ç�å�Ü�Ô�ß���Ü�á���æ�Ô�à�Ø���ã�Ô�ç�Ü�Ø�á�ç
�ã�â�ã�è�ß�Ô�ç�Ü�â�á

�‡ �À�Ô�ì���å�Ø�×�è�Ö�Ø���å�Ü�æ�Þ���â�Ù
�ã�å�Ø�à�Ô�ç�è�å�Ø�ß�ì���Û�Ô�ß�ç�Ü�á�Ú���×�å�è�Ú
�ê�Ü�ç�Û���ß�Ü�à�Ü�ç�Ø�×���Ü�á�Ö�å�Ø�à�Ø�á�ç
�ç�â���Â�Å�Å���ç�Û�Ô�ç���à�Ô�ì���æ�ç�Ü�ß�ß
�Ü�à�ã�å�â�é�Ø���Â�Æ�Ÿ���×�Ø�ã�Ø�á�×�Ü�á�Ú
�â�á���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ
�â�Ù���Ô�ß�ã�Û�Ô���æ�ã�Ø�á�×�Ü�á�Ú
�Ô�ã�ã�å�â�Ô�Ö�Û

�‡ �´�Õ�ß�Ø���ç�â���Ú�Ø�á�Ø�å�Ô�ç�Ø���Ø�é�Ü�×�Ø�á�Ö�Ø���ç�â���æ�è�ã�ã�â�å�ç
�Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á���Ü�á���Ø�Ô�å�ß�Ü�Ø�å���æ�Ø�ç�ç�Ü�á�Ú���›�Ü�Ù���Õ�Ü�â�ß�â�Ú�ì���Ü�æ
�æ�Ü�à�Ü�ß�Ô�å�œ

�‡ �Ã�å�â�é�Ü�×�Ø�æ���×�Ô�ç�Ô���ç�â���æ�è�ã�ã�â�å�ç���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á���Ü�á���å�¢�å���æ�Ø�ç�ç�Ü�á�Ú
�‡ �Ã�â�ç�Ø�á�ç�Ü�Ô�ß���ç�â���Ô�×�×�å�Ø�æ�æ���è�á�à�Ø�ç���á�Ø�Ø�×���Ü�á���à�â�å�Ø

�Ø�ë�ã�Ø�×�Ü�ç�Ü�â�è�æ���à�Ô�á�á�Ø�å���Ü�á���Õ�â�ç�Û���ç�Û�Ø���å�¢�å���æ�Ø�ç�ç�Ü�á�Ú���Ô�á�×
�Ø�Ô�å�ß�Ü�Ø�å���æ�Ø�ç�ç�Ü�á�Ú

�‡ �¼�á�ç�Ø�å�Ü�à���Ô�á�Ô�ß�ì�æ�Ü�æ���â�Ù���æ�Ô�Ù�Ø�ç�ì���Ô�á�×���Â�Å�Å���Ü�á
�Ö�â�á���å�à�Ô�ç�â�å�ì���ç�å�Ü�Ô�ß���Ö�â�è�ß�×���ã�å�â�é�Ü�×�Ø���æ�è�ã�ã�â�å�ç���Ù�â�å���Ô�á
�´�´���Ü�á���æ�Ü�á�Ú�ß�Ø� �Ô�å�à���ç�å�Ü�Ô�ß���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á

�‡ �Â�Å�Å���Ü�á���ç�Û�Ü�æ���Ü�á�ç�Ø�å�Ü�à���Ö�â�è�ß�×���æ�è�ã�ã�â�å�ç���Ô�á���Ø�Ô�å�ß�Ü�Ø�å�Ÿ
�Ô�×�×�Ü�ç�Ü�â�á�Ô�ß�Ÿ���´�´���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á���Ü�á���ç�Û�Ø���Å�¶�Ç���ã�â�ã�è�ß�Ô�ç�Ü�â�á

�·�Ü�æ�Ô�×�é�Ô�á�ç�Ô�Ú�Ø�æ�‡ �º�å�Ø�Ô�ç�Ø�å���å�Ü�æ�Þ�¢�Û�Ü�Ú�Û�Ø�å
�Ü�á�é�Ø�æ�ç�à�Ø�á�ç���ê�Ü�ç�Û���ß�Ø�æ�æ
�Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ø�ë�ã�Ø�å�Ü�Ø�á�Ö�Ø���Ù�å�â�à
�å�¢�å���æ�Ø�ç�ç�Ü�á�Ú���ç�â���Ü�á�Ù�â�å�à
�æ�ç�è�×�ì

�‡ �Ã�â�æ�æ�Ü�Õ�ß�Ø���æ�ç�Ô�ç�Ü�æ�ç�Ü�Ö�Ô�ß
�Ö�â�á�Ö�Ø�å�á�æ���ê�Ü�ç�Û���à�â�å�Ø
�æ�ç�å�Ü�á�Ú�Ø�á�ç���Ô�ß�ã�Û�Ô���Ö�â�á�ç�å�â�ß
�ê�Ü�ç�Û���à�è�ß�ç�Ü�ã�ß�Ø���Ø�á�×�ã�â�Ü�á�ç�æ

�‡ �¶�â�á���å�à�Ô�ç�Ü�â�á���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Õ�Ø�á�Ø���ç���›�Ø�¡�Ú�¡�Ÿ���Ã�¹�Æ�Ÿ���Â�Æ�œ
�Ü�á���Å�¶�Ç���Ü�æ���á�â�ç���ç�Û�Ø���æ�Ô�à�Ø���ã�Ô�ç�Ü�Ø�á�ç���ã�â�ã�è�ß�Ô�ç�Ü�â�á���Ô�æ
�æ�Ü�á�Ú�ß�Ø� �Ô�å�à���ç�å�Ü�Ô�ß���Ù�â�å���´�´���Ö�â�á�é�Ø�å�æ�Ü�â�á

�‡ �Ç�Ü�à�Ü�á�Ú���â�Ù���Ø�á�×�ã�â�Ü�á�ç���å�Ø�Ô�×�â�è�ç�æ���Ü�á���å�¢�å���à�Ô�ì���Ü�à�ã�Ô�Ö�ç
�æ�ç�Ô�å�ç���â�Ù���Å�¶�Ç���›�á�Ø�Ø�×���Ù�è�ß�ß���Ø�á�å�â�ß�ß�à�Ø�á�ç���â�Ù���Å�¶�Ç���Ô�ç
�æ�è�Õ�à�Ü�æ�æ�Ü�â�á���â�Ù���å�¢�å���æ�Ü�á�Ú�ß�Ø� �Ô�å�à���ç�å�Ü�Ô�ß���Ù�â�å���´�´�œ

�Ç�Ô�Õ�ß�Ø���¥�­���Ã�â�æ�æ�Ü�Õ�ß�Ø���Æ�ç�å�Ô�ç�Ø�Ú�Ü�Ø�æ���ç�â���Æ�è�ã�ã�â�å�ç���´�Ö�Ö�Ø�ß�Ø�å�Ô�ç�Ø�×���Ô�á�×���¹�è�ß�ß���´�ã�ã�å�â�é�Ô�ß��
�Ü�á���¸�Ô�å�ß�Ü�Ø�å���Æ�Ø�ç�ç�Ü�á�Ú�æ

�´�×�Ô�ã�ç�Ø�×���Ù�å�â�à���¹�Ô�æ�Û�â�ì�Ü�á� �´�Ý�Ø�Ÿ���Ø�ç���Ô�ß�¡�¥
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�¹�Ü�Ú�è�å�Ø���¥�­���Ã�â�æ�æ�Ü�Õ�ß�Ø���¶�ß�Ü�á�Ü�Ö�Ô�ß���·�Ø�é�Ø�ß�â�ã�à�Ø�á�ç���´�ã�ã�å�â�Ô�Ö�Û�Ø�æ���ç�â���Æ�è�ã�ã�â�å�ç���´�Ö�Ö�Ø�ß�Ø�å�Ô�ç�Ü�á�Ú���¼�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á��
�Ü�á���¸�Ô�å�ß�Ü�Ø�å���Æ�Ø�ç�ç�Ü�á�Ú�æ�¡�����Ç�ê�â���ã�â�æ�æ�Ü�Õ�ß�Ø���æ�ç�å�Ô�ç�Ø�Ú�Ü�Ø�æ���ç�â���Ù�Ô�Ö�Ü�ß�Ü�ç�Ô�ç�Ø���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���å�Ø�é�Ü�Ø�ê���Ü�á���Ø�Ô�å�ß�Ü�Ø�å���à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö��
�ß�Ü�á�Ø�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���ç�Û�Ø���æ�è�Õ�à�Ü�æ�æ�Ü�â�á���ç�â���æ�è�ã�ã�â�å�ç���´�´���Ô�á�×���Ù�è�ß�ß���Ô�ã�ã�å�â�é�Ô�ß���ç�Û�å�â�è�Ú�Û���Ô���æ�Ü�á�Ú�ß�Ø���Å�¶�Ç���Ü�á���ç�Û�Ø��
�Ø�Ô�å�ß�ì���æ�Ø�ç�ç�Ü�á�Ú�Ÿ���â�å���ç�ê�â���Ö�â�á�Ö�è�å�å�Ø�á�ç���æ�ç�è�×�Ü�Ø�æ���â�Ù���Ô���æ�Ü�á�Ú�ß�Ø� �Ô�å�à���ç�å�Ü�Ô�ß���Ü�á���ç�Û�Ø���å�¢�å���æ�Ø�ç�ç�Ü�á�Ú���Ô�á�×���Ô���Å�¶�Ç���Ü�á���ç�Û�Ø��
�Ø�Ô�å�ß�ì���æ�Ø�ç�ç�Ü�á�Ú�¡

�Æ�Ü�á�Ú�ß�Ø���Å�¶�Ç

�´���æ�Ü�á�Ú�ß�Ø���Å�¶�Ç���Ö�â�è�ß�×���Õ�Ø���Ü�á�Ü�ç�Ü�Ô�ç�Ø�×���Ü�á���Ô�á���Ø�Ô�å�ß�Ü�Ø�å���à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö���æ�Ø�ç�ç�Ü�á�Ú���ê�Ü�ç�Û���ã�å�â�æ�ã�Ø�Ö�ç�Ü�é�Ø�ß�ì���×�Ø�Ù�Ü�á�Ø�×��
�Ü�á�ç�Ø�å�à�Ø�×�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç�æ���ç�â���æ�è�ã�ã�â�å�ç���Ô�á���´�´���›�Ø�¡�Ú�¡�Ÿ���Â�Å�Å�œ���Ô�á�×���ç�å�Ô�×�Ü�ç�Ü�â�á�Ô�ß���ß�â�á�Ú� �ç�Ø�å�à���Ö�ß�Ü�á�Ü�Ö�Ô�ß��
�Ø�á�×�ã�â�Ü�á�ç�æ��
�ç�â���Ö�â�á�Ù�Ü�å�à���Õ�Ø�á�Ø�Ù�Ü�ç�¡���Ç�Û�Ø���Â�Å�Å���Ô�á�Ô�ß�ì�æ�Ü�æ���Ö�â�è�ß�×���Õ�Ø���Ö�â�á�×�è�Ö�ç�Ø�×���Ü�á���Ô���æ�è�Õ�æ�Ø�ç���â�Ù���ç�Û�Ø���Ø�á�å�â�ß�ß�Ø�×���ã�Ô�ç�Ü�Ø�á�ç��
�ã�â�ã�è�ß�Ô�ç�Ü�â�á���Ù�â�å���Ô�á���Ü�á�Ü�ç�Ü�Ô�ß���æ�Ü�Ú�á�Ô�ß���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Õ�Ø�á�Ø�Ù�Ü�ç�Ÿ���ç�å�Ü�Ú�Ú�Ø�å�Ü�á�Ú���Ô�á���Ü�á�Ö�å�Ø�Ô�æ�Ø���Ü�á���Ø�á�å�â�ß�ß�à�Ø�á�ç���ç�â��
�Ö�â�á�Ù�Ü�å�à���ç�Û�Ø���Õ�Ø�á�Ø�Ù�Ü�ç�¡���Å�Ø�æ�è�ß�ç�Ü�á�Ú���×�Ô�ç�Ô���Ù�å�â�à���ç�Û�Ø���Å�¶�Ç���Ô�å�Ø���à�â�å�Ø���å�â�Õ�è�æ�ç���ç�Û�Ô�á���Ô���æ�Ü�á�Ú�ß�Ø� �Ô�å�à ���ç�å�Ü�Ô�ß���×�è�Ø��
�ç�â���Ø�é�Ô�ß�è�Ô�Õ�ß�Ø���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ø�Ù�Ù�Ü�Ö�Ô�Ö�ì���Ô�á�×���æ�Ô�Ù�Ø�ç�ì���×�Ô�ç�Ô�Ÿ���Û�â�ê�Ø�é�Ø�å�Ÿ���Å�¶�Ç�æ���à�Ô�ì���Ü�á�Ö�è�å���Ú�å�Ø�Ô�ç�Ø�å���å�Ü�æ�Þ���Ú�Ü�é�Ø�á���ç�Û�Ø��

�ß�Ü�à�Ü�ç�Ø�×���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ø�ë�ã�Ø�å�Ü�Ø�á�Ö�Ø���Ù�å�â�à���ç�Û�Ø���å�¢�å���æ�Ø�ç�ç�Ü�á�Ú���ç�â���Ü�á�Ù�â�å�à ���Å�¶�Ç���æ�ç�è�×�ì���×�Ø�æ�Ü�Ú�á�¡��

�Ç�ê�â���¶�â�á�Ö�è�å�å�Ø�á�ç���Æ�ç�è�×�Ü�Ø�æ��
�´���æ�Ü�á�Ú�ß�Ø� �Ô�å�à���ç�å�Ü�Ô�ß���Ü�á���ç�Û�Ø���å�¢�å���æ�Ø�ç�ç�Ü�á�Ú���Ö�Ô�á���Ú�Ø�á�Ø�å�Ô�ç�Ø���Ø�é�Ü�×�Ø�á�Ö�Ø���ç�â���æ�è�ã�ã�â�å�ç���Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á���Ü�á���ç�Û�Ø��
�Ø�Ô�å�ß�Ü�Ø�å���ç�å�Ø�Ô�ç�à�Ø�á�ç���æ�Ø�ç�ç�Ü�á�Ú�¡���Ç�Û�Ø�æ�Ø���×�Ô�ç�Ô���à�Ô�ì���æ�è�ã�ã�â�å�ç���Ô�á���´�´���Ü�á���ç�Û�Ø���å�¢�å���æ�Ø�ç�ç�Ü�á�Ú���Ô�æ���ê�Ø�ß�ß���Ô�æ���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û��
�Ô���ã�å�â�â�Ù���â�Ù���Ö�â�á�Ö�Ø�ã�ç���Ù�â�å���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ø�Ù�Ù�Ü�Ö�Ô�Ö�ì���›�Õ�Ô�æ�Ø�×���â�á���ç�Û�Ø���Â�Å�Å���Ô�á�×���×�è�å�Ô�Õ�Ü�ß�Ü�ç�ì���â�Ù���å�Ø�æ�ã�â�á�æ�Ø�œ���Ô�á�×���Ô�á��
�è�á�×�Ø�å�æ�ç�Ô�á�×�Ü�á�Ú���â�Ù���ç�Û�Ø���Ã�¾�¢�Ã�·���Ü�á�Ö�ß�è�×�Ü�á�Ú���ç�Û�Ø���ã�â�ç�Ø�á�ç�Ü�Ô�ß���×�å�è�Ú� �×�å�è�Ú���Ü�á�ç�Ø�å�Ô�Ö�ç�Ü�â�á���ã�å�â�Ù�Ü�ß�Ø�Ÿ���ç�â���Ü�á�Ù�â�å�à���ç�Û�Ø��
�×�Ø�æ�Ü�Ú�á�� �â�Ù�� �Ô�� �Å�¶�Ç�� �Ü�á�� �Ô�á�� �Ø�Ô�å�ß�Ü�Ø�å�� �æ�Ø�ç�ç�Ü�á�Ú�¡�� �´�×�×�Ü�ç�Ü�â�á�Ô�ß�ß�ì�Ÿ�� �Ö�â�á�ç�Ü�á�è�Ø�×�� �Ö�ß�Ü�á�Ü�Ö�Ô�ß�� �Ø�é�Ô�ß�è�Ô�ç�Ü�â�á�� �Ü�á�� �ç�Û�Ø�� �å�¢�å��
�æ�Ø�ç�ç�Ü�á�Ú���æ�è�ã�ã�â�å�ç�æ���×�Ø�é�Ø�ß�â�ã�à�Ø�á�ç���â�Ù���ç�Û�Ø�å�Ô�ã�Ü�Ø�æ���Ù�â�å���ç�Û�Ü�æ���ã�â�ã�è�ß�Ô�ç�Ü�â�á���Ü�á���ã�Ô�å�Ô�ß�ß�Ø�ß���ê�Û�Ü�ß�Ø���ç�Û�Ø���å�Ô�á�×�â�à�Ü�í�Ø�×��
�æ�ç�è�×�ì���Ü�á���ç�Û�Ø���Ø�Ô�å�ß�Ü�Ø�å���æ�Ø�ç�ç�Ü�á�Ú���Õ�Ø�Ú�Ü�á�æ�¡��
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�Ç�Û�Ø���Å�¶�Ç���Ö�Ô�á���æ�Ø�å�é�Ø���Ù�â�è�å���ã�è�å�ã�â�æ�Ø�æ�­��
�¤�¡ �´�á���Ü�á�ç�Ø�å�Ü�à���Ô�á�Ô�ß�ì�æ�Ü�æ���â�Ù���Â�Å�Å���ç�â���æ�è�ã�ã�â�å�ç���´�´���Ü�á���ç�Û�Ø���å�¢�å���æ�Ø�ç�ç�Ü�á�Ú�Ÿ
�¥�¡ �´�á���Ô�á�Ô�ß�ì�æ�Ü�æ���â�Ù���Â�Å�Å���ç�â���æ�è�ã�ã�â�å�ç���Ô�á���´�´���Ü�á���ç�Û�Ø���Ø�Ô�å�ß�ì���à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö���æ�Ø�ç�ç�Ü�á�Ú�Ÿ
�¦�¡ �¶�â�á���å�à�Ô�ç�Ü�â�á���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Õ�Ø�á�Ø���ç���ê�Ü�ç�Û���Ã�¹�Æ�¢�Â�Æ���ç�â���æ�è�ã�ã�â�å�ç���Ù�è�ß�ß���Ô�ã�ã�å�â�é�Ô�ß���Ü�á���ç�Û�Ø���Ø�Ô�å�ß�ì���à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö
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�Ü�æ���Ô���Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á���ê�Û�Ø�á���Ö�â�á���å�à�Ü�á�Ú���Õ�Ø�á�Ø���ç���Ù�â�å���Ô�á���´�´�¡��
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Introduction

Cancers that are detected in late stages generally have a worse prognosis compared to cancers 
detected in earlier stages, when tumors are more amenable to effective and even curative 
interventions. 1 Currently there are a limited number of cancer types with available minimally-invasive 
standard of care (SOC) screening approaches to detect cancer earlier, and they are designed to 
detect only a single cancer type. 2 As a result, many cancers may go undetected or may be detected 
at later stages when treatment may not be as effective and outcomes are worse. The observed 
�à�â�å�ç�Ô�ß�Ü�ç�ì���Õ�Ø�á�Ø���ç���Ù�â�å���æ�Ö�å�Ø�Ø�á�Ø�×���Ö�Ô�á�Ö�Ø�å�æ3–6  raises the possibility that safe and effective screening tests 
for currently unscreened cancers may reduce cancer mortality for those cancer types.

Recent innovations enable the emergence of technologies that detect the presence of multiple types 
of cancer from a sample of blood, i.e., a liquid biopsy. Multi-cancer early detection (MCED) screening 
tests are a type of liquid biopsy intended to detect cancer-associated signals at early stages, 
including cancers with and cancers without SOC screening modalities. Given the novel nature and 
the unique challenges in clinical validation associated with multi-cancer screening approaches 7, 
there is an opportunity to explore innovative strategies for generating and assessing evidence to 
robustly characterize the safety and effectiveness of MCED screening tests.

The safety and effectiveness of cancer screening tests are usually demonstrated through evidence 
generation by clinical screening studies which use traditional data capture methods (e.g., electronic 
�×�Ô�ç�Ô���Ö�Ô�ã�ç�è�å�Ø�Ÿ���Ö�Ô�æ�Ø���å�Ø�ã�â�å�ç���Ù�â�å�à�æ�Ÿ���ã�Ô�ç�Ü�Ø�á�ç���å�Ø�ã�â�å�ç�Ø�×���â�è�ç�Ö�â�à�Ø�æ�œ���Ô�á�×���â�Ö�Ö�è�å���Ü�á���Ô���ã�å�Ø� �æ�ã�Ø�Ö�Ü���Ø�×�Ÿ���æ�Ø�ß�Ø�Ö�ç�Ø�×��
population. To date, most screening studies designed to evaluate safety and effectiveness of FDA-
approved single cancer screening devices have been prospective and observational studies. 8,9 
�·�Ô�ç�Ô���Ù�â�å���æ�â�à�Ø���ß�â�á�Ú� �ç�Ø�å�à���Ö�ß�Ü�á�Ü�Ö�Ô�ß���â�è�ç�Ö�â�à�Ø���Ø�á�×�ã�â�Ü�á�ç�æ�Ÿ���æ�è�Ö�Û���Ô�æ���â�é�Ø�å�Ô�ß�ß���æ�è�å�é�Ü�é�Ô�ß���Ô�á�×���Ö�Ô�á�Ö�Ø�å� �æ�ã�Ø�Ö�Ü���Ö��
mortality, have been generated from prospective randomized controlled trials (RCTs) and rigorous 
epidemiologic studies in the post-market setting ( Figure 1).3–6

A  F R I E N D S  O F  C A N C E R  R E S E A R C H  W H I T E  P A P E R

Multi-Cancer Early Detection 
Screening Tests: Considerations 

for Use of Real-World Data 
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Thank You to Our Contributors

�Ç�Û�Ü�æ���ã�Ô�ã�Ø�å���å�Ø���Ø�Ö�ç�æ���×�Ü�æ�Ö�è�æ�æ�Ü�â�á�æ���ç�Û�Ô�ç���â�Ö�Ö�è�å�å�Ø�×���Ô�à�â�á�Ú���æ�ç�Ô�Þ�Ø�Û�â�ß�×�Ø�å���Ú�å�â�è�ã�æ���â�á��
various challenges and opportunities related to multi-cancer early detection 
screening tests. The topics covered in the paper, including recommendations, 
are intended to capture key discussion points and should not be interpreted to 

�å�Ø���Ø�Ö�ç���Ô�ß�Ü�Ú�á�à�Ø�á�ç���â�á���Ô�ß�ß���ç�â�ã�Ü�Ö�æ���Ü�á�Ö�ß�è�×�Ø�×���Ü�á���ç�Û�Ø���ê�Û�Ü�ç�Ø���ã�Ô�ã�Ø�å���Õ�ì���Ô�ß�ß���ç�Û�Ø���Ö�â�á�ç�å�Ü�Õ�è�ç�â�å�æ�¡
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�Å�Ê�·���à�Ô�ì���Õ�Ø���Ü�á�Ö�â�å�ã�â�å�Ô�ç�Ø�×���Ü�á���Ô���é�Ô�å�Ü�Ø�ç�ì���â�Ù���ê�Ô�ì�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���Û�ì�Õ�å�Ü�×�Ü�í�Ø�×���à�Ø�ç�Û�â�×�æ�¡���Ç�Û�Ü�æ�����Ú�è�å�Ø�Ÿ���ê�Û�Ü�Ö�Û���ã�å�â�é�Ü�×�Ø�æ��

Conducting clinical screening studies, such as RCTs , to generate the appropriate evidence 
of the clinical validity and utility of MCED screen ing tests may be logistically challenging. 
Appropriately powering studies for each cancer type , particularly for rare cancers, requires 
large enrollment numbers (i.e., on the order of ten s of thousands of participants), extensive 
resourcing, and one or more decades of longitudinal  follow-up to demonstrate a cancer-
�æ�ã�Ø�Ö�Ü���Ö���à�â�å�ç�Ô�ß�Ü�ç�ì���Õ�Ø�á�Ø���ç���Ù�â�å���Ü�á�×�Ü�é�Ü�×�è�Ô�ß���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø�æ���Ô�Ö�å�â�æ�æ���ç�Û�Ø���ß�Ô�å�Ú�Ø���æ�Ø�ç���â�Ù���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø�æ���Ü�á��
the intended use population. 10 Additionally, highly-controlled clinical studies w ith protocol 
�æ�Ö�å�Ø�Ø�á�Ü�á�Ú���Ô�á�×���Ù�â�ß�ß�â�ê� �è�ã���ã�å�â�Ö�Ø�×�è�å�Ø�æ���›�Ü�á�Ö�ß�è�×�Ü�á�Ú���×�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö���ã�å�â�Ö�Ø�×�è�å�Ø�æ�œ���à�Ô�ì���á�â�ç���å�Ø���Ø�Ö�ç���ç�Û�Ø��
real-world screening, adherence, and clinical pract ice, which also may evolve over time. To help 
overcome these challenges with clinical screening s tudies, real-world data (RWD) may be able 
to supplement data generated by clinical screening studies to assess MCED screening tests. 
RWD are data collected during the course of usual p atient care and can be used to generate 
real-world evidence (RWE). For the purposes of this  white paper, the group focused on RWD as 
�×�Ø���á�Ø�×���Õ�ì���¹�·�´�­���·�Ô�ç�Ô���å�Ø�ß�Ô�ç�Ü�á�Ú���ç�â���ã�Ô�ç�Ü�Ø�á�ç���Û�Ø�Ô�ß�ç�Û���æ�ç�Ô�ç�è�æ���Ô�á�×�¢�â�å���ç�Û�Ø���×�Ø�ß�Ü�é�Ø�å�ì���â�Ù���Û�Ø�Ô�ß�ç�Û���Ö�Ô�å�Ø���å�â�è�ç�Ü�á�Ø�ß�ì��
collected from a variety of sources, including elec tronic health records (EHRs), claims and billing 
data, and product and disease registries. 11

The use of RWD to assess MCED screening tests to su pport regulatory decision-making requires
careful forethought to ensure the data collected ca n address key assessment questions, 
while also acknowledging and planning for data nece ssary to support the test’s clinical utility, 
as designing studies that include endpoints address ing both clinical validity and utility can 

Experimental Studies
Study design specifies screening exposure  

or intervention in an intended use  
population.  

 

Observational Studies
Study design does not specify screening 

exposure or require specified intervention. 
Individuals are selected and monitored

RWD to Determine Patient Eligibility 
and Outcomes

Linking RWD to Study Cohort 

RWD as External Control Arm

RWD Case-Control Study

RWD Cohort Study 

Randomized 
Controlled Trials

Individuals 
screened are 

randomly 
allocated and 
endpoints are 

measured.

Non-Randomized 
Controlled Trials

Individuals 
screened are 
not randomly 
allocated and 
endpoints are 

measured.

Cross-Sectional 
Study

Screened 
individuals have 

endpoint and test 
result assessed 

at a point 
in time.

Case-Control 
Study 

Endpoints of cases 
are compared to 

controls regarding 
prior screening 

exposure.

Cohort 
Study

Screened 
individuals are 

followed to 
ascertain 
endpoints.

Fig 1: Types of Study Designs for Screening Tests and Incorporation of Real-World Data (RWD)
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support multiple purposes (e.g., regulatory decision making, reimbursement decisions, etc.). 
To provide overarching considerations for generating evidence about MCED screening tests 
using RWD, Friends of Cancer Research ( Friends ) assembled a multi-stakeholder group of 
�Ø�ë�ã�Ø�å�ç�æ���Ü�á�Ö�ß�è�×�Ü�á�Ú���Ú�â�é�Ø�å�á�à�Ø�á�ç���â�Ù���Ö�Ü�Ô�ß�æ�Ÿ���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç���×�Ø�é�Ø�ß�â�ã�Ø�å�æ�Ÿ���Ô�Ö�Ô�×�Ø�à�Ü�Ö���Ö�ß�Ü�á�Ü�Ö�Ü�Ô�á�æ��
�Ô�á�×���å�Ø�æ�Ø�Ô�å�Ö�Û�Ø�å�æ�Ÿ���ã�Ô�ç�Ü�Ø�á�ç���Ô�×�é�â�Ö�Ô�Ö�ì���Ú�å�â�è�ã�æ�Ÿ���Ô�á�×���Å�Ê�·���ã�Ô�å�ç�á�Ø�å�æ���Ô�á�×���é�Ø�á�×�â�å�æ�¡���Ê�Ø�����å�æ�ç���Ü�×�Ø�á�ç�Ü���Ø�×��
endpoints to consider capturing in RWD and then reviewed opportunities for using RWD study 
designs to support an understanding of MCED screening test safety and effectiveness. This work 
complements that of others focused on assessment of MCED screening tests, exploring platform 
trial designs, and identifying novel endpoints for evidence generation about clinical validity and 
utility. 

Objectives

When captured and analyzed appropriately, RWD can be used to generate RWE to evaluate the 
safety and effectiveness of a medical product. 11 The group focused on identifying opportunities 
to generate meaningful RWE to supplement evidence for regulatory decision-making for MCED 
screening tests, while also considering opportunities for data collection over the continuum 
of evidence generation. Within the context of current study designs, RWE is likely to serve a 
supplementary role and be part of the totality of evidence in an initial premarket application. 
However, as our understanding of these novel tests evolves and the robustness of RWD is better 
understood, the use of RWD may expand. This should ultimately be informed by conversations 
between regulators and sponsors.

�Ç�Û�Ø���Ú�å�â�è�ã�à�æ���â�Õ�Ý�Ø�Ö�ç�Ü�é�Ø�æ���ê�Ø�å�Ø���ç�â�­��
• Identify potential endpoints (including performance metrics and clinical outcomes) that

could be captured from RWD sources to assess the clinical validity and utility of MCED
screening tests,

• Characterize opportunities and challenges associated with using RWD to support
assessment of MCED screening tests, and

• Highlight key considerations for using RWD to generate RWE to support assessment of MCED
screening tests.

Every assay may have unique characteristics that are not covered by this document. Further, 
MCED screening technology is an evolving area, and as evidence continues to build, the 
optimal approach for assessment of MCED screening tests may also evolve and adapt. MCED 
test developers are strongly encouraged to submit a pre-submission to FDA to discuss the 
�×�Ø�ç�Ô�Ü�ß�æ���Ô�Õ�â�è�ç���ç�Û�Ø�Ü�å���æ�ã�Ø�Ö�Ü���Ö���ç�Ø�æ�ç�¡

RWE Generation for Assessment of MCED Screening Tests

MCED screening tests use various technologies to detect cancer signals, therefore evaluation 
approaches may differ both across MCED screening tests and when compared to current 
screening tests. Some MCED screening tests provide a likelihood score for the tissue of origin 
(TOO), sometimes referred to as the cancer signal origin (CSO), while other MCED screening 
tests prompt clinical follow up of positive test results using imaging modalities like whole 
body PET-CT to identify the TOO. Additionally, analytic approaches to determine safety and 
effectiveness in multiple cancers are different from a focus on a single cancer, as seen with 
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currently available screening tests. These differences suggest a need for a review of the current 
regulatory and evidence development paradigms to assess clinical validity and utility to inform 
potential solutions. 

RWD studies may offer some logistical advantages over clinical screening study designs. RWD 
studies have the potential to provide data over a lengthy follow-up period to generate evidence 
about long-term outcomes encompassing a large number of subjects in the intended use 
�ã�â�ã�è�ß�Ô�ç�Ü�â�á�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���ç�Û�â�æ�Ø���ê�Ü�ç�Û���å�Ô�å�Ø���Ö�Ô�á�Ö�Ø�å�æ�¡���Å�Ê�·���Ô�ß�æ�â���ã�å�â�é�Ü�×�Ø�æ���Ü�á�Ù�â�å�à�Ô�ç�Ü�â�á���å�Ø���Ø�Ö�ç�Ü�é�Ø���â�Ù���ç�Û�Ø��
real-world population setting about diagnoses, screening frequencies, biopsy compliance, and 
treatment patterns, including as these may evolve over time. However, RWD is subject to its own 
limitations due to the observational setting and the generation of RWD for administrative and 
billing, rather than research purposes. These limitations can lead to issues with non-random 
missing data, mismeasured data, and selection bias. Despite these limitations, RWD represents 
an opportunity to explore and propose additional, pragmatic solutions to assess MCED 
screening tests.

While clinical screening studies continue to be a key component and the foundational source 
of evidence for in vitro devices, there may be opportunities for RWD studies to inform regulatory 
decisions for MCED screening tests. Previously published FDA guidance notes that RWD of 
�æ�è�Ù���Ö�Ü�Ø�á�ç���ä�è�Ô�ß�Ü�ç�ì���à�Ô�ì���ã�â�ç�Ø�á�ç�Ü�Ô�ß�ß�ì���Õ�Ø���è�æ�Ø�×���ç�â���Ü�á�Ù�â�å�à���â�å���æ�è�ã�ã�â�å�ç���Ô���ã�Ô�å�ç�Ü�Ö�è�ß�Ô�å���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���×�Ø�Ö�Ü�æ�Ü�â�á��
�Ù�â�å���à�Ø�×�Ü�Ö�Ô�ß���×�Ø�é�Ü�Ö�Ø�æ���Ô�á�×���×�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö�æ�Ÿ���ê�Ü�ç�Û���ç�Û�Ø���æ�ã�Ø�Ö�Ü���Ö���è�æ�Ø���×�Ø�ç�Ø�å�à�Ü�á�Ø�×���Õ�ì���ç�Û�Ø���æ�ã�Ø�Ö�Ü���Ö���ç�ì�ã�Ø���â�Ù��
technology 11�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���è�æ�Ø���â�Ù���Å�Ê�·���Ô�æ�­��

• Generating hypotheses to be tested in a prospective clinical study,
• A historical control, a prior in a Bayesian trial, or as one source of data in a hierarchical

model or a hybrid data synthesis,
• A concurrent control group, or as a mechanism for collecting data in a setting where a

registry or some other systematic data collection mechanism exists,
• Evidence to identify, demonstrate, or support the clinical validity of a biomarker,
• Evidence to support FDA approval or authorization,
• �Æ�è�ã�ã�â�å�ç���Ù�â�å���Ô���ã�Ø�ç�Ü�ç�Ü�â�á���Ù�â�å���å�Ø�Ö�ß�Ô�æ�æ�Ü���Ö�Ô�ç�Ü�â�á���â�Ù���Ô���à�Ø�×�Ü�Ö�Ô�ß���×�Ø�é�Ü�Ö�Ø�Ÿ
• Evidence for expanding the label to include additional indications for use or evidence to

update the labeling to include new information on safety and effectiveness,
• Public health surveillance efforts,
• To conduct post-approval studies that are imposed as a condition of device approval or to

potentially preclude the need for postmarket surveillance studies ordered under section 522
of the FD&C Act,

• In certain circumstances, for use in generating summary reports of Medical Device Reports
(MDRs), and

• To provide postmarket data in lieu of some premarket data. 11

Key Questions for Assessment of MCED Screening Tests

To assess MCED screening tests throughout the product life cycle (e.g., premarket, post-market 
�×�Ô�ç�Ô���Ö�â�ß�ß�Ø�Ö�ç�Ü�â�á�Ÿ���Õ�Ø�á�Ø���ç� �å�Ü�æ�Þ���×�Ø�ç�Ø�å�à�Ü�á�Ô�ç�Ü�â�á�æ�œ�Ÿ���ç�Û�Ø���ê�â�å�Þ�Ü�á�Ú���Ú�å�â�è�ã���Ü�×�Ø�á�ç�Ü���Ø�×���Þ�Ø�ì���ä�è�Ø�æ�ç�Ü�â�á�æ���ç�â���Ù�å�Ô�à�Ø��
�á�Ø�Ö�Ø�æ�æ�Ô�å�ì���Ø�é�Ü�×�Ø�á�Ö�Ø���Ú�Ø�á�Ø�å�Ô�ç�Ü�â�á�Ÿ���Ø�á�×�ã�â�Ü�á�ç�æ�Ÿ���Ô�á�×���×�Ô�ç�Ô�­��
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1. Performance Characteristics: How well does the MCED screening test detect cancer? How
early does the test detect cancer?

2. Safety: �Ê�Û�Ô�ç���Ô�å�Ø���ç�Û�Ø���Û�Ø�Ô�ß�ç�Û���Õ�è�å�×�Ø�á�æ�¢�Û�Ô�å�à�æ���â�Ù���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���ç�Û�Ø
�×�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö���Ö�â�á���å�à�Ô�ç�Ü�â�á���ã�å�â�Ö�Ø�æ�æ�²

3. Clinical Outcomes and Utility: How does an MCED screening test impact cancer outcomes?

Continuum of Evidence Generation

The working group mapped out these key questions in the context of the continuum of evidence 
generation, which can be supported by data from both prospective clinical screening studies 
and RWD sources ( Figure 2 �œ�¡���Ç�â���Û�Ø�ß�ã���Ô�á�æ�ê�Ø�å���ç�Û�Ø�æ�Ø���ä�è�Ø�æ�ç�Ü�â�á�æ�Ÿ���ê�Ø���Ü�×�Ø�á�ç�Ü���Ø�×���Ô���ß�Ü�æ�ç���â�Ù���ã�â�æ�æ�Ü�Õ�ß�Ø��
endpoints to consider.

Figure 2: The Continuum of Evidence Generation and Proposed Endpoints to Help 
Answer Key Questions

Evidence can be generated to assess MCED screening tests by clinical screening studies using traditional 

data capture methods and/or RWD sources, with the types of studies evolving over time and purpose of 

evidence generation. Possible endpoints to consider for generating evidence are highlighted along the 

�Ö�â�á�ç�Ü�á�è�è�à���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���é�Ô�ß�Ü�×�Ü�ç�ì���Ô�á�×���è�ç�Ü�ß�Ü�ç�ì�¡���Ç�Û�Ø���æ�ã�Ø�Ö�Ü���Ö���Ø�á�×�ã�â�Ü�á�ç�æ���á�Ø�Ö�Ø�æ�æ�Ô�å�ì���ç�â���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û���Ö�ß�Ü�á�Ü�Ö�Ô�ß���é�Ô�ß�Ü�×�Ü�ç�ì���Ô�á�×��

utility may vary depending on the technology. The safety and clinical outcomes endpoints require the use 

of the test in patient management.

Intended Use Considerations for Evidence Generation

Evidence generation should be conducted in the intended use population. Designing the study 
�ã�ß�Ô�á���Ô�á�×���Ü�×�Ø�á�ç�Ü�Ù�ì�Ü�á�Ú���Ô�ã�ã�å�â�ã�å�Ü�Ô�ç�Ø���Ø�á�×�ã�â�Ü�á�ç�æ���ê�Ü�ß�ß���Õ�Ø���Ü�á���è�Ø�á�Ö�Ø�×���Õ�ì���ç�Û�Ø���Ü�á�ç�Ø�á�×�Ø�×���è�æ�Ø���â�Ù���ç�Û�Ø���ç�Ø�æ�ç�Ÿ���Ô�æ��
�ê�Ø�ß�ß���Ô�æ���ç�Û�Ø���Ü�á�ç�Ø�å�é�Ô�ß���â�Ù���À�¶�¸�·���ç�Ø�æ�ç���æ�Ö�å�Ø�Ø�á�Ü�á�Ú�Ÿ���ê�Ü�ç�Û���Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ���Ü�á�Ö�ß�è�×�Ü�á�Ú�­��

• The TOO component of the test. While MCED screening tests detect cancer-associated
�æ�Ü�Ú�á�Ô�ß�æ���Ú�Ø�á�Ø�å�Ô�ß�ß�ì�Ÿ���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���Ø�ë�ã�Ø�Ö�ç�Ô�ç�Ü�â�á�æ���Ô�å�Ø���Ù�â�å���ç�Û�Ø���Ç�Â�Â���ç�â���Õ�Ø���Ü�×�Ø�á�ç�Ü���Ø�×�Ÿ���Ø�Ü�ç�Û�Ø�å���ê�Ü�ç�Û���Ç�Â�Â
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�Ô�æ�Ö�Ø�å�ç�Ô�Ü�á�à�Ø�á�ç���Õ�è�Ü�ß�ç���ê�Ü�ç�Û�Ü�á���ç�Û�Ø���Ô�æ�æ�Ô�ì���Ö�Ô�ã�Ô�Õ�Ü�ß�Ü�ç�Ü�Ø�æ���Ô�á�×���Ù�â�ß�ß�â�ê�Ø�×���Õ�ì���×�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö���Ö�â�á���å�à�Ô�ç�Ü�â�á�Ÿ���â�å��
by a follow-up methodology (e.g., PET-CT) after a cancer signal is detected.  

• The intended use population on the label. The MCED screening test’s intended use
�ã�â�ã�è�ß�Ô�ç�Ü�â�á���×�Ø���á�Ø�×���â�á���ç�Û�Ø���Ô�æ�æ�Ô�ì���ß�Ô�Õ�Ø�ß���à�Ô�ì���×�Ü�Ù�Ù�Ø�å���Ô�à�â�á�Ú���ç�Ø�æ�ç�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���Ô�Ú�Ø���Ö�è�ç� 
�â�Ù�Ù�æ�Ÿ���æ�ã�Ø�Ö�Ü���Ö���ç�ì�ã�Ø�æ���â�Ù���Ö�Ô�á�Ö�Ø�å�æ���×�Ø�ç�Ø�Ö�ç�Ø�×�Ÿ���ã�â�Ü�á�ç���â�Ù���è�æ�Ø���Ü�á���ç�Û�Ø���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ö�Ô�å�Ø���ã�Ô�ç�Û�ê�Ô�ì���›�Ø�¡�Ú�¡�Ÿ
�Ö�â�à�ã�ß�Ø�à�Ø�á�ç���â�Ù���ç�Û�Ø���ç�Ø�æ�ç���ç�â���Æ�Â�¶���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç�æ�œ�Ÿ���Ô�á�×���å�Ü�æ�Þ���ã�å�â���ß�Ø���â�Ù���Ü�á�×�Ü�é�Ü�×�è�Ô�ß�æ���Ø�ß�Ü�Ú�Ü�Õ�ß�Ø���Ù�â�å���ç�Û�Ø
test. For example, the test may be intended for only high-risk populations, including those
with a genetic predisposition, occupational or environmental exposure, a history of cancer,
�â�å���æ�ã�Ø�Ö�Ü���Ö���ß�Ü�Ù�Ø�æ�ç�ì�ß�Ø���Ù�Ô�Ö�ç�â�å�æ�¡

Potential Endpoints to Evaluate MCED Screening Tests

To understand what data are needed to assess MCED screening tests in the various phases of 
�Ø�é�Ü�×�Ø�á�Ö�Ø���Ú�Ø�á�Ø�å�Ô�ç�Ü�â�á�Ÿ���ç�Û�Ø���ê�â�å�Þ�Ü�á�Ú���Ú�å�â�è�ã���×�Ø���á�Ø�×���ã�â�æ�æ�Ü�Õ�ß�Ø���Ø�á�×�ã�â�Ü�á�ç�æ���ç�Û�Ô�ç���Ô�æ�æ�Ø�æ�æ���Ö�ß�Ü�á�Ü�Ö�Ô�ß���é�Ô�ß�Ü�×�Ü�ç�ì��
and clinical utility in the context of the key questions that were asked. Clinical validity is the 
ability of the test to accurately identify cancer, as well as identify TOO, while clinical utility is the 
likelihood that patients managed in accordance with test results will demonstrate improved 
health outcomes, such as a reduction in late-stage cancer diagnoses and mortality. 12 Many of 
�ç�Û�Ø�æ�Ø���Ø�á�×�ã�â�Ü�á�ç�æ���Ø�á�Ö�â�à�ã�Ô�æ�æ���Õ�â�ç�Û���Ö�ß�Ü�á�Ü�Ö�Ô�ß���é�Ô�ß�Ü�×�Ü�ç�ì���Ô�á�×���è�ç�Ü�ß�Ü�ç�ì�¡���´�á�Ô�ß�ì�ç�Ü�Ö�Ô�ß���é�Ô�ß�Ü�×�Ü�ç�ì�Ÿ���ê�Û�Ü�Ö�Û���Ö�â�á���å�à�æ��
that the test accurately measures the target analytes in the blood, is assumed to have been 
established as part of product development and is not included in the scope of this work. As 
�Ü�á�×�Ü�Ö�Ô�ç�Ø�×���Ô�Õ�â�é�Ø�Ÿ���æ�ã�Ø�Ö�Ü���Ö���Ø�á�×�ã�â�Ü�á�ç�æ���à�Ô�ì���é�Ô�å�ì���×�Ø�ã�Ø�á�×�Ü�á�Ú���â�á���ç�Û�Ø���Ü�á�ç�Ø�á�×�Ø�×���è�æ�Ø���ã�â�ã�è�ß�Ô�ç�Ü�â�á���â�Ù���ç�Û�Ø��
MCED screening test. Appendix Table 1 ���ã�å�â�é�Ü�×�Ø�æ���Ô�ß�Ü�Ú�á�Ø�×���×�Ø���á�Ü�ç�Ü�â�á�æ���Ù�â�å���Ø�Ô�Ö�Û���â�Ù���ç�Û�Ø���ã�å�â�ã�â�æ�Ø�×��
endpoints and is not meant to be a comprehensive list of endpoints.

Performance Characteristics: How well does the MCED screening test detect cancer? 
How early does the test detect cancer?

It is critical to determine that an MCED screening test detects cancer, including at an earlier 
stage than it would otherwise be clinically diagnosed. The evidence should show that the MCED 
screening test returns a positive result in individuals who have cancer (sensitivity), while also 
�ã�å�â�é�Ü�×�Ü�á�Ú���Ô���á�Ø�Ú�Ô�ç�Ü�é�Ø���å�Ø�æ�è�ß�ç���Ù�â�å���Ü�á�×�Ü�é�Ü�×�è�Ô�ß�æ���ê�Û�â���×�â���á�â�ç���Û�Ô�é�Ø���Ö�Ô�á�Ö�Ø�å���›�æ�ã�Ø�Ö�Ü���Ö�Ü�ç�ì�œ�¡��

Cancers vary in preclinical latency, and MCED screening tests will vary in sensitivity per cancer, 
and across stages, based on a variety of factors unique to each test. Therefore, performance 
should be reported both in the aggregated form for all cancer detection, as well as for individual 
�Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø�æ�Ÿ���ê�Ü�ç�Û���ã�Ø�å�Ù�â�å�à�Ô�á�Ö�Ø���æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���æ�ç�Ô�Ú�Ø�¡���¼�á���Ú�Ø�á�Ø�å�Ô�ß�Ÿ���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç���æ�Ø�á�æ�Ü�ç�Ü�é�Ü�ç�ì���Ô�á�×��
�æ�ã�Ø�Ö�Ü���Ö�Ü�ç�ì���Ô�å�Ø���Ü�á�Ü�ç�Ü�Ô�ß�ß�ì���Ô�æ�æ�Ø�æ�æ�Ø�×���é�Ü�Ô���å�Ø�ç�å�â�æ�ã�Ø�Ö�ç�Ü�é�Ø���Ø�é�Ô�ß�è�Ô�ç�Ü�â�á�æ�Ÿ���æ�è�Ö�Û���Ô�æ���Ö�Ô�æ�Ø� �Ö�â�á�ç�å�â�ß���æ�ç�è�×�Ü�Ø�æ�Ÿ���Ü�á��
�ê�Û�Ü�Ö�Û���ã�Ô�ç�Û�â�ß�â�Ú�Ü�Ö�Ô�ß�ß�ì���Ö�â�á���å�à�Ø�×���Ö�Ô�æ�Ø�æ���Ô�á�×���æ�è�æ�ã�Ø�Ö�ç�Ø�×���á�â�á� �Ö�Ô�æ�Ø�æ���Ô�å�Ø�����Ø�ë�Ô�à�Ü�á�Ø�×�¡13,14

�Ç�Û�Ø���â�Õ�æ�Ø�å�é�Ø�×���æ�Ø�á�æ�Ü�ç�Ü�é�Ü�ç�ì���Ô�á�×���æ�ã�Ø�Ö�Ü���Ö�Ü�ç�ì���Ü�á���ç�Û�Ø���Ü�á�ç�Ø�á�×�Ø�×���è�æ�Ø���ã�â�ã�è�ß�Ô�ç�Ü�â�á���ê�Ü�ß�ß���×�Ø�ã�Ø�á�×���â�á���ç�Û�Ø��
�×�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö���Ô�Ö�Ö�è�å�Ô�Ö�ì���â�Ù���ç�Û�Ø���Ö�â�á���å�à�Ô�ç�â�å�ì���×�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö���ç�Ø�æ�ç���›�Ø�¡�Ú�¡�Ÿ���Ã�¸�Ç� �¶�Ç�œ�Ÿ���ê�Û�Ü�Ö�Û���à�Ô�ì���×�Ü�Ù�Ù�Ø�å���Ù�â�å��
�×�Ü�Ù�Ù�Ø�å�Ø�á�ç���Ö�Ô�á�Ö�Ø�å�æ�¡���Ç�Û�Ø�å�Ø�Ù�â�å�Ø�Ÿ���Ü�ç���Ü�æ���Ü�à�ã�â�å�ç�Ô�á�ç���ç�â���×�â�Ö�è�à�Ø�á�ç���ç�Û�Ø���Ø�é�Ô�ß�è�Ô�ç�Ü�â�á���ê�â�å�Þ���â�ê�Ÿ���Ô�á�×���×�Ø�é�Ø�ß�â�ã��
�à�Ø�ç�Û�â�×�æ���ç�â���Ô�×�×�å�Ø�æ�æ���ç�Û�Ø���Ü�à�ã�Ø�å�Ù�Ø�Ö�ç���Ô�Ö�Ö�è�å�Ô�Ö�ì���â�Ù���ç�Û�Ø���Ö�â�á���å�à�Ô�ç�â�å�ì���ç�Ø�æ�ç�æ�¡
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�¼�á���ç�Û�Ø���ã�å�â�æ�ã�Ø�Ö�ç�Ü�é�Ø���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���æ�Ø�ç�ç�Ü�á�Ú�Ÿ���æ�Ø�á�æ�Ü�ç�Ü�é�Ü�ç�ì���Ô�á�×���æ�ã�Ø�Ö�Ü���Ö�Ü�ç�ì���Ô�å�Ø���Ö�Û�Ô�ß�ß�Ø�á�Ú�Ü�á�Ú���ç�â���Ô�æ�æ�Ø�æ�æ�¡���Â�á�Ø��
�à�Ø�ç�Û�â�×���ç�â���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û���ç�å�è�Ø���æ�Ø�á�æ�Ü�ç�Ü�é�Ü�ç�ì���Ô�á�×���æ�ã�Ø�Ö�Ü���Ö�Ü�ç�ì���ê�â�è�ß�×���Õ�Ø���ç�â���å�Ø�ä�è�Ü�å�Ø���Ù�è�ß�ß���Õ�â�×�ì���Ü�à�Ô�Ú�Ü�á�Ú���Ô�á�×��
�ã�Ô�ç�Û�â�ß�â�Ú�Ü�Ö�Ô�ß���Ö�â�á���å�à�Ô�ç�Ü�â�á���â�Ù���Ô�ß�ß���Ü�á�×�Ü�é�Ü�×�è�Ô�ß�æ���Ù�â�å���Ô�ß�ß���Ö�Ô�á�Ö�Ø�å�æ���Ü�á�Ö�ß�è�×�Ø�×���Ü�á���ç�Û�Ø���ç�Ø�æ�ç�Ÿ���Õ�è�ç���ç�Û�Ü�æ���à�Ø�ç�Û�â�×��
would be impractical because of an undue burden for patients. An approximation of screening 
test sensitivity can be given by the ratio of screen-detected cancers to the sum of screen- and 
interval-detected cancers at a given point in time. 15–17 This estimate of screening test sensitivity 
may be affected by multiple factors including overdiagnosis, preclinical latency, previous 
screening history, and the time interval chosen. This estimate may deviate from the true  
sensitivity and will not necessarily match estimates obtained from already-diagnosed cases. 18,19 

Just as an MCED screening test may exhibit variability in its ability to detect different cancers, 
there may also be variability in TOO accuracy. The same is true for TOO assessment by PET-
CT, in which the accuracy differs for different cancer types. Therefore, performance should 
be reported in aggregate form for all cancers, and on a per-cancer basis based on TOO 
assessment. 

Additional measures of diagnostic performance under prospective screening are the positive 
and negative predictive values (PPV and NPV). A high PPV implies a low rate of unnecessary 
�Ö�â�á���å�à�Ô�ç�Ü�â�á���ç�Ø�æ�ç�æ���â�å���Õ�Ü�â�ã�æ�Ü�Ø�æ�Ÿ���Õ�è�ç���Ô�ß�â�á�Ø���Ü�æ���á�â�ç���Ô���å�Ø�ß�Ü�Ô�Õ�ß�Ø���Ü�á�×�Ü�Ö�Ô�ç�â�å���â�Ù���ç�Û�Ø���ß�Ü�Þ�Ø�ß�ì���Õ�Ø�á�Ø���ç���â�Ù���ç�Û�Ø���ç�Ø�æ�ç�¡��
�Ç�Ü�à�Ø���Ø�ß�Ô�ã�æ�Ø�×���ê�Ü�ç�Û�â�è�ç���Ô���Ö�â�á���å�à�Ø�×���Ö�Ô�á�Ö�Ø�å���×�Ü�Ô�Ú�á�â�æ�Ü�æ���Ô�Ù�ç�Ø�å���Ô���á�Ø�Ú�Ô�ç�Ü�é�Ø���ç�Ø�æ�ç���å�Ø�æ�è�ß�ç���Ö�â�è�ß�×���Õ�Ø���è�æ�Ø�×��
to determine the NPV; in this case a long interval without cancer following a negative test would 
indicate that the test was a true negative. The necessary monitoring time for individuals with a 
negative test result will depend on the cancer type, its given natural history, the effectiveness of 
the related diagnostic workup, and the interval for any established SOC screening for the cancer 
type. 

Performance Characteristics Endpoints Include (Calculated based on detection of cancer 
signal and cancer signal detection +TOO):
• Clinical Sensitivity
• �¶�ß�Ü�á�Ü�Ö�Ô�ß���Æ�ã�Ø�Ö�Ü���Ö�Ü�ç�ì
• Positive Predictive Value
• Negative Predictive Value
• Cancer Detection Rate

Safety: What are the health burdens/harms of MCED screening tests, including the 
�×�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö���Ö�â�á���å�à�Ô�ç�Ü�â�á���ã�å�â�Ö�Ø�æ�æ�²��

�´�ß�ç�Û�â�è�Ú�Û���á�â�ç���æ�ã�Ø�Ö�Ü���Ö���ç�â���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç�æ�Ÿ���¹�·�´���Û�Ô�æ���å�Ø�ß�Ø�Ô�æ�Ø�×���Ú�Ø�á�Ø�å�Ô�ß���Ú�è�Ü�×�Ô�á�Ö�Ø���ç�Û�Ô�ç���×�Ø�ç�Ô�Ü�ß�æ��
�Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ���Ù�â�å���ç�Û�Ø���Ô�æ�æ�Ø�æ�æ�à�Ø�á�ç���â�Ù���ã�å�â�Õ�Ô�Õ�ß�Ø���Õ�Ø�á�Ø���ç���Ô�á�×���å�Ü�æ�Þ�æ�¢�Û�Ô�å�à�æ���â�Ù���Ô���×�Ø�é�Ü�Ö�Ø�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú��
the risks of adverse events directly related to the test as well as those related to the follow-up 
diagnostic procedures after a positive test result. Adverse events include both physical and 
psychological negative occurrences. Additional evidence generated from patient reported 
outcomes regarding quality of life and anxiety may support an understanding of these adverse 
events. 20���´�ß�ç�Û�â�è�Ú�Û���á�â�ç���æ�ã�Ø�Ö�Ü���Ö���ç�â���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç�æ�Ÿ���Õ�Ô�æ�Ø�×���â�á���ç�Û�Ü�æ���Ú�è�Ü�×�Ô�á�Ö�Ø�Ÿ���ç�Û�Ø���ç�Ü�à�Ü�á�Ú���â�Ù���Ô�á��
assessment of safety should include the interval from administration of the MCED screening test 
until the determination of cancer status is complete. 
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�Ç�Û�Ø�å�Ø���Ô�å�Ø���à�Ô�á�ì���Ù�Ô�Ö�Ø�ç�æ���â�Ù���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç�æ�à���æ�Ô�Ù�Ø�ç�ì���ç�Û�Ô�ç���ê�Ü�ß�ß���Ù�Ô�Ö�ç�â�å���Ü�á�ç�â���ç�Û�Ø���Õ�Ø�á�Ø���ç� �å�Ü�æ�Þ��
�Ô�æ�æ�Ø�æ�æ�à�Ø�á�ç�¡���Ç�Û�Ø�����å�æ�ç���æ�Ô�Ù�Ø�ç�ì���Ö�â�á�Ö�Ø�å�á���Ü�æ���Û�â�ê���Ô���ã�â�æ�Ü�ç�Ü�é�Ø���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç���å�Ø�æ�è�ß�ç���Ü�à�ã�Ô�Ö�ç�æ���Ô�á��
�Ü�á�×�Ü�é�Ü�×�è�Ô�ß�à�æ���Û�Ø�Ô�ß�ç�Û���Ö�Ô�å�Ø���Ý�â�è�å�á�Ø�ì���×�è�Ø���ç�â���Ù�â�ß�ß�â�ê� �è�ã���ã�å�â�Ö�Ø�×�è�å�Ø�æ���ç�â���Ø�æ�ç�Ô�Õ�ß�Ü�æ�Û���Ô���×�Ø���á�Ü�ç�Ü�é�Ø���×�Ü�Ô�Ú�á�â�æ�Ü�æ�¡��
It will be important to analyze the number and type of follow-up procedures performed, any 
complications, and the frequency and time to diagnostic resolution. Lack of a diagnostic 
resolution following a positive MCED test could lead to adverse effects on an individual’s quality 
of life. Theoretically, if MCED screening tests detect cancers that would otherwise go undetected, 
in the short-term, more surgeries and procedures may occur leading to more safety concerns; 
�Û�â�ê�Ø�é�Ø�å�Ÿ���â�é�Ø�å���Ô���ß�â�á�Ú�Ø�å���ç�Ø�å�à�Ÿ���ç�Û�Ø���á�Ø�ç���æ�Ô�Ù�Ø�ç�ì���ã�å�â���ß�Ø���à�Ô�ì���Ü�à�ã�å�â�é�Ø���æ�Ü�á�Ö�Ø���ç�Û�Ø���Ü�á�×�Ü�é�Ü�×�è�Ô�ß���à�Ô�ì���Ô�é�â�Ü�×��
complications and costs associated with diagnosis of (and treatment for) their cancer at later 
�æ�ç�Ô�Ú�Ø�æ�¡���Æ�ç�å�Ô�ç�Ü�Ù�ì�Ü�á�Ú���ç�Û�Ø���æ�Ô�Ù�Ø�ç�ì���â�è�ç�Ö�â�à�Ø�æ���Õ�ì���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø���ê�Ü�ß�ß���Ô�ß�æ�â���Õ�Ø���Ü�à�ã�â�å�ç�Ô�á�ç�Ÿ���Ô�æ���ç�Û�Ø���Õ�Ø�á�Ø���ç� �å�Ü�æ�Þ��
�ã�å�â���ß�Ø�æ���Ù�â�å���ç�Û�Ø���×�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö���å�Ø�æ�â�ß�è�ç�Ü�â�á���ê�Ü�ß�ß���é�Ô�å�ì���Ô�Ö�å�â�æ�æ���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø�æ�¡��

The second safety concern is how MCED screening might impact SOC screening. Tests currently 
in development are expected to have multiple intended uses, including complementing SOC 
screening. For such tests, whether individuals tested adhere to SOC screening may inform 
their impact and implications, so SOC screening among individuals who have such an MCED 
screening test should be recorded to determine if there are changes.  

Safety Endpoints Include: 
• Device Related Adverse Events (Physical and Psychological)
• Procedure-Related Complications (Physical and Psychological)
• Adherence to SOC Screening Following Test
• �¹�å�Ø�ä�è�Ø�á�Ö�ì���â�Ù���¶�â�á���å�à�Ô�ç�Ü�â�á���·�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö���Ç�Ø�æ�ç�æ���Ô�á�×���Ç�Ü�à�Ø���ç�â���·�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö���Å�Ø�æ�â�ß�è�ç�Ü�â�á
• Number and Type of Follow-Up Procedures Performed

Clinical Outcomes and Utility: How does an MCED screening test impact clinical cancer 
outcomes?

To demonstrate that MCED screening tests improve clinical outcomes, evidence must show the 
test detects cancers that are otherwise undetected before symptoms appear (i.e., at earlier 
stages) and reduces morbidity and mortality associated with cancer and its treatment. It is 
important to evaluate endpoints that measure both short-and long-term outcomes. 

Short-term endpoints ascertained shortly after the determination of cancer status can support 
evidence that the test detects cancer earlier and may ultimately translate into improvements in 
�Ö�Ô�á�Ö�Ø�å� �æ�ã�Ø�Ö�Ü���Ö���à�â�å�Õ�Ü�×�Ü�ç�ì���â�å���à�â�å�ç�Ô�ß�Ü�ç�ì���›�Ø�¡�Ú�¡�Ÿ���å�Ø�×�è�Ö�ç�Ü�â�á�æ���Ü�á���ß�Ô�ç�Ø� �æ�ç�Ô�Ú�Ø���Ö�Ô�á�Ö�Ø�å���×�Ü�Ô�Ú�á�â�æ�Ü�æ�œ�¡���·�Ø���á�Ü�á�Ú��
�Ø�Ô�å�ß�ì� �æ�ç�Ô�Ú�Ø���Ö�Ô�á�Ö�Ø�å���ê�Ü�ß�ß���ß�Ü�Þ�Ø�ß�ì���Õ�Ø���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø���æ�ã�Ø�Ö�Ü���Ö���Õ�è�ç���Ö�Ô�á���Õ�Ø���Ö�â�á�æ�Ü�×�Ø�å�Ø�×���ç�â���à�Ø�Ô�á���Ö�Ô�á�Ö�Ø�å�æ��
generally amenable to local intervention for curative intent, whereas late-stage cancers usually 
cannot be cured via localized treatments. Stage shift is a possible surrogate for the impact of 
an MCED screening test on disease mortality. There is a concern that increasing the proportion 
of early-stage cancers may lead to overdiagnosis without any effect on late-stage detection 21; 
therefore, a decrease in incidence of late-stage disease is more informative to support an 
understanding of the likely implications of stage shift.
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Long-term endpoints require data capture over multiple years, such as survival and mortality, 
and are necessary because short-term endpoints may not translate into longer term reductions 
�Ü�á���à�â�å�Õ�Ü�×�Ü�ç�ì���Ô�á�×���à�â�å�ç�Ô�ß�Ü�ç�ì�¡���·�Ü�æ�Ø�Ô�æ�Ø� �æ�ã�Ø�Ö�Ü���Ö���à�â�å�ç�Ô�ß�Ü�ç�ì���Ü�æ���ç�Û�Ø���ã�å�Ü�à�Ô�å�ì���à�Ø�Ô�æ�è�å�Ø���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���è�ç�Ü�ß�Ü�ç�ì��
for cancer screening trials and the most reliable indicator of whether a cancer screening test 
reduces deaths from cancer. 22 Other long-term and short-term endpoints can complement 
�ç�Û�Ü�æ���ã�å�Ü�à�Ô�å�ì���Ø�á�×�ã�â�Ü�á�ç���Õ�è�ç���Ö�Ô�á���Õ�Ø���×�Ü�Ù���Ö�è�ß�ç���ç�â���Ü�á�ç�Ø�å�ã�å�Ø�ç���â�á���ç�Û�Ø�Ü�å���â�ê�á�¡���´�ß�ß� �Ö�Ô�è�æ�Ø���à�â�å�ç�Ô�ß�Ü�ç�ì���Û�Ô�æ���Õ�Ø�Ø�á��
discussed as an endpoint in single-cancer screening studies but may not be sensitive enough 
�ç�â���×�Ü�æ�Ö�Ø�å�á���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���Õ�Ø�á�Ø���ç�¡23���Æ�è�å�é�Ü�é�Ô�ß���Ø�á�×�ã�â�Ü�á�ç�æ���Ö�Ô�á���Ô�ß�æ�â���Õ�Ø���×�Ü�Ù���Ö�è�ß�ç���ç�â���Ü�á�ç�Ø�å�ã�å�Ø�ç���×�è�Ø���ç�â���ß�Ø�Ô�×� 
time and length bias. 24 The limitations and potential biases impacting interpretability of each 
of these endpoints should be carefully noted. As with the clinical validity endpoints described 
above, assessing the clinical utility by cancer type, in addition to all-cancer, will be important. 

Clinical Outcomes Endpoints Include:
• Short-Term Endpoints

• Stage Shift
• Late-Stage Cancer Incidence
• �Ã�å�â�ã�â�å�ç�Ü�â�á���â�Ù���¶�Ô�á�Ö�Ø�å�æ���´�à�Ø�á�Ô�Õ�ß�Ø���ç�â���·�Ø���á�Ü�ç�Ü�é�Ø���¿�â�Ö�Ô�ß���¼�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á��
• Progression-Free Survival

• Long-Term Endpoints
• All-Cancer Mortality
• All-Cause Mortality
• �¹�Ü�é�Ø� �Ì�Ø�Ô�å���¶�Ô�á�Ö�Ø�å���Æ�ã�Ø�Ö�Ü���Ö���Æ�è�å�é�Ü�é�Ô�ß
• Five-Year Overall Survival

Proposed Data Elements Necessary to Generate Evidence

Generating evidence for the endpoints described above will require rigorous data capture  
�ê�Ü�ç�Û���Ô�ã�ã�å�â�ã�å�Ü�Ô�ç�Ø���â�á�ç�â�ß�â�Ú�Ü�Ø�æ���Ô�á�×���é�Ô�ß�Ü�×�Ô�ç�Ø�×���×�Ø���á�Ü�ç�Ü�â�á�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���æ�ã�Ø�Ö�Ü���Ö���×�Ô�ç�Ô���Ø�ß�Ø�à�Ø�á�ç�æ��
(suggestions included in Table 1). It will also be critical to identify and capture the selection 
factors that characterize the individual receiving an MCED screening test to understand the 
representativeness of this population and generate a list of potential confounding or selection 
variables for comparative and causal studies. Further, it will be important to capture any 
�Ö�â�à�â�å�Õ�Ü�×�Ü�ç�Ü�Ø�æ���â�å���å�Ü�æ�Þ���Ù�Ô�Ö�ç�â�å�æ���Ù�â�å���Ö�Ô�á�Ö�Ø�å���ç�Û�Ô�ç���ç�Û�Ø���Ü�á�×�Ü�é�Ü�×�è�Ô�ß�æ���Û�Ô�é�Ø�Ÿ���Ô�æ���Ö�â�à�â�å�Õ�Ü�×�Ü�ç�Ü�Ø�æ���à�Ô�ì���Ü�á���è�Ø�á�Ö�Ø��
long-term outcomes, and risk factors for cancer can provide additional information about the 
�å�Ü�æ�Þ���ã�å�â���ß�Ø���â�Ù���ç�Û�Ø���ã�â�ã�è�ß�Ô�ç�Ü�â�á���å�Ø�Ö�Ø�Ü�é�Ü�á�Ú���ç�Û�Ø���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç�¡���Ã�å�Ø�é�Ü�â�è�æ���¹�·�´���Ú�è�Ü�×�Ô�á�Ö�Ø�Ÿ���á�â�ç��
�æ�ã�Ø�Ö�Ü���Ö���ç�â���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç�æ�Ÿ���Ù�â�å���æ�Ø�ß�Ø�Ö�ç�Ü�á�Ú���ç�Û�Ø���æ�ç�è�×�ì���ã�â�ã�è�ß�Ô�ç�Ü�â�á���å�Ø�Ö�â�à�à�Ø�á�×�æ���Ü�á�Ö�ß�è�×�Ü�á�Ú��
individuals across the entire range of disease states, with relevant confounding medical 
conditions, and across different demographic groups to prevent bias in estimates of test 
performance. 25 An obstacle to unbiased clinical utility analyses includes potential differences 
in the post-diagnosis treatment pathways for those who receive the test and those who do 
not. Therefore, collecting treatment information to understand treatment pathways following 
diagnosis will be valuable.
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Table 1: Suggested Data Elements to Consider for Evidence Generation to Support 
Assessment of MCED Screening Tests

Category Data Elements Endpoint Category

Patient Characteristics

�xAge at Time of Test

�xGender

�x�Å�Ô�Ö�Ø�¢�¸�ç�Û�á�Ü�Ö�Ü�ç�ì

�xSocioeconomic Status

�xInsurance Status

�xAccess to Care for Diagnosis and
Treatment

�xComorbidities

�·�Ø�à�â�Ú�å�Ô�ã�Û�Ü�Ö�æ�¢�¼�á�ç�Ø�á�×�Ø�×���È�æ�Ø

Cancer Risk Factors

�xFamily History

�xSmoking History

�x�´�ß�Ö�â�Û�â�ß���È�æ�Ø

�xObesity, Diet, and Exercise

�xGenetic Predisposition

�xPrior Cancer History (Cancer Type,
Diagnosis Date, Previous
Treatments)

�xOther Risk Factors

�·�Ø�à�â�Ú�å�Ô�ã�Û�Ü�Ö�æ�¢�¼�á�ç�Ø�á�×�Ø�×���È�æ�Ø

MCED Screening Test 
Administration

�xReason for Test Administration

�xTest Administered

�x�Ç�Ø�æ�ç���Å�Ø�æ�è�ß�ç���›�Ã�â�æ�Ü�ç�Ü�é�Ø�¢�Á�Ø�Ú�Ô�ç�Ü�é�Ø���Ô�á�×
TOO)

�xAdverse Events with Administration

Clinical Performance, 

Safety 

SOC Screening

�xAdherence to Appropriate SOC
Screening Methods

�xSOC Screening Results

Clinical Performance, 

Safety

Table 1: Suggested Data Elements to Consider for Evidence Generation to Support 

�x

�x

�x�Å�Ô�Ö�Ø�¢�¸�ç�Û�á�Ü�Ö�Ü�ç�ì

�x

�x

�x

�x

�·�Ø�à�â�Ú�å�Ô�ã�Û�Ü�Ö�æ�¢�¼�á�ç�Ø�á�×�Ø�×���È�æ�Ø

�x

�x

�x�´�ß�Ö�â�Û�â�ß���È�æ�Ø

�x

�x

�x

�x

�·�Ø�à�â�Ú�å�Ô�ã�Û�Ü�Ö�æ�¢�¼�á�ç�Ø�á�×�Ø�×���È�æ�Ø

�x

�x

�x�Ç�Ø�æ�ç���Å�Ø�æ�è�ß�ç���›�Ã�â�æ�Ü�ç�Ü�é�Ø�¢�Á�Ø�Ú�Ô�ç�Ü�é�Ø���Ô�á�×

�x

�x

�x
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�¶�ß�Ü�á�Ü�Ö�Ô�ß���¶�â�á���å�à�Ô�ç�Ü�â�á

�xImaging Recommended and
Performed

�xBiopsy Recommended and Performed

�xOther Procedures Recommended and
�Ã�Ø�å�Ù�â�å�à�Ø�×���Ù�â�å���·�Ø���á�Ü�ç�Ü�é�Ø���·�Ü�Ô�Ú�á�â�æ�Ü�æ

�x�Å�Ø�æ�è�ß�ç�æ���Ù�å�â�à���·�Ø���á�Ü�ç�Ü�é�Ø���·�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö
�Ã�å�â�Ö�Ø�×�è�å�Ø�æ���›�¶�Ô�á�Ö�Ø�å���Ã�å�Ø�æ�Ø�á�ç�¢�´�Õ�æ�Ø�á�ç�œ

�xTime to Diagnostic Resolution

�x�´�×�é�Ø�å�æ�Ø���¸�é�Ø�á�ç�æ���ê�Ü�ç�Û���¶�â�á���å�à�Ô�ç�â�å�ì���Ã�å�â-
cedures

�xOther Cancer(s) Detected that were
Not Tested for or were a Negative
Result using the MCED Test

Clinical Performance, 

Safety

Cancer  
Characteristics 

�xTOO

�xStage

�xHistology

�xSubtype

�xMethod of Detection (if cancer is not
detected by the MCED screening test,
�æ�è�Ö�Û���Ô�æ���Ö�ß�Ü�á�Ü�Ö�Ô�ß�����á�×�Ü�á�Ú�æ�Ÿ���æ�ì�à�ã�ç�â�à�æ�Ÿ
etc.)

Clinical Performance,

Clinical Outcomes

Cancer Treatment
�xRelevant Treatments for Cancer,

Including Doses and Duration

Safety,

Clinical Outcomes

Clinical Outcomes

�x�¿�Ü�é�Ü�á�Ú���Æ�ç�Ô�ç�è�æ���›�·�Ø�Ô�×�¢�´�ß�Ü�é�Ø�œ

�x�·�è�å�Ô�ç�Ü�â�á���â�Ù���¶�ß�Ü�á�Ü�Ö�Ô�ß���¹�â�ß�ß�â�ê� �È�ã

�xCause of Death, if applicable

�xProgression or Metastasis (and time)

�xDisease-Free Survival

�xMorbidity

Clinical Outcomes

�´�×�Ô�ã�ç�Ø�×���Ô�á�×���à�â�×�Ü���Ø�×�¡26

Table 1: Suggested Data Elements to Consider for Evidence Generation to Support 

�x

�x

�x�Å�Ô�Ö�Ø�¢�¸�ç�Û�á�Ü�Ö�Ü�ç�ì

�x

�x

�x

�x

�·�Ø�à�â�Ú�å�Ô�ã�Û�Ü�Ö�æ�¢�¼�á�ç�Ø�á�×�Ø�×���È�æ�Ø

�x

�x

�x�´�ß�Ö�â�Û�â�ß���È�æ�Ø

�x

�x

�x

�x

�·�Ø�à�â�Ú�å�Ô�ã�Û�Ü�Ö�æ�¢�¼�á�ç�Ø�á�×�Ø�×���È�æ�Ø

�x

�x

�x�Ç�Ø�æ�ç���Å�Ø�æ�è�ß�ç���›�Ã�â�æ�Ü�ç�Ü�é�Ø�¢�Á�Ø�Ú�Ô�ç�Ü�é�Ø���Ô�á�×

�x

�x

�x

Table 1: Suggested Data Elements to Consider for Evidence Generation to Support 

�x

�x

�x�Å�Ô�Ö�Ø�¢�¸�ç�Û�á�Ü�Ö�Ü�ç�ì

�x

�x

�x

�x

�·�Ø�à�â�Ú�å�Ô�ã�Û�Ü�Ö�æ�¢�¼�á�ç�Ø�á�×�Ø�×���È�æ�Ø

�x

�x

�x�´�ß�Ö�â�Û�â�ß���È�æ�Ø

�x

�x

�x

�x

�·�Ø�à�â�Ú�å�Ô�ã�Û�Ü�Ö�æ�¢�¼�á�ç�Ø�á�×�Ø�×���È�æ�Ø

�x

�x

�x�Ç�Ø�æ�ç���Å�Ø�æ�è�ß�ç���›�Ã�â�æ�Ü�ç�Ü�é�Ø�¢�Á�Ø�Ú�Ô�ç�Ü�é�Ø���Ô�á�×

�x

�x

�x
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RWD Study Design Informed by Characteristics of Cancer Types

�Â�á�Ø���Þ�Ø�ì���Ù�Ô�Ö�ç�â�å���ç�â���Ö�â�á�æ�Ü�×�Ø�å���å�Ø�Ú�Ô�å�×�Ü�á�Ú���ç�Û�Ø���Õ�Ø�á�Ø���ç� �å�Ü�æ�Þ���ã�å�â���ß�Ø���Ü�æ���ç�Û�Ø���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ���â�Ù���ç�Û�Ø���æ�ã�Ø�Ö�Ü���Ö��
cancers reported by the MCED screening test. While MCED screening tests detect the presence 
�â�Ù���Ô���Ö�Ô�á�Ö�Ø�å���æ�Ü�Ú�á�Ô�ß���Ü�á���Ú�Ø�á�Ø�å�Ô�ß�Ÿ���Ü�ç���ê�Ü�ß�ß���Õ�Ø���Ü�à�ã�â�å�ç�Ô�á�ç���ç�â���Ö�â�á�æ�Ü�×�Ø�å���æ�ã�Ø�Ö�Ü���Ö���Ö�Ô�á�Ö�Ø�å���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ��
including the incidence and availability of SOC screening modalities, and aggressiveness (or 
natural history) of the cancer types being evaluated.

Incidence
�¶�Ô�á�Ö�Ø�å�æ���ê�Ü�ç�Û���ß�â�ê���Ü�á�Ö�Ü�×�Ø�á�Ö�Ø���à�Ô�ì���Õ�Ø���×�Ü�Ù���Ö�è�ß�ç���ç�â���Ô�æ�æ�Ø�æ�æ���è�æ�Ü�á�Ú���á�â�á� �Å�Ê�·���Ö�ß�Ü�á�Ü�Ö�Ô�ß���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���æ�ç�è�×�Ü�Ø�æ�Ÿ��
�Ô�á�×���ç�Û�Ø�å�Ø�Ù�â�å�Ø���Ô�å�Ø���à�â�å�Ø���ß�Ü�Þ�Ø�ß�ì���ç�â���Û�Ô�é�Ø���ß�Ü�à�Ü�ç�Ø�×���Ø�é�Ü�×�Ø�á�Ö�Ø���ç�â���è�á�×�Ø�å�æ�ç�Ô�á�×���ç�Û�Ø���Õ�Ø�á�Ø���ç� �å�Ü�æ�Þ���ã�å�â���ß�Ø���Ù�â�å��
these cancers. RWD enables an analysis of the performance of MCED screening tests on a scale 
�›�ç�Ø�á�æ���ç�â���Û�è�á�×�å�Ø�×�æ���â�Ù���ç�Û�â�è�æ�Ô�á�×�æ�œ���ç�Û�Ô�ç���Ü�æ���×�Ü�Ù���Ö�è�ß�ç���ç�â���Ô�Ö�Û�Ü�Ø�é�Ø���Ü�á���Ô���ç�Ü�à�Ø� ���Ô�á�×���Ö�â�æ�ç� �Ø�Ù�Ù�Ø�Ö�ç�Ü�é�Ø���à�Ô�á�á�Ø�å��
with traditional clinical screening studies, allowing for evidence generation for rare cancers. 
Moreover, RWD is also valuable to use in studies that evaluate test performance for cancers 
�ç�Û�Ô�ç���Û�Ô�é�Ø���à�â�×�Ø�å�Ô�ç�Ø�ß�ì���Û�Ü�Ú�Û���Ü�á�Ö�Ü�×�Ø�á�Ö�Ø���Ô�á�×���à�Ô�ì���å�Ø�ä�è�Ü�å�Ø���ß�Ô�å�Ú�Ø���á�è�à�Õ�Ø�å�æ���ç�â���æ�è�Ù���Ö�Ü�Ø�á�ç�ß�ì���ã�â�ê�Ø�å���ç�Û�Ø��
analysis.

Existence of Recommended Standard of Care Screening
Cancers with SOC screening recommendations may have more standardized pathways 
that allow for aligned RWD capture compared to those without such recommendations. For 
�Ø�ë�Ô�à�ã�ß�Ø�Ÿ���Ö�Ô�á�Ö�Ø�å�æ���ê�Ü�ç�Û���Ø�ë�Ü�æ�ç�Ü�á�Ú���È�á�Ü�ç�Ø�×���Æ�ç�Ô�ç�Ø�æ���Ã�å�Ø�é�Ø�á�ç�Ü�é�Ø���Æ�Ø�å�é�Ü�Ö�Ø�æ���Ç�Ô�æ�Þ���¹�â�å�Ö�Ø���›�È�Æ�Ã�Æ�Ç�¹�œ���´���â�å���µ��
recommendations (breast, cervical, colorectal, and lung cancer) have standard diagnostic 
�ã�Ô�ç�Û�ê�Ô�ì�æ���ê�Û�Ü�Ö�Û���Ö�Ô�á���Õ�Ø���Ö�Ô�ã�ç�è�å�Ø�×���å�â�è�ç�Ü�á�Ø�ß�ì���Ü�á���Å�Ê�·�¡���´�æ���Ô���å�Ø�æ�è�ß�ç�Ÿ���ç�Û�Ø���Ù�â�ß�ß�â�ê� �è�ã���ç�â���Ö�ß�Ü�á�Ü�Ö�Ô�ß�ß�ì���Ö�â�á���å�à��
cancer is more aligned across settings, which can help standardize collection and assessment 
of RWD for endpoint measurements. In cancers without SOC screening, there may be higher 
�é�Ô�å�Ü�Ô�Õ�Ü�ß�Ü�ç�ì���Ü�á���ç�Û�Ø���ê�â�å�Þ�è�ã���Ù�â�å���×�Ü�Ô�Ú�á�â�æ�ç�Ü�Ö���Ö�â�á���å�à�Ô�ç�Ü�â�á�Ÿ���Ö�å�Ø�Ô�ç�Ü�á�Ú���Ö�Û�Ô�ß�ß�Ø�á�Ú�Ø�æ���Ù�â�å���ç�Û�Ø���è�æ�Ø���â�Ù���Å�Ê�·���ç�â��
ascertain cancer diagnoses. 

Natural History
Variations in the natural history, or aggressiveness, of different cancer types may also affect 
data capture and evidence generation. Indolent cancers grow slowly and rarely metastasize 
or contribute to cancer-related death, resulting in better clinical outcomes. Conversely, highly 
aggressive cancers usually form, grow, or spread quickly, generally resulting in worse morbidity 
and mortality outcomes. 1���Ç�Û�Ø�å�Ø�Ù�â�å�Ø�Ÿ���ç�Û�Ø���ç�Ü�à�Ø���Ù�å�Ô�à�Ø���Ù�â�å���Å�Ê�·���×�Ô�ç�Ô���Ö�Ô�ã�ç�è�å�Ø�æ���ê�Ü�ß�ß���Õ�Ø���Ü�á���è�Ø�á�Ö�Ø�×���Õ�ì��
the natural history and aggressiveness of the cancer (e.g., time to ascertain false negative).

Types of RWD Study Design for MCED Screening Test Assessment 

RWD may be incorporated into study designs in a variety of ways, with varying levels of reliance 
on the RWD in the overall study design, and may include hybrid methods incorporating RWD 
with traditional study data ( Figure 1).27 At one end of the spectrum, traditional RCTs may use 
�Å�Ê�·���Ø�ß�Ø�à�Ø�á�ç�æ�Ÿ���æ�è�Ö�Û���Ô�æ���æ�Ø�ß�Ø�Ö�ç�Ø�×���â�è�ç�Ö�â�à�Ø�æ���Ü�×�Ø�á�ç�Ü���Ø�×���è�æ�Ü�á�Ú���¸�»�Å���â�å���Ö�ß�Ô�Ü�à�æ���×�Ô�ç�Ô�¡���¼�á���ç�Û�Ø���à�Ü�×�×�ß�Ø���Ô�å�Ø��
trials in clinical practice settings that may be RCTs with pragmatic designs or single arm studies 
using a RWD external control arm. Lastly, studies may be designed to collect data following a 
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‘usual care’ model that is not mandated by study protocol, captured completely through RWD,  
either with data collection designed prospectively or using existing data infrastructure. One 
potential strategy to improve data quality, consistency, and completeness is to prospectively 
�×�Ø�æ�Ü�Ú�á���×�Ô�ç�Ô���Ö�Ô�ã�ç�è�å�Ø�Ÿ���æ�è�Ö�Û���Ô�æ���ç�Û�Ø���è�æ�Ø���â�Ù���Ô���å�Ø�Ú�Ü�æ�ç�å�ì���æ�ã�Ø�Ö�Ü���Ö�Ô�ß�ß�ì���×�Ø�æ�Ü�Ú�á�Ø�×���Ù�â�å���Ô�æ�æ�Ø�æ�æ�à�Ø�á�ç���â�Ù���À�¶�¸�·��
�æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç�æ�¡���·�Ø�ç�Ø�å�à�Ü�á�Ü�á�Ú���ç�Û�Ø���Õ�Ø�æ�ç���æ�ç�è�×�ì���×�Ø�æ�Ü�Ú�á���ç�â���æ�è�ã�ã�â�å�ç���ç�Û�Ø���Ô�æ�æ�Ø�æ�æ�à�Ø�á�ç���â�Ù���Ô���æ�ã�Ø�Ö�Ü���Ö��
MCED screening test will require discussions between the test developer and FDA. Examples 
of possible use cases for RWD are highlighted in Table 2 , illustrating the advantages and 
challenges associated with use of RWD.  The possible use cases provided are suggestions and 
should not be viewed as prescriptive. 

The value of RWD depends on the data quality, consistency, and completeness. FDA has 
�ã�å�Ø�é�Ü�â�è�æ�ß�ì���Ô�á�×���Ú�Ø�á�Ø�å�Ô�ß�ß�ì���â�è�ç�ß�Ü�á�Ø�×���Û�â�ê���ç�â���×�Ø�ç�Ø�å�à�Ü�á�Ø���ê�Û�Ø�ç�Û�Ø�å���Å�Ê�·���Ü�æ�����ç� �Ù�â�å� �ã�è�å�ã�â�æ�Ø���›�á�â�ç���Ù�â�å��
MCED screening tests). 27 FDA does not endorse a particular RWD source but assesses the 
relevance and reliability of the source and its elements for appropriate use. If RWE is generated 
from multiple RWD sources, each RWD source must be evaluated individually as well as in 
aggregate to determine appropriate use. 11 

Further guidance may be helpful to clarify the appropriate RWD sources, types of data 
�Ü�à�ã�â�å�ç�Ô�á�ç���ç�â���Ö�Ô�ã�ç�è�å�Ø�Ÿ���Ô�á�×���Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ���Ù�â�å���Ö�Ô�ã�ç�è�å�Ø���æ�ã�Ø�Ö�Ü���Ö���ç�â���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç�æ�¡���¹�â�å��
example, evaluation of clinical performance measures in the RWD setting may be subject to 
selection bias, as patients who receive an MCED test may be systematically different from those 
who do not, in terms of patient characteristics and disease risk. Further, patients who select 
MCED testing, and those who receive a positive versus negative test result, may receive different 
follow-up imaging tests and treatments than those who do not. Accounting for these differences 
while determining appropriate comparison groups and study designs will be critical. Further, 
as RWD sources have increased in availability and accessibility, the comparative effectiveness 
community has generated a host of analytic methods designed to address these challenges to 
�Õ�Ø���Ô�Õ�ß�Ø���ç�â���é�Ô�ß�Ü�×�ß�ì���×�å�Ô�ê���Ü�á�Ù�Ø�å�Ø�á�Ö�Ø�æ���Ô�Õ�â�è�ç���ç�Û�Ø���å�Ü�æ�Þ���Ô�á�×���Õ�Ø�á�Ø���ç���â�Ù���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á�æ���Õ�Ô�æ�Ø�×���â�á���Å�Ê�·�¡28–30
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Conclusions

This white paper helps identify possible endpoints for assessing MCED screening test 
performance and characterizes opportunities for capturing these endpoints from RWD. RWE 
generated from the application of MCED screening tests in the real-world intended use 
population may help supplement data generated in non-RWD clinical screening studies and 
may be used to inform regulatory decisions. It is critical that the MCED test developer and 
regulator align on a plan for the types of data and evidence generation necessary to support 
regulatory decision-making about the MCED screening test, including approval and post-
approval studies to update or expand the label or provide additional supportive evidence. 

In addition to this working group, there are many ongoing efforts surrounding the development, 
assessment, and use of MCED screening tests to support robust characterization of the safety 
and effectiveness of MCED screening tests while facilitating development and continued 
innovation for these technologies in a timely manner. Discussions with our working group 
highlighted the need for alignment on terminology used in MCED screening test development, 
validation, and evaluation, and an effort by BloodPAC is underway to develop a lexicon for 
�ç�Û�Ø�����Ø�ß�×�¡���¹�è�å�ç�Û�Ø�å���ê�â�å�Þ���Ü�æ���Ô�ß�æ�â���á�Ø�Ø�×�Ø�×���Ù�â�å���ç�Û�Ø���×�Ø�æ�Ü�Ú�á���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���æ�ç�è�×�Ü�Ø�æ���Ø�é�Ô�ß�è�Ô�ç�Ü�á�Ú��
the clinical validity and utility of MCED screening tests. The National Cancer Institute (NCI) is 
evaluating the landscape of study designs and seeking to potentially launch a multi-arm, multi-
stage, pivotal RCT to evaluate multiple MCED screening tests in the years ahead. 31

While we have suggested possible data elements and endpoints to capture in RWD, work is still 
needed to federate data into a common model for ease of future analyses. Another area that 
�á�Ø�Ø�×�æ���Ô�ç�ç�Ø�á�ç�Ü�â�á���Ü�æ���ç�Û�Ø���è�æ�Ø���â�Ù���à�Ô�Ö�Û�Ü�á�Ø���ß�Ø�Ô�å�á�Ü�á�Ú���Ô�á�×���Ô�å�ç�Ü���Ö�Ü�Ô�ß���Ü�á�ç�Ø�ß�ß�Ü�Ú�Ø�á�Ö�Ø���Õ�ì���à�Ô�á�ì���â�Ù���ç�Û�Ø���À�¶�¸�·��
screening tests to determine cancer status. RWE can enable real-world learning and evaluation 
of these technologies as they enter clinical practice, helping to achieve the goal of a learning 
healthcare system. There may be a role for RWE in periodic (post-market) re-evaluation of 
MCED screening tests utilizing machine learning to assess the real-world performance of initial 
and future versions of these tests. 

We hope this document supports efforts to collect robust, consistent, and relevant data from 
various studies and helps optimize evidence generation to facilitate development of MCED 
screening tests and integration into clinical care.

�·�Ü�æ�Ö�ß�Ô�Ü�à�Ø�å�­���Ç�Û�Ü�æ���ã�Ô�ã�Ø�å���å�Ø���Ø�Ö�ç�æ���×�Ü�æ�Ö�è�æ�æ�Ü�â�á�æ���ç�Û�Ô�ç���â�Ö�Ö�è�å�å�Ø�×���Ô�à�â�á�Ú���æ�ç�Ô�Þ�Ø�Û�â�ß�×�Ø�å���Ú�å�â�è�ã�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú��
governmental agencies, on various topics. The topics covered in the paper, including 
�å�Ø�Ö�â�à�à�Ø�á�×�Ô�ç�Ü�â�á�æ�Ÿ���ç�Û�Ø�å�Ø�Ù�â�å�Ø�Ÿ���Ô�å�Ø���Ü�á�ç�Ø�á�×�Ø�×���ç�â���Ö�Ô�ã�ç�è�å�Ø���Þ�Ø�ì���×�Ü�æ�Ö�è�æ�æ�Ü�â�á���ã�â�Ü�á�ç�æ�¡���Ç�Û�Ø���ã�Ô�ã�Ø�å���æ�Û�â�è�ß�×��
�á�â�ç���Õ�Ø���Ü�á�ç�Ø�å�ã�å�Ø�ç�Ø�×���ç�â���å�Ø���Ø�Ö�ç���Ô�ß�Ü�Ú�á�à�Ø�á�ç���â�á���ç�Û�Ø���×�Ü�Ù�Ù�Ø�å�Ø�á�ç���ç�â�ã�Ü�Ö�æ���Õ�ì���ç�Û�Ø���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç�æ�Ÿ���Ô�á�×���ç�Û�Ø��
recommendations provided should not be used in lieu of FDA published guidance or direct 
�Ö�â�á�é�Ø�å�æ�Ô�ç�Ü�â�á�æ���ê�Ü�ç�Û���ç�Û�Ø���´�Ú�Ø�á�Ö�ì���Ô�Õ�â�è�ç���Ô���æ�ã�Ø�Ö�Ü���Ö���×�Ø�é�Ø�ß�â�ã�à�Ø�á�ç���ã�å�â�Ú�å�Ô�à�¡���Ç�Û�Ü�æ���ã�Ô�ã�Ø�å���æ�Û�â�è�ß�×���á�â�ç��
be construed to represent views or policies of the US Federal Government.  
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Glossary

Cancer: A disease in which cells grow and proliferate uncontrollably, not including pre-
cancerous lesions. 

Clinical Screening Studies:  Prospectively designed studies in the intended use population using 
traditional data capture methods (e.g., electronic data capture, case report forms, patient 
reported outcomes).

Clinical Utility: The likelihood that use of a test will change the management of patients and, 
by doing so, improve health outcomes, including, for example, safety, morbidity, quality of life, 
resource utilization, or survival and mortality. 12

Clinical Validity: ���Ç�Û�Ø���Ô�Ö�Ö�è�å�Ô�Ö�ì���ê�Ü�ç�Û���ê�Û�Ü�Ö�Û���Ô���ç�Ø�æ�ç���Ü�×�Ø�á�ç�Ü���Ø�æ�Ÿ���à�Ø�Ô�æ�è�å�Ø�æ�Ÿ���â�å���ã�å�Ø�×�Ü�Ö�ç�æ���ç�Û�Ø���ã�å�Ø�æ�Ø�á�Ö�Ø���â�å��
absence of a clinical condition in a patient (e.g., the likelihood that someone with a positive test 
�Ô�Ö�ç�è�Ô�ß�ß�ì���Û�Ô�æ���ç�Û�Ø���æ�ã�Ø�Ö�Ü���Ø�×���Ö�Ô�á�Ö�Ø�å�œ�¡12

Early-Stage Cancer: �Æ�ã�Ø�Ö�Ü���Ö���Ç�Á�À���æ�ç�Ô�Ú�Ø���ê�Ü�ß�ß���é�Ô�å�ì���×�Ø�ã�Ø�á�×�Ü�á�Ú���â�á���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø���Õ�è�ç���Ü�æ���Ú�Ø�á�Ø�å�Ô�ß�ß�ì���Ô��
localized cancer amenable to local intervention for curative intent.

Late-Stage Cancer:  �Æ�ã�Ø�Ö�Ü���Ö���Ç�Á�À���æ�ç�Ô�Ú�Ø���ê�Ü�ß�ß���é�Ô�å�ì���×�Ø�ã�Ø�á�×�Ü�á�Ú���â�á���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø���Õ�è�ç���Ü�æ���Ú�Ø�á�Ø�å�Ô�ß�ß�ì���Ô��
cancer that has metastasized, and is not amenable to localized intervention. 

Liquid Biopsy: �Ç�Û�Ø���×�Ø�ç�Ø�Ö�ç�Ü�â�á���â�Ù���Õ�Ü�â�à�Ô�å�Þ�Ø�å�æ���è�æ�Ü�á�Ú���â�á�ß�ì���Ô���Õ�ß�â�â�×���â�å�����è�Ü�×���æ�Ô�à�ã�ß�Ø�¡��

Multi-Cancer Early Detection (MCED) Screening Test:  Assays using different technologies to 
detect cancer-associated biomarkers, such as circulating tumor cells, tumor DNA, and other 
�Ô�á�Ô�ß�ì�ç�Ø�æ�Ÿ���ç�â���æ�Ö�å�Ø�Ø�á���Ù�â�å���Ö�Ô�á�Ö�Ø�å�æ���Ü�á���Ô���×�Ø���á�Ø�×���ã�Ô�ç�Ü�Ø�á�ç���ã�â�ã�è�ß�Ô�ç�Ü�â�á�¡

Real-World Data (RWD): ���·�Ô�ç�Ô���å�Ø�ß�Ô�ç�Ü�á�Ú���ç�â���ã�Ô�ç�Ü�Ø�á�ç���Û�Ø�Ô�ß�ç�Û���æ�ç�Ô�ç�è�æ���Ô�á�×�¢�â�å���ç�Û�Ø���×�Ø�ß�Ü�é�Ø�å�ì���â�Ù���Û�Ø�Ô�ß�ç�Û���Ö�Ô�å�Ø��
routinely collected from a variety of sources, including electronic health records (EHRs), claims 
and billing data, and product and disease registries. 11

Real-World Evidence (RWE): ���Ç�Û�Ø���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ø�é�Ü�×�Ø�á�Ö�Ø���å�Ø�Ú�Ô�å�×�Ü�á�Ú���ç�Û�Ø���è�æ�Ô�Ú�Ø�Ÿ���Ô�á�×���ã�â�ç�Ø�á�ç�Ü�Ô�ß���Õ�Ø�á�Ø���ç�æ���â�å��
risks, of a medical product derived from analysis of RWD. 11

Tissue of Origin (TOO):  The tissue source of the primary cancer (e.g., breast, lung, etc.); also, 
sometimes referred to as Cancer Signal Origin (CSO).
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���´�ã�ã�Ø�á�×�Ü�ë���Ç�Ô�Õ�ß�Ø���¤�­���·�Ø���á�Ü�á�Ú���¸�á�×�ã�â�Ü�á�ç�æ���Ù�â�å���¸�é�Ô�ß�è�Ô�ç�Ü�á�Ú���À�¶�¸�·���Æ�Ö�å�Ø�Ø�á�Ü�á�Ú���Ç�Ø�æ�ç�æ��

Category Endpoint �·�Ø���á�Ü�ç�Ü�â�á

Clinical  
Performance

Clinical Sensitivity 

*Calculated based on
detection of cancer and
cancer detection+TOO,
�Õ�â�ç�Û���æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���æ�ç�Ô�Ú�Ø

�´�ß�ß� �¶�Ô�á�Ö�Ø�å���Æ�Ø�á�æ�Ü�ç�Ü�é�Ü�ç�ì�­���Ç�Û�Ø���ã�å�â�ã�â�å�ç�Ü�â�á���â�Ù���æ�è�Õ�Ý�Ø�Ö�ç�æ���ê�Ü�ç�Û��
�Ö�ß�Ü�á�Ü�Ö�Ô�ß�ß�ì���Ö�â�á���å�à�Ø�×���Ö�Ô�á�Ö�Ø�å���Ü�á���ê�Û�â�à���ç�Û�Ø���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú��
test was positive.

�¶�Ô�á�Ö�Ø�å� �Æ�ã�Ø�Ö�Ü���Ö���Æ�Ø�á�æ�Ü�ç�Ü�é�Ü�ç�ì�­���Ç�Û�Ø���ã�å�â�ã�â�å�ç�Ü�â�á���â�Ù���æ�è�Õ�Ý�Ø�Ö�ç�æ��
�ê�Ü�ç�Û���Ô���æ�ã�Ø�Ö�Ü���Ö���Ö�ß�Ü�á�Ü�Ö�Ô�ß�ß�ì���Ö�â�á���å�à�Ø�×���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø���›�Ø�¡�Ú�¡�Ÿ��
breast cancer) in whom the MCED screening test  
�Ô�Ö�Ö�è�å�Ô�ç�Ø�ß�ì���Ü�×�Ø�á�ç�Ü���Ø�×���ç�Û�Ô�ç���æ�ã�Ø�Ö�Ü���Ö���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø�¡��

�¶�ß�Ü�á�Ü�Ö�Ô�ß���Æ�ã�Ø�Ö�Ü���Ö�Ü�ç�ì��* Calcu -
lated based on detection of 
cancer and cancer detec -
tion+TOO

�´�ß�ß� �¶�Ô�á�Ö�Ø�å���Æ�ã�Ø�Ö�Ü���Ö�Ü�ç�ì�­���Ç�Û�Ø���ã�å�â�ã�â�å�ç�Ü�â�á���â�Ù���æ�è�Õ�Ý�Ø�Ö�ç�æ�� 
�ê�Ü�ç�Û�â�è�ç���Ö�ß�Ü�á�Ü�Ö�Ô�ß�ß�ì���Ö�â�á���å�à�Ø�×���Ö�Ô�á�Ö�Ø�å���â�Ù���Ô�á�ì���ç�ì�ã�Ø���Ü�á���ê�Û�â�à��
the MCED screening test was negative. 

Positive Predictive Value 
(PPV) * Calculated based 
on detection of cancer and 
cancer detection+TOO, 
�Õ�â�ç�Û���æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���æ�ç�Ô�Ú�Ø���›�Ü�Ù��
applicable)

�´�ß�ß� �¶�Ô�á�Ö�Ø�å���Ã�Ã�É�­���Ç�Û�Ø���ã�å�â�ã�â�å�ç�Ü�â�á���â�Ù���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç��
�ã�â�æ�Ü�ç�Ü�é�Ø���æ�è�Õ�Ý�Ø�Ö�ç�æ���ê�Û�â���Û�Ô�é�Ø���Ô�á�ì���Ö�ß�Ü�á�Ü�Ö�Ô�ß�ß�ì���Ö�â�á���å�à�Ø�×�� 
cancer.

�¶�Ô�á�Ö�Ø�å� �Æ�ã�Ø�Ö�Ü���Ö���Ã�Ã�É�­���Ç�Û�Ø���ã�å�â�ã�â�å�ç�Ü�â�á���â�Ù���À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú��
�ç�Ø�æ�ç���ã�â�æ�Ü�ç�Ü�é�Ø���æ�è�Õ�Ý�Ø�Ö�ç�æ���ê�Ü�ç�Û���ç�Û�Ø���Ç�Â�Â���Ô�Ö�Ö�è�å�Ô�ç�Ø�ß�ì���Ü�×�Ø�á�ç�Ü���Ø�×��
�›�Ø�¡�Ú�¡�Ÿ���Õ�å�Ø�Ô�æ�ç���Ö�Ô�á�Ö�Ø�å�œ���ê�Û�â���Û�Ô�é�Ø���Ö�ß�Ü�á�Ü�Ö�Ô�ß�ß�ì���Ö�â�á���å�à�Ø�×�� 
cancer of that type.

Negative Predictive Value 
(NPV) 

The proportion of MCED screening test negative subjects 
who do not have cancer of any type.

Cancer Detection Rate

The proportion of cancers detected by the MCED  
screening test out of the cancers expected in the  
�ã�â�ã�è�ß�Ô�ç�Ü�â�á���à�â�á�Ü�ç�â�å�Ø�×���â�é�Ø�å���Ô���×�Ø���á�Ø�×���ã�Ø�å�Ü�â�×���â�Ù���ç�Ü�à�Ø��
(requiring a control arm or acceptable external reference 
cohort).
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Safety

Device Related Adverse 
Events (AEs) Serious vs. 
Non-Serious Events

Any untoward medical occurrence (physical or  
psychological) directly before, during, or directly after 
the MCED screening test is administered that is directly 
attributable to the test. 

�Æ�Ø�å�Ü�â�è�æ���Ø�é�Ø�á�ç�æ���Ü�á�Ö�ß�è�×�Ø�­���Ø�é�Ø�á�ç�æ���ç�Û�Ô�ç���à�Ô�ì���Û�Ô�é�Ø���Õ�Ø�Ø�á���â�å��
were attributed to the use of the device and produce an 
injury or illness that is life-threatening, results in  
permanent impairment or damage to the body, or 
requires medical or surgical intervention to prevent  
permanent harm to the body. 20

Procedure-Related Compli -
cations �•�Æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���Ç�Ã���é�æ�¡��
�¹�Ã�Ÿ���¶�Ô�á�Ö�Ø�å���Ç�ì�ã�Ø�Ÿ���Ô�á�×���Æ�Ø�å�Ü-
ous vs. Non-Serious Events

Any harm to screened individuals that is not directly 
attributable to the test itself but relates to any untoward 
medical occurrence (physical or psychological) after the 
�À�¶�¸�·���æ�Ö�å�Ø�Ø�á�Ü�á�Ú���ç�Ø�æ�ç���Ü�æ���Ô�×�à�Ü�á�Ü�æ�ç�Ø�å�Ø�×���è�á�ç�Ü�ß���×�Ø���á�Ü�ç�Ü�é�Ø�� 
diagnosis (i.e., determination of cancer status).

Adherence to SOC Screen -
ing Following Test �•�Æ�ç�å�Ô�ç�Ü���Ø�×��
�Õ�ì���Ç�Ø�æ�ç� �Ã�â�æ�Ü�ç�Ü�é�Ø���Ô�á�×���Á�Ø�Ú-
ative

�Ç�Û�Ø���ã�å�â�ã�â�å�ç�Ü�â�á���â�Ù���æ�è�Õ�Ý�Ø�Ö�ç�æ���ê�Û�â���Û�Ô�é�Ø���Ô�ß�ß���ç�Û�Ø�Ü�å���È�Æ�Ã�Æ�Ç�¹���´���â�å��
B recommended cancer screening tests (e.g.,  
mammogram, colonoscopy, low-dose chest CT, and 
cervical screening) completed within the recommended 
period.

Frequency of �¶�â�á���å�à�Ô�ç�Ü�â�á��
Diagnostic Tests and Time 
to Diagnostic Resolution

The time between receiving a positive MCED screening 
test result and determination of both the presence or 
�Ô�Õ�æ�Ø�á�Ö�Ø���â�Ù���Ö�Ô�á�Ö�Ø�å�Ÿ���Ô�á�×���æ�ã�Ø�Ö�Ü���Ö���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø�¡

Number and Type of Fol -
�ß�â�ê� �È�ã���Ã�å�â�Ö�Ø�×�è�å�Ø�æ���Ã�Ø�å-
formed �•�Æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���Ç�Ã���é�æ�¡��
�¹�Ã�Ÿ���¶�Ô�á�Ö�Ø�å���Ç�ì�ã�Ø�Ÿ���Ô�á�×���¼�á�é�Ô-
�æ�Ü�é�Ø���é�æ�¡���Á�â�á� �¼�á�é�Ô�æ�Ü�é�Ø���¸�é�Ø�á�ç�æ

The number and type of medical procedures performed 
after the MCED screening test is administered that  
�æ�è�ã�ã�â�å�ç���ç�Û�Ø���×�Ø���á�Ü�ç�Ü�é�Ø���×�Ü�Ô�Ú�á�â�æ�Ü�æ�¡

Clinical Outcomes

Short-Term Outcomes

Stage Shift

�•�Æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���¶�Ô�á�Ö�Ø�å���Ç�ì�ã�Ø

An increase in the proportion of cancers detected in 
early- versus late-stage disease with and without the 
MCED test, with a concurrent decrease in the proportion 
detected in late-stage disease.

Late-Stage Cancer Inci -
dence 

�•�Æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���¶�Ô�á�Ö�Ø�å���Ç�ì�ã�Ø

The number of new cancer cases diagnosed at a late 
stage per 100,000 people per year.

Proportion of Cancers 
�´�à�Ø�á�Ô�Õ�ß�Ø���ç�â���·�Ø���á�Ü�ç�Ü�é�Ø��
Local Intervention

�•�Æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���¶�Ô�á�Ö�Ø�å���Ç�ì�ã�Ø

�Ç�Û�Ø���ã�å�â�ã�â�å�ç�Ü�â�á���â�Ù���Ö�Ô�á�Ö�Ø�å�æ���×�Ü�Ô�Ú�á�â�æ�Ø�×���Ü�á���ç�Û�Ø���æ�ã�Ø�Ö�Ü���Ø�×��
�ã�â�ã�è�ß�Ô�ç�Ü�â�á���ê�Û�Ø�å�Ø���×�Ø���á�Ü�ç�Ü�é�Ø�Ÿ���Ö�è�å�Ô�ç�Ü�é�Ø�Ÿ���ß�â�Ö�Ô�ß���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á���Ü�æ��
clinically feasible. 
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Clinical Outcomes

Progression-Free Survival

�•�Æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���¶�Ô�á�Ö�Ø�å���Ç�ì�ã�Ø

�Ç�Û�Ø���ß�Ø�á�Ú�ç�Û���â�Ù���ç�Ü�à�Ø���Ù�å�â�à���×�Ü�Ô�Ú�á�â�æ�Ü�æ���â�Ù���Ö�Ô�á�Ö�Ø�å���ç�â�����å�æ�ç��
clinical evidence of disease progression. 

Long-Term Outcomes

All-Cause Mortality
The total number of deaths occurring in the population, 
�å�Ø�Ú�Ô�å�×�ß�Ø�æ�æ���â�Ù���ç�Û�Ø���Ö�Ô�è�æ�Ø���â�Ù���×�Ø�Ô�ç�Û�Ÿ���Ü�á���Ô���æ�ã�Ø�Ö�Ü���Ø�×���ç�Ü�à�Ø�� 
period. 

All-Cancer Mortality

�•�Æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���¶�Ô�á�Ö�Ø�å���Ç�ì�ã�Ø

The total number of deaths occurring in the population 
�×�è�Ø���ç�â���Ö�Ô�á�Ö�Ø�å���Ü�á���Ô���æ�ã�Ø�Ö�Ü���Ø�×���ç�Ü�à�Ø���ã�Ø�å�Ü�â�×�¡��

�¨� �Ì�Ø�Ô�å���¶�Ô�á�Ö�Ø�å���Æ�ã�Ø�Ö�Ü���Ö���Æ�è�å-
vival

�•�Æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���¶�Ô�á�Ö�Ø�å���Ç�ì�ã�Ø

The probability of surviving cancer in the absence of 
other causes of death in a 5-year period. 

5-Year Overall Survival

�•�Æ�ç�å�Ô�ç�Ü���Ø�×���Õ�ì���¶�Ô�á�Ö�Ø�å���Ç�ì�ã�Ø

�Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ã�Ô�ç�Ü�Ø�á�ç�æ���Ô�ß�Ü�é�Ø���Ü�á���ç�Û�Ø���ã�â�ã�è�ß�Ô�ç�Ü�â�á�����é�Ø��
years after their cancer diagnosis.
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Exploring the Potential of External Control Arms created from 
Patient Level Data: A case study in non-small cell lung cancer
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Elizabeth A. Stuart d, and Ruthanna C. Davia
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ABSTRACT
Randomized controlled trials (RCTs) are the gold standard for evaluation of 
new medical products. However, RCTs may not always be ethical or feasible. 
In cases where the investigational product is available outside the trial (e.g., 
through accelerated approval), patients may fail to enroll in clinical trials or 
drop out early to take the investigational product. These challenges to 
enrolling or maintaining a concurrent control arm may compromise timely 
recruitment, retention, or compliance. This can threaten the study’s integrity, 
including the validity of results. External control arms (ECAs) may be 
a promising augmentation to RCTs when encountered with challenges that 
threaten the feasibility and reliability of a randomized controlled clinical trial. 
Here, we propose the use of ECAs created from patient-level data from 
previously conducted clinical trials or real-world data in the same indication. 
Propensity score methods are used to balance observed disease character-
istics and demographics in the previous clinical trial or real-world data with 
those of present-day trial participants assigned to receive the investigational 
product. These methods are explored in a case study in non-small cell lung 
cancer (NSCLC) derived from multiple previously conducted open label or 
blinded phase 2 and 3 multinational clinical trials initiated between 2004 and 
2013. The case study indicated that when balanced for baseline character-
istics, the overall survival estimates from the ECA were very similar to those of 
the target randomized control, based on Kaplan–Meier curves and hazard 
ratio and con�dence interval estimates. This suggests that in the future, 
a randomized control may be able to be augmented by an ECA without 
compromising the understanding of the treatment e�ect, assuming su�-
cient knowledge, measurement, and availability of all or most of the impor-
tant prognostic variables.
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1. Introduction

Randomized controlled trials (RCTs) are the gold standard for measuring the e�ects of interventions 
or treatments on outcomes, but in some settings a randomized control may not be an option for 
reasons such as lack of equipoise, no options for a control treatment, or an inability to enroll 
a su�cient number of patients (FDA 0000). In addition, feasibility or cost concerns (Ali et al. 2019) 
may preclude the RCT and lead to the use of single arm trials to obtain preliminary evidence of e�cacy 
in early phase trials; such trials have most often been used in oncology and rare disease.

External controls – mainly in the form of benchmarking or references to study-level summary 
outcomes reported in published literature – have been used over many years to assess the likely e�ects 
of investigational therapies in single arm trials where randomization is not an option (Ghadessi et al. 
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2020). However, the investigational group and the aggregated study group may not be comparable in 
terms of the patients’ pretreatment characteristics, so direct comparison of outcomes might yield 
a biased estimate of the treatment e�ect (Guidance for Industry: E9 Statistical Principles for Clinical 
Trials 1998; Guidance for Industry: E10 Choice of Control Group and Related Issues in Clinical Trials 
2001).

Propensity score methods are often used in observational studies to estimate the e�ects of treatment 
or exposure when the groups that are being compared might have systemic di�erences. The same 
methodologies can be applied to interventional studies, such as clinical trials when randomization is 
not implemented, and where external controls are being used. Such external controls utilizing patient- 
level data and propensity score methods for balancing baseline composition are referred to by many 
names, such as synthetic control arm, historical control arm, and non-experimental control. We utilize 
the term ‘external control arm’ as a general term for a control arm that is not enrolled or randomized 
concurrently to the investigational arm of interest and to stress that the statistical principles under-
lying this nonrandomized comparison are not new, although they are being applied in a novel way, in 
the setting of medical product development.

The propensity score is de�ned as a subject’s probability of receiving a treatment conditional on 
observed baseline characteristics (Austin 2011a). Conditional on the true propensity score, subjects 
who are in the investigational and external control arms have similar distributions of observed (but 
not necessarily unobserved) baseline covariates. This allows for a fairer estimation of the treatment 
e�ects by allowing researchers to use these propensity scores in matching, weighting, covariate 
adjustment or subclassi�cation to equate the treatment and control groups on the observed char-
acteristics (Austin 2011a; Austin and Mamdani 2006; Rosenbaum 1987; Rosenbaum and Rubin 1983). 
However, attention should also be given to the possibility of di�erences in unobserved baseline 
covariates. Sensitivity or tipping point analyses are crucial in exploring how unmeasured or unknown 
key prognostic factors which cannot be balanced may impact the estimate of the treatment e�ect 
(Friends of Cancer Research White Paper 0000; Liu et al. 2013).

We now turn to a discussion of the four key ways of using propensity scores to create groups that 
are balanced with respect to the observed covariates.

In propensity score matching, matched sets of investigationally treated and external control 
subjects with similar propensity scores are constructed. If the matched sets have similar distributions 
of baseline covariates, then inferences can be made about treatment e�ects by directly comparing 
outcomes (Imbens 2004). A spectrum of matching algorithms has been developed, for example, k:1, 
variable ratio, full matching, greedy matching or optimal matching, with or without replacement, with 
or without caliper, etc. (Stuart 2010).

Weighting using the propensity score involves weighting the treatment and control groups to have 
similar covariate distributions. Inverse probability of treatment weighting is a common weighting 
approach, where the weight of each individual is calculated as the inverse of their probability of 
receiving the treatment that they actually received (Allan et al. 2020; Austin 2011a). This means that 
the weight of a treated subject is equal to the inverse of the subject’s propensity score, and the weight of 
a control subject is the inverse of the subject’s probability of being assigned to the control group (i.e., 
one minus the subject’s propensity score). Alternative weighting techniques using propensity scores, 
such as weighting by odds of propensity score (Morgan and Todd 2008) can be used to estimate the 
“average treatment e�ect on the treated” (ATT) (Austin and Stuart 2015; Morgan and Todd 2008). 
A newly developed approach called the overlap weighting method can be considered when extreme 
propensity scores are of concern (Li et al. 2019).

Strati�cation (or sub-classi�cation) on the propensity score entails ranking subjects based on their 
estimated propensity score, and placing them into mutually exclusive subsets based on previously 
de�ned propensity score thresholds. Often, �ve or more subsets are used; however, there is no 
consensus on the optimal number of subsets, and more are often needed for su�cient bias reduction.
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Finally, covariate adjustment using the propensity score involves regressing the outcome variable 
on an indicator variable that denotes treatment status and the propensity score. Instead of simulta-
neously including many covariates, the regression models for the outcome analysis can simply include 
one single propensity score in place of those covariates. A linear regression model may be selected for 
continuous outcomes, while a logistic regression model may be chosen for dichotomous outcomes and 
a survival analysis model such as the Cox regression model may be used for time-to-event outcome.

In the context of simulating a randomized controlled trial, propensity score matching, weighting, 
and strati�cation have an important advantage over covariate adjustment by the propensity score. 
Propensity score matching, weighting and strati�cation can separate the analyses undertaken to 
balance the treatment groups (analogous to the design of a study) from analyses examining outcomes. 
Covariate adjustment does not have a distinct step for assessing covariate balance and directly uses the 
propensity score as a covariate in the outcome analysis. Separation of the balancing step from the 
analysis of outcomes is advantageous since it allows the usual clinical trial design feature of pre-
specifying primary and secondary e�cacy analyses and methods to be mirrored. This helps to avoid 
criticism of cherry picking the most favorable results. In addition, the covariate adjustment approach 
can be sensitive to the model speci�cation, and generally does not lead to as much bias reduction as the 
other propensity score methods described.

For the remainder of this paper, we focus primarily on propensity score matching. This approach is 
appealing in its similarity to a 1:1 randomized trial in that all patients contribute approximately equally 
to a direct comparison of two groups. Similar case studies could be conducted using propensity score 
weighting or strati�cation.

Table 2. Eligibility criteria for patients from previously conducted clinical 
trials.

(1) Inclusion in a previously conducted clinical trial accessible within 
this project

(2) NSCLC stage III or IV at baseline
(3) Received prior platinum-based chemotherapy
(4) Men and women � 18 years of age
(5) Eastern Cooperative Oncology Group (ECOG) performance status of 

� 2
(6) Had measurable disease
(7) Assigned to receive docetaxel as study treatment

Table 3. Clinically important baseline covariates utilized in propensity 
score estimation.

(1) Age at baseline (continuous)
(2) Years from cancer diagnosis (continuous)
(3) Race (White vs Others)
(4) Sex (Female vs Male)
(5) Smoking (Current vs Former vs Never)
(6) Histology (Squamous vs Non-squamous)
(7) Stage (III vs IV)
(8) ECOG (0 vs 1 vs 2)
(9) Prior surgery (Yes/Maybe vs No)

(10) EGFR/KRAS mutation (Positive vs No/Unknown)
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2. Motivating example/case study

The case study is based on multiple previously conducted clinical trials in non-small cell lung cancer 
(NSCLC) and examines whether an external control arm (ECA) can provide similar overall survival 
estimates to a randomized control arm from an RCT. One of the trials, a randomized controlled 
completed study, was de�ned a priori as the target trial and patient-level data from control arms of all 
other trials were utilized in the creation of the ECA. Individual patients for the ECA were selected from 
the previously conducted clinical trials to match the control patients in the target trial in terms of key 
baseline characteristics and prognostic factors, and using propensity score matching. This contrasts 
with other external controls, such as benchmarking with wholesale study level results from historical 
clinical trials, where comparability of baseline composition is often not assured.

2.1. Previously conducted clinical trials

The previously conducted clinical trials data used in this case study originated from open label 
or blinded phase 2 and 3 multinational trials initiated between 2004 and 2013 (Table 1). 
Enrollment in the target trial started in February 2004, with a primary e�cacy analysis time 
point in March 2007. All patients had previously been treated and presented at baseline with 
locally advanced or metastatic NSCLC. All patients had been in study arms that assigned 
docetaxel treatment. The docetaxel dosing regimen, 75 mg/m2 docetaxel day 1, 1-hour intrave-
nous, every three weeks, was the same for all trials included in this analysis. Overall survival was 
a key endpoint in all trials and is the primary focus of the case study. The objectivity of this 
endpoint is advantageous so that the varied open label or blinded nature of the trials likely 
would not adversely a�ect the assessment of the accuracy of the external control. The death 
events were clearly recorded in data collection from the clinical trials and it would be unlikely 
that they would be dependent on evaluator knowledge of treatment assignments. Other, more 
subjective outcomes may be subject to bias and could be problematic in assessing the viability of 
an external control in those cases. Baseline or screening measurements of the following prog-
nostic factors were available for all patients: age, number of years from cancer diagnosis to 
baseline, race (white vs others), sex (female vs male), smoking (current vs former vs never), 
histology (squamous vs non-squamous), stage (III vs IV), ECOG (0 vs 1 vs 2), prior surgery (yes/ 
maybe vs no), and EGFR/KRAS mutation (positive vs no/unknown). Aligning with common 
statistical practices, all available prognostic factors that were even possibly relevant were included 
in the prespeci�ed propensity score model. The case study was created from completed NSCLC 
RCTs drawn from the Medidata Enterprise Data Store (MEDS) (Medidata website 0000).This 
platform comprises some 22,000 clinical trials, conducted by the pharmaceutical industry for 
drug or medical product development, with patient-level data recorded by electronic data 
capture. Information was also sourced from Project Data Sphere (projectdatasphere.org 0000) 
a platform where the research community can share patient level data from academic and 
industry phase 3 cancer clinical trials. However, neither Project Data Sphere, LLC nor the 
owners of any information from the website have contributed to, approved, or are in any way 
responsible for the contents of this paper.

The eligibility criteria for patients from previously conducted clinical trials to be included – shown 
in Table 2 – were met at baseline by the 1,399 patients included in this case study. Patient level source 
data, including screening and baseline measurements from previously conducted clinical trials, were 
used for these determinations.

Table 3 shows the baseline covariates available across all studies that were used in the propensity score 
matching process. Those variables were considered clinically important prognostic factors and were 
commonly collected in the clinical trials for the indication of locally advanced or metastatic NSCLC.
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3. Methods

3.1. Matching methods: Creation of an ECA

Based on guidelines proposed by Ho, the propensity score matching was carried out using the three 
steps described below (Ho et al. 2007).

1: Propensity score estimates were developed, representing the probability of assignment of target 
trial control therapy conditional on the baseline characteristics using logistic regression: 

p x� � � P T � 1�X � x� �

In this equation, T denotes the control in the target trial (T � 1)/historical control (T � 0) and X is 
a vector that represents the covariates to be included in the propensity score model. The predictors 
included in this model are all available baseline characteristics. These baseline covariates were used 
without further variable selection or trimming to obtain optimal balance between the matched 
subjects. Using a large set of covariates is recommended to help satisfy the underlying assumption 
that there are no unobserved confounders and to reduce bias, with some researchers recommending 
that the analysis should include all available baseline covariates if the sample size permits (Lim et al. 
2018).

2: The ECA was created by choosing historical patients to match control patients in the target trial 
using estimated propensity scores. Greedy nearest-neighbor matching without replacement, with 
a �xed 1:1 matching ratio with a caliper of 0.25 was used; this aligns with the 1:1 randomization 
ratio frequently used in NSCLC trials. SAS/STAT® 15.1 PROC PSMATCH was used for propensity 
score matching.

3: A post-matching evaluation of covariate balance was carried out. The true propensity score 
should be a balancing score. This study examined how similar the distribution of measured baseline 
covariates was between the matched target trial control arm and the historical ECA subjects. Baseline 
demographic and disease characteristics were summarized with descriptive statistics for the target trial 
control arm and ECA – both before and after matching. Standardized di�erences (SD) in covariate 
means were computed and compared before and after matching.

For continuous covariates, the standardized di�erence is expressed as follows: 

SD�
xt � xc����������������������
s2
t � s2

c

� �
� 2

�

where
xt and xc are the sample mean of the covariate for the target trial control and historical control 

groups, respectively; and s2
t and s2

c denote the sample variance of the covariate for the target trial 
control and historical control groups, respectively.

For dichotomous (or categorical) variables, the standardized di�erence is de�ned as: 

SD�
�pt � �pc���������������������������������������������������������

�pt 1 � �pt

� �
� �pc 1 � �pc

� �� �
� 2

�

where
�pt and �pc denote the prevalence of a covariate (or a category of covariate) for the target trial control 

and historical control groups, respectively. For covariates with more than two categories, the stan-
dardized di�erence for each level of the categorical variable was calculated.

The absolute standardized di�erences should typically be less than 0.25 (Stuart and Rubin 2007) 
with a �gure below 0.10 being taken to show a negligible di�erence between treatment groups in terms 
of the mean or prevalence of a covariate (Normand et al. 2001). In addition, the matching process was 
assessed by examining the distribution of propensity scores – as well as individual baseline character-
istics, including prognostic factors – between the target trial control arm and the ECA, using graphical 
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Table 4. Baseline characteristics by arm before and after matching.

Baseline Characteristic

Before Matching Matched Unmatched
Pool of Eligible Patients from 

Previously Conducted  
Clinical Trials(N = 940)

Control in  
Target Trial  
(N = 459) ECA (N = 366)

Control in  
Target Trial  
(N = 366)

Control in  
Target Trial  

(N = 93)

Age at baseline, mean 
(std)

57.6 (10.5) 56.8 (11.0) 57.4 (11.0)57.0 (10.7) 56.1 (12.1)

Years from cancer 
diagnosis, median  
(Q1, Q3)

0.7 (0.5, 1.0) 0.8 (0.5, 1.3) 0.7 (0.5, 1.0)0.7 (0.5, 1.1) 1.3 (0.7, 
1.9)

Race – White n (%) 645 (69%) 299 (65%) 239 (65%)239 (65%) 60 (65%)
Sex – Female n (%) 316 (34%) 172 (37%) 128 (35%)133 (36%) 39 (42%)
Smoking, n (%) 
Current 
Former 
Never

267 (28%) 
436 (46%) 
237 (25%)

74 (16%) 
276 (60%) 
109 (24%)

66 (18%) 
211 (58%) 
89 (24%)

71 (19%) 
208 (57%) 
87 (24%)

3 (3%) 
68 (73%) 
22 (24%)

Histology – Squamous, n 
(%)

120 (13%) 100 (22%) 65 (18%) 67 (18%) 33 (35%)

Stage – III, n (%) 213 (23%) 58 (13%) 54 (15%) 54 (15%) 4 (4%)
ECOG, n (%) 
0 
1 
2

334 (36%) 
545 (58%) 
61 (7%)

112 (24%) 
306 (67%) 
41 (9%)

85 (23%) 
254 (69%) 
27 (7%)

100 (27%) 
233 (64%) 
33 (9%)

12 (13%) 
73 (78%) 
8 (9%)

Prior surgery – Yes/Maybe, 
n (%)

83 (9%) 162 (35%) 66 (18%) 69 (19%) 93 (100%)

EGFR/KRAS mutation – 
Positive, n (%)

33 (4%) 33 (7%) 13 (4%) 16 (4%) 17 (18%)

Figure 1. shows the distribution of propensity scores before and after matching. Cloud plot for illustrating distribution of propensity 
scores. Distributions of propensity scores indicating overlap in baseline condition of target control and historical pool patients, 
including matched observations (in solid dots), those within the common support region but not matched (in open dots), and those 
outside the support regions and not matched (in crosses). Common support region is the widest interval such that both groups have 
patients whose propensity scores lie within this interval. The lower endpoint of the region is the larger of the minimum propensity 
score for the treated group and the minimum propensity score for the control group. The upper endpoint is the smaller of the 
maximum propensity score for the treated group and the maximum propensity score for the control group. Only matched patients 
are included in the ECA and target control comparison.



F R I E N D S  O F  C A N C E R  R E S E A R C H86

Figure 2. Distribution of propensity scores before and after matching. Distributions of propensity scores before and after matching, 
indicating more comparable baseline condition of target control and ECA (i.e., after matching) than between the target control and 
the historical pool (i.e., before matching).

Figure 3. Propensity scores before and after matching. Quantile-quantile (Q-Q) plot compares the probability distributions of the 
target control and historical pool/ECA groups on the propensity score by plotting their quantiles against each other and indicates 
improved balance after matching relative to before.
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methods such as cloud, box and quantile-quantile (Q-Q) plots. For continuous covariates, we also 
summarized the mean and maximum deviation between the two empirical distributions in the 
Q-Q plots on the scale of the variables being measured.

3.2. Outcome analysis – use of the ECA

The similarity of overall survival (OS) between the ECA and target trial was examined with the 
hazard ratio and associated 95% con�dence interval estimated by Cox regression model and descrip-
tive log-rank test and corresponding p-value for both before and after matching. The index date for 
overall survival was de�ned as the start of study treatment. This enabled an assessment of whether the 
overall survival in the control arm of the target trial was replicated by the ECA. Kaplan-Meier curves 
were presented, along with estimates of the median and other percentiles of survival times and 95% 
con�dence intervals both before and after matching.

4. Results

4.1. Balance of baseline characteristics

As noted earlier, propensity score matching was used with the goal of selecting appropriate patients 
from the pool of eligible patients from previously conducted clinical trials for inclusion in the ECA, 
with the distribution of observed baseline characteristics well balanced between the ECA and the 
control arm of the target trial. This section discusses evidence suggesting that the matched groups are 
indeed well balanced for all observed baseline characteristics. Although not the focus of this case study, 
in practice, the impact of unobserved baseline characteristics on the estimation of the treatment e�ect 
should be considered.

A total of 1,399 patients were assigned to the control treatment of docetaxel in the quali�ed 
previously conducted trials (Table 4), and among those, 459 patients were included in the control 
arm of the target trial and the remaining 940 patients were used to create an ECA for the control arm of 

Figure 4. Plot of absolute standardized di�erences of important baseline covariates before and after matching. Line plots of absolute 
standardized di�erences before and after propensity score matching for the propensity score and each prognostic variable utilized in 
the propensity score model illustrate better balance after matching than before (lines have negative slope). All but one absolute 
standardized di�erence after matching are less than 0.01, a commonly used rule of thumb for determining adequate balance.
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the target trial. The cloud plot in Figure 1 illustrates the high degree of overlap between the distributions 
of propensity scores for the control arm of the target trial and the pool of historical patients available for 
the ECA. The solid dots show patients who were successfully matched with a patient in the opposite 
group with a comparable propensity score. A common support region is de�ned as the largest interval 
that contains propensity scores for patients in both treatment groups. The region is extended by 0.25 
times a pooled estimate of the common standard deviation of the logit of the propensity score (SAS/ 
STAT® 15.1 PROC PSMATCH User Guide). The open dots (support region not matched) and crosses 
(outside support region) show patients where no match was available; these patients were excluded from 
further analysis, a common practice when using matching methods. This approach often reduces 
sample size and may compromise extrapolation but improves balance between groups rather than 
compromising it (in essence, prioritizing internal validity over external validity).

Figure 2 shows a box plot of the distribution of the propensity score before and after matching; 
Figure 3 shows a Q-Q plot of these data.

The distributions of propensity scores for the control arm of the target trial and the pool of eligible 
patients from previously conducted clinical trials (including all patients before matching) are shown in 
the lower boxplots in Figure 2, while the upper boxplots show distributions after matching. Before 

��������� ���������� �������
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Figure 5. Comparison of overall survival in control arm of target trial versus pool of eligible patients from previously conducted 
clinical trials (before matching). Kaplan-Meier estimates of overall survival in the randomized control arm of the target trial versus the 
pool of eligible patients from previously conducted clinical trials (before matching) are di�erent as evidenced by little overlap in the 
curves and a nominally statistically signi�cant log rank test (p = .03).
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matching, there is signi�cant discordance between the control arm of the target trial and pool of 
eligible patients from previously conducted clinical trials. After matching, the median and variability 
of the two groups (i.e., matched target control and ECA) are very similar as shown by the similar 
placement of the median line and width of the ‘box’ in the boxplots.

The Q-Q plot shown in Figure 3 illustrates the similarity of propensity scores between groups 
before (black circles) and after matching (gray triangles). A 45-degree line, as shown after matching, 
con�rms equal distributions. Before matching, the data points fall away from this 45-degree line, 
indicating that the degree of similarity in the distributions after matching is better than before 
matching. The mean (standard deviation) di�erence in propensity score between the two groups in 
the Q-Q plots decreased from 0.121 (0.065) before matching to 0.001 (0.003) after matching.

The standardized di�erence between the target and pool of eligible patients from previously 
conducted clinical trials (before matching)/ECA (after matching) for each key baseline characteristic 
is illustrated in Figure 4.

In terms of baseline characteristics, most of the 459 patients included in the control arm of the 
target trial were white (65%), male (63%), and current smokers (16%) or former smokers (60%), as 
shown in Table 1. Prior surgery was reported in 35% of patients; the rate of known EGFR or KRAS 
mutation (genetic changes that are prognostic indicators in these patients) was 7%; and the majority of 
patients had non-squamous type NSCLC (78%), ECOG performance status scores of 0 or 1 or 2 (24%, 
67%, and 9%, respectively), and disease stage IV (87%).

As illustrated in Table 2, the 940 patients from previously conducted clinical trials for potential 
inclusion in the ECA were similar to the target trial control arm in terms of age, years since cancer 
diagnosis, race, gender, ECOG score, and EGFR/KRAS mutation status. However, there were di�er-
ences between the pool of eligible patients from previously conducted clinical trials and target trial 
controls in terms of the proportion of current smokers (28% vs. 16%), former smokers (46% vs. 60%), 
non-squamous disease (87% vs. 78%), disease stage IV (77% vs. 87%), and reported prior surgery (9% 
vs. 35%). After matching; however, all baseline characteristics were well balanced between the ECA 
and the target trial control arm.

Figure 5 compares the overall survival for the control arm of the target trial and the pool of eligible 
patients from previously conducted clinical trials (before matching), while Figure 6 shows overall 
survival for the matched target control and the ECA (after matching).

Before matching, there is limited overlap of the Kaplan–Meier curves and a visible space between 
the curves, indicating that the overall survival for the control arm of the target trial is shorter than for 
the pool of eligible patients from previously conducted clinical trials (the median survival was 
8.9 months in the target group and 10.4 months in the pool of eligible patients from previously 
conducted clinical trials). The hazard ratio for the target relative to the pool of eligible patients from 
previously conducted clinical trials was 1.16 with a con�dence interval that excludes 1 (95% CI 1.02, 
1.32). This di�erence is supported by the descriptive log rank test comparing the OS curves (p = 0.03).

However, after matching there is signi�cant overlap in the Kaplan–Meier curves for the target and 
ECA (with a median survival of 8.8 months in the target and 9.2 months in the ECA). The hazard ratio 
for the target relative to the ECA was 1.04 with a con�dence interval that includes 1 and suggests 
a plausible range for the HR of 0.88 to 1.23, indicating similar overall survival for the ECA and the 
target trial control arm. This similarity is supported by the descriptive log rank test comparing the OS 
curves (p = 0.65).

5. Discussion and Conclusion

This NSCLC case study provides one example where an external control consisting of matched 
cohorts of patients from previously conducted clinical trials was successfully created using propen-
sity scores derived from observed baseline characteristics. Further research will be needed, likely 
including additional case studies in additional indications, to con�rm the overall acceptability, 
feasibility and appropriateness of the approach in a variety of clinical areas. In this case study, the 
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propensity score was shown to reduce the imbalance between historical patients and investigational 
patients. And importantly, the overall survival for the ECA was very similar to that of the 
randomized control from the target trial, an early step towards suggesting that an ECA could 
augment randomized controls in future trials involving di�cult-to-study indications and popula-
tions without compromising the scienti�c understanding of the treatment e�ect. This could help 
mitigate many of the recruitment, retention, and crossover challenges that can occur when enrolling 
or maintaining a concurrent control due to rarity of the disease, or availability of the investigational 
agent outside the study.

This case study utilized clinical trials data from second line NSCLC patients assigned to treatment 
with docetaxel. The use of docetaxel as standard of care in this indication is clinically well established 
with few changes, if any, for many years. This may have helped to mitigate e�ects of temporal bias that 
could be more challenging for creation of external controls in indications where standard of care has 
been evolving. In addition, utilization of data from previously conducted clinical trials, with little 
missing data and consistent endpoint availability and de�nitions across studies, was an important 
advantage in this case study. Additional considerations may be necessary when constructing an 
external control from real-world data (e.g., data from electronic medical records, registries, etc.) 
(Chen et al. 2021; Levenson et al. 2021).

In the case study, we used greedy nearest neighbor matching with a caliper of 0.25, which appears to 
be a commonly used algorithm in the medical literature. This algorithm is straightforward and easy to 
understand, with the appealing feature of closely mimicking a randomized clinical trial with the 
matched pairs and a prespeci�ed matching ratio. Two main types of matching algorithms using 
propensity scores are described in literature, the greedy matching algorithm and the optimal matching 
algorithm. Austin (2014) examined and compared 12 algorithms for matching on the scores, including 
optimal matching, greedy nearest neighbor matching without replacement, and greedy nearest 
neighbor matching without replacement within speci�ed caliper widths. One of the recommendations 
was to use the nearest neighbor caliper without replacement in most situations.

The selection of baseline characteristics to be included in the propensity score estimation was based on 
the understanding of the disease population as well as data collection from all involved previously 
conducted clinical trials. The variables such as baseline demographics and characteristics that were 
usually summarized in the publications of the previously conducted clinical trials in this indication, 
subgroup factors, and strati�cation factors for randomization were considered as the candidates of 
important prognostic factors for balancing between the target group and external control. While we 
have successfully created an ECA with observed baseline characteristics that are well balanced with the 
control arm of the target trial, there is a need to address unobserved baseline characteristics as imbalance 
in these factors can confound treatment e�ect estimation. In addition, some target control patients were 
unmatched and thus excluded from the outcome analysis. While this is a common practice when utilizing 
matching methods and will improve baseline balance, removing patients from the analysis is undesirable 
especially when patients treated with the investigational drug are removed, which could restrict the 
matched patients to a group with more limited baseline characteristics. The option of extrapolating the 
analysis of this precise set and applying it to a more varied population should be considered.

Future research is needed to assess: whether the treatment e�ect estimated from a randomized trial 
can be replicated with the use of an ECA in place of randomized control since in the current case study 
only the control arm data was uniformly made available through data sharing programs; what e�ect 
unobserved covariates might have on treatment group comparisons; propensity score weighting rather 
than matching in order to remove the need to exclude unmatched investigational patients for whom 
signi�cant e�orts had been made to collect these data; and how this approach could be explored with 
additional endpoints. These may have variability in measurement (such as progression-free survival), 
other indications and populations, and augmentation designs (or hybrid designs) where a prospective 
study could be carried out with a combination of prospective randomized control patients and 
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external control patients providing opportunity for assessment of the accuracy of the external control 
through comparison of prospectively randomized and external control patients.
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Breakthrough Therapy Designation Criteria Identify
Drugs that Improve Clinical Outcomes for Patients:
A Case for More Streamlined Coverage of Promising
Therapies
Grace Collins, Mark Stewart, Brittany McKelvey, Hillary Stires, and Jeff Allen

ABSTRACT
�

The breakthrough therapy designation (BTD) process was
created to expedite clinical development timelines for drugs
intended to treat serious conditions and preliminary clinical
evidence indicates the drug may demonstrate substantial improve-
ment over existing therapies. This analysis demonstrates that BTD
is a valuable tool for expediting approval of promising therapies in
oncology. By comparing drugs indicated to treat non–small cell
lung cancer (NSCLC) approved with BTD or without BTD

between January 2013 and October 2021, BTD drugs reduced the
risk of death by a median of 31% and progression by a median of
48%, while drugs never receiving BTD reduced the risk of death
and progression by a median of 15% and 41.9%, respectively.
These� ndings show that BTD criteria accurately identify drugs
that improve long-term outcomes for patients with cancer and
warrant coordinated efforts to ensure timely coverage decisions
and access for patients.

Since its inception, breakthrough therapy designation (BTD)
has helped expedite clinical development timelines for drugs
intended to treat a serious condition with preliminary clinical evi-
dence indicating the drug may demonstrate substantial improve-
ment over available therapy on a clinically signi� cant endpoint(s).
Several analyses have shown BTD facilitates earlier approval of
therapies compared with therapies without BTD (1, 2). To date,
the use of BTD has helped sponsors and the FDA streamline
development and approval of 225 drugs, over 56% of which were
oncology indications (3).

Despite faster FDA approval of these therapies, processes asso-
ciated with coverage and reimbursement by insurance programs,
including the Centers for Medicare and Medicaid Services (CMS),
do not follow the same expedited timelines. This is particularly true
for entirely novel treatments, such as� rst-in-class products, that
involve new mechanisms of action or new technologies altogether,
many of which are approved through an expedited program such as
BTD. When payment processes are not� nalized immediately
following FDA approval, barriers to timely patient access can
occur (4). While coverage of oncology drugs has not historically
been an impediment to access, determinations of add-on payments
or code sets can potentially delay patient access if not done in a

timely fashion. This issue was most notable with the recent intro-
duction of chimeric antigen receptor (CAR) T-cell therapies for
certain blood cancers (5).

In disease areas where recent innovations in treatment have
contributed to lowered population mortality, such as in non–small
cell lung cancer (NSCLC), delays between FDA approval and
initiation of processes for coverage of new treatments could
impede public health bene� t (6). Recent discussions on CMS
coverage processes for expedited approvals provide an opportunity
to consider ways to align CMS and FDA procedures to ensure
drugs qualifying for expedited programs, such as BTD, are covered
at the time of approval. In oncology, clinical guidelines included in
the National Comprehensive Cancer Network’s (NCCN) Drugs
and Biologics Compendium are used by insurers to inform cov-
erage decisions. This has helped streamline reimbursement fol-
lowing the approval of new cancer drugs, but does not extend to
other therapeutic areas, medical devices, and diagnostics, nor
address timely coding processes,budgeting, or other procedures
associated with payment.

As such, it is necessary to identify appropriate triggers that can
help select novel products early in development to support more
streamlined discussions regarding coverage. To assess whether BTD
criteria identify high-priority drugs that improve outcomes for
patients with cancer, and thereby evidence to support the impor-
tance of timely coverage, we compared outcomes data supporting
approvals of and clinical guidelines for drugs with and without BTD
indicated to treat NSCLC. NSCLC was chosen as a case study due to
the high number of BTDs given to lung cancer indications and
availability of long-term follow-up data. The results demonstrate
that BTD drugs indicated for NSCLC improve outcomes and have
more recommendations based on higher-quality data suggesting the
treatments were more appropriate compared to drugs that never
received a BTD. These� ndings support the notion that the qual-
ifying criteria for BTD support the identi� cation of drugs that
improve outcomes for patients with NSCLC.

These� ndings demonstrate that BTD drugs provide improved
clinical utility suggesting it would be bene� cial to establish a
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mechanism through which a BTD would initiate processes to
expedite CMS coverage. An expedited program at CMS would not
include automatic coverage, but rather enable processes to ensure
BTD therapies and novel technologies suf� ciently meet approval
and reimbursement requirements more quickly, and as appropriate,
have processes in place for ensuring a product is covered at the time
of approval to not delay patient access. An initial pilot of this
program would provide valuable information around whether these
processes are feasible, the value they bring, and identify areas
needing improvement prior to wider implementation. The Parallel
Review Program, which helps coordinate FDA and CMS reviews for
medical devices and was initially run as a pilot for 5 years before
permanent implementation, serves as a precedent for a similar
process, outlined below (7).

(i) FDA noti� es CMS when a novel product (e.g.,� rst indication)
receives a BTD or is participating in another expedited regulatory
pathway.
a. This initial noti� cation to CMS would provide awareness

of approval timelines for forthcoming products that are
bene� cial for patients with serious/life threatening illnesses.

Translational Relevance
The breakthrough therapy designation (BTD) process was

created to expedite clinical development timelines for drugs
intended to treat serious conditions and preliminary clinical
evidence indicates the drug may demonstrate substantial
improvement over existing therapies. This analysis demon-
strates that BTD is a valuable tool for expediting approval of
promising therapies in oncology. By comparing drugs indicated
to treat non-small cell lung cancer (NSCLC) approved with
BTD or without BTD between January 2013 and October 2021,
BTD drugs reduced the risk of death by a median of 31%
and progression by a median of 48%, while drugs never receiv-
ing BTD reduced the risk of death and progression by a median
of 15% and 41.9%, respectively. These� ndings show that
BTD criteria accurately identify drugs that improve long-term
outcomes for patients with cancer and warrant coordinated
efforts to ensure timely coverage decisions and access for
patients.

Figure 1.
Outcomes supporting approvals of drugs for NSCLC. Median HR (range) for approvals supported by an RCT with the primary or coprimary endpoint of OS (A) and/
or PFS (B). � “BTD”, approvals for a drug or a combination of drug(s) including drugs that have ever received BTD for any indication;“Never BTD”, approvals for
drugs that have never received BTD for any indication.
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Early noti� cation about these products would allow addi-
tional time for CMS to coordinate resources necessary to
support timely coverage decisions.

(ii) Sponsors of products that receive BTD would have the opportu-
nity to participate in an Expedited Coverage pilot.
a. The sponsor for a novel product or class of products could

apply for the Expedited Coverage pilot prior to FDA
approval. CMS would then evaluate whether the product
or class (i) has important implications for Medicare
bene� ciaries and (ii) does not have a clear path to reason-
able coverage (e.g., there are gaps in evidence or unique
approaches to coverage may be necessary). Should CMS
determine the product or product class meet the above
requirements, an expedited process would begin.

b. This process would enable earlier discussions regarding
topics such as coverage decisions, coding, eligibility for
New Technology Add-On Payment (NTAP), and/or CMS
budgeting implications. Sponsors would have earlier
opportunities to coordinate and communicate with CMS
regarding premarket data necessary to support initial

coverage at the time of FDA approval and to receive
guidance from CMS on the longer-term path to coverage,
including additional data that may be needed to support a
national coverage decision. This would ensure clinical trials
are designed to provide appropriate data supporting FDA
approval and to inform coverage decisions.

Expediting development is a resource intensive process for both the
FDA and sponsors, and more drugs are approved using BTD and/or
other expedited pathways each year (2). For the processes proposed
above to be successful, CMS will need additional resources to support
their involvement. A coordinated, well-supported, and timely process
for determining coverage of BTD products is necessary to ensure the
value brought by BTD facilitates earlier patient access to effective
treatments.

Approach
We identi� ed 52 drug and biologics applications approved

between January 1, 2013 and October 1, 2021, for an NSCLC indi-
cation and collected key clinical trial and outcomes data from

Figure 2.
Characteristics of NCCN recommendations for NSCLC approvals from 2013 to 2021.A, Percentage of BTD approvals and percentage of Never BTD approvals by
category of evidence.B,Percentage of BTD approvals and percent of Never BTD approvals by category of preference.� “BTD”, approvals for a drug or a combination
of drug(s) including drugs that have ever received BTD for any indication;“Never BTD”, approvals for drugs that have never received BTD for any indication.� � Other
recommended regimens are uses that are more toxic, less affordable, less ef� cacious, and/or are based on less mature data (8).



F R I E N D S  O F  C A N C E R  R E S E A R C H100

The NCCN Compendium serves as a source of information to
support clinical decision making about the appropriate use of
drugs in patients with cancer. A Category 1 recommendation is
based on high-quality data and a high level of consensus among
experts that the use is appropriate. Among NSCLC approvals
between 2013 and 2021, including those supported by data from
non-RCTs, 59% of BTD drugs, and 50% of Never BTD drugs met
the bar for a Category 1 recommendation. For preference, 59% of
BTD drugs are preferred interventions based on superior evidence
of safety, ef� cacy, and, in some cases, affordability, while only 10%
of Never BTD drugs were given a preferred recommendation
(Fig. 2B; ref. 8)

This analysis is limited as the drugs included were all indicated only
for treatment of NSCLC. A comprehensive analysis comparing out-
comes data supporting approvals of BTD and non-BTD drugs for all
oncology indications is warranted to further evaluate whether the
qualifying criteria for BTD are generalizable across cancer types. In
addition, the sample is necessarily limited to BTD and Never BTD
drugs that reached approved status and therefore have publicly
available labels.
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publicly��available��review��documents��and��labels��published��online��in��
the��Drugs@FDA��database��(Supplementary��Table��S1).��We��also��
collected��recommended��uses��for��these��approvals��from��the��NCCN��
Guidelines��for��NSCLC��(version��7.2021)��and��noted��the��assigned��
category��of��preference��and��category��of��evidence.

The��sample��included��41��applications��for��drugs��that��had��ever��received��
BTD��(BTD)��and��11��applications��for��drugs��that��had��never��received��a��BTD��
for��any��indication��(Never��BTD).��Thirty-four��percent��of��BTD��applica-
tions��were��also��reviewed��under��the��Accelerated��Approval��pathway.

Thirty-one��approvals��(59.6%)��were��supported��by��data��from��a��
randomized��clinical��trial(s;��RCT)��with��the��primary��endpoint��(pEP)��
or��coprimary��endpoint(s;��cpEP)��of��progression-free��survival��(PFS)��
and/or��overall��survival��(OS).��Twenty-one��approvals��(40.4%)��were��
excluded��from��the��outcomes��analysis��because��their��labels��were��
supported��by��data�� from��nonrandomized��trials��and��eight��were��
excluded��from��the��NCCN��analysis��to��avoid��double��counting��the��
same��indication��(Supplementary��Table S1). Twenty-three approvals��
supported��by��an��RCT��(74.2%)��included��a��BTD��drug.��The��remaining��
eight��approvals��supported��by��an��RCT��were��for��Never��BTD��drugs.

Of��the��16��approvals��supported��by��trials��with��OS��as��a��pEP��or��cpEP��
(14��BTD,��2��Never��BTD),��patients��receiving��BTD��drugs��had��a��31%
lower��risk��of��death��than��those��assigned��to��standard��of��care��(SOC;��
median��HR��¼��0.69;��range:��0.56–0.81)��whereas��patients��receiving��a��
Never��BTD��drug��had��a��15%��lower��risk��of��death��(median��HR��¼��0.85;��
range:��0.84–0.86;��Fig.��1A).��Similarly,��among��approvals��supported��by��
a��trial(s)��with��the��pEP��or��cpEP��of��PFS��(16��BTD,��6��Never��BTD),��
patients��receiving��a��BTD��drug��had��a��48%��reduced��risk��of��progres-
sion��than��those��assigned��to��receive��SOC��(median��HR��¼��0.52;��range:��
0.17–0.88)��compared��with��only��41.9%��reduced��risk��of��progression��
for��patients��receiving��a��Never��BTD��drug��(median��HR��¼��0.59;��range:��
0.34–0.82;��Fig.��1B).
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• Distribute and analyze surveys to  
 sponsors about changes to protocols  
 during the pandemic
 
• Conduct interviews with sponsors for 
 more detailed understanding of protocol  
 changes

Overarching goal: To identify changes to protocols due to the COVID-19 Pandemic 
and assess their impact on clinical trials to develop recommendations for future use.

PHASE 1: DEFINE PARAMETERS PHASE 2: DETERMINE IMPACT

• Collect clinical data about protocol   
 changes pre-COVID and during the 
 pandemic
 
• Design and run a statistical analysis plan  
 to compare pre-COVID with COVID-era   
 changes informed by Phase 1 findings to  
 assess impact on trials
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�Ù�å�â�à���Ø�Ô�Ö�Û���Æ�ã�â�á�æ�â�å���Õ�è�ç���Ü�æ���ß�Ü�à�Ü�ç�Ø�×���Õ�ì���ç�Û�Ø���ß�Ô�Ö�Þ���â�Ù���ã�Ô�ç�Ü�Ø�á�ç� �ß�Ø�é�Ø�ß���×�Ô�ç�Ô���ç�â���Ô�×�×�å�Ø�æ�æ���ê�Ü�ç�Û�Ü�á� �ã�Ô�ç�Ü�Ø�á�ç��
�ã�Ô�ç�ç�Ø�å�á�æ�¡��
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�¶�â�á�Ö�ß�è�æ�Ü�â�á�æ���Ô�á�×���Á�Ø�ë�ç���Æ�ç�Ø�ã�æ

�Ç�Û�Ø���¶�Â�É�¼�·� �¤�¬���ã�Ô�á�×�Ø�à�Ü�Ö���Ü�à�ã�Ô�Ö�ç�Ø�×���ç�Û�Ø���Ö�â�á�×�è�Ö�ç���â�Ù���Ö�Ô�á�Ö�Ø�å���Ö�ß�Ü�á�Ü�Ö�Ô�ß���ç�å�Ü�Ô�ß�æ���Ô�á�×���Û�Ô�æ���ß�Ü�Þ�Ø�ß�ì��
�Ô�Ö�Ö�Ø�ß�Ø�å�Ô�ç�Ø�×���Ô���ç�å�Ø�á�×���ç�â�ê�Ô�å�×�æ���Ú�å�Ø�Ô�ç�Ø�å�����Ø�ë�Ü�Õ�Ü�ß�Ü�ç�ì���Ü�á���ç�å�Ü�Ô�ß���Ö�â�á�×�è�Ö�ç���ç�Û�Ô�ç���ê�Ô�æ���Ô�ß�å�Ø�Ô�×�ì���Ø�à�Ø�å�Ú�Ü�á�Ú�¡��
�Ç�Û�Ø���æ�ç�å�Ô�ç�Ø�Ú�Ü�Ø�æ���Ü�à�ã�ß�Ø�à�Ø�á�ç�Ø�×���×�è�å�Ü�á�Ú���ç�Û�Ø���¶�Â�É�¼�·� �¤�¬���ã�Ô�á�×�Ø�à�Ü�Ö���ç�â���ã�å�â�é�Ü�×�Ø���Ú�å�Ø�Ô�ç�Ø�å�����Ø�ë�Ü�Õ�Ü�ß�Ü�ç�ì���Ü�á��
�ç�Û�Ø���Ø�ë�Ø�Ö�è�ç�Ü�â�á���â�Ù���ç�å�Ü�Ô�ß���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���ã�å�â�Ö�Ø�×�è�å�Ø�æ�Ÿ���ã�Ô�ç�Ü�Ø�á�ç���Ø�é�Ô�ß�è�Ô�ç�Ü�â�á���Ô�á�×���×�Ô�ç�Ô���Ô�æ�Ö�Ø�å�ç�Ô�Ü�á�à�Ø�á�ç���Ö�Ô�á��
�à�Ü�á�Ü�à�Ü�í�Ø���Ö�ß�Ü�á�Ü�Ö�Ô�ß���ç�å�Ü�Ô�ß���Ö�â�à�ã�ß�Ø�ë�Ü�ç�ì�Ÿ���ß�Ø�Ô�×�Ü�á�Ú���ç�â���å�Ø�×�è�Ö�Ø�×���Õ�è�å�×�Ø�á���â�á���æ�Ü�ç�Ø�æ���Ô�á�×���ã�Ô�ç�Ü�Ø�á�ç�æ���Ô�á�×���Ü�à�ã�å�â�é�Ø�×��
�Ô�Ö�Ö�Ø�æ�æ�¡���Æ�ã�â�á�æ�â�å�æ���Ö�â�á�ç�Ü�á�è�Ø���ç�â���Ü�á�Ö�ß�è�×�Ø�����Ø�ë�Ü�Õ�Ü�ß�Ü�ç�Ü�Ø�æ���Ü�á���á�Ø�ê���ã�å�â�ç�â�Ö�â�ß�æ���Ô�æ���ç�Û�Ø�ì���×�Ø�Ø�à���Ô�ã�ã�å�â�ã�å�Ü�Ô�ç�Ø���Ô�á�×��
�Ø�á�Ú�Ô�Ú�Ø���æ�Ü�ç�Ø�æ���Ô�á�×���Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�â�å�æ���Ü�á���ç�Û�Ø���ã�å�â�Ö�Ø�æ�æ�Ÿ���ê�Û�Ü�ß�Ø���Ù�â�ß�ß�â�ê�Ü�á�Ú���å�Ø�Ú�è�ß�Ô�ç�â�å�ì���Ú�è�Ü�×�Ô�á�Ö�Ø�¡��
�Ç�â���×�Ô�ç�Ø�Ÿ���ç�Û�Ø���ã�å�Ü�à�Ô�å�ì���Ô�Ü�à���â�Ù���ç�Û�Ø���Ç�Ô�æ�Þ���¹�â�å�Ö�Ø���Û�Ô�æ���Õ�Ø�Ø�á���ç�â���×�Ø�å�Ü�é�Ø���ã�å�Ø�ß�Ü�à�Ü�á�Ô�å�ì���Ü�á�æ�Ü�Ú�Û�ç�æ���Ô�Õ�â�è�ç���ç�Û�Ø��
�Ü�á���è�Ø�á�Ö�Ø���â�Ù���ç�Û�Ø���¶�Â�É�¼�·� �¤�¬���ã�Ô�á�×�Ø�à�Ü�Ö���â�á���ç�å�Ü�Ô�ß���Ö�â�á�×�è�Ö�ç�¡���¼�á���Ã�Û�Ô�æ�Ø���¤���â�Ù���ç�Û�Ü�æ���Ø�é�Ô�ß�è�Ô�ç�Ü�â�á�Ÿ���æ�ã�â�á�æ�â�å�æ��
�å�Ø�ã�â�å�ç�Ø�×���ç�Û�Ô�ç���Ü�á���ç�Û�Ø�Ü�å���Ý�è�×�Ú�Ø�à�Ø�á�ç�Ÿ���ç�Û�Ø���à�Ü�ç�Ü�Ú�Ô�ç�Ü�â�á���æ�ç�å�Ô�ç�Ø�Ú�Ü�Ø�æ���Ô�×�â�ã�ç�Ø�×���Ü�á���ç�Û�Ø���Ù�Ô�Ö�Ø���â�Ù���ç�Û�Ø���ã�Ô�á�×�Ø�à�Ü�Ö��
�×�Ü�×���á�â�ç���Ú�å�Ø�Ô�ç�ß�ì���Ü�à�ã�Ô�Ö�ç���×�Ô�ç�Ô���Ü�á�ç�Ø�Ú�å�Ü�ç�ì�¡���»�â�ê�Ø�é�Ø�å�Ÿ���ç�Û�Ø�å�Ø���Ü�æ���Ô���å�Ø�Ö�â�Ú�á�Ü�ç�Ü�â�á���ç�Û�Ô�ç���Ô���à�â�å�Ø���×�Ø�ç�Ô�Ü�ß�Ø�×�Ÿ��
�ä�è�Ô�á�ç�Ü�ç�Ô�ç�Ü�é�Ø�Ÿ���Ô�á�×���æ�ç�Ô�ç�Ü�æ�ç�Ü�Ö�Ô�ß���Ø�é�Ô�ß�è�Ô�ç�Ü�â�á���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���ç�å�Ü�Ô�ß���×�Ô�ç�Ô���Ü�á�ç�Ø�Ú�å�Ü�ç�ì���à�Ô�ì���ã�å�â�é�Ü�×�Ø���Ú�å�Ø�Ô�ç�Ø�å��
�Ô�á�×���à�â�å�Ø���×�Ø�ç�Ø�å�à�Ü�á�Ô�ç�Ü�é�Ø���Ü�á�æ�Ü�Ú�Û�ç�¡���Ê�Ø���Ô�á�ç�Ü�Ö�Ü�ã�Ô�ç�Ø���ç�Û�Ô�ç���ç�Û�Ø���Ü�á�æ�Ü�Ú�Û�ç�æ���×�Ø�å�Ü�é�Ø�×�Ÿ���Ô�á�×���ç�Û�Ø���Û�ì�ã�â�ç�Û�Ø�æ�Ø�æ��
�Ú�Ø�á�Ø�å�Ô�ç�Ø�×�Ÿ���Ù�å�â�à���ç�Û�Ø���Ã�Û�Ô�æ�Ø���¤���ã�â�å�ç�Ü�â�á���â�Ù���â�è�å���Ø�é�Ô�ß�è�Ô�ç�Ü�â�á���ê�Ü�ß�ß���Ô�ã�ã�å�â�ã�å�Ü�Ô�ç�Ø�ß�ì���Ü�á�Ù�â�å�à���ç�Û�Ø���Ö�â�á�×�è�Ö�ç���â�Ù��
�â�è�å���Ã�Û�Ô�æ�Ø���¥���Ø�é�Ô�ß�è�Ô�ç�Ü�â�á�Ÿ���Ü�á���â�å�×�Ø�å���ç�â���è�ß�ç�Ü�à�Ô�ç�Ø�ß�ì���Û�Ø�ß�ã���Ú�è�Ü�×�Ø���ç�Û�Ø���Ö�Ô�á�Ö�Ø�å���Ö�ß�Ü�á�Ü�Ö�Ô�ß���ç�å�Ü�Ô�ß���Ö�â�à�à�è�á�Ü�ç�ì��
�Ô�Õ�â�è�ç���á�Ø�ë�ç���æ�ç�Ø�ã�æ���Ü�á���Ô�×�é�Ô�á�Ö�Ü�á�Ú���ç�Û�Ø���æ�Ö�Ü�Ø�á�Ö�Ø���â�Ù���Ö�ß�Ü�á�Ü�Ö�Ô�ß���ç�å�Ü�Ô�ß���Ö�â�á�×�è�Ö�ç�¡��

�Å�Ø�Ù�Ø�å�Ø�á�Ö�Ø�æ

�¤�¡ �µ�â�è�Ú�Û�Ø�ì���½�¶�Ÿ���Æ�á�ì�×�Ø�å���Å�´�Ÿ���¾�Ô�á�ç�â�å���Â�Ÿ���Ø�ç���Ô�ß�¡���¼�à�ã�Ô�Ö�ç���â�Ù���ç�Û�Ø���¶�Â�É�¼�·� �¤�¬���Ã�Ô�á�×�Ø�à�Ü�Ö���â�á���¶�Ô�á�Ö�Ø�å���¶�ß�Ü�á�Ü�Ö�Ô�ß
�Ç�å�Ü�Ô�ß�æ�¡���´�á�á���Æ�è�å�Ú���Â�á�Ö�â�ß�¡���¥�£�¥�¤�®�¥�«�›�¤�¥�œ�­�ª�¦�¤�¤� �ª�¦�¤�©�¡���×�â�Ü�­�¤�£�¡�¤�¥�§�¨�¢�Æ�¤�£�§�¦�§� �£�¥�¤� �¤�£�§�£�©� �¥

�¥�¡ �Ã�Ø�á�á�Ø�ß�ß���Á�´�Ÿ���·�Ü�ß�ß�à�â�á���À�Ÿ���¿�Ø�é�Ü�ç���¿�´�Ÿ���Ø�ç���Ô�ß�¡���´�à�Ø�å�Ü�Ö�Ô�á���Æ�â�Ö�Ü�Ø�ç�ì���â�Ù���¶�ß�Ü�á�Ü�Ö�Ô�ß���Â�á�Ö�â�ß�â�Ú�ì���Å�â�Ô�×���ç�â���Å�Ø�Ö�â�é�Ø�å�ì
�Å�Ø�ã�â�å�ç�­���¿�Ø�Ô�å�á�Ü�á�Ú���¹�å�â�à���ç�Û�Ø���¶�Â�É�¼�·� �¤�¬���¸�ë�ã�Ø�å�Ü�Ø�á�Ö�Ø���ç�â���¼�à�ã�å�â�é�Ø���¶�ß�Ü�á�Ü�Ö�Ô�ß���Å�Ø�æ�Ø�Ô�å�Ö�Û���Ô�á�×���¶�Ô�á�Ö�Ø�å
�¶�Ô�å�Ø�¡���½�â�è�å�á�Ô�ß���â�Ù���¶�ß�Ü�á�Ü�Ö�Ô�ß���Â�á�Ö�â�ß�â�Ú�ì�¡���¥�£�¥�¤�®�¦�¬�›�¥�œ�­�¤�¨�¨� �¤�©�¬�¡���×�â�Ü�­�¤�£�¡�¤�¥�£�£�¢�½�¶�Â�¡�¥�£�¡�£�¥�¬�¨�¦

�¦�¡ �µ�â�è�Ú�Û�Ø�ì���½�¶�Ÿ���Æ�á�ì�×�Ø�å���Å�´�Ÿ���¾�Ô�á�ç�â�å���Â�Ÿ���Ø�ç���Ô�ß�¡���¼�à�ã�Ô�Ö�ç���â�Ù���ç�Û�Ø���¶�Â�É�¼�·� �¤�¬���Ã�Ô�á�×�Ø�à�Ü�Ö���â�á���¶�Ô�á�Ö�Ø�å���¶�ß�Ü�á�Ü�Ö�Ô�ß
�Ç�å�Ü�Ô�ß�æ�¡���´�á�á���Æ�è�å�Ú���Â�á�Ö�â�ß�¡���¥�«�¡���×�â�Ü�­�¤�£�¡�¤�¥�§�¨�¢�æ�¤�£�§�¦�§� �£�¥�¤� �¤�£�§�£�©� �¥

�§�¡ �È�ã�Ô�×�Û�Ô�ì�Ô���Æ�Ÿ���Ì�è���½�Ë�Ÿ���»�â�×�Ú�Ø���½�Ÿ���¶�Ô�à�ã�Õ�Ø�ß�ß���½�¡���¶�Â�É�¼�·� �¤�¬���Ü�à�ã�Ô�Ö�ç���â�á���â�á�Ö�â�ß�â�Ú�ì���Ö�ß�Ü�á�Ü�Ö�Ô�ß���ç�å�Ü�Ô�ß�æ�­���Ô
�¤� �ì�Ø�Ô�å���Ô�á�Ô�ß�ì�æ�Ü�æ�¡���Á�Ô�ç���Å�Ø�é���·�å�è�Ú���·�Ü�æ�Ö�â�é�¡���¥�£�¥�¤�®�¥�£�›�©�œ�­�§�¤�¨�¡���×�â�Ü�­�¤�£�¡�¤�£�¦�«�¢�·�§�¤�¨�ª�¦� �£�¥�¤� �£�£�£�«�©� �«
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�´�ã�ã�Ø�á�×�Ü�ë���´��� ���Æ�è�å�é�Ø�ì���¼�á�æ�ç�å�è�à�Ø�á�ç

�·�Ø���á�Ü�ç�Ü�â�á�æ
�ç �Ã�å�â�ç�â�Ö�â�ß���·�Ø�é�Ü�Ô�ç�Ü�â�á���›�Ã�·�œ�­���´�á�ì���á�â�á� �Ö�â�à�ã�ß�Ü�Ô�á�Ö�Ø���ê�Ü�ç�Û���¼�á�æ�ç�Ü�ç�è�ç�Ü�â�á�Ô�ß���Å�Ø�é�Ü�Ø�ê���µ�â�Ô�å�×���›�¼�Å�µ�œ� �Ô�ã�ã�å�â�é�Ø�×

�ã�å�â�ç�â�Ö�â�ß�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���ã�å�â�æ�ã�Ø�Ö�ç�Ü�é�Ø�ß�ì���Ô�ã�ã�å�â�é�Ø�×���×�Ø�é�Ü�Ô�ç�Ü�â�á�æ���â�å���ê�Ô�Ü�é�Ø�å�æ�¡
�ç �Æ�Ü�Ú�á�Ü���Ö�Ô�á�ç���â�å���Æ�Ø�å�Ü�â�è�æ���Ã�å�â�ç�â�Ö�â�ß���·�Ø�é�Ü�Ô�ç�Ü�â�á�­���´���ã�å�â�ç�â�Ö�â�ß���×�Ø�é�Ü�Ô�ç�Ü�â�á���ê�Û�Ü�Ö�Û���Ü�á�Ö�å�Ø�Ô�æ�Ø�æ���ã�â�ç�Ø�á�ç�Ü�Ô�ß

�å�Ü�æ�Þ���ç�â���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç�æ���â�å���Ô�Ù�Ù�Ø�Ö�ç�æ���ç�Û�Ø���Ü�á�ç�Ø�Ú�å�Ü�ç�ì���â�Ù���æ�ç�è�×�ì���×�Ô�ç�Ô�¡���´�á���Ü�æ�â�ß�Ô�ç�Ø�×���×�Ø�é�Ü�Ô�ç�Ü�â�á���à�Ô�ì���á�â�ç���Õ�Ø
�æ�Ü�Ú�á�Ü���Ö�Ô�á�ç���Õ�ì���Ü�ç�æ�Ø�ß�Ù�Ÿ���Õ�è�ç���æ�Ü�Ú�á�Ü���Ö�Ô�á�Ö�Ø���à�Ô�ì���Ü�á�Ö�å�Ø�Ô�æ�Ø���ê�Ü�ç�Û���á�è�à�Ø�å�â�è�æ���×�Ø�é�Ü�Ô�ç�Ü�â�á�æ���â�Ù���ç�Û�Ø���æ�Ô�à�Ø
�á�Ô�ç�è�å�Ø�¡

�ç �À�Ü�ç�Ü�Ú�Ô�ç�Ü�â�á���Æ�ç�å�Ô�ç�Ø�Ú�ì�­���·�Ø�ã�Ø�á�×�Ü�á�Ú���â�á���ç�Û�Ø���æ�Ø�é�Ø�å�Ü�ç�ì���â�å���Ù�å�Ø�ä�è�Ø�á�Ö�ì���â�Ù���â�á�Ø���â�å���à�â�å�Ø���ã�å�â�ç�â�Ö�â�ß
�×�Ø�é�Ü�Ô�ç�Ü�â�á�æ�Ÿ���ç�Û�Ø���æ�Ü�ç�Ø���à�Ô�ì���Õ�Ø���Ø�ë�ã�Ø�Ö�ç�Ø�×���ç�â���×�Ø���á�Ø���Ô���à�Ü�ç�Ü�Ú�Ô�ç�Ü�â�á���æ�ç�å�Ô�ç�Ø�Ú�ì���›�æ�â�à�Ø�ç�Ü�à�Ø�æ���å�Ø�Ù�Ø�å�å�Ø�×���ç�â
�Ô�æ���Ô���¶�â�å�å�Ø�Ö�ç�Ü�é�Ø���Ô�á�×���Ã�å�Ø�é�Ø�á�ç�Ü�é�Ø���´�Ö�ç�Ü�â�á�æ���›�¶�´�Ã�´�œ�œ�¡���Ç�Û�Ü�æ���æ�ç�å�Ô�ç�Ø�Ú�ì���Ü�æ���Õ�å�â�Þ�Ø�á���Ü�á�ç�â���ç�ê�â���ã�Ô�å�ç�æ�­
�� �¶�â�å�å�Ø�Ö�ç�Ü�é�Ø���´�Ö�ç�Ü�â�á���›�¶�´�œ�Ÿ���ê�Û�Ü�Ö�Û���Ü�æ���ç�Û�Ø���Ô�Ö�ç�Ü�â�á���ç�Û�Ø���æ�Ü�ç�Ø���ç�Ô�Þ�Ø�æ���ç�â���Ô�×�×�å�Ø�æ�æ���ç�Û�Ø���×�Ø�é�Ü�Ô�ç�Ü�â�á�¡

�¸�ë�Ô�à�ã�ß�Ø�æ���â�Ù���Ö�â�å�å�Ø�Ö�ç�Ü�é�Ø���Ô�Ö�ç�Ü�â�á�æ���Ü�á�Ö�ß�è�×�Ø���›�Õ�è�ç���Ô�å�Ø���á�â�ç���ß�Ü�à�Ü�ç�Ø�×���ç�â�œ�­���á�â�ç�Ü�Ù�ì�Ü�á�Ú���ç�Û�Ø���Ô�Ù�Ù�Ø�Ö�ç�Ø�×
�ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç�›�æ�œ���Ô�á�×���ã�å�â�ç�â�Ö�â�ß���ç�Ø�Ô�à�®���å�Ø� �Ö�â�á�æ�Ø�á�ç�Ü�á�Ú���ç�Û�Ø���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç�›�æ�œ�®���Ö�â�à�ã�ß�Ø�ç�Ü�á�Ú���à�Ü�æ�æ�Ø�×
�ã�å�â�Ö�Ø�×�è�å�Ø�æ�®���å�Ø�ã�Ø�Ô�ç�Ü�á�Ú���ß�Ô�Õ�â�å�Ô�ç�â�å�ì���ç�Ø�æ�ç�æ�®���Ö�â�à�ã�ß�Ø�ç�Ü�á�Ú���Ô�×�×�Ü�ç�Ü�â�á�Ô�ß���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç���à�â�á�Ü�ç�â�å�Ü�á�Ú���â�å
�à�Ô�á�Ô�Ú�Ø�à�Ø�á�ç���ã�å�â�Ö�Ø�×�è�å�Ø�æ�®���Ô�á�×�¢�â�å���×�Ø�æ�ç�å�â�ì�Ü�á�Ú���æ�ã�Ø�Ö�Ü�à�Ø�á�æ���Ö�â�ß�ß�Ø�Ö�ç�Ø�×���Ü�á���Ø�å�å�â�å�¡

�� �Ã�å�Ø�é�Ø�á�ç�Ü�é�Ø���´�Ö�ç�Ü�â�á���›�Ã�´�œ�Ÿ���ê�Û�Ü�Ö�Û���Ü�æ���ç�Û�Ø���Ô�Ö�ç�Ü�â�á���ç�Û�Ø���æ�Ü�ç�Ø���ç�Ô�Þ�Ø�æ���Ü�á���Ô�ç�ç�Ø�à�ã�ç���ç�â���ã�å�Ø�é�Ø�á�ç���å�Ø�Ö�è�å�å�Ø�á�Ö�Ø
�â�Ù���ç�Û�Ø���ã�å�â�×�è�Ö�ç���â�å���ä�è�Ô�ß�Ü�ç�ì���ã�å�â�Õ�ß�Ø�à���à�â�é�Ü�á�Ú���Ù�â�å�ê�Ô�å�×�¡���¸�ë�Ô�à�ã�ß�Ø�æ���â�Ù���ã�å�Ø�é�Ø�á�ç�Ü�é�Ø���Ô�Ö�ç�Ü�â�á�æ���Ü�á�Ö�ß�è�×�Ø
�›�Õ�è�ç���Ô�å�Ø���á�â�ç���ß�Ü�à�Ü�ç�Ø�×���ç�â�œ�­���×�Ü�æ�Ö�è�æ�æ�Ü�â�á���â�Ù���ç�Û�Ø���×�Ø�é�Ü�Ô�ç�Ü�â�á���ê�Ü�ç�Û���å�Ø�ß�Ø�é�Ô�á�ç���æ�ç�è�×�ì���æ�ç�Ô�Ù�Ù�Ÿ���å�Ø�Ù�å�Ø�æ�Û�Ø�å
�ç�å�Ô�Ü�á�Ü�á�Ú���â�Ù���æ�ç�è�×�ì���æ�ç�Ô�Ù�Ù�®���å�Ø�é�Ü�Ø�ê���Ô�á�×�¢�â�å���å�Ø�é�Ü�æ�Ü�â�á���â�Ù���×�â�Ö�è�à�Ø�á�ç�æ���â�è�ç�ß�Ü�á�Ü�á�Ú���Æ�ç�Ô�á�×�Ô�å�×���Â�ã�Ø�å�Ô�ç�Ü�á�Ú
�Ã�å�â�Ö�Ø�×�è�å�Ø�æ���›�Æ�Â�Ã�æ�œ���â�å���â�ç�Û�Ø�å���æ�ç�è�×�ì���Ü�à�ã�ß�Ø�à�Ø�á�ç�Ô�ç�Ü�â�á���à�Ô�ç�Ø�å�Ü�Ô�ß�æ�®���×�Ø�é�Ø�ß�â�ã�à�Ø�á�ç���â�Ù���á�Ø�ê���æ�ç�è�×�ì
�Ü�à�ã�ß�Ø�à�Ø�á�ç�Ô�ç�Ü�â�á���à�Ô�ç�Ø�å�Ü�Ô�ß�æ�®���Ü�à�ã�ß�Ø�à�Ø�á�ç�Ô�ç�Ü�â�á���â�Ù���Ô�×�×�Ü�ç�Ü�â�á�Ô�ß���Ö�â�à�à�è�á�Ü�Ö�Ô�ç�Ü�â�á�Ÿ���Ä�è�Ô�ß�Ü�ç�ì���¶�â�á�ç�å�â�ß
�›�Ä�¶�œ�¢���Ä�è�Ô�ß�Ü�ç�ì���´�æ�æ�è�å�Ô�á�Ö�Ø���›�Ä�´�œ�Ÿ���â�å���â�é�Ø�å�æ�Ü�Ú�Û�ç�¢�æ�è�ã�Ø�å�é�Ü�æ�â�å�ì���ã�å�â�Ö�Ø�×�è�å�Ø�æ�®���Ö�Û�Ô�á�Ú�Ø�æ���Ü�á���×�Ô�ì� 
�ç�â� �×�Ô�ì���ê�â�å�Þ���â�ê�®���Ô�á�×�¢�â�å���Ö�Û�Ô�á�Ú�Ø�æ���Ü�á���Ú�Ø�á�Ø�å�Ô�ß���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç���à�Ô�á�Ô�Ú�Ø�à�Ø�á�ç���â�å���ß�Ô�Õ�â�å�Ô�ç�â�å�ì
�ã�å�â�Ö�Ø�×�è�å�Ø�æ�¡

�ç �Å�Ø�à�â�ç�Ø�­���º�Ø�â�Ú�å�Ô�ã�Û�Ü�Ö�Ô�ß�ß�ì���æ�Ø�ã�Ô�å�Ô�ç�Ø�×���Ù�å�â�à���ç�Û�Ø���å�Ø�æ�Ø�Ô�å�Ö�Û���æ�Ü�ç�Ø���Ô�×�à�Ü�á�Ü�æ�ç�Ø�å�Ü�á�Ú���ç�Û�Ø���Ö�ß�Ü�á�Ü�Ö�Ô�ß���ç�å�Ü�Ô�ß�¡

�Ã�Ô�á�×�Ø�à�Ü�Ö� �Å�Ø�ß�Ô�ç�Ø�×���Ç�Ü�à�Ø���Ã�Ø�å�Ü�â�×�æ
�ç �Ã�å�Ø� �¶�Â�É�¼�·�­���½�Ô�á�è�Ô�å�ì���¥�£�¤�¨���ç�Û�å�â�è�Ú�Û���·�Ø�Ö�Ø�à�Õ�Ø�å���¥�£�¤�¬�¡
�ç �¼�à�à�Ø�×�Ü�Ô�ç�Ø�ß�ì���Ã�å�Ø� �¶�Â�É�¼�·�­���½�Ô�á�è�Ô�å�ì���Ô�á�×���¹�Ø�Õ�å�è�Ô�å�ì���â�Ù���¥�£�¥�£�¡
�ç �¹�Ü�å�æ�ç���Ê�Ô�é�Ø�­���À�Ô�å�Ö�Û���Ô�á�×���´�ã�å�Ü�ß���â�Ù���¥�£�¥�£�¡
�ç �Ã�â�æ�ç� �¹�Ü�å�æ�ç���Ê�Ô�é�Ø�­���À�Ô�ì���¥�£�¥�£���ç�â���À�Ô�ì���¥�£�¥�¥�¡

�Á�â�ç�Ø�­���´�ß�ß���ä�è�Ø�æ�ç�Ü�â�á�æ���å�Ø�Ù�Ø�å���ç�â���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á�Ô�ß���Ô�á�ç�Ü� �Ö�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���›�ã�Û�Ô�æ�Ø���¤�Ÿ���¥���â�å���¦�œ���Ü�á�é�â�ß�é�Ü�á�Ú���Ô�á�ì��
�à�â�×�Ô�ß�Ü�ç�ì���›�Ø�¡�Ú�¡�Ÿ���æ�ì�æ�ç�Ø�à�Ü�Ö���ç�Û�Ø�å�Ô�ã�ì���Î�Ö�ì�ç�â�ç�â�ë�Ü�Ö�Ÿ���Ü�à�à�è�á�Ø�Ÿ���Û�â�å�à�â�á�Ô�ß�Ÿ���ç�Ô�å�Ú�Ø�ç�Ø�×�Ÿ���Ø�ç�Ö�¡�Ð�Ÿ���æ�è�å�Ú�Ø�å�ì�Ÿ���å�Ô�×�Ü�Ô�ç�Ü�â�á�Ÿ��
�Ø�ç�Ö�¡�œ���æ�ã�â�á�æ�â�å�Ø�×���Õ�ì���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á���ç�Û�Ô�ç���Ô�å�Ø�¢�ê�Ø�å�Ø���â�ã�Ø�á���Ü�á���ç�Û�Ø���È�á�Ü�ç�Ø�×���Æ�ç�Ô�ç�Ø�æ�¡

�µ�Ø�Ú�Ü�á���Æ�è�å�é�Ø�ì�­

�Æ�Ø�Ö�ç�Ü�â�á���¤���Ý���¶�Ô�á�Ö�Ø�å���Ç�å�Ø�Ô�ç�à�Ø�á�ç���Ç�å�Ü�Ô�ß���Ã�â�å�ç�Ù�â�ß�Ü�â
�¶�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���è�á�×�Ø�å�ê�Ô�ì���Ü�à�à�Ø�×�Ü�Ô�ç�Ø�ß�ì���ã�å�Ø� �¶�Â�É�¼�·� �¤�¬���ã�Ô�á�×�Ø�à�Ü�Ö���›�½�Ô�á�è�Ô�å�ì���Ô�á�×���¹�Ø�Õ�å�è�Ô�å�ì���¥�£�¥�£�œ

�¤�¡ �»�â�ê���à�Ô�á�ì���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á�Ô�ß���Ã�Û�Ô�æ�Ø���¤���Ô�á�ç�Ü� �Ö�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���×�Ü�×���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á���Û�Ô�é�Ø���â�á�Ú�â�Ü�á�Ú���Ü�á
�½�Ô�á�è�Ô�å�ì���¥�£�¥�£�²
� ç � £
�ç �¤� �¥
�ç �¦� �¨
�ç �©� �¤�£
�ç �¤�¤� �¥�£
�ç �¥�£� �¨�£
�ç �À�â�å�Ø���ç�Û�Ô�á���¨�£



113

IN
N

O
V

A
T

IV
E

 D
R

U
G

 D
E

V
E

L
O

P
M

E
N

T
: E

V
A

L
U

A
T

IN
G

 L
E

S
S

O
N

S
 L

E
A

R
N

E
D

 T
O

 IN
F

O
R

M
 C

O
N

T
IN

U
E

D
 P

R
O

G
R

E
S

S

�¥�¡ �»�â�ê���à�Ô�á�ì���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á�Ô�ß���Ã�Û�Ô�æ�Ø���¥���Ô�á�ç�Ü� �Ö�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���×�Ü�×���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á���Û�Ô�é�Ø���â�á�Ú�â�Ü�á�Ú���Ü�á
�½�Ô�á�è�Ô�å�ì���¥�£�¥�£�²
� ç � £
�ç �¤� �¥
�ç �¦� �¨
�ç �©� �¤�£
�ç �¤�¤� �¥�£
�ç �¥�£� �¨�£
�ç �À�â�å�Ø���ç�Û�Ô�á���¨�£

�¦�¡ �»�â�ê���à�Ô�á�ì���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á�Ô�ß���Ã�Û�Ô�æ�Ø���¦���Ô�á�ç�Ü� �Ö�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���×�Ü�×���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á���Û�Ô�é�Ø���â�á�Ú�â�Ü�á�Ú���Ü�á
�½�Ô�á�è�Ô�å�ì���¥�£�¥�£�²
� ç � £
�ç �¤� �¥
�ç �¦� �¨
�ç �©� �¤�£
�ç �¤�¤� �¥�£
�ç �¥�£� �¨�£
�ç �À�â�å�Ø���ç�Û�Ô�á���¨�£

�¶�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���â�ã�Ø�á�Ø�×���×�è�å�Ü�á�Ú���ç�Û�Ø���¶�Â�É�¼�·� �¤�¬���ã�Ô�á�×�Ø�à�Ü�Ö���›�À�Ô�å�Ö�Û���¥�£�¥�£���ç�â���À�Ô�ì���¥�£�¥�¥�œ

�§�¡ �»�â�ê���à�Ô�á�ì���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á�Ô�ß���Ã�Û�Ô�æ�Ø���¤���Ô�á�ç�Ü� �Ö�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���Û�Ô�æ���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á���â�ã�Ø�á�Ø�×���æ�Ü�á�Ö�Ø
�À�Ô�å�Ö�Û���¥�£�¥�£�²
� ç � £
�ç �¤� �¥
�ç �¦� �¨
�ç �©� �¤�£
�ç �¤�¤� �¥�£
�ç �¥�£� �¨�£
�ç �À�â�å�Ø���ç�Û�Ô�á���¨�£

�¨�¡ �»�â�ê���à�Ô�á�ì���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á�Ô�ß���Ã�Û�Ô�æ�Ø���¥���Ô�á�ç�Ü� �Ö�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���Û�Ô�æ���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á���â�ã�Ø�á�Ø�×���æ�Ü�á�Ö�Ø
�À�Ô�å�Ö�Û���¥�£�¥�£�²
� ç � £
�ç �¤� �¥
�ç �¦� �¨
�ç �©� �¤�£
�ç �¤�¤� �¥�£
�ç �¥�£� �¨�£
�ç �À�â�å�Ø���ç�Û�Ô�á���¨�£

�©�¡ �»�â�ê���à�Ô�á�ì���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á�Ô�ß���Ã�Û�Ô�æ�Ø���¦���Ô�á�ç�Ü� �Ö�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���Û�Ô�æ���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á���â�ã�Ø�á�Ø�×���æ�Ü�á�Ö�Ø
�À�Ô�å�Ö�Û���¥�£�¥�£�²
� ç � £
�ç �¤� �¥
�ç �¦� �¨
�ç �©� �¤�£
�ç �¤�¤� �¥�£
�ç �¥�£� �¨�£
�ç �À�â�å�Ø���ç�Û�Ô�á���¨�£



F R I E N D S  O F  C A N C E R  R E S E A R C H114

�¶�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���è�á�×�Ø�å�ê�Ô�ì���×�è�å�Ü�á�Ú���ç�Û�Ø�����å�æ�ç���ê�Ô�é�Ø���â�Ù���ç�Û�Ø���¶�Â�É�¼�·� �¤�¬���ã�Ô�á�×�Ø�à�Ü�Ö���›�À�Ô�å�Ö�Û���Ô�á�×���´�ã�å�Ü�ß���â�Ù
�¥�£�¥�£�œ

�ª�¡ �»�â�ê���ê�â�è�ß�×���ì�â�è���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�í�Ø���ç�Û�Ø���Ü�à�ã�Ô�Ö�ç���â�Ù���ç�å�Ü�Ô�ß���Û�â�ß�×�æ���Ô�ç���æ�Ü�ç�Ø�æ���×�è�å�Ü�á�Ú���ç�Û�Ø�����å�æ�ç���ê�Ô�é�Ø���â�Ù���ç�Û�Ø
�ã�Ô�á�×�Ø�à�Ü�Ö���›�À�Ô�å�Ö�Û���¥�£�¥�£� �À�Ô�ì���¥�£�¥�£�œ���â�á���ç�Û�â�æ�Ø���ç�å�Ü�Ô�ß�æ�²
�ç �Á�â�á�Ø�¢�Ù�Ø�ê���›�£� �¥�¨�˜�œ���â�Ù���â�è�å���ç�å�Ü�Ô�ß�æ���ê�Ø�å�Ø���×�Ø�ß�Ô�ì�Ø�×���â�å���â�ç�Û�Ø�å�ê�Ü�æ�Ø���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Û�â�ß�×�æ
�ç �Æ�â�à�Ø���›�¥�©� �¨�£�˜�œ���â�Ù���â�è�å���ç�å�Ü�Ô�ß�æ���ê�Ø�å�Ø���×�Ø�ß�Ô�ì�Ø�×���â�å���â�ç�Û�Ø�å�ê�Ü�æ�Ø���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Û�â�ß�×�æ
�ç �À�â�æ�ç���›�¨�¤� �ª�¨�˜�œ���â�Ù���â�è�å���ç�å�Ü�Ô�ß�æ���ê�Ø�å�Ø���×�Ø�ß�Ô�ì�Ø�×���â�å���â�ç�Û�Ø�å�ê�Ü�æ�Ø���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Û�â�ß�×�æ
�ç �Á�Ø�Ô�å�ß�ì���Ô�ß�ß�¢�Ô�ß�ß���›�±�ª�©�˜�œ���â�Ù���â�è�å���ç�å�Ü�Ô�ß�æ���ê�Ø�å�Ø���×�Ø�ß�Ô�ì�Ø�×���â�å���â�ç�Û�Ø�å�ê�Ü�æ�Ø���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Û�â�ß�×�æ

�«�¡ �Ê�Û�Ô�ç���ê�Ô�æ���ç�Û�Ø���Ô�ã�ã�å�â�ë�Ü�à�Ô�ç�Ø���Ô�é�Ø�å�Ô�Ú�Ø���Û�â�ß�×���ç�Ü�à�Ø���Ô�ç���æ�Ü�ç�Ø�æ���×�è�å�Ü�á�Ú���ç�Û�Ø���À�Ô�å�Ö�Û���¥�£�¥�£� �À�Ô�ì���¥�£�¥�£
�ã�Ø�å�Ü�â�×�²���Ò�Ò�Ò���›�ê�Ø�Ø�Þ�æ�œ

�¬�¡ �»�â�ê���ê�â�è�ß�×���ì�â�è���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�í�Ø���ç�Û�Ø���Ü�à�ã�Ô�Ö�ç���â�Ù���ç�å�Ü�Ô�ß���Ö�ß�â�æ�è�å�Ø�æ���Ô�ç���æ�Ü�ç�Ø�æ���×�è�å�Ü�á�Ú���ç�Û�Ø�����å�æ�ç���ê�Ô�é�Ø���â�Ù���ç�Û�Ø
�ã�Ô�á�×�Ø�à�Ü�Ö���›�À�Ô�å�Ö�Û���¥�£�¥�£� �À�Ô�ì���¥�£�¥�£�œ���â�á���ç�Û�â�æ�Ø���ç�å�Ü�Ô�ß�æ�²
�ç �Á�â�á�Ø�¢�Ù�Ø�ê���›�£� �¥�¨�˜�œ���â�Ù���â�è�å���ç�å�Ü�Ô�ß�æ���ê�Ø�å�Ø���á�Ø�Ú�Ô�ç�Ü�é�Ø�ß�ì���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Ö�ß�â�æ�è�å�Ø�æ
�ç �Æ�â�à�Ø���›�¥�©� �¨�£�˜�œ���â�Ù���â�è�å���ç�å�Ü�Ô�ß�æ���ê�Ø�å�Ø���á�Ø�Ú�Ô�ç�Ü�é�Ø�ß�ì���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Ö�ß�â�æ�è�å�Ø�æ
�ç �À�â�æ�ç���›�¨�¤� �ª�¨�˜�œ���â�Ù���â�è�å���ç�å�Ü�Ô�ß�æ���ê�Ø�å�Ø���á�Ø�Ú�Ô�ç�Ü�é�Ø�ß�ì���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Ö�ß�â�æ�è�å�Ø�æ
�ç �Á�Ø�Ô�å�ß�ì���Ô�ß�ß�¢�Ô�ß�ß���›�±�ª�©�˜�œ���â�Ù���â�è�å���ç�å�Ü�Ô�ß�æ���ê�Ø�å�Ø���á�Ø�Ú�Ô�ç�Ü�é�Ø�ß�ì���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Ö�ß�â�æ�è�å�Ø�æ

�¤�£�¡�·�â���ì�â�è���Û�Ô�é�Ø���Ô�á�ì���Ô�×�×�Ü�ç�Ü�â�á�Ô�ß���Ö�â�à�à�Ø�á�ç�æ���å�Ø�Ú�Ô�å�×�Ü�á�Ú���ç�å�Ü�Ô�ß���Û�â�ß�×�æ���Ô�á�×���Ö�ß�â�æ�è�å�Ø�æ���×�è�å�Ü�á�Ú���ç�Û�Ø�����å�æ�ç
�ê�Ô�é�Ø���â�Ù���ç�Û�Ø���ã�Ô�á�×�Ø�à�Ü�Ö�²

�¶�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���è�á�×�Ø�å�ê�Ô�ì���ã�â�æ�ç� ���å�æ�ç���ê�Ô�é�Ø���â�Ù���ç�Û�Ø���¶�Â�É�¼�·� �¤�¬���ã�Ô�á�×�Ø�à�Ü�Ö���›�À�Ô�ì���¥�£�¥�£���ç�â���À�Ô�ì���¥�£�¥�¥�œ

�¤�¤�¡ �¶�â�à�ã�Ô�å�Ø�×���ç�â���ç�Û�Ø���À�Ô�å�Ö�Û���¥�£�¥�£� �À�Ô�ì���¥�£�¥�£���ã�Ø�å�Ü�â�×���›�ì�â�è�å���Ô�á�æ�ê�Ø�å���ç�â���ä�è�Ø�æ�ç�Ü�â�á���ª�œ�Ÿ���Û�â�ê���ê�â�è�ß�×���ì�â�è
�Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�í�Ø���ç�Û�Ø���Ü�à�ã�Ô�Ö�ç���â�Ù���ç�å�Ü�Ô�ß���Û�â�ß�×�æ���Ô�ç���æ�Ü�ç�Ø�æ���â�á���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á�à�æ���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á�Ô�ß���Ô�á�ç�Ü� 
�Ö�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���Ô�Ù�ç�Ø�å���À�Ô�ì���¥�£�¥�£���Ô�á�×���è�ã���ç�â���ç�Û�Ø���Ö�è�å�å�Ø�á�ç���×�Ô�ç�Ø�²
�ç �Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ç�å�Ü�Ô�ß�æ���×�Ø�ß�Ô�ì�Ø�×���â�å���â�ç�Û�Ø�å�ê�Ü�æ�Ø���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Û�â�ß�×�æ���ê�Ô�æ���à�è�Ö�Û���ß�â�ê�Ø�å
�ç �Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ç�å�Ü�Ô�ß�æ���×�Ø�ß�Ô�ì�Ø�×���â�å���â�ç�Û�Ø�å�ê�Ü�æ�Ø���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Û�â�ß�×�æ���ê�Ô�æ���æ�â�à�Ø�ê�Û�Ô�ç���ß�â�ê�Ø�å
�ç �Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ç�å�Ü�Ô�ß�æ���×�Ø�ß�Ô�ì�Ø�×���â�å���â�ç�Û�Ø�å�ê�Ü�æ�Ø���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Û�â�ß�×�æ���ê�Ô�æ���ç�Û�Ø���æ�Ô�à�Ø
�ç �Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ç�å�Ü�Ô�ß�æ���×�Ø�ß�Ô�ì�Ø�×���â�å���â�ç�Û�Ø�å�ê�Ü�æ�Ø���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Û�â�ß�×�æ���ê�Ô�æ���æ�â�à�Ø�ê�Û�Ô�ç���Û�Ü�Ú�Û�Ø�å
�ç �Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ç�å�Ü�Ô�ß�æ���×�Ø�ß�Ô�ì�Ø�×���â�å���â�ç�Û�Ø�å�ê�Ü�æ�Ø���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Û�â�ß�×�æ���ê�Ô�æ���à�è�Ö�Û���Û�Ü�Ú�Û�Ø�å

�¤�¥�¡ �¶�â�à�ã�Ô�å�Ø�×���ç�â���ç�Û�Ø���À�Ô�å�Ö�Û���¥�£�¥�£� �À�Ô�ì���¥�£�¥�£���ã�Ø�å�Ü�â�×���›�ì�â�è�å���Ô�á�æ�ê�Ø�å���ç�â���ä�è�Ø�æ�ç�Ü�â�á���¬�œ�Ÿ���Û�â�ê���ê�â�è�ß�×���ì�â�è
�Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�í�Ø���ç�Û�Ø���Ü�à�ã�Ô�Ö�ç���â�Ù���ç�å�Ü�Ô�ß���Ö�ß�â�æ�è�å�Ø�æ���Ô�ç���æ�Ü�ç�Ø�æ���â�á���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á�à�æ���Ü�á�ç�Ø�å�é�Ø�á�ç�Ü�â�á�Ô�ß���Ô�á�ç�Ü� 
�Ö�Ô�á�Ö�Ø�å���ç�å�Ü�Ô�ß�æ���Ô�Ù�ç�Ø�å���À�Ô�ì���¥�£�¥�£���Ô�á�×���è�ã���ç�â���ç�Û�Ø���Ö�è�å�å�Ø�á�ç���×�Ô�ç�Ø�²
�ç �Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ç�å�Ü�Ô�ß�æ���á�Ø�Ú�Ô�ç�Ü�é�Ø�ß�ì���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Ö�ß�â�æ�è�å�Ø�æ���ê�Ô�æ���à�è�Ö�Û���ß�â�ê�Ø�å
�ç �Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ç�å�Ü�Ô�ß�æ���á�Ø�Ú�Ô�ç�Ü�é�Ø�ß�ì���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Ö�ß�â�æ�è�å�Ø�æ���ê�Ô�æ���æ�â�à�Ø�ê�Û�Ô�ç���ß�â�ê�Ø�å
�ç �Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ç�å�Ü�Ô�ß�æ���á�Ø�Ú�Ô�ç�Ü�é�Ø�ß�ì���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Ö�ß�â�æ�è�å�Ø�æ���ê�Ô�æ���ç�Û�Ø���æ�Ô�à�Ø
�ç �Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ç�å�Ü�Ô�ß�æ���á�Ø�Ú�Ô�ç�Ü�é�Ø�ß�ì���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Ö�ß�â�æ�è�å�Ø�æ���ê�Ô�æ���æ�â�à�Ø�ê�Û�Ô�ç���Û�Ü�Ú�Û�Ø�å
�ç �Ç�Û�Ø���ã�Ø�å�Ö�Ø�á�ç�Ô�Ú�Ø���â�Ù���ç�å�Ü�Ô�ß�æ���á�Ø�Ú�Ô�ç�Ü�é�Ø�ß�ì���Ü�à�ã�Ô�Ö�ç�Ø�×���Õ�ì���Ö�ß�â�æ�è�å�Ø�æ���ê�Ô�æ���à�è�Ö�Û���Û�Ü�Ú�Û�Ø�å

�¤�¦�¡ �·�â���ì�â�è���Û�Ô�é�Ø���Ô�á�ì���Ô�×�×�Ü�ç�Ü�â�á�Ô�ß���Ö�â�à�à�Ø�á�ç�æ���å�Ø�Ú�Ô�å�×�Ü�á�Ú���ç�å�Ü�Ô�ß���Û�â�ß�×�æ���Ô�á�×���Ö�ß�â�æ�è�å�Ø�æ���Ù�å�â�à���À�Ô�ì���¥�£�¥�£���ç�â
�À�Ô�ì���¥�£�¥�¥�²

�Æ�Ø�Ö�ç�Ü�â�á���¥���Ý���Â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á�Ô�ß���·�Ø���á�Ü�ç�Ü�â�á�æ

�¤�§�¡�Ã�ß�Ø�Ô�æ�Ø���ã�å�â�é�Ü�×�Ø���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á�à�æ���×�Ø���á�Ü�ç�Ü�â�á���â�Ù���Ô���â�à�Ô�Ý�â�å���Ã�·�ã���›�æ�â�à�Ø�ç�Ü�à�Ø�æ���Ö�Ô�ß�ß�Ø�×���Ô���â�æ�Ø�å�Ü�â�è�æ
�Ã�·�ã�œ�­���Ò�Ò�Ò

�¤�¨�¡�Ê�Û�Ô�ç���ç�ì�ã�Ø�æ���â�Ù���à�Ô�Ý�â�å�Ÿ���æ�Ü�Ú�á�Ü���Ö�Ô�á�ç�Ÿ���â�å���æ�Ø�å�Ü�â�è�æ���Ã�·�æ���Û�Ô�é�Ø���Õ�Ø�Ø�á���ç�Û�Ø���à�â�æ�ç���Ö�â�à�à�â�á���×�è�å�Ü�á�Ú���ç�Û�Ø
�¶�Â�É�¼�·� �¤�¬���ã�Ô�á�×�Ø�à�Ü�Ö�²���Ò�Ò�Ò
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�¤�©�¡ �Ã�ß�Ø�Ô�æ�Ø���ã�å�â�é�Ü�×�Ø���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á�à�æ���×�Ø���á�Ü�ç�Ü�â�á���â�Ù���Ô���â�à�Ü�á�â�å���Ã�·�ã�­�Ò�Ò�Ò

�¤�ª�¡ �Ê�Û�Ô�ç���ç�ì�ã�Ø�æ���â�Ù���à�Ü�á�â�å���Ã�·�æ���Û�Ô�é�Ø���Õ�Ø�Ø�á���à�â�æ�ç���Ö�â�à�à�â�á���×�è�å�Ü�á�Ú���ç�Û�Ø���¶�Â�É�¼�·� �¤�¬���ã�Ô�á�×�Ø�à�Ü�Ö�²���Ò�Ò�Ò

�Æ�Ø�Ö�ç�Ü�â�á���¦���Ý���Ã�å�Ø� �¶�Â�É�¼�·� �¤�¬���Ã�·�æ��

�¤�«�¡ �·�è�å�Ü�á�Ú���ç�Û�Ø���ã�å�Ø� �¶�Â�É�¼�·� �¤�¬���ã�Ø�å�Ü�â�×���›�½�Ô�á�è�Ô�å�ì���¥�£�¤�¨���ç�Û�å�â�è�Ú�Û���·�Ø�Ö�Ø�à�Õ�Ø�å���¥�£�¤�¬�œ�Ÿ���×�Ü�×���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á
�ç�ì�ã�Ü�Ö�Ô�ß�ß�ì���Ö�Ô�ç�Ø�Ú�â�å�Ü�í�Ø���Ø�ß�Ü�Ú�Ü�Õ�Ü�ß�Ü�ç�ì���Ô�á�×���Ö�â�á�æ�Ø�á�ç���Ü�æ�æ�è�Ø�æ���Ô�æ���Ã�·�æ�²���¸�¡�Ú�¡�Ÿ���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç���×�Ü�×���á�â�ç���à�Ø�Ø�ç
�Ø�ß�Ü�Ú�Ü�Õ�Ü�ß�Ü�ç�ì���Ö�å�Ü�ç�Ø�å�Ü�Ô�Ÿ���Ü�á�Ö�â�å�å�Ø�Ö�ç���â�å���Ü�á�Ö�â�à�ã�ß�Ø�ç�Ø���Ü�á�Ù�â�å�à�Ø�×���Ö�â�á�æ�Ø�á�ç���Ù�â�å�à�¢�ã�å�â�Ö�Ø�æ�æ�Ÿ���â�å���å�Ø� �Ö�â�á�æ�Ø�á�ç���á�â�ç
�â�Õ�ç�Ô�Ü�á�Ø�×���Ô�æ���å�Ø�ä�è�Ü�å�Ø�×�¡
�ç �Ì�Ø�æ
�ç �Á�â

�¤�¬�¡ �·�è�å�Ü�á�Ú���ç�Û�Ø���ã�å�Ø� �¶�Â�É�¼�·� �¤�¬���ã�Ø�å�Ü�â�×���›�½�Ô�á�è�Ô�å�ì���¥�£�¤�¨� �·�Ø�Ö�Ø�à�Õ�Ø�å���¥�£�¤�¬�œ�Ÿ���ê�Û�Ü�Ö�Û���â�Ù���ç�Û�Ø���Ù�â�ß�ß�â�ê�Ü�á�Ú
�Ø�ß�Ü�Ú�Ü�Õ�Ü�ß�Ü�ç�ì���â�å���Ö�â�á�æ�Ø�á�ç� �å�Ø�ß�Ô�ç�Ø�×���Ö�Û�Ô�á�Ú�Ø�æ���ç�â���Ô���ã�Ô�ç�Ü�Ø�á�ç�à�æ���ã�å�â�ç�â�Ö�â�ß� �æ�ã�Ø�Ö�Ü���Ø�×���ç�å�Ø�Ô�ç�à�Ø�á�ç���ã�ß�Ô�á���ê�Ø�å�Ø
�ç�ì�ã�Ü�Ö�Ô�ß�ß�ì���×�Ø���á�Ø�×���Ô�æ���Ô���Ã�·�²���Î�æ�Ø�ß�Ø�Ö�ç���Ô�ß�ß���ç�Û�Ô�ç���Ô�ã�ã�ß�ì�Ð
�ç �Ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç���×�Ü�×���á�â�ç���à�Ø�Ø�ç���Ø�ß�Ü�Ú�Ü�Õ�Ü�ß�Ü�ç�ì���Ö�å�Ü�ç�Ø�å�Ü�Ô
�ç �¼�á�Ö�â�å�å�Ø�Ö�ç���â�å���Ü�á�Ö�â�à�ã�ß�Ø�ç�Ø���Ü�á�Ù�â�å�à�Ø�×���Ö�â�á�æ�Ø�á�ç���›�¼�¶�œ���Ù�â�å�à�¢�ã�å�â�Ö�Ø�æ�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú�­

�� �¶�â�á�æ�Ø�á�ç���Ù�â�å�à���×�â�Ö�è�à�Ø�á�ç���á�â�ç���æ�Ü�Ú�á�Ø�×�¢�×�Ô�ç�Ø�×���Õ�ì���æ�ç�è�×�ì���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç���â�å���ã�Ô�å�Ø�á�ç�¢�ß�Ø�Ú�Ô�ß�ß�ì
�Ô�è�ç�Û�â�å�Ü�í�Ø�×���å�Ø�ã�å�Ø�æ�Ø�á�ç�Ô�ç�Ü�é�Ø���›�Ü�Ù���Ô�ã�ã�ß�Ü�Ö�Ô�Õ�ß�Ø�œ�®���æ�Ü�Ú�á�Ø�×���Ü�á�Ö�â�å�å�Ø�Ö�ç���¼�Å�µ� �Ô�ã�ã�å�â�é�Ø�×���é�Ø�å�æ�Ü�â�á
�â�Ù���¼�¶���Ù�â�å�à�®���¼�¶���Ù�â�å�à���×�â�Ø�æ���á�â�ç���Ö�â�á�ç�Ô�Ü�á���Ô�ß�ß���å�Ø�ä�è�Ü�å�Ø�×���æ�Ü�Ú�á�Ô�ç�è�å�Ø�æ�®���¼�¶���Ù�â�å�à���æ�Ü�Ú�á�Ø�×���Ô�Ù�ç�Ø�å
�å�Ø�Ú�Ü�æ�ç�å�Ô�ç�Ü�â�á�¢�Ø�á�å�â�ß�ß�à�Ø�á�ç�®���æ�Ü�Ú�á�Ø�×���¼�¶���Ù�â�å�à���é�Ø�å�æ�Ü�â�á���ç�Û�Ô�ç���ê�Ô�æ���á�â�ç���ã�å�â�ç�â�Ö�â�ß���æ�ã�Ø�Ö�Ü���Ö�®���ã�Ô�ç�Ü�Ø�á�ç�¢
�æ�ç�è�×�ì���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç���æ�Ü�Ú�á�Ø�×���¼�¶���Ù�â�å�à���Ö�â�á�ç�Ô�Ü�á�Ü�á�Ú���Ö�Û�Ô�á�Ú�Ø�æ���á�â�ç���Ô�ã�ã�å�â�é�Ø�×���Õ�ì���ç�Û�Ø���¶�¼�Å�µ�¢�¼�Å�µ�®
�á�â�á� �¸�á�Ú�ß�Ü�æ�Û���æ�ã�Ø�Ô�Þ�Ø�å���æ�Ü�Ú�á�Ø�×���è�á�ç�å�Ô�á�æ�ß�Ô�ç�Ø�×���é�Ø�å�æ�Ü�â�á���â�Ù���¼�¶���Ù�â�å�à�®���â�å���×�Ü�×���á�â�ç���×�â�Ö�è�à�Ø�á�ç���¼�¶
�ã�å�â�Ö�Ø�æ�æ

�ç �Å�Ø� �Ö�â�á�æ�Ø�á�ç���á�â�ç���â�Õ�ç�Ô�Ü�á�Ø�×���Ô�æ���å�Ø�ä�è�Ü�å�Ø�×

�¥�£�¡ �·�è�å�Ü�á�Ú���ç�Û�Ø���ã�å�Ø� �¶�Â�É�¼�·� �¤�¬���ã�Ø�å�Ü�â�×���›�½�Ô�á�è�Ô�å�ì���¥�£�¤�¨� �·�Ø�Ö�Ø�à�Õ�Ø�å���¥�£�¤�¬�œ�Ÿ���ê�Û�Ü�Ö�Û���â�Ù���ç�Û�Ø���Ù�â�ß�ß�â�ê�Ü�á�Ú
�ç�å�Ø�Ô�ç�à�Ø�á�ç� �å�Ø�ß�Ô�ç�Ø�×���Ö�Û�Ô�á�Ú�Ø�æ���ç�â���Ô���ã�Ô�ç�Ü�Ø�á�ç�à�æ���ã�å�â�ç�â�Ö�â�ß� �æ�ã�Ø�Ö�Ü���Ø�×���ç�å�Ø�Ô�ç�à�Ø�á�ç���ã�ß�Ô�á���ê�Ø�å�Ø���ç�ì�ã�Ü�Ö�Ô�ß�ß�ì
�×�Ø���á�Ø�×���Ô�æ���Ô���Ã�·�²���Î�æ�Ø�ß�Ø�Ö�ç���Ô�ß�ß���ç�Û�Ô�ç���Ô�ã�ã�ß�ì�Ð
�ç �¹�Ô�Ü�ß�è�å�Ø���ç�â���Ù�â�ß�ß�â�ê���ç�å�Ü�Ô�ß���å�Ô�á�×�â�à�Ü�í�Ô�ç�Ü�â�á
�ç �¹�Ô�Ü�ß�è�å�Ø���ç�â���×�Ü�æ�Ö�â�á�ç�Ü�á�è�Ø���ç�å�Ø�Ô�ç�à�Ø�á�ç
�ç �´�×�à�Ü�á�Ü�æ�ç�å�Ô�ç�Ü�â�á���â�Ù���á�â�á� �ã�å�â�ç�â�Ö�â�ß���×�Ø���á�Ø�×���ç�Û�Ø�å�Ô�ã�ì���ç�â���ç�å�Ø�Ô�ç���æ�è�Õ�Ý�Ø�Ö�ç�à�æ���×�Ü�æ�Ø�Ô�æ�Ø���â�å���Ö�â�á�Ö�â�à�Ü�ç�Ô�á�ç

�à�Ø�×�Ü�Ö�Ô�ç�Ü�â�á���è�æ�Ø�×���ê�Ô�æ���á�â�ç���ã�Ø�å�à�Ü�ç�ç�Ø�×���ã�Ø�å���ã�å�â�ç�â�Ö�â�ß
�ç �Æ�´�¸���å�Ø�ã�â�å�ç�Ø�×���â�è�ç���â�Ù���ê�Ü�á�×�â�ê
�ç �·�â�æ�Ü�á�Ú���Ü�æ�æ�è�Ø�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���Ô�Ú�Ø�á�ç� �å�Ø�ß�Ô�ç�Ø�×���Ü�æ�æ�è�Ø�æ���Ô�á�×�­

�� �Æ�ç�è�×�ì���Ô�Ú�Ø�á�ç���Ô�×�à�Ü�á�Ü�æ�ç�Ø�å�Ø�×���ç�â���ê�å�â�á�Ú���ã�Ô�ç�Ü�Ø�á�ç�¢�æ�ç�è�×�ì���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç�®���Æ�ç�è�×�ì� �æ�è�ã�ã�ß�Ü�Ø�×���Ô�Ú�Ø�á�ç
�æ�è�Õ�æ�ç�Ü�ç�è�ç�Ø�×���ê�Ü�ç�Û���á�â�á� �æ�ç�è�×�ì� �æ�è�ã�ã�ß�Ü�Ø�×���Ô�Ú�Ø�á�ç�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���Ö�â�à�à�Ø�å�Ö�Ü�Ô�ß���Ô�Ú�Ø�á�ç�®���Æ�ç�è�×�ì���Ô�Ú�Ø�á�ç
�æ�ç�â�å�Ø�×���Ü�á�Ö�â�å�å�Ø�Ö�ç�ß�ì�®���Æ�ç�è�×�ì���Ô�Ú�Ø�á�ç���ã�å�Ø�ã�Ô�å�Ø�×���Ü�á�Ö�â�å�å�Ø�Ö�ç�ß�ì�®���Æ�ç�è�×�ì���Ô�Ú�Ø�á�ç���ã�å�Ø�æ�Ö�å�Ü�Õ�Ø�×���Õ�ì
�è�á�Ô�è�ç�Û�â�å�Ü�í�Ø�×���ã�å�Ø�æ�Ö�å�Ü�Õ�Ø�å

�ç �·�Ø�é�Ü�Ö�Ø� �å�Ø�ß�Ô�ç�Ø�×���Ü�æ�æ�è�Ø�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú�­
�� �Æ�ç�è�×�ì���×�Ø�é�Ü�Ö�Ø���Ô�×�à�Ü�á�Ü�æ�ç�Ø�å�Ø�×���ç�â���Ü�á�Ö�â�å�å�Ø�Ö�ç���æ�è�Õ�Ý�Ø�Ö�ç�®���Æ�ç�è�×�ì���×�Ø�é�Ü�Ö�Ø���à�Ô�ß�Ù�è�á�Ö�ç�Ü�â�á�®���â�å���Æ�ç�è�×�ì

�×�Ø�é�Ü�Ö�Ø���á�â�ç���å�Ø�ç�è�å�á�Ø�×

�¥�¤�¡ �·�è�å�Ü�á�Ú���ç�Û�Ø���ã�å�Ø� �¶�Â�É�¼�·� �¤�¬���ã�Ø�å�Ü�â�×���›�½�Ô�á�è�Ô�å�ì���¥�£�¤�¨� �·�Ø�Ö�Ø�à�Õ�Ø�å���¥�£�¤�¬�œ�Ÿ���ê�Û�Ü�Ö�Û���â�Ù���ç�Û�Ø���Ù�â�ß�ß�â�ê�Ü�á�Ú
�Ô�æ�æ�Ø�æ�æ�à�Ø�á�ç�Ÿ���ß�Ô�Õ�Ÿ���â�å���Ü�à�Ô�Ú�Ü�á�Ú� �å�Ø�ß�Ô�ç�Ø�×���Ö�Û�Ô�á�Ú�Ø�æ���ç�â���Ô���ã�Ô�ç�Ü�Ø�á�ç�à�æ���ã�å�â�ç�â�Ö�â�ß� �æ�ã�Ø�Ö�Ü���Ø�×���ç�å�Ø�Ô�ç�à�Ø�á�ç
�ã�ß�Ô�á���ê�Ø�å�Ø���ç�ì�ã�Ü�Ö�Ô�ß�ß�ì���×�Ø���á�Ø�×���Ô�æ���Ô���Ã�·�²���Î�æ�Ø�ß�Ø�Ö�ç���Ô�ß�ß���ç�Û�Ô�ç���Ô�ã�ã�ß�ì�Ð
�ç �Æ�Ö�Û�Ø�×�è�ß�Ø� �å�Ø�ß�Ô�ç�Ø�×���Ü�æ�æ�è�Ø�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú�­

�� �µ�Ô�æ�Ø�ß�Ü�á�Ø���Ô�æ�æ�Ø�æ�æ�à�Ø�á�ç�æ���Ô�å�Ø���â�è�ç���â�Ù���ê�Ü�á�×�â�ê�®���·�Ø�ß�Ô�ì�Ø�×���Ü�à�Ô�Ú�Ø���æ�è�Õ�à�Ü�æ�æ�Ü�â�á�®���Ç�Ü�à�Ü�á�Ú���â�Ù���¿�Ô�Õ�¢
�¼�à�Ô�Ú�Ø�¢�Ç�Ø�æ�ç�¢�Ã�å�â�Ö�Ø�×�è�å�Ø���á�â�ç���ã�Ø�å���ã�å�â�ç�â�Ö�â�ß

�ç �Ã�Û�ì�æ�Ü�Ö�Ô�ß���Ô�æ�æ�Ø�æ�æ�à�Ø�á�ç���×�Ø�é�Ü�Ô�ç�Ü�â�á
�ç �Ã�Ô�ç�Ü�Ø�á�ç���×�â�Ø�æ���á�â�ç���Û�Ô�é�Ø���Ô���æ�Ô�Ù�Ø�ç�ì���Ù�â�ß�ß�â�ê� �è�ã���Ô�æ���å�Ø�ä�è�Ü�å�Ø�×
�ç �¿�Ô�Õ�¢�¼�à�Ô�Ú�Ü�á�Ú�¢�Ç�Ø�æ�ç�¢�Ã�å�â�Ö�Ø�Ø�×�è�å�Ø���Ô�Ù�ç�Ø�å���ê�Ü�ç�Û�×�å�Ô�ê�Ô�ß���â�Ù���Ö�â�á�æ�Ø�á�ç
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�ç �¿�Ô�Õ�Ÿ���Ü�à�Ô�Ú�Ü�á�Ú�Ÿ���â�å���â�ç�Û�Ø�å���ç�Ø�æ�ç�¢�ã�å�â�Ö�Ø�×�è�å�Ø���á�â�ç���×�â�á�Ø
�ç �¼�à�Ô�Ú�Ü�á�Ú���ã�Ø�å�Ù�â�å�à�Ø�×���Õ�ì���Ô���á�â�á� �ä�è�Ô�ß�Ü���Ø�×���æ�Ü�ç�Ø
�ç �Â�ç�Û�Ø�å���Ü�à�Ô�Ú�Ü�á�Ú� �å�Ø�ß�Ô�ç�Ø�×���Ü�æ�æ�è�Ø�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú�­

�� �¼�á�Ö�â�å�å�Ø�Ö�ç���Ü�à�Ô�Ú�Ü�á�Ú���Ô�Ú�Ø�á�ç���Ô�×�à�Ü�á�Ü�æ�ç�Ø�å�Ø�×�®���Ü�á�Ö�â�å�å�Ø�Ö�ç���Ü�à�Ô�Ú�Ü�á�Ú���Ô�Ú�Ø�á�ç���×�â�æ�Ø���Ô�×�à�Ü�á�Ü�æ�ç�Ø�å�Ø�×�®
�¼�á�Ö�â�å�å�Ø�Ö�ç���Ü�á�Ý�Ø�Ö�ç�Ü�â�á���ç�â���æ�Ö�Ô�á���ç�Ü�à�Ø�®���¼�á�Ö�â�å�å�Ø�Ö�ç���Ü�à�Ô�Ú�Ü�á�Ú���à�â�×�Ô�ß�Ü�ç�ì�®���¼�á�Ö�â�à�ã�ß�Ø�ç�Ø���Ô�á�Ô�ç�â�à�Ü�Ö�Ô�ß
�Ö�â�é�Ø�å�Ô�Ú�Ø�®���¼�à�Ô�Ú�Ü�á�Ú���ã�Ô�å�Ô�à�Ø�ç�Ø�å�æ���á�â�ç���ã�Ø�å���ã�å�â�ç�â�Ö�â�ß�®���¼�à�Ô�Ú�Ø�æ���ß�â�æ�ç�¢�è�á�Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø�¢�Ö�â�å�å�è�ã�ç�®
�¼�à�Ô�Ú�Ø�æ���á�â�ç���æ�è�Õ�à�Ü�ç�ç�Ø�×�®���¸�ä�è�Ü�ã�à�Ø�á�ç���á�â�ç���Ö�å�Ø�×�Ø�á�ç�Ü�Ô�ß�Ø�×���ã�å�Ü�â�å���ç�â���Ü�à�Ô�Ú�Ü�á�Ú

�Æ�Ø�Ö�ç�Ü�â�á���§���Ý���É�â�ß�è�à�Ø���â�Ù���Ã�·�æ���×�è�å�Ü�á�Ú���¶�Â�É�¼�·� �¤�¬���Ã�Ô�á�×�Ø�à�Ü�Ö

�¥�¥�¡�»�â�ê���×�Ü�×���ç�Û�Ø���Ô�é�Ø�å�Ô�Ú�Ø���é�â�ß�è�à�Ø���â�Ù���Ã�·�æ���Ö�â�ß�ß�Ø�Ö�ç�Ø�×���×�è�å�Ü�á�Ú���ç�Û�Ø�����å�æ�ç���ê�Ô�é�Ø���â�Ù���ç�Û�Ø���ã�Ô�á�×�Ø�à�Ü�Ö���›�À�Ô�å�Ö�Û
�¥�£�¥�£���Ô�á�×���´�ã�å�Ü�ß���¥�£�¥�£�œ���Ö�â�à�ã�Ô�å�Ø���ç�â���ç�Û�Ø���ã�å�Ø� �ã�Ô�á�×�Ø�à�Ü�Ö���›�½�Ô�á�è�Ô�å�ì���¥�£�¤�¨� �·�Ø�Ö�Ø�à�Õ�Ø�å���¥�£�¤�¬�œ���é�â�ß�è�à�Ø�²
�ç �Æ�è�Õ�æ�ç�Ô�á�ç�Ü�Ô�ß���Ü�á�Ö�å�Ø�Ô�æ�Ø���Ô�Ù�ç�Ø�å���À�Ô�å�Ö�Û���¥�£�¥�£
�ç �À�â�×�Ø�å�Ô�ç�Ø���Ü�á�Ö�å�Ø�Ô�æ�Ø���Ô�Ù�ç�Ø�å���À�Ô�å�Ö�Û���¥�£�¥�£
�ç �Á�â���à�Ø�Ô�æ�è�å�Ô�Õ�ß�Ø���Ö�Û�Ô�á�Ú�Ø���Ô�Ù�ç�Ø�å���À�Ô�å�Ö�Û���¥�£�¥�£
�ç �À�â�×�Ø�å�Ô�ç�Ø���×�Ø�Ö�å�Ø�Ô�æ�Ø���Ô�Ù�ç�Ø�å���À�Ô�å�Ö�Û���¥�£�¥�£
�ç �Æ�è�Õ�æ�ç�Ô�á�ç�Ü�Ô�ß���×�Ø�Ö�å�Ø�Ô�æ�Ø���Ô�Ù�ç�Ø�å���À�Ô�å�Ö�Û���¥�£�¥�£

�¥�¦�¡�»�â�ê���×�Ü�×���ç�Û�Ø���Ô�é�Ø�å�Ô�Ú�Ø���é�â�ß�è�à�Ø���â�Ù���Ã�·�æ���Ö�â�ß�ß�Ø�Ö�ç�Ø�×���ã�â�æ�ç� ���å�æ�ç���ê�Ô�é�Ø���›�æ�ç�Ô�å�ç�Ü�á�Ú���À�Ô�ì���¤�Ÿ���¥�£�¥�£�œ���Ö�â�à�ã�Ô�å�Ø
�ç�â���ç�Û�Ø���ã�å�Ø� �ã�Ô�á�×�Ø�à�Ü�Ö���›�½�Ô�á�è�Ô�å�ì���¥�£�¤�¨� �·�Ø�Ö�Ø�à�Õ�Ø�å���¥�£�¤�¬�œ���é�â�ß�è�à�Ø�²
�ç �Æ�è�Õ�æ�ç�Ô�á�ç�Ü�Ô�ß���Ü�á�Ö�å�Ø�Ô�æ�Ø���ã�â�æ�ç� ���å�æ�ç���ê�Ô�é�Ø
�ç �À�â�×�Ø�å�Ô�ç�Ø���Ü�á�Ö�å�Ø�Ô�æ�Ø���ã�â�æ�ç� ���å�æ�ç���ê�Ô�é�Ø
�ç �Á�â���à�Ø�Ô�æ�è�å�Ô�Õ�ß�Ø���Ö�Û�Ô�á�Ú�Ø���ã�â�æ�ç� ���å�æ�ç���ê�Ô�é�Ø
�ç �À�â�×�Ø�å�Ô�ç�Ø���×�Ø�Ö�å�Ø�Ô�æ�Ø���ã�â�æ�ç� ���å�æ�ç���ê�Ô�é�Ø
�ç �Æ�è�Õ�æ�ç�Ô�á�ç�Ü�Ô�ß���×�Ø�Ö�å�Ø�Ô�æ�Ø���ã�â�æ�ç� ���å�æ�ç���ê�Ô�é�Ø

�¥�§�¡ �¶�â�à�ã�Ô�å�Ø�×���ç�â���ã�å�Ø� �ã�Ô�á�×�Ø�à�Ü�Ö���›�½�Ô�á�è�Ô�å�ì���¥�£�¤�¨���ç�Û�å�â�è�Ú�Û���·�Ø�Ö�Ø�à�Õ�Ø�å���¥�£�¤�¬�œ�Ÿ���Ü�á���À�Ô�ì���¥�£�¥�¥���Û�â�ê���Û�Ô�×
�ç�Û�Ø���Ô�é�Ø�å�Ô�Ú�Ø���á�è�à�Õ�Ø�å���â�Ù���æ�Ü�Ú�á�Ü���Ö�Ô�á�ç�¢�æ�Ø�å�Ü�â�è�æ���Ã�·�æ���Ö�Û�Ô�á�Ú�Ø�×���å�Ø�ß�Ô�ç�Ü�é�Ø���ç�â���ç�Û�Ø���Ô�é�Ø�å�Ô�Ú�Ø���á�è�à�Õ�Ø�å���â�Ù
�à�Ü�á�â�å���Ã�·�æ�²
�ç �¼�á�Ö�å�Ø�Ô�æ�Ø�×
�ç �Å�Ø�à�Ô�Ü�á�Ø�×���æ�ç�Ô�Õ�ß�Ø
�ç �·�Ø�Ö�å�Ø�Ô�æ�Ø�×

�Æ�Ø�Ö�ç�Ü�â�á���¨���Ý���Ã�·���À�Ü�ç�Ü�Ú�Ô�ç�Ü�â�á���Æ�ç�å�Ô�ç�Ø�Ú�Ü�Ø�æ

�¥�¨�¡ �Ê�Û�Ü�Ö�Û���â�Ù���ç�Û�Ø���Ù�â�ß�ß�â�ê�Ü�á�Ú���à�Ü�ç�Ü�Ú�Ô�ç�Ü�â�á���æ�ç�å�Ô�ç�Ø�Ú�Ü�Ø�æ���Û�Ô�×���Á�Â�Ç���Õ�Ø�Ø�á���Ø�à�ã�ß�â�ì�Ø�×���ã�å�Ø� �¶�Â�É�¼�·� �¤�¬
�ã�Ô�á�×�Ø�à�Ü�Ö���›�½�Ô�á�è�Ô�å�ì���¥�£�¤�¨���ç�Û�å�â�è�Ú�Û���·�Ø�Ö�Ø�à�Õ�Ø�å���¥�£�¤�¬�œ���Ô�á�×���ê�Ø�å�Ø���Ü�á�ç�å�â�×�è�Ö�Ø�×���Ü�à�à�Ø�×�Ü�Ô�ç�Ø�ß�ì���ã�å�Ü�â�å���ç�â
�â�å���×�è�å�Ü�á�Ú���ç�Û�Ø���ã�Ô�á�×�Ø�à�Ü�Ö���›�½�Ô�á�è�Ô�å�ì���¥�£�¥�£���ç�â���À�Ô�ì���¥�£�¥�¥�œ�Ÿ���Ô�ç���ß�Ø�Ô�æ�ç���Ü�á���ã�Ô�å�ç���ç�â���×�Ø�Ö�å�Ø�Ô�æ�Ø���ç�Û�Ø���á�è�à�Õ�Ø�å
�â�Ù���Ã�·�æ�²���Î�æ�Ø�ß�Ø�Ö�ç���Ô�ß�ß���ç�Û�Ô�ç���Ô�ã�ã�ß�ì�Ð
�ç �Å�Ø�à�â�ç�Ø���ã�å�Ø� �æ�Ö�å�Ø�Ø�á�Ü�á�Ú���Ù�â�å���Ø�ß�Ü�Ú�Ü�Õ�Ü�ß�Ü�ç�ì
�ç �Å�Ø�à�â�ç�Ø���å�Ø�Ö�å�è�Ü�ç�à�Ø�á�ç�¢�ç�å�Ü�Ô�ß���Ø�×�è�Ö�Ô�ç�Ü�â�á���Ô�á�×���Ö�â�è�á�æ�Ø�ß�Ü�á�Ú
�ç �¸� �Ö�â�á�æ�Ø�á�ç�Ü�á�Ú�¢�å�Ø�à�â�ç�Ø���Ü�á�Ù�â�å�à�Ø�×���Ö�â�á�æ�Ø�á�ç
�ç �Å�Ø�à�â�ç�Ø���å�â�è�ç�Ü�á�Ø���ß�Ô�Õ���ç�Ø�æ�ç�Ü�á�Ú
�ç �Å�Ø�à�â�ç�Ø���æ�ç�è�×�ì� �æ�ã�Ø�Ö�Ü���Ö���ß�Ô�Õ���ç�Ø�æ�ç�Ü�á�Ú
�ç �Å�Ø�à�â�ç�Ø���æ�ç�è�×�ì� �å�Ø�ä�è�Ü�å�Ø�×���Õ�Ü�â�ã�æ�Ü�Ø�æ
�ç �Å�Ø�à�â�ç�Ø���æ�ì�à�ã�ç�â�à���à�â�á�Ü�ç�â�å�Ü�á�Ú���Ù�â�å���Ô�×�é�Ø�å�æ�Ø���Ø�é�Ø�á�ç�æ
�ç �Å�Ø�à�â�ç�Ø���×�Ü�æ�ç�å�Ü�Õ�è�ç�Ü�â�á���â�Ù���â�å�Ô�ß���Ô�á�ç�Ü�Ö�Ô�á�Ö�Ø�å���ç�Û�Ø�å�Ô�ã�ì
�ç �¼�É���Ô�×�à�Ü�á�Ü�æ�ç�å�Ô�ç�Ü�â�á���â�Ù���Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß���ç�å�Ø�Ô�ç�à�Ø�á�ç���â�è�ç�æ�Ü�×�Ø���â�Ù���Ü�á�é�Ø�æ�ç�Ü�Ú�Ô�ç�Ü�â�á�Ô�ß���æ�Ü�ç�Ø
�ç �Å�Ø�à�â�ç�Ø���Ö�â�ß�ß�Ø�Ö�ç�Ü�â�á���â�Ù���ã�Ô�ç�Ü�Ø�á�ç� �å�Ø�ã�â�å�ç�Ø�×���â�è�ç�Ö�â�à�Ø�æ
�ç �Å�Ø�à�â�ç�Ø���Ü�à�Ô�Ú�Ü�á�Ú���›�æ�ç�è�×�ì� �å�Ø�ä�è�Ü�å�Ø�×���Õ�Ô�æ�Ø�ß�Ü�á�Ø���â�å���Ù�â�ß�ß�â�ê� �è�ã�œ
�ç �Å�Ø�à�â�ç�Ø���à�â�á�Ü�ç�â�å�Ü�á�Ú���â�Ù���ß�â�á�Ú� �ç�Ø�å�à���â�è�ç�Ö�â�à�Ø�æ
�ç �Â�ç�Û�Ø�å���›�ã�ß�Ø�Ô�æ�Ø���×�Ø�æ�Ö�å�Ü�Õ�Ø�œ
�ç �Á�â�á�Ø���â�Ù���ç�Û�Ø���Ô�Õ�â�é�Ø
�ç �Ã�ß�Ø�Ô�æ�Ø���×�Ø�æ�Ö�å�Ü�Õ�Ø���â�ç�Û�Ø�å���à�Ü�ç�Ü�Ú�Ô�ç�Ü�â�á���æ�ç�å�Ô�ç�Ø�Ú�Ü�Ø�æ���ç�Û�Ô�ç���ê�Ø�å�Ø���Ü�á�ç�å�â�×�è�Ö�Ø�×�­���Ò�Ò�Ò
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�¥�©�¡�Ê�Û�Ü�Ö�Û���â�Ù���ç�Û�Ø���Ù�â�ß�ß�â�ê�Ü�á�Ú���¶�â�å�å�Ø�Ö�ç�Ü�é�Ø���Ô�á�×���Ã�å�Ø�é�Ø�á�ç�Ô�ç�Ü�é�Ø���´�Ö�ç�Ü�â�á�æ���›�¶�´�Ã�´�œ���Û�Ô�×���Á�Â�Ç���Õ�Ø�Ø�á���Ø�à�ã�ß�â�ì�Ø�×
�ã�å�Ø� �¶�Â�É�¼�·� �¤�¬���ã�Ô�á�×�Ø�à�Ü�Ö���›�½�Ô�á�è�Ô�å�ì���¥�£�¤�¨���ç�Û�å�â�è�Ú�Û���·�Ø�Ö�Ø�à�Õ�Ø�å���¥�£�¤�¬�œ���Ô�á�×���ê�Ø�å�Ø���Ü�á�ç�å�â�×�è�Ö�Ø�×
�Ü�à�à�Ø�×�Ü�Ô�ç�Ø�ß�ì���ã�å�Ü�â�å���ç�â���â�å���×�è�å�Ü�á�Ú���ç�Û�Ø���ã�Ô�á�×�Ø�à�Ü�Ö���›�½�Ô�á�è�Ô�å�ì���¥�£�¥�£���ç�â���À�Ô�ì���¥�£�¥�¥�œ�Ÿ���Ô�ç���ß�Ø�Ô�æ�ç���Ü�á���ã�Ô�å�ç���ç�â
�×�Ø�Ö�å�Ø�Ô�æ�Ø���ç�Û�Ø���á�è�à�Õ�Ø�å���â�Ù���Ã�·�æ�²���Î�æ�Ø�ß�Ø�Ö�ç���Ô�ß�ß���ç�Û�Ô�ç���Ô�ã�ã�ß�ì�Ð
�ç �Á�â�ç�Ü�Ù�ì�Ü�á�Ú���ç�Û�Ø���Ô�Ù�Ù�Ø�Ö�ç�Ø�×���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç�›�æ�œ���Ô�á�×���ã�å�â�ç�â�Ö�â�ß���ç�Ø�Ô�à���â�Ù���ç�Û�Ø���×�Ø�é�Ü�Ô�ç�Ü�â�á
�ç �Å�Ø� �Ö�â�á�æ�Ø�á�ç�Ü�á�Ú���ç�Û�Ø���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç�æ
�ç �¶�â�à�ã�ß�Ø�ç�Ü�á�Ú���à�Ü�æ�æ�Ø�×���ã�å�â�Ö�Ø�×�è�å�Ø�æ
�ç �Å�Ø�ã�Ø�Ô�ç�Ü�á�Ú���ß�Ô�Õ�â�å�Ô�ç�â�å�ì���ç�Ø�æ�ç�æ
�ç �¶�â�à�ã�ß�Ø�ç�Ü�á�Ú���Ô�×�×�Ü�ç�Ü�â�á�Ô�ß���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç���à�â�á�Ü�ç�â�å�Ü�á�Ú���â�å���à�Ô�á�Ô�Ú�Ø�à�Ø�á�ç���ã�å�â�Ö�Ø�×�è�å�Ø�æ
�ç �·�Ø�æ�ç�å�â�ì�Ü�á�Ú���æ�ã�Ø�Ö�Ü�à�Ø�á�æ���Ö�â�ß�ß�Ø�Ö�ç�Ø�×���Ü�á���Ø�å�å�â�å
�ç �·�Ü�æ�Ö�è�æ�æ�Ü�â�á���â�Ù���×�Ø�é�Ü�Ô�ç�Ü�â�á�æ���ê�Ü�ç�Û���å�Ø�ß�Ø�é�Ô�á�ç���æ�ç�Ô�Ù�Ù
�ç �Å�Ø�Ù�å�Ø�æ�Û�Ø�å���ç�å�Ô�Ü�á�Ü�á�Ú���â�Ù���æ�ç�è�×�ì���æ�ç�Ô�Ù�Ù
�ç �Å�Ø�é�Ü�Ø�ê���Ô�á�×�¢�â�å���å�Ø�é�Ü�æ�Ü�â�á���â�Ù���Æ�ç�Ô�á�×�Ô�å�×���Â�ã�Ø�å�Ô�ç�Ü�á�Ú���Ã�å�â�Ö�Ø�×�è�å�Ø�æ���›�Æ�Â�Ã�æ�œ���â�å���â�ç�Û�Ø�å���æ�ç�è�×�ì

�Ü�à�ã�ß�Ø�à�Ø�á�ç�Ô�ç�Ü�â�á���à�Ô�ç�Ø�å�Ü�Ô�ß�æ
�ç �¼�à�ã�ß�Ø�à�Ø�á�ç�Ô�ç�Ü�â�á���â�Ù���Ô�×�×�Ü�ç�Ü�â�á�Ô�ß���Ö�â�à�à�è�á�Ü�Ö�Ô�ç�Ü�â�á
�ç �Ä�è�Ô�ß�Ü�ç�ì���¶�â�á�ç�å�â�ß���›�Ä�¶�œ�¢�Ä�è�Ô�ß�Ü�ç�ì���´�æ�æ�è�å�Ô�á�Ö�Ø���›�Ä�´�œ���â�å���â�é�Ø�å�æ�Ü�Ú�Û�ç�¢�æ�è�ã�Ø�å�é�Ü�æ�â�å�ì���ã�å�â�Ö�Ø�×�è�å�Ø�æ
�ç �¶�Û�Ô�á�Ú�Ø�æ���Ü�á���×�Ô�ì� �ç�â� �×�Ô�ì���ê�â�å�Þ���â�ê
�ç �¶�Û�Ô�á�Ú�Ø�æ���Ü�á���Ú�Ø�á�Ø�å�Ô�ß���ã�Ô�å�ç�Ü�Ö�Ü�ã�Ô�á�ç���à�Ô�á�Ô�Ú�Ø�à�Ø�á�ç���â�å���ß�Ô�Õ�â�å�Ô�ç�â�å�ì���ã�å�â�Ö�Ø�×�è�å�Ø�æ
�ç �Á�â�á�Ø���â�Ù���ç�Û�Ø���Ô�Õ�â�é�Ø
�ç �È�á�Þ�á�â�ê�á

�Æ�Ø�Ö�ç�Ü�â�á���©���Ý���¼�à�ã�Ô�Ö�ç�æ���â�á���Ã�Ô�ç�Ü�Ø�á�ç�æ���Ô�á�×���·�Ô�ç�Ô���¶�â�ß�ß�Ø�Ö�ç�Ü�â�á

�¥�ª�¡�·�â�Ø�æ���ì�â�è�å���â�å�Ú�Ô�á�Ü�í�Ô�ç�Ü�â�á���Ö�â�ß�ß�Ø�Ö�ç�¢���Ô�Ú���Ã�·�æ���ç�Û�Ô�ç���Ô�å�Ø���Ô�ç�ç�å�Ü�Õ�è�ç�Ô�Õ�ß�Ø���æ�ã�Ø�Ö�Ü���Ö�Ô�ß�ß�ì���ç�â���ç�Û�Ø���¶�Â�É�¼�·� �¤�¬
�ã�Ô�á�×�Ø�à�Ü�Ö�²
�ç �Ì�Ø�æ
�ç �Á�â

�¥�«�¡ �·�â���ì�â�è���Û�Ô�é�Ø���×�Ô�ç�Ô���â�á���Ã�·�æ���ç�Û�Ô�ç���ê�Ø�å�Ø���å�Ø�ä�è�Ø�æ�ç�Ø�×���Õ�ì���æ�Ü�ç�Ø�æ���Õ�è�ç���á�â�ç���Ô�ã�ã�å�â�é�Ø�×���›�Õ�ì���ç�Û�Ø���¼�Å�µ�Ÿ���·�Æ�À�µ�Ÿ
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Expedited Development of 
Diagnostics for Therapies Targeting 

Rare Biomarkers or Indications

������������

Drug and diagnostic co-development has traditionally occurred 
in a manner by which one drug is accompanied by one diagnos-
�¥�?�����¥���™�¥���¥�k���™�­�2�ö���?���`�¥�U�Ë�����:�î�‘�î���¥���‘�?�Õ�����¥�:�����™�î�2���¥�Ë���î�`�������2�ö���î���Ë���k�2���¥�:����
drug, while contemporaneously demonstrating the analytical and 
clinical validity of the diagnostic test assessing the biomarker 
status and of the responding patients in a clinical trial. For rare 
���?�k�^�î�‘�R���‘�™���k�‘���?�`���?���î�¥�?�k�`�™�H���¥�:�?�™���î�Ž�Ž�‘�k�î���:���^�î�Ë���`�k�¥���™�­�2�ö���?���`�¥�U�Ë��
leverage opportunities to expedite development for therapies 
�î�`�������î�U�î�`�������¥�:�����`���������2�k�‘�����2�ö���?���`�¥�������Ä���U�k�Ž�^���`�¥���k�2���î�����k�^�Ž�î�`�?�k�`��
���?�î�3�`�k�™�¥�?�����Z� �'�Ê�[�M���¹�:�����ö���U�����k�2���k�`���k�U�k�3�Ë���:�î�™���Ž�‘�k�3�‘���™�™�������™�­���™�¥�î�`-
tially with an improved understanding of the biology of cancer, 
which has coincided with the availability of next generation 
sequencing (NGS) technologies that can query many biomarkers 
in one test. In cancers where NGS can be employed to assess 
biomarker status, these advances make the traditional one drug-
one test approach to development of targeted therapies less 
ideal and poorly aligned with clinical and laboratory practice and 
patient needs.

New drug development follows the typical investigational 
new drug (IND) processes for clinical development, and Study 
Risk Determination (SRD) is typically conducted to determine 
whether FDA investigational device exemption (IDE) approval is 
required for the use of an unapproved diagnostic test in the clin -
ical study. Although local testing (e.g., tests performed at a lab 
�î�2�ö�U�?�î�¥�������Å�?�¥�:���¥�:�����Ž�î�¥�?���`�¥�k�™���¥�‘���î�¥�^���`�¥���2�î���?�U�?�¥�Ë���­�™�?�`�3���î���U�î���k�‘�î�¥�k�‘�Ë��
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developed test (LDT) or commercial test kit/platfor m if one exists) may be used to identify patients f or 
studies of drug activity and biomarker assessment, one central lab test prototype is generally used fo r 
enrolling patients into the pivotal study.

Challenges with the traditional development and reg ulatory review of drugs and CDx range from con-
cerns about homogenous clinical trial populations, delayed patient access to clinical trials, and pre-/
post-market requirements. Drug sponsors seek to bal ance enrollment speed with trial integrity, i.e.,
���`�™�­�‘�?�`�3���¥�:�î�¥���¥�:�����¥�‘�?�î�U���?�™�����`�‘�k�U�U�?�`�3���î���Å���U�U�`�����ö�`�������Ž�î�¥�?���`�¥���Ž�k�Ž�­�U�î�¥�?�k�`���¥�:�î�¥���‘���÷�����¥�™���¥�:�����?�`�¥���`�¥�`�¥�k�`�¥�‘���î�¥��
�Z�T�¹�¹�[���Ž�k�Ž�­�U�î�¥�?�k�`�M���¹�:���‘�����^�î�Ë�������������U�î�Ë�������î�������™�™���¥�k�����U�?�`�?���î�U���¥�‘�?�î�U�™���������î�­�™�����Ž�î�¥�?���`�¥�™���^�î�Ë���������ö�‘�™�¥���™���‘�����`������
�­�™�?�`�3���U�k���î�U���U�î�����¥���™�¥�?�`�3���î�`�����¥�:���`���î�‘�����k�`�U�Ë�����`�‘�k�U�U�������?�`���¥�:�����¥�‘�?�î�U���2�k�U�U�k�Å�?�`�3�����k�`�ö�‘�^�î�¥�?�k�`���¥�:�î�¥���Ž�î�¥�?���`�¥�™���^�����¥��
trial eligibility criteria with central lab testing . This process presents challenges to drug and diagnostic
co-development and can result in undue patient burd en and potential medical harm since it may entail
re-biopsy. It can also lead to delayed enrollment and accrual, increased wait time for patients to be in 
study, and delayed development (resulting in delayed post-market access) of the diagnostic and ther -
apeutic. Where biomarker positive samples are very rare and regulatory requirements are not adjusted 
to account for this rarity, pre-/post-marketing req uirements for diagnostic developers may dis-incenti v-
�?�Õ�����k�‘���™�U�k�Å���¥�:���������Ä���U�k�Ž�^���`�¥���k�2���î�`���î�Ž�Ž�‘�k�Ä�î���U����� �'�Ê���2�k�‘���‘�î�‘�������?�™���î�™���™���k�‘���‘�î�‘�����Ä�î�‘�?�î�`�¥�™�M

The type and extent of information required by FDA to support approval of diagnostic tests may need
�¥�k���Ä�î�‘�Ë�����î�™�������k�`���¥�:���������`���ö�¥�S�‘�?�™�R�����î�U�î�`�������2�k�‘���¥�:�����?�`���?�Ä�?���­�î�U�������Ä�?�������î�`�����?�¥�™���?�`�¥���`���������­�™���M���G�'�����:�î�™���3���`-
erally not applied differing requirements for level s of evidence or certainty when a CDx addresses rare
���?�k�^�î�‘�R���‘�™�M���¹�:�?�™���?�™���U�?�R���U�Ë���������î�­�™�����k�2���î���U�î���R���k�2���3�­�?���î�`�������k�`���Å�:�î�¥���÷���Ê�?���?�U�?�¥�Ë�����î�`���������î�Ž�Ž�U�?�����H���î���U�î���R���k�2��
�Å���U�U�`�����Ä���U�k�Ž�������î�U�¥���‘�`�î�¥�����^���¥�:�k���k�U�k�3�?���™�H���î�`�����î���U�î���R���k�2�������™�?�3�`�î�¥�������Ž�î�¥�:�Å�î�Ë�™���Å�:���‘�����÷���Ê�?���?�U�?�¥�?���™�����î�`��������
applied. However, the Humanitarian Device Exemption  seeks to address issues that exist in developing 
CDx for rare diseases including limited availability of positive samples, limited information about po ten-
�¥�?�î�U���î�U�¥���‘�î�¥�?�k�`�™���¥�:�î�¥�����k�­�U�����������¥�‘���î�¥�î���U���H���î�`�����‘���•�­�?�‘���^���`�¥�™���¥�k���™���‘�����`���U�î�‘�3�����`�­�^�����‘�™���k�2���™�î�^�Ž�U���™���¥�k���ö�`�����î��
�‘���î�™�k�`�î���U�����`�­�^�����‘���k�2���­�™���2�­�U���™�î�^�Ž�U���™�M���¹�k���î�����‘���™�™���¥�:���™�����?�™�™�­���™�H���÷���Ê�?���?�U�?�¥�Ë���?�`�������Ä���U�k�Ž�^���`�¥�����Ê�Ž�����¥�î�¥�?�k�`�™��
�Å�k�­�U���������`���ö�¥�����k�¥�:���Ž�î�¥�?���`�¥�™���î�`�����Ž�‘�k���­���¥�������Ä���U�k�Ž���‘�™���¥�k���k�Ä���‘���k�^�����™�k�^�����k�2���¥�:�������:�î�U�U���`�3���™���¥�k�����‘�?�`�3�?�`�3��
therapies and CDx to market for rare diseases/biomarkers.

A more balanced approach to patient selection and diagnostics development in oncology clinical tri -
als is needed, particularly for patients with rare diseases. Our goal is to propose a framework that 
�Å�k�­�U�����2�î���?�U�?�¥�î�¥�������`�‘�k�U�U�^���`�¥���k�2���Ž�î�¥�?���`�¥�™���?�`���î�`�����2�ö���?���`�¥���^�î�`�`���‘���Å�:�?�U�����^�î�?�`�¥�î�?�`�?�`�3�����U�?�`�?���î�U���¥�‘�?�î�U���?�`�¥���3�‘�?�¥�Ë��
�î�`�����î�Ž�Ž�‘�k�Ä�î�U���k�2���î��� �'�Ê�����î�™�������k�`���‘���•�­�?�‘���^���`�¥�™���¥�:�î�¥�����k�`�™�?�����‘���¥�:���������`���ö�¥�`�‘�?�™�R���Ž�‘�k�ö�U�����î�`�����2���î�™�?���?�U�?�¥�Ë���k�2��
obtaining samples. Furthermore, to ensure timely availability of a diagnostic at or near the time of d rug
�î�Ž�Ž�‘�k�Ä�î�U�H���Å�����Ž�‘�k�Ž�k�™�����‘���ö�`�?�`�3���Ä�î�U�?���î�¥�?�k�`���‘���•�­�?�‘���^���`�¥�™���2�k�‘��� �'�Ê���î�Ž�Ž�‘�k�Ä�î�U�M���¹�:�?�™�����k���­�^���`�¥�����Ê�Ž�U�k�‘���™���‘����-
ommendations to 1) improve patient access to clinical trials for rare disease/biomarker therapies via 
expanded use of local tests, and 2) de-risk and streamline the development of a CDx for rare cancers 
to align with drug development.
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As development of targeted therapies directed at rare biomarkers and rare variants of more prevalent 

biomarkers becomes more common, reliable testing and screening capabilities to recruit patients for 

studies will be increasingly important. Using a single diagnostic assay intended to support assessment 

of clinical trial eligibility can slow patient accrual when patients are initially screened by a local, non-

FDA approved testing platform. On the other hand, enrollment based on multiple tests with potentially 

variable performance and varying design (e.g., DNA vs. RNA) may not optimally select patients for 

enrollment and may complicate later efforts to obtain CDx approval. Establishing minimum perfor-

mance standards could help address and alleviate these challenges.

��������
������

Detection of rare biomarkers and rare variants to support the development of targeted therapies poses 

unique challenges, particularly as it pertains to the analytical comparability of the test(s) used to enroll 

�Ž�î�¥�?���`�¥�™���?�`�¥�k���Ž�?�Ä�k�¥�î�U�����U�?�`�?���î�U���¥�‘�?�î�U�™�M���O�k�Å���Ä���‘�H���¥�:���������`���ö�¥�™���k�2���?�����`�¥�?�2�Ë�?�`�3���î�`�����î�����‘�­�?�`�3���Ž�î�¥�?���`�¥�™���­�™�?�`�3���^�­�U-

tiple local tests, particularly when identifying rare variants, may outweigh the risk of variability in the 

clinical trial population. To support this paradigm, alignment of minimum performance standards and 

�Ä�î�‘�?�î�`�¥�™�S�Ä�î�‘�?�î�`�¥�����U�î�™�™���™�����î�`���:���U�Ž���™�¥�î�`���î�‘���?�Õ�������?�k�^�î�‘�R���‘���^���î�™�­�‘���^���`�¥���Å�:�?���:���?�`���¥�­�‘�`�����k�­�U�����‘�����­���������î�‘-

riers to patient enrollment and ensure homogeneity in the trial population. Per current FDA guidance, 1  

enrollment using multiple local tests is allowed (including for pivotal trials), and FDA recommends that 

the sponsor evaluate comparability of test results among potential sites prior to initiating trial testing 

at those sites. Clinical trial sponsors (drug developers) could articulate, prior to patient enrollment, the 

minimum performance standards needed to accrue patients based on the particular study needs. 2 Local 

labs with individual tests could then provide evidence of minimum performance data if they intend to 

enroll patients into trials. In keeping with FDA guidance, these data would include information regard-

�?�`�3���î�����­�‘�î���Ë�H���Ž�‘�����?�™�?�k�`�H���î�`�î�U�Ë�¥�?���î�U���™���`�™�?�¥�?�Ä�?�¥�Ë�H���î�`�����î�`�î�U�Ë�¥�?���î�U���™�Ž�����?�ö���?�¥�Ë�H���Å�:�?���:���¥�:�����™�Ž�k�`�™�k�‘�����k�­�U�����™�:�î�‘����

with FDA and enroll patients in the pivotal study using the local test results (as already occurs) but 

�^�k�‘�������2�ö���?���`�¥�U�Ë���î�`�����Ž�k�¥���`�¥�?�î�U�U�Ë���Å�?�¥�:���U���™�™���Ä�î�‘�?�î���?�U�?�¥�Ë�M���Ø�:�?�U�������Ê�Ž�U�k�‘�î�¥�k�‘�Ë�H���¥�:�����s� �T�`�q���¹� �O���'���™�?�3�`�î�¥������

Laboratory Network 3���î�Ž�Ž�‘�k�î���:�����k�­�U�����������­�™�������î�™���î���^�k�����U���¥�k���•�­�î�U�?�2�Ë���U�î���™���î�`�����ö�`�����î�U�?�3�`�^���`�¥�������¥�Å�����`��

central/local testing through prerequisite validation standards.

1 Principles for Codevelopment of an In Vitro Companion Diagnostic Device with a Therapeutic Product - Draft Guidance 
for Industry and Food and Drug Administration Staff (fda.gov)

2 Recommendations for proposed minimum performance standards available in Friends of Cancer Research White 
�¡�î�Ž���‘�\���U�­���Ž�‘�?�`�¥���2�k�‘�����‘���î�R�¥�:�‘�k�­�3�:���G�k�‘�­�^�G���¤���™���î�‘���:���î�`�����¤���?�^���­�‘�™���^���`�¥���?�`���¥�:�������3�����k�2���¡�‘�����?�™�?�k�`���q�����?���?�`���M���:�¥�¥�Ž�™�G�S�S�Å�Å�Å�M
�2�k���‘�M�k�‘�3�S�™�?�¥���™�S�����2�î�­�U�¥�S�ö�U���™�S�Ž���2�S�G�‘�?���`���™�£�������U���Ê�î�`���‘�?�î�£�������U�­���Ž�‘�?�`�¥�£�����Ø�:�?�¥���£�����¡�î�Ž���‘�T�~���¥�k�����‘�M�Ž���2

3���c�î�^���™���×�M���¹�‘�?���k�U�?�H�����¥���î�U�M���'���™�?�3�`���î�`���������Ä���U�k�Ž�^���`�¥���k�2���¥�:�����^�k�U�����­�U�î�‘���î�`�î�U�Ë�™�?�™���2�k�‘���¹�:���‘�î�Ž�Ë��� �:�k�?�������Z�s� �T�`�q���¹� �O�[���'���™�?�3�`�î�¥������
�g�î���k�‘�î�¥�k�‘�Ë���s���¥�Å�k�‘�R�M���c� �~���������
�������G�����T�™�­�Ž�Ž�U�H�����������`��������
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���$�!���&�������!�������'�&���-�*�*���&�,�����(�(�*�'�.���$ �'�����,� �������*�-�� ���&�������!�����&�'�+�,�!�� �!�+���*���)�-�!�*�����6�����+���/�!�,� ���,� �� �����.���$�'�(�%���&�,�����&��
�*�����-�$���,�'�*�1���(���,� �/���1�+�����'�*���,���*�����,�������,� ���*���(�!���+�3���,� �� �*�����-�$���,�'�*�1 �(���,� �/���1�+�����'�*���,� �������+�+�'���!���,�����������0�+� �'�-�$�� ������
�*�����$�����,�!�.�� �'�� �,� �� �-�&�%���,���&�����������'�*���*���*�� �!�&���!�����,�!�'�&�+�3���/� �!��� ���%���1 �*���)�-�!�*�� �������!�,�!�'�&���$���$���0�!���!�$�!�,�!���+���1 ��������
�*���.�!���/ ���!�.�!�+�!�'�&�+�6����� �������'���$���/�'�-�$�����������,�'�����*�����,���������%����� ���&�!�+�%���,�'���!�����&�,�!���1�����!�����&�'�+�,�!�����,���+�,�+���'�*�������*���*�����,�-�%�'�*
�,�1�(���,� ���,���/�'�-�$�����$���������,�'���&���!�&�,���&�+�!�.���3���!�&�,���*�����,�!�.���3�����&�������'�$�$�����'�*���,�!�.�� �����.���$�'�(�%���&�,�����&�� �*���.�!���/ �(�*�'�����+�+�6
���!�%�!�$���* �,�' �/� ���, �!�+ ���'�&�������'�* ���*�-���+�-�+�������!�&���*���*�� ���!�+�����+���+�3���,� �!�+���(�(�*�'����� ���'�-�$�����!�&���$�-�����,� �����-�+�������&����
�(�-���$�!�����,�!�'�&�'�� �������'�*�%���$ �����&�����!�,�;�*�!�+�# ���+�+���+�+�%���&�,�����'�*�,� �� ���!�����&�'�+�,�!�����&�����,� �� �$���.���$ �'�� �(�*���;���&�����(�'�+�,�;�%���*�#���,
���.�!�����&���� ���'�-�$�������������$�!���*���,�������*���$���,�!�.�����,�'���'�&�+�!�����*���,�!�'�&�+���!�&���,� �� �����&�����!�,�;�*�!�+�# ���+�+���+�+�%���&�,�6���� �*�-�������&����
���!�����&�'�+�,�!�����*���.�!���/ ���!�.�!�+�!�'�&�+�+� �'�-�$�� �%���#������ ���'�&�����*�,���� �������'�*�,�,�'�����$�!���&���*���.�!���/ �(�*�'�����+�+���+���+�-��� ���,� ���,���,� �� ���*�-����
���&�������!�����&�'�+�,�!�������*�� ���!�.���&�����'�&�,���%�(�'�*���&���'�-�+�����(�(�*�'�.���$�+�6
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�&���'�*�����*���,�'������� �!���.�����%�'�*�����*���(�!�������.���!�$�����!�$�!�,�1���'�� ���&�����(�(�*�'�.���������!�����&�'�+�,�!���3���!�,���%���1�����������(�(�*�'�(�*�!���,�����,�'�*���,� �!�&�#
�,� �����(�(�$�!�����,�!�'�&���'�� �������7�+�������&�����!�,�:�*�!�+�#�����*���%���/�'�*�#�6�
�,���!�+���!�%�(�'�*�,���&�,���,�'�������$���&���� �,�!�%���$�1 �(���,�!���&�,�����������+�+���/�!�,� 
���&���$�1�,�!�����$ ���&�������$�!�&�!�����$�.���$�!�����,�!�'�&�3�����*�!�����!�&�����+�,�-���!���+�3�����&�����(�'�,���&�,�!���$���(�'�+�,�;�%���*�#���, �+�,�-���1���*���)�-�!�*���%���&�,�+�����'�*��
������ ���(�(�*�'�.���$�,� ���,�����*�� �*���)�-�!�*�������'���,� ���������0 �,���+�, �����.���$�'�(���*�6�����*�!�+�#�;�����+���������(�(�*�'����� ���,�'���!�����&�,�!���1���/� �!��� �������,��
���$���%���&�,�+�����*�� ���+�+���&�,�!���$ �(�*�!�'�*���,�'�����(�(�*�'�.���$ �<�%�!�&�!�%�-�% ���'�*�� �����,�����+���,�=�����&�����/� �!��� �������,�������$���%���&�,�+�����'�-�$��������
�+� �!���,�������,�'���,� �� �(�'�+�,�;�%���*�#���,���+�(�����������+�������*���)�-�!�*���%���&�,�����'�*���%���!�&�,���!�&���������(�(�*�'�.���$�����'�-�$�����+�-�(�(�'�*�,�����0�(�����!�,����
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Diagnostic tests have varying underlying designs and methodologies, and laboratories use different 

analyses, which can lead to discordance across tests. To account for potential variance, patient samples 

�¥�:�î�¥���î�‘�����Ž�k�™�?�¥�?�Ä�����2�k�‘���¥�:�����‘�î�‘�������?�k�^�î�‘�R���‘���î�‘�����¥�Ë�Ž�?���î�U�U�Ë���­�™�������¥�k���™�¥�î�`���î�‘���?�Õ�����¥���™�¥���Ž���‘�2�k�‘�^�î�`�������î�`�����™�­�Ž�Ž�k�‘�¥��

test validation. While accepted practice, it is nonetheless a poor use of precious biomarker positive 

clinical samples that is costly and time consuming. FDA could consider issuing guidance recommending 

the use of a combination of contrived samples, representative variant validation, variant class-based 

validation for certain variant types, and, where available, prior data that demonstrate analytical vali-

dation of the assay (e.g., previous FDA approval of an NGS-based test) to ascertain test performance 

while expediting test development and patient accrual (Table 1) . In instances where clinical samples 

are particularly hard to obtain, whether for a local test or a CDx in development, FDA could consider 

allowing substitution with similar tumor types (e.g., perform analytical validation on non-small cell lung 

cancer (NCSLC) samples where small cell lung cancer samples are unavailable) or a “DNA is DNA” 

approach allowing use of any sample with the biomarker in question, regardless of its tissue of origin. 

Use of a representative approach for simple genomic alterations such as single nucleotide variants 

(SNVs) should be considered as appropriate surrogates. The extent that these alternative approaches 

could be used will depend on the complexity and prevalence of the biomarker being detected.
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Regulatory processes associated with the co-development of a targeted therapy and CDx should also 

be aligned if concurrent approval of the drug and diagnostic is required. As with the development and 

regulatory pathways for targeted therapies, the regulatory pathways for the associated CDx should 

�������‘���÷�����¥�?�Ä�����k�2���¥�:�����­�`�^���¥���`���������2�k�‘���‘�î�‘�����?�`���?���î�¥�?�k�`�™�H���Å�:�?���:���^�î�Ë���‘���•�­�?�‘�����î�����?�¥�?�k�`�î�U���÷���Ê�?���?�U�?�¥�?���™�����Ë���G�'����

review divisions. The goal would be to create a mechanism to identify diagnostic tests for a rare tumor 

type that would lead to an intensive, interactive, and collaborative development and review process. 

Similar to what is done for drugs used in rare diseases, this approach could include the use and publi-

���î�¥�?�k�`���k�2���î���2�k�‘�^�î�U�������`���ö�¥�`�‘�?�™�R���î�™�™���™�™�^���`�¥���2�k�‘���¥�:�������?�î�3�`�k�™�¥�?�����î�`�����¥�:�����U���Ä���U���k�2���Ž�‘���`���î�`�����Ž�k�™�¥�`�^�î�‘�R���¥�����Ä�?-

�����`���������k�­�U�������������î�U�?���‘�î�¥�������‘���U�î�¥�?�Ä�����¥�k�����k�`�™�?�����‘�î�¥�?�k�`�™���?�`���¥�:���������`���ö�¥�`�‘�?�™�R���î�™�™���™�™�^���`�¥�M���'�‘�­�3���î�`�������?�î�3�`�k�™�¥�?����

review divisions should make a concerted effort to align review processes such that the drug and diag -

nostic are given contemporaneous approvals.
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In order to achieve more rapid availability of an approved diagnostic, it may be appropriate to rethink 

�¥�:�����î�Ž�Ž�U�?���î�¥�?�k�`���k�2���G�'���k�™�������`���ö�¥�S�‘�?�™�R���2�‘�î�^���Å�k�‘�R�M���T�¥���?�™���?�^�Ž�k�‘�¥�î�`�¥���¥�k�����î�U�î�`�������¥�?�^���U�Ë���Ž�î�¥�?���`�¥���î�������™�™���Å�?�¥�:��

analytical and clinical validation, bridging studies, and potential post-market study requirements for 

�¡�q�����î�Ž�Ž�‘�k�Ä�î�U���¥�:�î�¥���î�‘�����‘���•�­�?�‘�������k�2���¥�:����� �'�Ê���¥���™�¥�������Ä���U�k�Ž���‘�M�������‘�?�™�R�`���î�™�������î�Ž�Ž�‘�k�î���:���¥�k���?�����`�¥�?�2�Ë���Å�:�?���:��

data elements are essential prior to approval (minimum core data set) and which data elements could 

be shifted to the post-market space as a requirement for maintained approval could support expedited 

development of a CDx for a rare biomarker or variant and allow a sponsor the opportunity to de-risk 

CDx investment prior to full proof of concept on a therapy. This could serve as a means to expedite 

the development of high-risk tests and facilitate contemporaneous regulatory review. Likewise, and 

perhaps more applicable for rare biomarker CDx, FDA could reconsider the extent of required evidence 

���î�™�������k�`���¥�:���������`���ö�¥�`�‘�?�™�R���î�™�™���™�™�^���`�¥���2�k�‘���¥�:�������?�î�3�`�k�™�¥�?���H���¥�:�����‘�î�‘�?�¥�Ë���k�2���¥�:�������?�k�^�î�‘�R���‘�H���î�Ä�î�?�U�î���?�U�?�¥�Ë���k�2���¥�?�™-

sue samples, and the unmet need. Although post-market studies as a condition of approval are appeal -

ing, the ability to access rare samples after approval is generally not improved and may be worse than 

in the pre-market setting.

���������������

�¬�Ž�k�`�™�k�‘�™���î�‘�����î�2�2�k�‘���������÷���Ê�?���?�U�?�¥�?���™���¥�k���2�î���?�U�?�¥�î�¥�������‘�­�3�������Ä���U�k�Ž�^���`�¥���2�k�‘���‘�î�‘�����?�`���?���î�¥�?�k�`�™�M���T�`���î���™�?�^�?�U�î�‘���Ä���?�`�H��

the Center for Device and Radiological Health (CDRH) and CDx developer could engage in dialogue 

���î�‘�U�?���‘���?�`���¥�:���������Ä���U�k�Ž�^���`�¥���Ž�‘�k�����™�™���¥�k�����Ê�Ž�U�k�‘�����÷���Ê�?���?�U�?�¥�?���™���¥�:�î�¥�����k�­�U�����������î�Ž�Ž�U�?�������¥�k���¥�:����� �'�Ê�������Ä���U�k�Ž�^���`�¥��

�2�k�‘���î���‘�î�‘�������?�k�^�î�‘�R���‘�M���G�­�‘�¥�:���‘�H��� �'�¤�O���™�:�k�­�U�������k�^�^�?�¥���¥�k���î�`�����Ê�Ž�����?�¥�������‘���Ä�?���Å���¥�?�^���U�?�`�����k�2�����������î�Ë�™���2�k�‘��� �'�Ê��

for rare indications to ensure contemporaneous approval of the CDx and the drug, as drugs for rare 

indications are typically reviewed in a compressed timeline. 
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A core set of validation data should be submitted pre-approval for all diagnostic tests, including valida -

�¥�?�k�`���k�2���î�`�î�U�Ë�¥�?���î�U���Ž���‘�2�k�‘�^�î�`���������:�î�‘�î���¥���‘�?�™�¥�?���™���™�­���:���î�™���™���`�™�?�¥�?�Ä�?�¥�Ë�H���™�Ž�����?�ö���?�¥�Ë�H���î�����­�‘�î���Ë�H���Ž�‘�����?�™�?�k�`�H���‘���Ž�‘�k-

���­���?���?�U�?�¥�Ë�H���î�`�����U�?�^�?�¥���k�2�������¥�����¥�?�k�`�R�����­�¥���G�'�����™�:�k�­�U�����:�î�Ä�����¥�:�����÷���Ê�?���?�U�?�¥�Ë���¥�k�����k�`�™�?�����‘���¥�:�����`�������™�™�?�¥�Ë���k�2���k�¥�:���‘��

���î�¥�î���‘���•�­�?�‘���^���`�¥�™���?�`���¥�:�������k�`�¥���Ê�¥���k�2���î���‘�î�‘�����Ä�î�‘�?�î�`�¥�M���T�`�������¥���‘�^�?�`�?�`�3���Å�:���`���¥�k���î�Ž�Ž�U�Ë���™�­���:���÷���Ê�?���?�U�?�¥�?���™���?�`��

development requirements, FDA should consider:

• Prevalence of disease/cancer type (e.g., whether orphan disease or low prevalence cancer type)

• Prevalence of mutation/biomarker/variant within that cancer

• Tissue type and availability

• Test type and prior analytical validation generated in similar cancer types or sample types

�¹�k���•�­�î�U�?�2�Ë���2�k�‘���¥�:�����‘�î�‘�������?�™���î�™���S���?�k�^�î�‘�R���‘���÷���Ê�?���?�U�?�¥�?���™�H���G�'�����™�:�k�­�U�����­�™�����î���¥�:�‘���™�:�k�U�����k�2�������H���������Ž�î�¥�?���`�¥�™

likely to have the disease or condition (not be tested for it). Examples of rare variants and tissues, 

�Å�:���‘�����?�¥���Å�k�­�U�����������î�Ž�Ž�‘�k�Ž�‘�?�î�¥�����2�k�‘���G�'�����¥�k���î�Ž�Ž�U�Ë�������Ä���U�k�Ž�^���`�¥���÷���Ê�?���?�U�?�¥�?���™�����­�����¥�k���¥�:���™�������k�`�™�?�����‘�î�¥�?�k�`�™�H��

are included in Table 2 .

�T�`���¥�:�������î�™�����k�2���î���‘�î�‘�����Ä�î�‘�?�î�`�¥���k�‘���‘�î�‘�������?�™���î�™�����Å�:���‘���������Ä���U�k�Ž�^���`�¥���÷���Ê�?���?�U�?�¥�?���™���^�î�Ë���������î�Ž�Ž�‘�k�Ž�‘�?�î�¥���H���G�'����

�™�:�k�­�U�������k�`�™�?�����‘���î���Ä�î�‘�?���¥�Ë���k�2���k�Ž�¥�?�k�`�™���2�k�‘���î�U�?�3�`�?�`�3���¥�:���������Ä���U�k�Ž�^���`�¥�����Ê�Ž�����¥�î�¥�?�k�`�™���Å�?�¥�:���¥�:�����‘�?�™�R�S�����`���ö�¥���k�2��

the test and the unmet need for the drug. FDA reviewers should have license in these rare biomarker 

and rare disease scenarios to modify the requisite number of samples for an analytical study, the sam-

ple types, or waive requirements for certain analytical studies if these studies are recapitulating existing 

data or merely being done to “check the box” rather than generating new and meaningful information. 

Flexibilities that could be applied are included in Table 3 .
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�����.���$�'�(�%���&�,���'�� ���������0�����'�*�������*���*�� ���!�'�%���*�#���*���'�* �.���*�!���&�, ���&�����$�$�'�/ �����+�(�'�&�+�'�*���,� �� �'�(�(�'�*�,�-�&�!�,�1���,�'�������;�*�!�+�# �����0��
�!�&�.���+�,�%���&�, �(�*�!�'�* �,�' ���-�$�$ �(�*�'�'�� �'�� ���'�&�����(�, �'�& �� �,� ���*���(�1�6 ��� �!�+�����'�-�$�����+���*�.�� ���+�������%�����&�+���,�'�����0�(�����!�,�� �,� ��
�����.���$�'�(�%���&�,���'��� �!��� �;�*�!�+�# �,���+�,�+�����&�����������!�$�!�,���,�� ���'�&�,���%�(�'�*���&���'�-�+���*�����-�$���,�'�*�1���*���.�!���/�6���
�!�#���/�!�+���3�����&�����(���*� ���(�+��
�%�'�*�������(�(�$�!�������$�� ���'�*���*���*�������!�'�%���*�#���*�������0�3 �����������'�-�$���*�����'�&�+�!�����*���,� �������0�,���&�, �'���*���)�-�!�*���������.�!�����&���� �����+�������'�&��
�,� ���������&�����!�,�;�*�!�+�# ���+�+���+�+�%���&�,�����'�*���,� �� ���!�����&�'�+�,�!���3���,� �� �*���*�!�,�1���'�� �,� �� ���!�'�%���*�#���*�3�����.���!�$�����!�$�!�,�1���'�� �,�!�+�+�-�� �+���%�(�$���+�3��
���&�����,� �� �-�&�%���,���&�������6 ���$�,� �'�-��� �(�'�+�,�;�%���*�#���,���+�,�-���!���+�����+�������'�&���!�,�!�'�&���'�� ���(�(�*�'�.���$ ���*�� ���(�(�����$�!�&���3���,� �� �����!�$�!�,�1��
�,�'�����������+�+���*���*�� �+���%�(�$���+�������,���*�����(�(�*�'�.���$ �!�+�������&���*���$�$�1 �&�'�,���!�%�(�*�'�.���� ���&���%���1���������/�'�*�+���,� ���&�!�&�,� �����(�*���;
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���(�'�&�+�'�*�+ ���*�����������'�*���������$���0�!���!�$�!�,�!���+�,�'���������!�$�!�,���,�� ���*�-�� �����.���$�'�(�%���&�,�����'�*���*���*�� �!�&���!�����,�!�'�&�+�6���
�&�������+�!�%�!�$���*���.���!�&�3��
�,� ���������&�,���* ���'�*�� ���.�!���������&���������!�'�$�'���!�����$�	 �����$�,� �<�������	�= ���&���������0�������.���$�'�(���*�����'�-�$�������&�������� �!�&�����!���$�'���-��
�����*�$�!���*���!�&���,� �� �����.���$�'�(�%���&�,���(�*�'�����+�+���,�'�����0�(�$�'�*�� ���$���0�!���!�$�!�,�!���+���,� ���, ���'�-�$�� ���������(�(�$�!���� �,�' �,� ���������0 �����.���$�'�(�%���&�,
���'�*�������*���*�������!�'�%���*�#���*�6�����-�*�,� ���*�3 �������	���+� �'�-�$�� ���'�%�%�!�, �,�' ���& ���0�(�����!�,���� �*���.�!���/ �,�!�%���$�!�&���'�����F�D�������1�+���'�*�������0��
���'�*���*���*�����!�&���!�����,�!�'�&�+���,�'�����&�+�-�*�� ���'�&�,���%�(�'�*���&���'�-�+�����(�(�*�'�.���$ �'�� �,� �������0���&�����,� �� ���*�-���3�����+�����*�-���+�����'�*���*���*��
�!�&���!�����,�!�'�&�+�����*�� �,�1�(�!�����$�$�1 �*���.�!���/�������!�&���������'�%�(�*���+�+�������,�!�%���$�!�&���6

�� ���'�*�� �+���,���'�� �.���$�!�����,�!�'�&�������,�����+� �'�-�$�� �������+�-���%�!�,�,���� �(�*���;���(�(�*�'�.���$ ���'�*�����$�$ ���!�����&�'�+�,�!�����,���+�,�+�3���!�&���$�-���!�&��
�.���$�!�����,�!�'�& �'�����&���$�1�,�!�����$ �(���*���'�*�%���&���� ��� ���*�����,���*�!�+�,�!���+���+�-��� �����+�+���&�+�!�,�!�.�!�,�1�3���+�(�����!���!���!�,�1�3���������-�*�����1�3���(�*�����!�+�!�'�&�3��
�*���(�*�'���-���!���!�$�!�,�1�3���&�����$�!�%�!�,���'�� �����,�����,�!�'�&�4�����-�,�����������+� �'�-�$����� ���.�����,� �� ���$���0�!���!�$�!�,�1 �,�'���'�&�+�!�����*���,� �� �&�������+�+�!�,�1���'��
�'�,� ���*�������,�����*���)�-�!�*���%���&�,�+�!�&���,� �� ���'�&�,���0�,���'���������*���*�� �.���*�!���&�,�6���
�&�������,���*�%�!�&�!�&�����/� ���&���,�'�����(�(�$�1���+�-��� �����$���0�!���!�$�!�,�!���+
�!�&�������.���$�'�(�%���&�,���*���)�-�!�*���%���&�,�+�3�������� �+� �'�-�$�������'�&�+�!�����*�5

���*���.���$���&���� �'�������!�+�����+���:�����&�����*���,�1�(�� �<���6���6�3�/� ���,� ���*���'�*�(� ���&�����!�+�����+�����'�*���$�'�/���(�*���.���$���&�����������&�����*���,�1�(���=
���*���.���$���&�������'�� �%�-�,���,�!�'�&�:���!�'�%���*�#���*�:�.���*�!���&�,���/�!�,� �!�&���,� ���,�������&�����*
���!�+�+�-�����,�1�(�������&�������.���!�$�����!�$�!�,�1
�����+�,���,�1�(�������&�����(�*�!�'�*�����&���$�1�,�!�����$���.���$�!�����,�!�'�&�������&���*���,�������!�&���+�!�%�!�$���*�������&�����*���,�1�(���+���'�*�+���%�(�$�����,�1�(���+

���' �)�-���$�!���1 ���'�*���,� �����*���*�������!�+�����+���:���!�'�%���*�#���*�����$���0�!���!�$�!�,�!���+�3�����������+� �'�-�$�����-�+���������,� �*���+� �'�$�����'�����A�@�3�@�@�@���(���,�!���&�,�+��
�$�!�#���$�1���,�' � ���.�����,� �����!�+�����+�� �'�*���'�&���!�,�!�'�&���<�&�'�,���������,���+�,���������'�*���!�,�=�6�����0���%�(�$���+���'�����*���*�����.���*�!���&�,�+�����&�����,�!�+�+�-���+�3���/� ���*��
�!�, �/�'�-�$�� ���������(�(�*�'�(�*�!���,�� ���'�*�����������,�'�����(�(�$�1 �����.���$�'�(�%���&�,���$���0�!���!�$�!�,�!���+���-�� �,�'���,� ���+�� ���'�&�+�!�����*���,�!�'�&�+�3�����*��
�!�&���$�-������ �!�&�������������/�6��

�������������/�*�����(����� �������������#�������"���$�������#�������"���������������$�-�
���#�������#�#���#�#�������$�������"���
���"���������#�����#���#�����������
���"���������"�������$�#

���������� • ���*���.���$���&�������'�����À���*�!���&�,���<�@�6�C�B�I�������*�'�+�+
�+�'�$�!���������&�����*�+�=

�������;�A�� • ���*���.���$���&�������'�����À���*�!���&�,���<�A�6�@�I���'�����$�-�&��
�&�'�&�;�+�%���$�$�������$�$���$�-�&���������&�����*�=

���*�!�(�$�����&�������,�!�.�������*�����+�,�������&�����*���(���,�!���&�,�+�������,���*��
�(�*�'���*���+�+�!�'�&���'�&���(�*�!�%���*�1���,� ���*���(�1���,� ���,���%���,���+�,���+�!�2���+��
�,�'���,� �������'�&������

• ���!�+�+�-�����,�1�(�������&�������.���!�$�����!�$�!�,�1

��

���!�&�������������$�������+�(�!�*���,�����<�������=���!�&���������
���� • �����!�*���������!�'�(�+�1�����&�����������+�����*�'�%���,� �����+���%��
�(���,�!���&�,���&���������������'�*���.���$�!�����,�!�'�&

�
�&���,� ���������+�����'�� �����*���*�����.���*�!���&�, �'�*���*���*�������!�+�����+�����/� ���*���������.���$�'�(�%���&�, ���$���0�!���!�$�!�,�!���+ �%���1�����������(�(�*�'�(�*�!���,���3 ������
�+� �'�-�$�������'�&�+�!�����*�������.���*�!���,�1 �'�����'�(�,�!�'�&�+�����'�*�����$�!���&�!�&�����,� �� �����.���$�'�(�%���&�,�����0�(�����,���,�!�'�&�+���/�!�,� ���,� ���*�!�+�#�:�����&�����!�,���'��
�,� �� �,���+�,�����&�����,� ���-�&�%���,���&�����������'�*���,� �� ���*�-���6���������*���.�!���/���*�+ �+� �'�-�$�� � ���.�����$�!�����&�+�����!�& �,� ���+�����*���*�������!�'�%���*�#���*
���&�����*���*�� ���!�+�����+���+�����&���*�!�'�+���,�'���%�'���!���1 �,� �� �*���)�-�!�+�!�,�� �&�-�%�����*���'�����+���%�(�$���+�����'�*�����&�����&���$�1�,�!�����$ �+�,�-���1�3���,� �� �+���%�(�$��
�,�1�(���+�3 �'�*���/���!�.�� �*���)�-�!�*���%���&�,�+���'�* �����*�,���!�&�����&���$�1�,�!�����$ �+�,�-���!���+�!�����,� ���+�� �+�,�-���!���+�����*���*�������(�!�,�-�$���,�!�&�������0�!�+�,�!�&����
�����,���'�*���%���*���$�1�������!�&�������'�&�� �,�'���8��� �����# �,� �� ���'�0�9 �*���,� ���*���,� ���&�������&���*���,�!�&�����&���/ ���&�����%�����&�!�&�����-�$ �!�&���'�*�%���,�!�'�&�6��
���$���0�!���!�$�!�,�!���+ �,� ���, ���'�-�$�� ���������(�(�$�!�������*�� �!�&���$�-���������!�&���������������0�6

�������������0�*���
�����%�����$���"�)�������(�����������$�����#���$�����$�������%������������ � � ���������������" �����( �����"�
���"���� ���"�������$�#�,�����������"�����"�#�+

���'�* ���!�'�%���*�#���*�+ �,� ���, � ���.�������$�*�������1���������& ���&���$�1�,�!�����$�$�1���.���$�!�����,���� �'�& ������ �,���+�,�+ �,� ���, � ���.��
�(�*���.�!�'�-�+�$�1�*�������!�.���������������(�(�*�'�.���$�3 ���������+� �'�-�$�� �$���.���*���������,� �!�+ �.���$�!�����,�!�'�& �!�& �'�*�����* �,�' ���0�(�����!�,��
�*���.�!���/ ���&�������(�(�*�'�.���$���'�*�������*���*�����!�&���!�����,�!�'�&�6
���'�������%�'�&�+�,�*���,�������&���$�1�,�!�����$���.���$�!���!�,�1���'�����*���*�����.���*�!���&�,�+�:���!�'�%���*�#���*�+�3���������+� �'�-�$�� ���$�$�'�/���+�(�'�&�+�'�*�+�,�'
�(�*�'�.�!���� �+�'�%�� ���'�%���!�&���,�!�'�&���'���,� �� ���'�$�$�'�/�!�&�� �!�&�+�,���������'�����*���)�-�!�*�!�&�� �-�+�� �'�������$�!�&�!�����$ �+���%�(�$���+�5

���'�&�,�*�!�.�������+���%�(�$���+
�+�!�%�!�$���*�,�-�%�'�* �,�1�(���+�:�+���%�(�$�����,�1�(���+
�*���(�*���+���&�,���,�!�.�� �.���*�!���&�,���.���$�!�����,�!�'�&���'�*�������*�,���!�&���.���*�!���&�,���,�1�(���+
�!�������.���!�$�����$���3���(�*�!�'�*�������,�����,� ���,�������%�'�&�+�,�*���,�� �������)�-���,�� ���&���$�1�,�!�����$ �.���$�!���!�,�1 ���'�*���,� ���!�*�����+�+���1

���������+� �'�-�$���&�'�,���*���)�-�!�*�����*���.���$�!�����,�!�'�&�'�����.���*�!���&�,�+���!�����,� ���1�����*�� �!�&���,� �� ���0�����,���+���%�� �$�'�����,�!�'�&���'�*���/�!�,� �!�&
�,� �� �+���%�� �����+�� �(���!�*�����+�������(�*���.�!�'�-�+�$�1���.���$�!�����,�������.���*�!���&�,�3�����&�����,� �� �(�*�!�%���*�+�����*�����,� �����+���%���6
�����(�����,���.���$�!�����,�!�'�&���+� �'�-�$�����&�'�,���������*���)�-�!�*���������'�*�����.���*�1���%�-�,���,�!�'�&�:���!�'�%���*�#���*���'�&�������,���+�,���(�$���,���'�*�%
�/� ���&���������!�&���������&���/ �.���*�!���&�,�'�*���,�'�����&�*�'�$�$ �����,�*�!���$ �-�+�!�&���������(�*���.�!�'�-�+�$�1�����(�(�*�'�.�������,���+�,�3 �/� ���& �,� ��
�.���*�!���&�, �'�� �!�&�,���*���+�,���/���+���!�&���$�-���������!�&���,� �� ���!�*�+�,���*���$�����+�� �'�����,� �� ���(�(�*�'�.�������,���+�,�6�����.���&���!���������+�%���$�$
�&�-�%�����*���'�����+���%�(�$���+���/���+���-�+���� �,�'���.���$�!�����,�����,� ���,���+�(�����!���!�����%�-�,���,�!�'�&�����'�* �,� �������!�*�+�,���*���$�����+���3���,� �����,���+�,
�+� �'�-�$�� ���������'�&�+�!�����*�����.���$�!�����,�������'�*�3���!�������&�1�,� �!�&���3���������!�,�!�'�&���$���.���$�!�����,�!�'�&���+� �'�-�$�����������%�!�&�!�%���$�/�!�,� ����
�+�%���$�$ �&�-�%�����*���'�����������!�,�!�'�&���$ �+���%�(�$���+�6
���������+� �'�-�$�� �&�'�, �*���)�-�!�*�����,� ���, �����.���*�!���&�, �������.���$�!�����,���� �����*�'�+�+ ���$�$ ���!�������*���&�, �,�1�(���+ �'�� �����&�����*�+�6

���������+� �'�-�$���*���$�1���'�&�,� �� ���$�!�&�!�����$ �(���*���'�*�%���&�����<�����+�������'�&�����$�!�&�!�����$ �'�-�,���'�%���������,���= �'�� ���&�����+�+���1�3
�*���,� ���*���,� ���&���*���)�-�!�*�!�&�������'�&���'�*�����&���� �+�,�-���!���+���,�' �
�����+ �-�+���� �!�& ���&�*�'�$�$�%���&�,�-�+�!�&�����*���*�����'�*���$�!�%�!�,����
���$�!�&�!�����$ �+���%�(�$���+���!�� ���!�������*���&�,�����*�'�% �,� �� �(�*�'�(�'�+�����������0�6 �����,���&���,� ���+���
�����+�����*�� �,���+�,�+���'�� �.���*�1�!�&��
�����+�!���&�3���,� ���,��� ���.�� �&�'�,�����'�&�� �,� �*�'�-��� �������� �(�*���;�%���*�#���,���*���.�!���/�����&�������*�����'�����-�&�#�&�'�/�&
�(���*���'�*�%���&�����6
�
�� ������ �*���)�-�!�*���+ ���*�!�����!�&�����+�,�-���!���+ �����,�/�����&�����������&���!�����,�������$�!�&�!�����$ �,�*�!���$ ���+�+���1���<�������= ���&�����,� �����,�'�;�����;
�%���*�#���,�����������0�3���,� �����������&���1���+� �'�-�$�������'�&�+�!�����*���/� ���,� ���*���+�-��� ���+�,�-���!���+�����'�-�$�������������'�&���-���,���������+����
�(�'�+�,�;�%���*�#���, ���'�%�%�!�,�%���&�,�6
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���!�&�������������$�����+�(�!�*���,�� �<�������= �!�&���������
�� �����!�*���� ���!�'�(�+�1�����&�� �������+ ���*�'�% �,� �����+���%��
�(���,�!���&�,���&���������������'�*���.���$�!�����,�!�'�&

�
�&���,� ���������+�����'�� �����*���*�����.���*�!���&�, �'�*���*���*�������!�+�����+�����/� ���*���������.���$�'�(�%���&�, ���$���0�!���!�$�!�,�!���+ �%���1�����������(�(�*�'�(�*�!���,���3 ������
�+� �'�-�$�������'�&�+�!�����*�������.���*�!���,�1 �'�����'�(�,�!�'�&�+�����'�*�����$�!���&�!�&�����,� �� �����.���$�'�(�%���&�,�����0�(�����,���,�!�'�&�+���/�!�,� ���,� ���*�!�+�#�:�����&�����!�,���'��
�,� �� �,���+�,�����&�����,� ���-�&�%���,���&�����������'�*���,� �� ���*�-���6���������*���.�!���/���*�+ �+� �'�-�$�� � ���.�����$�!�����&�+�����!�& �,� ���+�����*���*�������!�'�%���*�#���*
���&�����*���*�� ���!�+�����+���+�����&���*�!�'�+���,�'���%�'���!���1 �,� �� �*���)�-�!�+�!�,�� �&�-�%�����*���'�����+���%�(�$���+�����'�*�����&�����&���$�1�,�!�����$ �+�,�-���1�3���,� �� �+���%�(�$��
�,�1�(���+�3 �'�*���/���!�.�� �*���)�-�!�*���%���&�,�+���'�* �����*�,���!�&�����&���$�1�,�!�����$ �+�,�-���!���+�!�����,� ���+�� �+�,�-���!���+�����*���*�������(�!�,�-�$���,�!�&�������0�!�+�,�!�&����
�����,���'�*���%���*���$�1�������!�&�������'�&�� �,�'���8��� �����# �,� �� ���'�0�9 �*���,� ���*���,� ���&�������&���*���,�!�&�����&���/ ���&�����%�����&�!�&�����-�$ �!�&���'�*�%���,�!�'�&�6��
���$���0�!���!�$�!�,�!���+ �,� ���, ���'�-�$�� ���������(�(�$�!�������*�� �!�&���$�-���������!�&���������������0�6
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The alignment of review programs for drugs and CDx could be further facilitated by creating a risk-

���î�™�������Ž�î�¥�:�Å�î�Ë���2�k�‘���î��� �'�Ê���2�k�‘���‘�î�‘�������?�k�^�î�‘�R���‘�™�M���G�'�������k�­�U�����Ž�­���U�?�™�:���î�������`���ö�¥�`�‘�?�™�R���î�™�™���™�™�^���`�¥���î�¥��� �'�Ê��
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Current CDx guidance aims to enable co-development of a diagnostic and targeted therapy, which in 

turns allows for demonstration of analytical and clinical validity of the diagnostic test. 4 However, this 
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disease spaces). The traditional pathway for drug and diagnostic test co-development may not rep -

�‘���™���`�¥���¥�:�����^�k�™�¥�����2�ö���?���`�¥���^���¥�:�k�����2�k�‘�������Ä���U�k�Ž�^���`�¥���k�2���¥�î�‘�3���¥���������‘�­�3�™���î�`�����¥�:���?�‘��� �'�Ê���2�k�‘���‘�î�‘�����¥�­�^�k�‘�™�M��

Policies should address how to speed CDx development and review while limiting disruption to the 
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ing the screening requirements to a single test, provide for rapid access to clinical trials by alleviating 

the need for repeat biopsy and test analysis, expedite clinical drug development by identifying addi -

tional eligible patients, and ensure consistency between different tests with the same intended use. 

�À�U�¥�?�^�î�¥���U�Ë�H���?�����`�¥�?�ö���î�¥�?�k�`���k�2���Ž�î�¥�?���`�¥�™���Å�:�k���Å�k�­�U���������`���ö�¥���2�‘�k�^���¥�:���‘�î�Ž�?���™�����î�`���������Ž���‘�2�k�‘�^�������^�k�‘�������2�ö-

ciently, and greater patient access can be achieved.

4 Principles for Codevelopment of an In Vitro Companion Diagnostic Device with a Therapeutic Product - Draft Guidance 
for Industry and Food and Drug Administration Staff (fda.gov)
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Abstract 
Background:  Homologous recombination de�ciency (HRD) is a phenotype that is characterized by the inability of a cell to effectively repair DNA 
double-strand breaks using the homologous recombination repair (HRR) pathway. Loss-of-function genes involved in this pathway can sensitize tumors 
to poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitors and platinum-based chemotherapy, which target the destruction of cancer 
cells by working in concert with HRD through synthetic lethality. However, to identify patients with these tumors, it is vital to understand how to best 
measure homologous repair (HR) status and to characterize the level of alignment in these measurements across different diagnostic platforms. A key 
current challenge is that there is no standardized method to de�ne, measure, and report HR status using diagnostics in the clinical setting.

Methods:  Friends of Cancer Research convened a consortium of project partners from key healthcare sectors to address concerns about the 
lack of consistency in the way HRD is de�ned and methods for measuring HR status.

Results:  This publication provides �ndings from the group’s discussions that identi�ed opportunities to align the de�nition of HRD and the 
parameters that contribute to the determination of HR status. The consortium proposed recommendations and best practices to bene�t the 
broader cancer community.

Conclusion:  Overall, this publication provides additional perspectives for scientist, physician, laboratory, and patient communities to context -
ualize the de�nition of HRD and various platforms that are used to measure HRD in tumors.

Key words: homologous recombination; poly(ADP-ribose) polymerase inhibitors; BRCA1; BRCA2; biomarkers, tumor; DNA repair.

Implications for Practice
Analyzing de�ciencies in the homologous recombination repair (HRR) machinery becomes increasingly important to identify patients re -
sponding to poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitors. Ovarian, breast, pancreatic, and prostate cancer are 
at the forefront of this development, but other cancer types will likely follow. Clinically, homologous recombination de�ciency (HRD) is 
broadly de�ned, ranging from deleterious mutations in single HRR genes (BRCA1/2 and non-BRCA) to complex genomic scars. As it cur-
rently stands, assays that determine HR status may not agree on status calls, which can be problematic for the utility of these assays in 
the clinic. Our work provides an overview of the diagnostic landscape of HRD including a conceptual framework and de�nitions which will 
support molecular tumor boards and clinical decision making.
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Introduction
Genomic instability is one of the most common underlying 
aspects of tumorigenesis, and defective DNA repair is de-
scribed as a hallmark of cancer.1 Homologous recombin-
ation repair (HRR) is a DNA repair pathway that acts on 
DNA double-strand breaks and interstrand cross-links 
(ICL). 2 A de�ciency in the HRR pathway has been associated 
with several tumor types including breast, ovarian, prostate, 
and pancreatic cancers (Fig. 1) and has been termed hom-
ologous recombination de�ciency (HRD), whereas tumors 
that are not HRD are termed homologous recombination 
pro�cient (HRP). 3,4 The presence of HRD can make tumors 
more sensitive to ICL-inducing platinum-based therapies 
and poly(adenosine diphosphate [ADP]–ribose) polymerase 
(PARP) inhibitors (PARPi).5,6 Adenosine diphosphate-ribose 
polymerase inhibitors work via synthetic lethality; blocking 
base excision repair with PARPi results in an accumula-
tion of DNA single-strand breaks and replication fork col -
lapse resulting in DNA double-strand breaks that cannot 
be repaired by the HRR pathway if HRR is de�cient. 7,8 
Homologous recombination de�ciency is a predictive bio-
marker for treatment with PARPi in ovarian cancer based on 
patient outcomes in randomized controlled phase III trials.9-12 
Additionally, HRD is a positive prognostic marker for both 
progression-free survival and overall survival.13 Diagnostics 
developers have created tests to determine homologous re-
combination (HR) status and aid in treatment decisions; 
however, these assays may differ in what they measure and 
may lead to discordant results that can be problematic for 
prescribing oncologists. Patients are offered treatment at an 
emotionally dif�cult time and discordance between assays 

makes the decision of diagnostic test and therapy selection 
more challenging due to uncertainty.

The HRD phenotype of sensitivity to platinum-based ther-
apies and PARPi is associated with the HRD genotype de-
�ned by impairment in genes involved in the HRR pathway 
(“causes”) and/or genomic scarring/instability (“conse-
quences”; Fig. 2).4,14 The BRCA1 and BRCA2 genes play 
prominent roles in the HRR pathway and impaired BRCA 
gene function is the most studied mechanism in tumor cells 
among the potential causes that results in HRD. Germline 
and somatic mutations, as well as epigenetic modi�cations in 
BRCA1 and BRCA2, have been consistently associated with 
an HRD phenotype in breast, ovarian, pancreatic, and pros-
tate cancer,15-17 and have been deemed archetypal in the deter-
mination of an HRD phenotype. 18 Other HRR pathway genes 
associated with an HRD phenotype include genes such as 
ATM , PALB2, RAD51 , and others.3 Either genetic or epigen-
etic alterations in these genes or some combination underlie 
the HRD phenotype in various cancer types19 including 
ovarian,16,20,21 endometrial,22 breast,23-25 prostate,26 and pan-
creatic cancer.27 The association between these genes and an 
HRD phenotype may be less consistent than BRCA1 and  
BRCA2 and may vary by the tumor’s tissue of origin. Due to 
the lack of understanding of the clinical implications of the 
mutations within HRR pathway genes, more studies to inves-
tigate the role of these genes in HRD phenotype in various 
cancer types are needed.28-30

Testing for the consequences of an impaired HRR pathway 
is performed by probing the genome for evidence of genomic 
abnormalities. Several studies in breast and ovarian cancer 
have identi�ed genomic patterns or signatures of instability 
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associated with an HRD phenotype. These signatures of in-
stability can include genomic patterns of loss of heterozygosity 
(gLOH), which are regions of intermediate size (>15 MB and 
< whole chromosome),31 number of telomeric imbalances 
(TAI), which are the number of regions with allelic imbalance 
which extend to the sub-telomere but not cross the centro-
mere,32 and large-scale transitions (LST), which are chromo-
some breaks (translocations, inversions, or deletions).33 These 
approaches evaluate the presence of HRD-related genomic 
signatures (often referred to as scars) that are thought to be a 
consequence of error-prone DNA repair through alternative 
pathways (eg, non homologous end joining [NHEJ]).

Studies have demonstrated the predictive value of assays 
to determine the HRD phenotype by evaluating response 
to platinum-based therapies and PARPi in the context of 
breast and ovarian cancer.4,14 Various multi-omic studies 
have investigated how a combination of the above pat-
terns and additional genomic and transcriptomic signatures 
are associated with an HRD phenotype.5,34-36 A number of 
studies continue to evaluate genomic instability in breast 
and ovarian cancer as well as additional cancer types, 
which could lead to re�nements in its use.28 Additional ap -
proaches, such as the detection of RAD51 foci, may enable 
a functional assessment of HR status after a cell’s exposure 
to a DNA damaging agent. This approach requires multiple 
slides per patient which must be annotated by a trained 
professional. Recently, it has been shown that assessment 
of basal levels of RAD51 foci are possible in clinical sam-
ples and appear to show a high degree of correlation with 
PARPi response. The clinical validity as well as the practi-
cality and implementation for routine clinical use is under 
investigation.37-39

To date, FDA has approved several companion or comple-
mentary diagnostics to facilitate tumor selection for PARPi 
treatments based on HR status (Table 1). Two of these 
(FoundationOne CDx and the Myriad myChoice CDx test) 
assess chromosomal instability to select patients with ovarian 
cancer that may bene�t from an FDA-approved therapy. 
These assays incorporate both the causes and consequences of 
HRR impairment, whereas other FDA-approved assays only 
detect potential causes of HRR impairment without assessing 
consequences (eg, BRACAnalysis CDx, FoundationOne 
Liquid CDx, and FoundationOne CDx). It is important to 
note that while there are broad differences in the approach to 
test for HRD (causes vs consequences), there are also differ-
ences in the assays themselves that need to be considered. In 
addition to the FDA approved companion diagnostics, other 
sequencing or single-nucleotide polymorphism (SNP)–based 
platforms are being evaluated to measure genomic instability. 
Additional commercial and lab-developed assays that utilize 
tissue and blood to measure HR status are also available.

There is currently only partial agreement on which param-
eters contribute to determining the HR status of a sample 
and what combination of molecular measures are necessary 
to classify tumors as HRD.40 Additionally, assays may use 
different cutoffs across tumor types, within tumor types, or 
for drugs within a similar class.41 For example, a clinical trial 
on the PARPi veliparib used a cutoff of 33 using the Myriad 
myChoice CDx test to de�ne HR status in patients with high 
grade serous ovarian cancer10 while other trials on niraparib 9 
and olaparib12 used a cutoff of 42. As the application of HR 
status is investigated in different cancer types, it is important 
to improve clarity regarding the way HRD is de�ned, meas-
ured, and reported. Addressing this lack of clarity can help 

Figure 2. Overview of homologous recombination de�ciency (HRD). Homologous recombination de�ciency is a phenotype that is characterized by the 
inability of a cell to effectively repair double-strand DNA breaks using the homologous recombination repair (HRR) pathway. Alterations in these genes 
have been deemed “causes” of HRD (eg, genetic events and epigenetic events). This can result in an impaired HRR pathway, which can be deemed 
“consequences,” and assessed by probing the genome for evidence of genomic instability (eg, chromosomal instability and other genomic signatures).
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Table 1. Companion diagnostics approved for selection of PARPi.

Cancer Assay Sample 
type 

Therapy Indication Trial 

Ovarian BRACAnalysis 
CDx

Blood Olaparib For the maintenance treatment of adult patients with deleteri-
ous or suspected deleterious germline or somatic BRCA-mutated 
advanced epithelial ovarian, fallopian tube or primary periton-
eal cancer who are in complete or partial response to �rst-line 
platinum-based chemotherapy

SOLO1 Study

BRACAnalysis 
CDx

Blood Olaparib For the treatment of adult patients with deleterious or suspected 
deleterious germline BRCA-mutated (gBRCAm) advanced ovar-
ian cancer who have been treated with 3 or more prior lines of 
chemotherapy

Study 19 Study 42

FoundationOne 
CDx

Tumor Olaparib For the maintenance treatment of adult patients with deleteri-
ous or suspected deleterious germline or somatic BRCA-mutated 
advanced epithelial ovarian, fallopian tube or primary periton-
eal cancer who are in complete or partial response to �rst-line 
platinum-based chemotherapy

SOLO1 Study

Myriad 
myChoice CDx 
testa

Tumor Olaparib For the maintenance treatment of adult patients with deleteri-
ous or suspected deleterious germline or somatic BRCA-mutated 
advanced epithelial ovarian, fallopian tube or primary periton-
eal cancer who are in complete or partial response to �rst-line 
platinum-based chemotherapy

SOLO1 Study

Myriad 
myChoice CDx 
testa

Tumor Olaparib + 
Bevacizumab

For the maintenance treatment of adult patients with advanced 
epithelial ovarian, fallopian tube, or primary peritoneal cancer 
who are in complete or partial response to �rst-line platinum-
based chemotherapy and whose cancer is associated with HRD-
positive status de�ned by either: 1) a deleterious or suspected 
deleterious BRCA mutation, and/or 2) genomic instability

PAOLA-1 Study

BRACAnalysis 
CDx

Blood Rucaparib For the treatment of adult patients with a deleterious BRCA 
mutation (germline and/or somatic)-associated epithelial ovar-
ian, fallopian tube, or primary peritoneal cancer who have been 
treated with 2 or more chemotherapies

ARIEL2 Study

FoundationOne 
CDx

Tumor Rucaparib For the treatment of adult patients with a deleterious BRCA 
mutation (germline and/or somatic)-associated epithelial ovar-
ian, fallopian tube, or primary peritoneal cancer who have been 
treated with 2 or more chemotherapies

ARIEL3 Study

FoundationOne 
Liquid CDx

Blood Rucaparib For the treatment of adult patients with a deleterious BRCA 
mutation (germline and/or somatic)-associated epithelial ovar-
ian, fallopian tube, or primary peritoneal cancer who have been 
treated with 2 or more chemotherapies

ARIEL2 Study

Myriad 
myChoice CDx 
testa

Tumor Niraparib For the treatment of adult patients with advanced ovarian, fal-
lopian tube, or primary peritoneal cancer who have been treated 
with 3 or more prior chemotherapy regimens and whose cancer 
is associated with HRD-positive status de�ned by either: (1) a 
deleterious or suspected deleterious BRCA mutation or (2) gen-
omic instability and who have progressed more than 6 months 
after response to the last platinum-based chemotherapy

QUADRA Study

Prostate BRACAnalysis 
CDx

Blood Olaparib For the treatment of adult patients with deleterious or suspected 
deleterious germline or somatic homologous recombination 
repair (HRR) gene-mutated metastatic castration-resistant 
prostate cancer (mCRPC) who have progressed following prior 
treatment with enzalutamide or abiraterone

PROfound Study

FoundationOne 
CDx

Tumor Olaparib For the treatment of adult patients with deleterious or suspected 
deleterious germline or somatic homologous recombination 
repair (HRR) gene-mutated metastatic castration-resistant 
prostate cancer (mCRPC) who have progressed following prior 
treatment with enzalutamide or abiraterone

PROfound Study

FoundationOne 
Liquid CDx

Plasma Olaparib For the treatment of adult patients with deleterious or suspected 
deleterious germline or somatic homologous recombination 
repair (HRR) gene-mutated metastatic castration-resistant 
prostate cancer (mCRPC) who have progressed following prior 
treatment with enzalutamide or abiraterone

PROfound Study
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optimize the use of this complex biomarker for the selection 
of patients for therapies targeting the DNA repair pathway, 
such as PARPi, and identify the elements used to de�ne HR 
status that should be considered to best achieve consistent 
results.

Materials and Methods
Friends of Cancer Research convened a group of stake-
holders from industry, academia, and government. We hosted 
bimonthly calls for 4 months with diverse stakeholders to 
discuss the best way to approach harmonizing HR status 
measurements using diagnostic assays. We set out to char-
acterize how HRD is currently de�ned, measured, and used 
with regards to assays that measure HR status, and, ultim-
ately, to propose common language and recommendations 
to improve consistency around the use of HR status as a 
biomarker. We reviewed literature associated with phase III 
trials, including those that led to FDA approvals, and current 
guidelines from the American Society of Clinical Oncology 
(ASCO) and National Comprehensive Cancer Network 
(NCCN) regarding the use of assays to measure HR status, 
investigated FDA labels of currently approved PARPi and re-
ports on FDA-approved companion diagnostics validated to 
assess HR status, and discussed current laboratory and clin-
ical practices.

Results
Assessment of current practices helped to answer what HRD 
is, how it is currently measured, and how assays currently 
assess HR status. During routine clinical use, HR status is 
assessed by measuring either evidence for potential causes 
of HRD indirectly (eg, genetic mutations) or potential con-
sequence of de�ciency in the HRR pathway (eg, genomic in-
stability, mutational signatures; Fig. 2).

De�nitions of HRD are Heterogeneous
The de�nition of HRD varies widely among the scienti�c and 
medical communities. Various terms have historically been 
used in the literature to describe HRD including BRCA-ness, 
BRCA-like, and genomic scarring.42-44 Additionally, HRD is 

a complex biomarker whose de�nition may need re�nement 
based on growing biological and clinical understanding. 
De�ning HRD in terms of speci�c genetic mutations and/
or the success of a PARPi may be a too narrow approach. 
Homologous recombination de�ciency should not be solely 
de�ned by response to any one therapy, given that recent 
studies have shown that HRD has both a positive prognostic 
value in ovarian and other cancers and predictive value for 
PARPi and platinum therapy. Additionally, testing capabil-
ities may evolve to better assess HR status with a functional 
assay.2,38

Approaches for Assessing HR Status Vary Across 
Current FDA-Approved Companion Diagnostics
Given that HR status can inform treatment decisions and help 
predict improved outcomes for certain patients, it is essential 
to understand processes through which these decisions are 
made and identify best practices to maximize future bene�t 
of HR status determination. To better understand how HR 
status is currently determined, we reviewed the labels of FDA 
approved companion diagnostics that test HR status for use 
with a PARPi. Companion diagnostics are medical devices 
regulated by FDA to support safe and effective use of a cor-
responding therapeutic. While “companion diagnostic” as 
a construct exists in a limited capacity in non-US markets, 
the clinical and analytical validation conferred by FDA re-
view continues to inform global diagnostic use. In Europe, 
the European Union In Vitro Diagnostics Regulation emu-
lates FDA’s consideration of companion diagnostic regulation 
and is increasing review rigor by requiring validation studies.

We reviewed the FDA labels of Lynparza (olaparib), Zejula 
(niraparib), and Rubraca (rucaparib), PARPi that have used 
HRD as selection biomarkers in frontline and recurrent epi-
thelial ovarian, fallopian tube, or primary peritoneal cancers. 
The language on the olaparib and niraparib labels is mostly 
consistent and de�nes HRD by either (1) a deleterious or 
suspected deleterious BRCA mutation and/or (2) genomic 
instability. Olaparib and niraparib use the FDA-approved 
diagnostic test the Myriad myChoice CDx test, which deter-
mines HR status by assessing the mutation status of BRCA1/2 
and/or genomic instability—measured by the evaluation of 
a combination of molecular measures to derive a genomic 

Cancer Assay Sample 
type 

Therapy Indication Trial 

Breast BRACAnalysis 
CDx

Blood Olaparib For the treatment of adult patients with deleterious or suspected 
deleterious gBRCAm, HER2-negative metastatic breast cancer 
who have been treated with chemotherapy in the neoadjuvant, 
adjuvant, or metastatic setting. Patients with hormone recep-
tor (HR)-positive breast cancer should have been treated with 
a prior endocrine therapy or be considered inappropriate for 
endocrine therapy

OlympiAD Study

BRACAnalysis 
CDx

Blood Talazoparib For the treatment of adult patients with deleterious or suspected 
deleterious germline BRCA-mutated (gBRCAm) HER2-negative 
locally advanced or metastatic breast cancer

EMBRACA Study

Pancreatic BRACAnalysis 
CDx

Blood Olaparib For the maintenance treatment of adult patients with deleteri-
ous or suspected deleterious gBRCAm metastatic pancreatic 
adenocarcinoma whose disease has not progressed on at least 16 
weeks of a �rst-line platinum-based chemotherapy regimen

POLO Study

aAssesses genome-wide characteristics (potentially consequences of HRR impairment). Currently other companion diagnostic claims select patients by 
assessing genetic mutations (potentially causes of HRR impairment). Labels were accessed on FDA’s website and are current as of June 2021.

Table 1. Continued
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instability (gLOH + TAI + LST; the Myriad myChoice CDx 
test Summary of Safety and Effectiveness Data). PARPi ther-
apies may vary in the requirement of a companion diagnostic 
based on the clinical evidence for the therapeutic and de-
pending on the indication. The rucaparib label does not men-
tion HRD in the label but refers to patients with a BRCA1/2 
mutation (germline or somatic)-associated epithelial ovarian, 
fallopian tube, or primary peritoneal cancer based on an FDA-
approved companion diagnostic for this therapy. Rucaparib 
uses the Foundation Medicine test Foundation Focus CDx 

BRCA LOH  (now part of a broader FoundationOne CDx panel), 
which determines BRCA1/2 mutation status as per the com-
panion diagnostic claim, and determines HR status, which is 
de�ned by the mutation status of BRCA1/2 and/or genomic 
instability as measured by gLOH.

In summary, the FDA-approved companion diagnostics test 
for somewhat different components, which may result in dif-
ferent HR status calls and subsequently different treatment 
decisions. Given that genomic instability patterns arising from 
HRD can look different in various tissue types, the assay used 
to assess HR status should be validated using samples from 
the intended use population being studied. Within an indi-
vidual assay, cutoffs for determining HR status may differ by 
tissue type which requires further transparency around how 
thresholds are determined and whether these differences are 
due to chance, clinical trial approach, or biology.

Utilization of HR Status for Clinical Decision-
Making Would Bene�t from Addressing 
Uncertainties
Review of the literature, ASCO and NCCN guidelines, and 
expert discussions suggest uncertainty and inconsistency in 
how to use assays that measure HR status in the clinic, which 
could potentially drive low adoption for clinical decision 
making.45 Because assays that measure HR status can identify 
cancers that are more likely to respond to PARPi therapies 
and predict positive outcomes, it is important to address the 
sources of uncertainty to enable clinicians to use these new 
diagnostic tools and provide their patients with optimal care.

We identi�ed several areas which may lead to this lack of 
clarity including inconsistent reporting of HR status between 
studies and clinical trials, misaligned de�nitions of HR testing 
(eg, ‘mutation of HRR genes’ interchanged with ‘HR status’), 
complexity in the order of testing (eg, germline vs tumor, spe-
ci�c genes vs gene panel), interchangeability of tissue and 
plasma-based approaches, family history, and cancer type 
that warrant further investigation.

Discussion
Based on �ndings, we propose several considerations to bring 
better alignment in the �eld for use of HR assays in the clinic.

Use consistent language when describing HRD and align on 
a foundational de�nition that allows for a dynamic evolution 
of the term as HRD knowledge grows. We propose using the 
following de�nition: HRD is a phenotype that is characterized 
by the inability of a cell to effectively repair DNA double-strand 
breaks using the HRR pathway. Additionally, stakeholders 
should use the terminology “HRD” and “HRP” to de�ne the 
presence or absence of an HRD phenotype, respectively.

Adopt a minimum set of requirements for the deter-
mination of HR status, the details on how HR status was 

measured, and clearly report the type of test used should be 
clearly reported in publications. Greater clarity should be 
given to whether measures of both cause and consequence 
are needed to inform the determination of HR status in dif-
ferent contexts (Fig. 2). Evidence of consequence alone may 
not always be indicative of PARPi sensitivity due to the pos-
sibility of reversion mutations41; however, co-occurrence of 
consequence with cause can potentially support novel loss-of-
function mutations.

Additionally, de�ning mutation status and zygosity of 
BRCA1/2 (in the context of ovarian cancer) and genomic in-
stability status to then determine HR status is complex, and we 
recommend transparency and standardization of the type of 
information used to determine BRCA1/2 mutation status (ie, 
pathogenicity status of the variant), genomic instability (ie, mo-
lecular measures and parameters used to develop a score, value 
of continuous variable-if any), and criterion for cutoff selec-
tion. As we move beyond ovarian cancer, as well as investigate 
the role other HRR genes play in the cause of HRD, including 
different patterns of genomic instability exhibited in different 
cancer types, this additional information will be key to ensure 
consistency in results obtained across tests that determine HR 
status. Given that different tests may be used to determine HR 
status, and each uses different approaches for their determin-
ation, publications should include the name of the test used to 
determine HR status and speci�c clinical thresholds for level of 
de�ciency (eg, HRD as measured by <assay name> and de�ned 
as <features evaluated and cutpoint(s)>).

Conduct studies to identify and assess sources of discord-
ance among assays that assess HR status and identify sources 
of variability to inform optimal use of these assays for clin-
ical decision making. This can be accomplished through a 
study that assesses concordance of HR status across assays. 
Additionally, it would be bene�cial to create a clinician-
targeted survey to identify major barriers to the under-
standing or use of HR status as a decision-making factor to 
determine treatment approaches.

Encourage all testing labs to report a minimum set of elem-
ents important for interpreting the clinical report in line with 
FDA reporting requirements for current FDA approved assays 
assessing HR status and contextualize clinical meaning to as-
sist clinicians and patients with decision-making. Test devel-
opers should report whether the test is tumor-type dependent, 
what genomic �ndings were identi�ed (as is being done), and 
genomic instability/scarring scores (with thresholds as per 
drug/companion diagnostic approval for that cancer type).

Conclusion
Biomarkers such as HR status play a critical role in treat-
ment decisions for patients with cancer. It is therefore of ut-
most importance to build consensus on how to de�ne HRD 
and the methodology for assessing HR status to promote 
alignment and optimal use of this biomarker to identify pa-
tients who would bene�t from PARPi therapy. This publi -
cation provides �ndings from the group’s discussions that 
encourages diagnostic developers to consider the param-
eters that contribute to the determination of HR status. 
Perspectives captured in this manuscript complement not-
able academic efforts by professional societies, such as the 
European Society for Medical Oncology to assess methods 
for HRD testing as well as planned activities and surveys 
being conduct by the Association for Molecular Pathology, 



F R I E N D S  O F  C A N C E R  R E S E A R C H136

Association of Community Cancer Centers, American 
Society for Clinical Oncolog y and College of American and 
Pathologists to assess current clinical practice and provide 
evidence-based subject matter expert recommendations 
regarding best practices and performance characteristics 
of clinical HRD molecular method s. We created recom-
mendations and proposed best practices for industry stake-
holders to bene�t the entire cancer community that support 
alignment efforts and can evolve as biological and clinical 
advancements emerge to support robust use among onco-
logists and ensure assays enable the best possible care for 
patients.
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H. Stires1, Z. Zhang2, L. McShane2, J. Bieler3, L. Chen4, M. Gupta5, A. Lazar6, B. McKelvey1, S. Pabla7, J. Parsons8, 
O. Serang9, S. Shams10, E. Sokol11, E. Starks12, B. Thomas13, S. Yang14, J. Yen15, M. Stewart1, J. Allen1 
 
1Friends of Cancer Research, Washington, District of Columbia; 2National Cancer Institute, Bethesda, MD; 3SOPHiA GENETICS, 
SaintSulpice, Switzerland; 4Frederick National Laboratory for Cancer Research, Frederick, MD; 5Clinical Sequencing Division, Thermo 
Fisher Scientific, South San Francisco, CA; 6The University of Texas MD Anderson Cancer Center, Houston, TX; 7Omniseq, Buffalo, NY; 
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IInnttrroodduuccttiioonn:: Homologous recombination deficiency (HRD) assays determine eligibility for treatment with poly (ADP-ribose) 
polymerase inhibitors and other DNA repair targeting drugs. The assays measure several factors to define homologous 
recombination (HR) status including causes (i.e., inactivation in HR pathway genes) and consequences (i.e., genomic 
instability) of HRD. Methodological variability across HRD assays has not been investigated thoroughly, and an empirical 
assessment of assay variability may support broader adoption of HRD and strengthen clinical interpretation of test results. 
 
MMeetthhooddss:: Friends of Cancer Research (Friends) initiated a unique partnership with HRD assay developers and other key 
stakeholders to characterize differences in assay factors and assess levels of agreement and variability across HRD assays. 
First, we surveyed HRD assay developers (n=20) about factors their assays measure to determine HR status. Subsequently, 
a subset of assay developers (n=11) measured in silico and reported HR status and the contributing factor(s) for 348 TCGA 
ovarian cancer samples. We performed pairwise comparisons of assay’s HR status calls to determine the level of agreement 
and considered specific factors measured by each assay to identify potential sources of variation. Additionally, we analyzed 
HR status agreement for BRCA1/2 mutated versus wild-type BRCA1/2 samples. 
 
RReessuullttss::  The 20 surveyed HRD assays are heterogeneous in the factors they measure. Although all assays consider BRCA1/2 
mutations, assays also variously consider genomic loss of heterozygosity (gLOH; 75% of assays), additional HRR genes 
(55%), telomeric allelic imbalance (TAI; 45%), and large-scale state transitions (LST; 45%). For assays involved in the TCGA 
analysis, the range of percent positivity (% patients with HRD) was 9%-67% with a median of 49%. Rates of HRD were 
higher in assays that included gLOH, TAI, and/or LST. Median positive percent agreement (PPA) was 74% and median 
negative percent agreement was 81%. The presence of BRCA1/2 mutations was associated with an increase in PPA. The 
median Spearman correlation for pairwise comparisons of ranked continuous HRD scores was 0.66 and 0.70 for %gLOH. 
 
CCoonncclluussiioonnss:: Preliminary findings demonstrate variation in the factors measured and the HR status calls made across HRD 
assays. Some of the variation in HR status calls could be due to the nature of the TCGA dataset, and future studies will aim to 
understand assay agreement from freshly extracted formalin-fixed, paraffin-embedded human archival ovarian tumor 
samples. Understanding the agreement among assays will help to inform assay interpretation and improve consistency 
between HR status calls and alignment of HRD scores across HRD assays to help patients and providers make appropriate 
treatment decisions. 
 
 
 
 
Stires H, Z Zhang, McShane L. Assessing Variability across HRD Assays: Findings from the Friends’ HRD Harmonization Project. Association for 
Molecular Pathology 2022 Annual Meeting Abstracts. J MolDiagn 2022, 24:S1 Abstract STO77 
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Treated With Immune Checkpoint Inhibitors
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PURPOSEAs immune checkpoint inhibitors (ICI) become increasingly used in frontline settings, identifying early
indicators of response is needed. Recent studies suggest a role for circulating tumor DNA (ctDNA) in monitoring
response to ICI, but uncertainty exists in the generalizability of these studies. Here, the role of ctDNA for
monitoring response to ICI is assessed through a standardized approach by assessing clinical trial data from� ve
independent studies.

PATIENTS AND METHODSPatient-level clinical and ctDNA data were pooled and harmonized from 200 patients
across� ve independent clinical trials investigating the treatment of patients with non–small-cell lung cancer with
programmed cell death-1 (PD-1)/programmed death ligand-1 (PD-L1)–directed monotherapy or in combination
with chemotherapy. CtDNA levels were measured using different ctDNA assays across the studies. Maximum
variant allele frequencies were calculated using all somatic tumor-derived variants in each unique patient
sample to correlate ctDNA changes with overall survival (OS) and progression-free survival (PFS).

RESULTSWe observed strong associations between reductions in ctDNA levels from on-treatment liquid biopsies
with improved OS (OS; hazard ratio, 2.28; 95% CI, 1.62 to 3.20;P , .001) and PFS (PFS; hazard ratio 1.76;
95% CI, 1.31 to 2.36;P , .001). Changes in the maximum variant allele frequencies ctDNA values showed
strong association across different outcomes.

CONCLUSIONIn this pooled analysis of� ve independent clinical trials, consistent and robust associations
between reductions in ctDNA and outcomes were found across multiple end points assessed in patients with
non–small-cell lung cancer treated with an ICI. Additional tumor types, stages, and drug classes should be
included in future analyses to further validate this. CtDNA may serve as an important tool in clinical development
and an early indicator of treatment bene� t.

JCO Precis Oncol 6:e2100372. © 2022 by American Society of Clinical Oncology

Creative Commons Attribution Non-Commercial No Derivatives 4.0 License

INTRODUCTION

The recent approval of programmed cell death-1 (PD-
1)/programmed death ligand-1 (PD-L1) inhibitors as
frontline therapy for advanced non–small-cell lung
cancer (NSCLC) has changed the treatment paradigm
for this disease.1-6 However, not all patients respond to
immune checkpoint inhibitors (ICI), and some may
experience clinically signi� cant, and sometimes long-
lived, toxicity.7 Disease response is currently assessed
with clinical and radiographic evaluation, with the� rst
imaging assessment usually after 8 weeks on ICIs.
However, clinical assessments are subjective, dif� cult

to standardize, may lack the necessary sensitivity to
identify very early stages of progressive disease, and
may misinterpret tumor responses in the case of
pseudoprogression.8 Hence, accurate, early, and ob-
jective predictors of response to ICI therapy are needed.

Next-generation sequencing of circulating tumor DNA
(ctDNA) has been recently established as a sensitive,
less invasive, and accurate means to detect thera-
peutically actionable mutations in patients as well as to
identify the emergence of resistance mutations in
patients receiving targeted therapies. However, the use
of this technology to monitor response to therapy is less
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de� ned for ICIs.9-13 Serial ctDNA measurements may yield
additional insights into a patient’s disease, providing a more
timely assessment of response to treatment than traditional
clinical and radiologic assessments. If shown to correlate
with treatment response, monitoring ctDNA changes during
treatment may improve disease management.14-18

Several recent studies suggest a potential role for ctDNA in
monitoring response to ICI therapy and have investigated
how changes in ctDNA levels may be associated with
outcomes. These studies have identi� ed a correlation
between on-therapy reductions in ctDNA and objective
response rate, progression-free survival (PFS), and overall
survival (OS).19-23 However, uncertainty exists in the gen-
eralizability of these studies, since they often used different
methods of ctDNA assessment, had variable on-treatment
blood collection time points, had heterogeneity in the pa-
tient populations, and implemented a variety of methods to
calculate ctDNA changes over time.

To address the need for a standardized approach to assess
the role of ctDNA as a potential tool for monitoring response to
ICI treatment as well as to develop a robust data set evaluating
the relationship between ctDNA changes during ICI treatment
and clinical outcomes, Friends of Cancer Research (Friends)
launched the ctDNA for Monitoring Treatment Response
(ctMoniTR) pilot project. The� rst step of ctMoniTR pooled
and harmonized data from� ve independent studies focused
on patients with NSCLC receiving PD-(L)1–directed mono-
therapy or combination with chemotherapy. The results from
this multi-institutional study are presented and discussed,
providing further evidenceof ctDNA as a noninvasive and
dynamic indicator of clinical outcome to ICI.

PATIENTS AND METHODS

Patients

Anonymized patient-level clinical and ctDNA data from� ve
independent clinical trials were collected and included 254

patients (Data Supplement).20-22,24,25 Each study reviewed
patients’ informed consent approved by the local institu-
tional review board to ensure their data were suitable for
secondary use beyond their original intent. Patients with
NSCLC who had been treated with varying lines of anti–PD-
(L)1 therapy, either as monotherapy or in combination with
standard chemotherapy, and who had a pretreatment
ctDNA sample (no earlier than 14 days before the start of
treatment) and at least one on-treatment ctDNA sample (no
later than 70 days from the initiation of treatment) were
included. As this was a pilot project, these time points were
selected to allow inclusion of the largest number of sam-
ples. The� ve data sets were split into seven cohorts, with
each cohort representing a unique study or trial arm. Initial
criteria for patient inclusion/exclusion and strategies for
minimizing bias in a combined data set were established
before analysis (Data Supplement).

Clinical Outcomes and Covariates

OS and PFS were de� ned as the number of days between
treatment initiation and death resulting from any cause, and
the number of days between treatment initiation and death
from any cause or progression, respectively. Tumor re-
sponse was evaluated according to the RECIST, version
1.1, and con� rmed by local or central review.26 Durable
clinical bene� t was de� ned as maintenance of PFS at
6 months from treatment initiation (PFS6).27 Patients who
did not progress on study but were lost to follow-up within
6 months of treatment initiation (n = 11) were excluded
from the PFS6 analysis. Additional clinical descriptors were
collected and harmonized according to a common set of
de� nitions (Data Supplement).

ctDNA Data

All studies used similar plasma collection methods (Data
Supplement) that met the minimum prespeci� ed assay
standards (Data Supplement) and provided ctDNA results
according to their individual protocols. Various next-generation

CONTEXT

Key Objective
Can changes in circulating tumor DNA (ctDNA) re� ect clinical bene� t across multiple, independent studies of patients with

non–small-cell lung cancer treated with immune checkpoint inhibitors?
Knowledge Generated
Analyses con� rm an association between changes in ctDNA levels and clinical bene� t for patients with non–small-cell lung

cancer treated with varying lines of anti–programmed cell death-1 (PD-1)/programmed death ligand-1 (PD-L1) therapy.
Harmonization strategies were developed to help address differences in ctDNA collection timing, ctDNA assay results, and
clinical variables across different clinical studies.

Relevance
Our study provides supporting evidence that ctDNA may serve as an early predictor of treatment response. Given the multitude

of recent studies investigating the use of ctDNA as a minimally invasive way to measure treatment outcome, these results
are timely by con� rming observations seen across multiple, independent studies and by outlining harmonization strategies
to support future studies and meta-analyses to validate ctDNA as an end point in drug development.
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sequencing–based ctDNA assays (Data Supplement), in-
cluding targeted panels and whole-genome sequencing, were
used and, as a result, performance metrics may vary across the
platforms. Variant allele frequencies (VAF), de� ned as the
number of mutant alleles divided by the total number of mutant
and wild-type alleles, were reported from four of the� ve
studies. The� fth study assessed ctDNA changes with a whole-
genome sequencing approach using copy-number alterations
and local changes in ctDNA fragment length to determine a
tumor fraction ratio.21 Variants contributing to the calculation of
VAF met internal assay-speci� c quality standards. Germline
and clonal hematopoiesis variants were removed according to
each study’s original protocol (Data Supplement) or, for one
study, by the independent analysis center (Data Supplement).

Derived ctDNA Metrics

Mean, median, and maximum VAF values were calculated
using all somatic tumor-derived variants eligible for analysis
in each unique patient sample, regardless of whether they
were detected at baseline. For patients with nondetectable
(ND) ctDNA, the VAFs were assumed to be indeterminably
low and were set to a value of 0; additional data handling
details are in the Data Supplement. The percent change of
the mean, median, or maximum VAF value from baseline
(T0) to the � rst on-treatment sample collected within
70 days of treatment initiation (T1) was calculated as

Percent Change of Mean VAF� �mean VAFT1

� mean VAFT0�
�

mean VAFT0

Percent Change of Median VAF� �median VAFT1

� median VAFT0�
�

median VAFT0

Percent Change of Maximum VAF� �maximum VAFT1

� maximum VAFT0�
�

maximum VAFT0 �

Then, three types of ctDNA metrics were calculated for
analysis: (1) continuous percent change variable using the
raw percent change value, with a cap in cases with per-
centage increase of 500% to mitigate the impact of outliers;
(2) binary variable using a cutpoint of–50% change in VAF
as the threshold, where this optimal cutpoint was deter-
mined using the running log-rank method28; and (3) the
three-level variable, which used cohort-speci� c thresholds
to identify the 50% most extreme patients within each
cohort exhibiting a strong decrease in ctDNA from baseline
(decrease), the 50% most extreme patients exhibiting a
strong increase in ctDNA (increase), and the remaining
patients in a middle category with modest reductions or
increases in ctDNA (intermediate; Data Supplement).

Statistical Analyses

The three-level ctDNA metric was modeled as an ordinal
variable with three categories representing patients with a
decrease in ctDNA from baseline, an intermediate change,
or an increase. Kruskal-Wallis tests were used to compare
the medians of continuous variables, and Wald chi-Square
tests were used to compare proportions of categorical

variables, with Fisher’s exact test used in cases where
assumptions for utilization of the chi-square test were not
met. Survival probabilities (OS and PFS) were estimated
using the Kaplan-Meier method,29 using a 70-day landmark
from treatment initiation to ensure that the ctDNA metric
re� ected a change in ctDNA that occurred before patients
were assessed for survival outcome. Overall and pairwise
comparisons between strata in Kaplan-Meier analyses were
calculated using log-rank tests. Univariate and multivariate
Cox proportional hazards models were used to assess
associations with OS and PFS, withP values derived from
the log-likelihood test, and covariates that were measured
after treatment initiation modeled as time-dependent
covariates. Univariate and multivariate logistic regression
models were used to assess associations with binary
clinical end points (partial response [PR] or better, and
PFS6). All models accounted for cohort-speci� c risks using
cohort-strati� ed models, where cohort was adjusted by
strati� cation, which allows for a different baseline risk within
each cohort group. All statistical tests withP value , .05
were considered statistically signi� cant. As this was an
exploratory pilot project,P values were not adjusted for
multiple tests. Analyses were done using the SAS statistical
software package (SAS Institute, Cary, NC) or R (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

Analysis Data Set

A total of 254 patients were considered for inclusion, with
200 patients included in the� nal data set after excluding
patients who failed to meet study criteria (Fig 1; full pop-
ulation demographics shown in the Data Supplement).
Broad heterogeneity was observed across cohorts with
noticeable differences in age, sex, stage at enrollment,
histology, programmed death ligand-1 (PD-L1) expression,
and number of prior lines of therapy (Table 1). Among all
clinical covariates, smoking history was the only one to be
univariately associated with changes in ctDNA values (Data
Supplement).

ctDNA Collection Timing and ctDNA Metrics

Descriptive analyses revealed that the timing and frequency
of ctDNA samples varied between cohorts because of
differences in the protocols used within each study (Fig 2).
There was also variability across cohorts in the number of
variants detected, the magnitude of VAF values, and the
range of baseline mean, median, and maximum VAF values
(Data Supplement). Considering the likelihood that differ-
ences in these data could be related to the assay used, the
3-level Max VAF Percent Change Group results are shown
here, since this metric accounted for differences in dis-
tributions by using cohort-speci� c thresholds to categorize
patients. This metric also demonstrated the most consistent
results for OS, PFS, and durable clinical bene� t. The results
for the other ctDNA metrics are available in the Data
Supplement. Within the 3-level Max VAF Percent Change
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Group metric, 63 (32%) patients had a decrease, 103
(51%) had an intermediate change, and 34 (17%) an
increase in ctDNA levels from baseline while on treatment.

Changes in ctDNA Are Associated With Survival
End Points

Strong and consistent associations between reductions in
ctDNA levels and improved OS were observed in unad-
justed Cox models (Data Supplement) and adjusted Cox
models with cohort strati� cation and adjustment by baseline
clinical covariates (Fig 3A). For example, each increase in
the category of the three-level Max VAF Percent Change
Group variable (from decrease, to intermediate, to increase
in Max VAF) was associated with an increased risk of death
(adjusted hazard ratio, of 2.28 [95% CI, 1.62 to 3.20;P ,
.001]), after adjusting for baseline clinical covariates.
Baseline ctDNA values, including ND samples, were not
found to be associated with OS (Data Supplement). OS
Kaplan-Meier plots showed a strong separation in the dif-
ferent ctDNA categories, with statistically signi� cant dif-
ferences in the pairwise comparisons, and 1-year survival
rates of 75%, 58%, and 32% for patients with a decrease,
intermediate change, or increase in Max VAF, respectively
(Fig 3B). Additional Kaplan-Meier and univariate associa-
tions for OS are available in the Data Supplement.

Similar observations occurred when examining the ctDNA
associations with PFS in unadjusted Cox models (Data
Supplement) and adjusted Cox models with cohort strati� -
cation and adjustment by baseline clinical covariates (Fig 4A),
where the adjusted hazard ratio of 1.76 (95% CI, 1.31 to
2.36; P, .001) indicated that each increase in the categories
of the three-level Max VAF Percent Change Group variable
(from decrease, to intermediate, to increase in Max VAF) was
associated with an increased risk of progression or death,
after adjusting for baseline clinical covariates. Similar to the
OS analysis, baseline ctDNA values, including ND samples,
were not associated with PFS. The PFS Kaplan-Meier plot

revealed that patients with a decrease in the maximum VAF
had better PFS compared with the other two groups, but there
was no apparent separation in PFS between patients in the
intermediate and increase categories (Fig 4B). Additional
Kaplan-Meier and univariate associations for PFS are avail-
able in the Data Supplement. Of note, in the adjusted Cox
models for both OS and PFS, smoking history was associated
with improved survival outcomes. This� nding is consistent
with previous studies that argued that cancers resulting from
the accumulation of tobacco-related mutations may have
increased tumor mutational burden and respond especially
favorably to immunotherapies.30,31 Additionally, there was a
lack of association with PD-L1 positivity, which was likely
because of variation in how it is measured and de� ned in
each clinical trial.

Changes in ctDNA Are Associated With Improved
Tumor Response

Reductions in ctDNA were also associated with improved
tumor response, de� ned as achieving a RECIST classi� -
cation of PR or complete response. Logistic regression
models with cohort strati� cation and adjustment by
baseline clinical covariates yielded an adjusted odds ratio of
0.19 (95% CI, 0.08 to 0.45;P , .001) for intermediate
versus decrease and 0.11 (0.03 to 0.38) for increase versus
decrease, suggesting that each increase in the strata of the
three-level Max VAF Percent Change Group variable was
associated with a decreased likelihood in achieving PR or
better, after adjusting for baseline clinical covariates
(Table 2). Baseline ctDNA values were not univariately
associated with achieving PR or better (Data Supplement).
Additional univariate associations and results for other
ctDNA metrics are included in the Data Supplement.

Changes in ctDNA Are Associated With Durable
Clinical Bene� t

Logistic regression models with cohort strati� cation and
adjustment by baseline clinical covariates found that

Assessed for eligibility (N = 254) 

Excluded because of missing
baseline ctDNA sample (n = 16) 

Patients with baseline ctDNA sample
(n = 238) 

Excluded because of missing T1
ctDNA sample (n = 12)

Excluded because baseline ctDNA
sample collected �� �14 days before
treatment initiation, or T1
ctDNA sample collected �� �70 days
after treatment initiation (n = 26)   

Patients with baseline and T1 ctDNA 
sample (n = 226)

Patients with baseline and T1 ctDNA
samples within time constraints (n = 200)

FIG 1.Flow diagram. ctDNA, circulating
tumor DNA.

Vega et al
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decreases in ctDNA were associated with achieving durable
clinical bene� t, de� ned as PFS� 6 months (PFS6). This
analysis yielded an adjusted odds ratio of 0.13 (95% CI,
0.05 to 0.34; P , .001) for intermediate versus decrease,
and 0.06 (95% CI, 0.02 to 0.22) for increase versus de-
crease, interpreted as a decreasing likelihood of achieving
PFS6 with each increase in the ctDNA Max VAF metric
category (Table 2). No other clinical covariates were sta-
tistically signi� cant in the adjusted model, and the ctDNA
values at baseline were also not found to be associated with
PFS6. Additional univariate associations and results for
other ctDNA metrics are included in the Data Supplement.

DISCUSSION

Among patients with NSCLC treated with ICI whose data
were analyzed in aggregate, consistent and robust associ-
ations between reductions in ctDNA and clinical bene� t were
found across multiple end points. Although the results
presented in this manuscript are consistent with recent
reports, these individual studies have limited sample sizes,
and were constrained in their generalizability, given that each
study used a particular treatment and a speci� c ctDNA assay
on a carefully selected group of patients.19-23,25,32 The het-
erogeneity of the data sets included required various har-
monization strategies to address differences in ctDNA
collection timing, ctDNA assay results, and clinical variables.

These strategies successfully minimized bias and confounding
factors and were equally valuable in establishing useful
methodologies for combining data sets collected from dis-
parate sources. By pooling and harmonizing the results from
independent studies, the results of this study show that, even
when analyzed across� ve different clinical trials, using mul-
tiple ICIs in differing NSCLC populations, with different sample
collection time points and different ctDNA assays, the on-
treatment changes in ctDNA levels correlate with outcome.
These correlations hold true in analyses using ctDNA as a
dichotomized, trichotomized, or continuous variable, and
using all outcome measures evaluated (OS, PFS, best re-
sponse, and PFS6).

In the literature, there is a lack of standardization in the
methods used to quantitate ctDNA changes and evaluate
their association with clinical outcomes. Previous studies
have generally used different metrics, such as mean,
median, or maximum VAF, mutant molecules per unit
volume of blood or plasma, or absolute numbers of mu-
tations observed at one point in time.24,32 Moreover, dif-
ferent thresholds have been used to determine signi� cant
changes in ctDNA, such as one log reduction, two-fold
change or statistically distinguishable changes with non-
overlapping CIs, percent change in the absolute ctDNA
levels, or a ratio of on-treatment VAF to baseline VAF, with a
molecular response set at. 50% decrease.19,21,23,32,33

�40 20 40 60 80 100 120 140 160 180 200 220

Time Since Initiation of Therapy (days)
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Study 1

Study 2

Study 3

Study 4
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RECIST

Study 1 ctDNA samples 

Study 2 ctDNA samples 

Study 3 ctDNA samples 

Study 4 ctDNA samples 

Study 5 ctDNA samples 

ctDNA timing thresholds 

�20 0

FIG 2.Timing of plasma collection and tu-
mor response per patient by study in the
analysis data set (N = 200). Unique patients
are represented as horizontal lines, with
markers denoting the timing of RECIST
evaluations and ctDNA samples. Thex-axis is
truncated at 200 days, with some patients
having longer follow-up. ctDNA, circulating
tumor DNA.
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Thus, one aim of this study was to compare different ctDNA
metrics to identify those that yielded the most consistent
and robust associations across multiple technologies and
clinical outcomes. The analyses presented in this manu-
script were focused on metrics on the basis of VAF or tumor
fraction values, since these were available for studies in this
evaluation.

When comparing changes in the mean, median, or max-
imum VAF values, it was generally observed that the mean
and maximum VAF ctDNA values showed similarly strong
and consistent univariate associations with different out-
comes, whereas median VAF had a weak and inconsistent
signal (Data Supplement). One possibility is that median
values minimize the impact of large, outlier VAF values that

B
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FIG 3.(A) Forest plot with Cox regression
results for OS and the three-level max VAF
percent change group variable, adjusted
by baseline clinical covariates. Red means
the HR is . 1.0 (increased risk of death)
and blue means the HR is, 1.0 (de-
creased risk of death); un� lled box =
nonsigni� cant P value, � lled box = sig-
ni� cant P , .05. (B) Kaplan-Meier plot for
OS and the three-level max VAF percent
change groups, landmarked at 70 days
from treatment initiation (the sampling
window for the � rst on-treatment ctDNA
sample); patients with an event during the
70-day landmark were excluded from the
analysis.aDenotes a time-dependent var-
iable. ctDNA, circulating tumor DNA; HR,
hazard ratio; LL, lower limit; OS, overall
survival; PD-L1, programmed death li-
gand-1; UL, upper limit; VAF, variant allele
frequency.
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are clinically meaningful, suggesting that large VAF values
may be the most informative when assessing treatment
responses. Thus, the single highest somatic VAF value,
regardless of the gene and mutation that contributed to the
calculation, may be a superior proxy for disease burden, as
opposed to other summary measurements that give more
weight to rare variants with low VAFs. However, capturing a

single highest variant will be sensitive to the panel used,

and a mean VAF may be more robust across tumor types

and molecular subtypes, especially those without de� ned

driver mutations.

When comparing the continuous, two-level, and three-
level ctDNA metrics, the three-level, and to a lesser
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FIG 4.(A) Forest plot with Cox regres-
sion results for PFS and the three-level
max VAF percent change group vari-
able, adjusted by baseline clinical
covariates. Red means the HR is. 1.0
(increased risk of death/progression)
and blue means the HR is, 1.0 (de-
creased risk of death/progression); un-
� lled box = nonsigni� cant P value,� lled
box = signi� cant P , .05. (B) Kaplan-
Meier plot for PFS and the three-level
max VAF percent change groups,
landmarked at 70 days from treatment
initiation (the sampling window for the
� rst on-treatment ctDNA sample); pa-
tients with an event during the 70-day
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analysis. aDenotes a time-dependent
variable. ctDNA, circulating tumor
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PD-L1, programmed death ligand-1;
PFS, progression-free survival; UL, up-
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extent, the two-level ctDNA metric (Data Supplement),
consistently showed strong associations with patient
outcomes. The continuous ctDNA metric on the basis of
the raw percent change value had inconsistent associ-
ations with patient outcomes. Modeling the continuous
variable was challenging, as the natural range of a per-
cent change calculation (potentially ranging from–100%
to +in� nity) made data transformations problematic to
implement and produced a distribution of the values that
resulted in several outliers that could strongly bias a
model that assumes a linear association. Conversely, the
three-level ctDNA metric grouped extreme and moderate
patients (who unquestionably had a substantial change in
their ctDNA levels from baseline) and appeared to classify
patients into appropriate categories despite potential
differences that may exist across ctDNA platforms or
clinical situations. Absolute ctDNA values, such as mu-
tant molecules per volume of plasma, were not evaluated
because these data were not available for all studies but
should be examined in greaterdepth in future studies.
Assessment of overall tumor fraction from plasma data is
a � eld with ongoing development. Incorporating analyt-
ical characteristics of speci� c assays, like limit of de-
tection and precision as well as further improvements on
� ltering and dynamics of variant VAFs over time, could be
hypothesized to further improve predictive power of re-
sponse assessment. Theseshould continue to be inte-
grated into assessment of molecular response, building
off the standardized VAF-based approaches established
within the ctMoniTR Project.

Other lines of inquiry include determining how early a change
in ctDNA can accurately re� ect a patient’s response to

treatment, especially if it can reveal tumor responses earlier
than radiographic evaluation, and whether baseline ctDNA
values are associated with clinical outcomes, as this has been
reported previously.23,32 In the current study, however, we did
not observe an association between baseline ctDNA VAF and
clinical outcomes, which could be related to all patients
harboring advanced NSCLC or failing a prior line of systemic
therapy. Still, our data suggest that ctDNA measurements may
help guide treatment decisions, either independently or in
conjunction with radiographic evaluation, especially in tumors
that are challenging to assess.

Future work from the ctMoniTR Project will expand the scope
to include additional tumor types, stages, and drug classes to
further validate the association between harmonized ctDNA
levels and clinical outcomes in different clinical settings. More
speci� cally, future analyses will focus on better understanding
how early changes in ctDNA could be associated with
treatment outcomes, and how longitudinal ctDNA mea-
surements can re� ect ongoing changes in an actively evolving
tumor. Larger data sets will also enable subgroup analyses
where relevant covariates can be further investigated. Future
efforts will aim to recommend common standards for ctDNA
evaluation for use in pharmaceutical trials and clinical
practice. Additionally, standardization of ctDNA sampling
time points is recommended for future studies, and addi-
tional modeling techniques to account for left-truncated data
may be considered in future analyses.34 Ongoing work in the
ctMoniTR Project will focus on improving measurements
and comparability in ctDNA studies, facilitating acceleration
in the regulatory adoption of reliable ctDNA measures of
responsiveness to treatment, and investigating ctDNA as an
intermediate measure of treatment success.
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�¸�Ô�å�ß�ì���¸�á�×�ã�â�Ü�á�ç��
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�ç�Û�Ø�å�Ø���Õ�Ø���æ�Ø�ç���ç�Ü�à�Ø���ã�â�Ü�á�ç�æ���Ù�â�å���à�Ø�Ô�æ�è�å�Ø�à�Ø�á�ç���Õ�Ø�Ù�â�å�Ø���Ô�á�×���ç�Û�å�â�è�Ú�Û�â�è�ç���ç�å�Ø�Ô�ç�à�Ø�á�ç���Ù�â�å���Ô�ß�ß���ç�å�Ü�Ô�ß�æ�²
�»�â�ê���×�â���×�Ü�Ù�Ù�Ø�å�Ø�á�ç���ç�å�Ø�Ô�ç�à�Ø�á�ç���å�Ø�Ú�Ü�à�Ø�á�æ���Ô�á�×���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø�æ���Ü�á���è�Ø�á�Ö�Ø���ç�Ü�à�Ü�á�Ú�²

�ç �Ê�Û�Ô�ç���Ü�æ���ç�Û�Ø���â�ã�ç�Ü�à�Ô�ß���ç�Û�å�Ø�æ�Û�â�ß�×�Ÿ���Ü�á���ç�Ø�å�à�æ���â�Ù���ã�Ø�å�Ö�Ø�á�ç���Ö�Û�Ô�á�Ú�Ø���Ü�á���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ���›�â�å
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�¾�Ø�ì���¶�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ���Ù�â�å���É�Ô�ß�Ü�×�Ô�ç�Ü�á�Ú���ç�Û�Ø���È�æ�Ø���â�Ù���Ö�ç�·�Á�´���Ô�æ���Ô�á���¸�Ô�å�ß�ì���¸�á�×�ã�â�Ü�á�ç

�È�á�×�Ø�å�æ�ç�Ô�á�×�Ü�á�Ú���ç�Û�Ø���Ô�ã�ã�ß�Ü�Ö�Ô�ç�Ü�â�á���â�Ù���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ���Ô�æ���Ô���Õ�Ü�â�à�Ô�å�Þ�Ø�å���Ü�æ���Ü�à�ã�â�å�ç�Ô�á�ç���ê�Û�Ø�á���×�Ø�æ�Ü�Ú�á�Ü�á�Ú��
�æ�ç�è�×�Ü�Ø�æ���ç�â���é�Ô�ß�Ü�×�Ô�ç�Ø���Ü�ç�æ���è�æ�Ø���Ù�â�å���Ô�æ�Ö�Ø�å�ç�Ô�Ü�á�Ü�á�Ú���ç�Û�Ø�å�Ô�ã�Ø�è�ç�Ü�Ö���Ø�Ù���Ö�Ô�Ö�ì�¡���Ç�Û�Ø�å�Ø���Ô�å�Ø���à�è�ß�ç�Ü�ã�ß�Ø���ç�Ø�Ö�Û�á�Ü�Ö�Ô�ß���Ô�á�×��
�Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ���Ö�â�á�ç�å�Ü�Õ�è�ç�Ü�á�Ú���ç�â���é�Ô�å�Ü�Ô�Õ�Ü�ß�Ü�ç�ì���ç�Û�Ô�ç���æ�Û�â�è�ß�×���Õ�Ø���Ô�×�Ø�ä�è�Ô�ç�Ø�ß�ì���Ô�Ö�Ö�â�è�á�ç�Ø�×���Ù�â�å�Ÿ���æ�è�Ö�Û��
�Ô�æ���Ô�æ�æ�Ô�ì���ç�ì�ã�Ø�Ÿ���è�á�×�Ø�å�ß�ì�Ü�á�Ú���×�Ü�æ�Ø�Ô�æ�Ø�Ÿ���ã�Ô�ç�Ü�Ø�á�ç���Û�Ø�ç�Ø�å�â�Ú�Ø�á�Ø�Ü�ç�ì�Ÿ���ç�Û�Ø�å�Ô�ã�Ø�è�ç�Ü�Ö���Ö�â�á�ç�Ø�ë�ç�Ÿ���ç�Ô�å�Ú�Ø�ç���â�Ù���ç�Û�Ø�å�Ô�ã�ì�Ÿ��
�â�å���Ô���Ö�â�à�Õ�Ü�á�Ô�ç�Ü�â�á���â�Ù���×�Ü�æ�Ø�Ô�æ�Ø���ã�Ô�å�Ô�à�Ø�ç�Ø�å�æ�Ÿ���ê�Û�Ø�á���Ö�â�á�×�è�Ö�ç�Ü�á�Ú���é�Ô�ß�Ü�×�Ô�ç�Ü�â�á���æ�ç�è�×�Ü�Ø�æ�¡��

�Ç�Ø�Ö�Û�á�â�ß�â�Ú�ì���¶�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ

�Ç�Û�Ø�å�Ø���Ô�å�Ø���Ô���é�Ô�å�Ü�Ø�ç�ì���â�Ù���Ô�æ�æ�Ô�ì�æ���ç�Û�Ô�ç���à�Ø�Ô�æ�è�å�Ø���Ö�ç�·�Á�´���ê�Ü�ç�Û���×�Ü�Ù�Ù�Ø�å�Ü�á�Ú���Ô�ã�ã�å�â�Ô�Ö�Û�Ø�æ�Ÿ���ê�Û�Ü�Ö�Û���Ö�Ô�á���Ü�à�ã�Ô�Ö�ç��
�ç�Û�Ø���Ü�á�ç�Ø�å�ã�å�Ø�ç�Ô�ç�Ü�â�á���â�Ù���Ô�æ�æ�Ô�ì���å�Ø�æ�è�ß�ç�æ�¡���´�æ�æ�Ô�ì�æ���Ô�á�Ô�ß�ì�í�Ø���×�Ü�Ù�Ù�Ø�å�Ø�á�ç���à�â�ß�Ø�Ö�è�ß�Ø�æ�Ÿ���è�æ�Ø���×�Ü�Ù�Ù�Ø�å�Ø�á�ç���ç�Ø�Ö�Û�á�â�ß�â�Ú�ì��
�ã�ß�Ô�ç�Ù�â�å�à�æ�Ÿ���Ô�á�×���Û�Ô�é�Ø���×�Ü�Ù�Ù�Ø�å�Ø�á�ç���à�Ø�ç�Û�â�×�â�ß�â�Ú�Ü�Ø�æ���Ù�â�å���à�Ø�Ô�æ�è�å�Ü�á�Ú���Ö�ç�·�Á�´�¡���Ç�Û�Ø���é�Ô�å�Ü�Ô�Õ�Ü�ß�Ü�ç�ì���ç�Û�Ø�æ�Ø��
�×�Ü�Ù�Ù�Ø�å�Ø�á�Ö�Ø�æ���Ü�á�ç�å�â�×�è�Ö�Ø���ç�â���Ö�ç�·�Á�´���à�Ø�Ô�æ�è�å�Ø�à�Ø�á�ç���æ�Û�â�è�ß�×���Õ�Ø���Ö�â�á�æ�Ü�×�Ø�å�Ø�×���ê�Û�Ø�á���×�Ø�é�Ø�ß�â�ã�Ü�á�Ú���Ø�é�Ü�×�Ø�á�Ö�Ø��
�ç�Û�Ô�ç���æ�è�ã�ã�â�å�ç�æ���ç�Û�Ø���è�æ�Ø���â�Ù���Ö�ç�·�Á�´���Ô�æ���Ô�á���Ø�á�×�ã�â�Ü�á�ç�¡��
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�¤�¡ �À�â�ß�Ø�Ö�è�ß�Ô�å���´�ß�ç�Ø�å�Ô�ç�Ü�â�á�æ���´�á�Ô�ß�ì�í�Ø�×

�´�æ�æ�Ô�ì�æ���à�Ø�Ô�æ�è�å�Ø���×�Ü�Ù�Ù�Ø�å�Ø�á�ç���à�â�ß�Ø�Ö�è�ß�Ø�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���Ú�Ø�á�Ø�ç�Ü�Ö���Ô�ß�ç�Ø�å�Ô�ç�Ü�â�á�æ���Ô�á�×���Ø�ã�Ü�Ú�Ø�á�Ø�ç�Ü�Ö���à�â�×�Ü���Ö�Ô�ç�Ü�â�á�æ�¡��
�¹�â�å���Ú�Ø�á�Ø�ç�Ü�Ö���Ô�ß�ç�Ø�å�Ô�ç�Ü�â�á�æ�Ÿ���ç�Û�Ø�å�Ø���Ü�æ���Ô���ç�Ø�á�×�Ø�á�Ö�ì���ç�â���Ø�é�Ô�ß�è�Ô�ç�Ø���æ�Ü�á�Ú�ß�Ø���á�è�Ö�ß�Ø�â�ç�Ü�×�Ø���é�Ô�å�Ü�Ô�á�ç�æ���›�Æ�Á�É�æ�œ�Ÿ��
�ê�Û�Ü�ß�Ø���æ�â�à�Ø���Ô�æ�æ�Ô�ì���×�Ø�é�Ø�ß�â�ã�Ø�å�æ���Ô�æ�æ�Ø�æ�æ���Ü�á�æ�Ø�å�ç�Ü�â�á�æ�Ÿ���×�Ø�ß�Ø�ç�Ü�â�á�æ�Ÿ���Ô�á�×�¢�â�å���Ö�ß�Ô�æ�æ�Ü�Ö���Ú�Ø�á�Ø���Ù�è�æ�Ü�â�á�æ�¡���À�â�æ�ç��
�Ö�ç�·�Á�´���Ô�æ�æ�Ô�ì�æ���×�â���á�â�ç���Ô�Ö�Ö�â�è�á�ç���Ù�â�å���ß�Ô�å�Ú�Ø���æ�ç�å�è�Ö�ç�è�å�Ô�ß���Ø�é�Ø�á�ç�æ���â�å���Ú�Ø�á�Ø���Ö�â�ã�ì���á�è�à�Õ�Ø�å���é�Ô�å�Ü�Ô�ç�Ü�â�á���›�¶�Á�É�œ�Ÿ��
�Û�â�ê�Ø�é�Ø�å�Ÿ���æ�â�à�Ø���à�Ô�ì���Ô�Ö�Ö�â�è�á�ç���Ù�â�å���ç�Û�Ø�æ�Ø���Ô�ß�ç�Ø�å�Ô�ç�Ü�â�á�æ���ç�Û�å�â�è�Ú�Û���ß�â�ê���×�Ø�ã�ç�Û���ê�Û�â�ß�Ø���Ú�Ø�á�â�à�Ø���æ�Ø�ä�è�Ø�á�Ö�Ü�á�Ú��
�›�Ê�º�Æ�œ���â�å���â�ç�Û�Ø�å���à�â�å�Ø���ç�Ô�å�Ú�Ø�ç�Ø�×���Ô�ã�ã�å�â�Ô�Ö�Û�Ø�æ�¡���¹�â�å���Ô�æ�æ�Ô�ì�æ���à�Ø�Ô�æ�è�å�Ü�á�Ú���Ø�ã�Ü�Ú�Ø�á�Ø�ç�Ü�Ö���à�â�×�Ü���Ö�Ô�ç�Ü�â�á�æ�Ÿ��
�à�â�æ�ç���Ù�â�Ö�è�æ���â�á���à�Ø�Ô�æ�è�å�Ü�á�Ú���à�Ø�ç�Û�ì�ß�Ô�ç�Ü�â�á���â�å���Ù�å�Ô�Ú�à�Ø�á�ç���æ�Ü�í�Ø���×�Ü�æ�ç�å�Ü�Õ�è�ç�Ü�â�á�¢�·�Á�´���Ù�å�Ô�Ú�à�Ø�á�ç���ã�Ô�ç�ç�Ø�å�á�æ�¡��
�¼�á���æ�â�à�Ø���Ö�Ô�æ�Ø�æ�Ÿ���Ô�æ�æ�Ô�ì�æ���è�æ�Ø���Ô���à�è�ß�ç�Ü�à�â�×�Ô�ß���Ô�ã�ã�å�â�Ô�Ö�Û���ç�Û�Ô�ç���Ü�á�Ö�â�å�ã�â�å�Ô�ç�Ø���Ú�Ø�á�Ø�ç�Ü�Ö���Ô�ß�ç�Ø�å�Ô�ç�Ü�â�á�æ���Ô�á�×��
�Ø�ã�Ü�Ú�Ø�á�Ø�ç�Ü�Ö���à�â�×�Ü���Ö�Ô�ç�Ü�â�á�æ�¡

�¥�¡ �Ã�ß�Ô�ç�Ù�â�å�à�æ

�·�Ü�Ù�Ù�Ø�å�Ø�á�ç���ã�ß�Ô�ç�Ù�â�å�à�æ���Ô�á�Ô�ß�ì�í�Ø���×�Ü�Ù�Ù�Ø�å�Ø�á�ç���é�Ô�å�Ü�Ô�á�ç�æ�¢�æ�Ü�Ú�á�Ô�ç�è�å�Ø�æ���Ô�ç���é�Ô�å�ì�Ü�á�Ú���æ�Ø�á�æ�Ü�ç�Ü�é�Ü�ç�Ü�Ø�æ���Ô�á�×���æ�ã�Ø�Ö�Ü���Ö�Ü�ç�Ü�Ø�æ�¡��
�Ç�Ô�Õ�ß�Ø���¥���Û�Ü�Ú�Û�ß�Ü�Ú�Û�ç�æ���ã�ß�Ô�ç�Ù�â�å�à�æ���ç�Û�Ô�ç���à�Ø�Ô�æ�è�å�Ø���Ö�ç�·�Á�´���Ô�á�×���ç�Û�Ø���â�ã�ã�â�å�ç�è�á�Ü�ç�Ü�Ø�æ���Ô�á�×���Ö�Û�Ô�ß�ß�Ø�á�Ú�Ø�æ���Ù�â�å���Ø�Ô�Ö�Û�¡

�¦�¡ �À�Ø�ç�Û�â�×�â�ß�â�Ú�Ü�Ö�Ô�ß���´�ã�ã�å�â�Ô�Ö�Û�Ø�æ

�Ç�Û�Ø�å�Ø���Ô�å�Ø���ç�ê�â���à�Ô�Ü�á���à�Ø�ç�Û�â�×�â�ß�â�Ú�Ü�Ö�Ô�ß���Ô�ã�ã�å�â�Ô�Ö�Û�Ø�æ���Ù�â�å���Ü�×�Ø�á�ç�Ü�Ù�ì�Ü�á�Ú���Ö�ç�·�Á�´���é�Ô�å�Ü�Ô�á�ç�æ���ç�â���à�â�á�Ü�ç�â�å�­��

�ç �Ç�è�à�â�å���¼�á�Ù�â�å�à�Ø�×���´�æ�æ�Ô�ì�æ���è�æ�Ø���Ü�á�×�Ü�é�Ü�×�è�Ô�ß�Ü�í�Ø�×���æ�Ø�ä�è�Ø�á�Ö�Ü�á�Ú���Ü�á�Ù�â�å�à�Ô�ç�Ü�â�á���Ù�å�â�à���Ô���ã�Ô�ç�Ü�Ø�á�ç�à�æ���ç�è�à�â�å
�ç�Ü�æ�æ�è�Ø���ç�â���×�Ø�ç�Ø�å�à�Ü�á�Ø���ê�Û�Ü�Ö�Û���Ú�Ø�á�Ø�æ���æ�Û�â�è�ß�×���Õ�Ø���à�â�á�Ü�ç�â�å�Ø�×���Ü�á���ç�Û�Ø���ã�Ô�ç�Ü�Ø�á�ç�à�æ���Õ�ß�â�â�×�¡���×�×�Ã�¶�Å���ç�ì�ã�Ü�Ö�Ô�ß�ß�ì
�Ù�â�Ö�è�æ�Ø�æ���â�á���Ô���æ�Ü�á�Ú�ß�Ø���Ú�Ø�á�Ø�ç�Ü�Ö���à�è�ç�Ô�ç�Ü�â�á���ç�Û�Ô�ç���Ü�æ���â�Ù�ç�Ø�á���ç�Û�Ø���ç�Ô�å�Ú�Ø�ç���â�Ù���ç�Û�Ø���ã�Ô�ç�Ü�Ø�á�ç�à�æ���ç�Û�Ø�å�Ô�ã�Ø�è�ç�Ü�Ö
�ç�å�Ø�Ô�ç�à�Ø�á�ç�¡���À�â�á�Ü�ç�â�å�Ü�á�Ú���Ô���æ�Ü�á�Ú�ß�Ø���ç�è�à�â�å���à�Ô�å�Þ�Ø�å�Ÿ���Û�â�ê�Ø�é�Ø�å�Ÿ���à�Ô�ì���å�Ø�æ�è�ß�ç���Ü�á���Ô���Ù�Ô�ß�æ�Ø���á�Ø�Ú�Ô�ç�Ü�é�Ø���×�è�Ø
�ç�â���â�ç�Û�Ø�å���æ�è�Õ�Ö�ß�â�á�Ø�æ���ç�Û�Ô�ç���Ö�Ô�á���Ø�à�Ø�å�Ú�Ø���ê�Û�Ü�ß�Ø���â�á���ç�å�Ø�Ô�ç�à�Ø�á�ç�¡���Â�ç�Û�Ø�å���Ô�æ�æ�Ô�ì�æ���è�æ�Ø���Ô���ã�å�â�ã�å�Ü�Ø�ç�Ô�å�ì
�Ô�ß�Ú�â�å�Ü�ç�Û�à���ç�â���æ�Ø�ß�Ø�Ö�ç���ç�Û�Ø���â�ã�ç�Ü�à�Ô�ß���é�Ô�å�Ü�Ô�á�ç�æ���Ù�å�â�à���ç�Û�Ø���ç�è�à�â�å���ç�â���Ü�á�Ö�ß�è�×�Ø���Ü�á���ç�Û�Ø���Õ�Ø�æ�ã�â�Þ�Ø���ã�Ô�á�Ø�ß�¡
�¿�â�Ú�Ü�æ�ç�Ü�Ö�Ô�ß���Ö�Û�Ô�ß�ß�Ø�á�Ú�Ø�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���ç�Û�Ø���ç�Ü�à�Ø���ç�â���×�Ø�é�Ø�ß�â�ã���ã�Ô�ç�Ü�Ø�á�ç� �æ�ã�Ø�Ö�Ü���Ö���à�Ô�å�Þ�Ø�å���ã�Ô�á�Ø�ß�æ�Ÿ���å�Ø�ä�è�Ü�å�Ø
�Ö�Ô�å�Ø�Ù�è�ß���Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á���ê�Û�Ø�á���æ�Ø�ß�Ø�Ö�ç�Ü�á�Ú���ç�Û�Ü�æ���Ô�ã�ã�å�â�Ô�Ö�Û���Ü�á���Ö�Ø�å�ç�Ô�Ü�á���×�Ü�æ�Ø�Ô�æ�Ø���æ�Ø�ç�ç�Ü�á�Ú�æ���›�Ø�¡�Ú�¡�Ÿ
�Ô�×�é�Ô�á�Ö�Ø�×���×�Ü�æ�Ø�Ô�æ�Ø�œ�¡

�ç �¿�Ü�ä�è�Ü�×���Â�á�ß�ì���â�å���Ç�è�à�â�å� �Á�Ô�A�é�Ø�¢�Ç�è�à�â�å���´�Ú�á�â�æ�ç�Ü�Ö���´�æ�æ�Ô�ì���×�â�Ø�æ���á�â�ç���å�Ø�ä�è�Ü�å�Ø���ç�è�à�â�å���ç�Ü�æ�æ�è�Ø���â�å���ã�å�Ü�â�å
�Þ�á�â�ê�ß�Ø�×�Ú�Ø���â�Ù���Ô���ç�è�à�â�å�à�æ���à�è�ç�Ô�ç�Ü�â�á���ã�å�â���ß�Ø�¡���Ç�Û�Ü�æ���Ô�ã�ã�å�â�Ô�Ö�Û���è�æ�Ø�æ���Ø�Ü�ç�Û�Ø�å���Ô���ã�å�Ø� �×�Ø�ç�Ø�å�à�Ü�á�Ø�×���Ú�Ø�á�Ø� 
�ã�Ô�á�Ø�ß���ç�â���Ü�×�Ø�á�ç�Ü�Ù�ì���Ö�ç�·�Á�´���é�Ô�å�Ü�Ô�á�ç�æ���â�å���Ô���Ê�¸�Æ�¢�Ê�º�Æ���Ô�æ�æ�Ô�ì�¡���Ç�Û�Ø���Ù�â�å�à�Ø�å���Ô�ã�ã�å�â�Ô�Ö�Û���×�Ø�ã�Ø�á�×�æ���â�á���ç�Û�Ø
�ã�Ô�á�Ø�ß���â�Ù���Ú�Ø�á�Ø�æ�¢�à�Ø�ç�Û�ì�ß�Ô�ç�Ü�â�á���ß�â�Ö�Ü�Ÿ���ê�Û�Ü�Ö�Û���Ô�å�Ø���æ�â�à�Ø�ç�Ü�à�Ø�æ���æ�Ø�ß�Ø�Ö�ç�Ø�×���Õ�Ô�æ�Ø�×���â�á���ç�Û�Ø���ç�è�à�â�å���â�Ù���â�å�Ü�Ú�Ü�á
�›�Ø�¡�Ú�¡�Ÿ���Ô���ß�è�á�Ú���Ö�Ô�á�Ö�Ø�å���ã�Ô�á�Ø�ß�œ�¡���º�Ø�á�Ø�æ���Ö�Ô�á���Õ�Ø���Ô�á�Ô�ß�ì�í�Ø�×���Ü�á�×�Ü�é�Ü�×�è�Ô�ß�ß�ì���â�å���Ô�æ���Ô���æ�Ü�Ú�á�Ô�ç�è�å�Ø�¡���Ê�º�Æ���Ô�á�×
�Ê�¸�Æ���Ö�Ô�á���Ô�ß�æ�â���Õ�Ø���è�æ�Ø�×���Ü�á���Ô���ç�è�à�â�å� �Ô�Ú�á�â�æ�ç�Ü�Ö���à�Ô�á�á�Ø�å���ç�â���Ú�Ø�á�Ø�å�Ô�ç�Ø���æ�Ü�Ú�á�Ü���Ö�Ô�á�ç���Ö�â�é�Ø�å�Ô�Ú�Ø���Ô�Ö�å�â�æ�æ
�Ú�Ø�á�Ø�æ�Ÿ���Ü�á�Ö�å�Ø�Ô�æ�Ü�á�Ú���ç�Û�Ø���Ô�æ�æ�Ô�ì�à�æ���æ�Ø�á�æ�Ü�ç�Ü�é�Ü�ç�ì�¡

�§�¡ �´�æ�æ�Ô�ì���Ã�Ø�å�Ù�â�å�à�Ô�á�Ö�Ø

�´�æ�æ�Ô�ì���ã�Ø�å�Ù�â�å�à�Ô�á�Ö�Ø���×�Ø�ã�Ø�á�×�æ���â�á���Ô���é�Ô�å�Ü�Ø�ç�ì���â�Ù���Ù�Ô�Ö�ç�â�å�æ���Ô�á�×���Ô�ß�Ü�Ú�á�à�Ø�á�ç���â�á���à�Ø�ç�å�Ü�Ö�æ���ê�Ü�ß�ß���Õ�Ø���Ö�å�Ü�ç�Ü�Ö�Ô�ß��
�Ù�â�å���Û�Ô�å�à�â�á�Ü�í�Ü�á�Ú���ç�Û�Ø���è�æ�Ø���â�Ù���Ö�ç�·�Á�´���Ô�æ���Ô�á���Ø�Ô�å�ß�ì���Ø�á�×�ã�â�Ü�á�ç�¡���Ç�Û�Ø���µ�ß�â�â�×�Ã�´�¶���¶�â�á�æ�â�å�ç�Ü�è�à���×�Ø�é�Ø�ß�â�ã�Ø�×��
�å�Ø�Ö�â�à�à�Ø�á�×�Ô�ç�Ü�â�á�æ�¨���Ù�â�å���¤�¤���å�Ø�ä�è�Ü�å�Ø�×���ã�å�Ø�Ô�á�Ô�ß�ì�ç�Ü�Ö�Ô�ß���Ô�ç�ç�å�Ü�Õ�è�ç�Ø�æ���ç�â���æ�è�ã�ã�â�å�ç���æ�ç�Ô�á�×�Ô�å�×�æ���×�Ø�é�Ø�ß�â�ã�à�Ø�á�ç��
�Ô�á�×���å�â�Õ�è�æ�ç���Ö�ç�·�Á�´���Ô�æ�æ�Ô�ì���×�Ø�é�Ø�ß�â�ã�à�Ø�á�ç�¡���Ç�Û�Ø�å�Ø���Ô�å�Ø���Ô�ß�æ�â���Ô���æ�Ø�å�Ü�Ø�æ���â�Ù���à�Ø�Ô�æ�è�å�Ø�à�Ø�á�ç�æ���è�æ�Ø�×���ç�â��
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�ß�Ø�è�Þ�â�Ö�ì�ç�Ø���·�Á�´���Ô�á�×���ç�Û�Ü�æ���Ö�Ô�á���Ü�à�ã�Ô�Ö�ç���Ô�á�Ô�ß�ì�æ�Ø�æ�¡���º�Ü�é�Ø�á���ç�Û�Ø���á�Ø�Ø�×���Ù�â�å���æ�ç�Ô�á�×�Ô�å�×�Ü�í�Ô�ç�Ü�â�á���Ü�á���ç�Û�Ü�æ���æ�ã�Ô�Ö�Ø�Ÿ��
�ê�Ø���å�Ø�Ö�â�à�à�Ø�á�×���Ô�×�â�ã�ç�Ü�á�Ú���Ô���è�Õ�Ü�ä�è�Ü�ç�â�è�æ���à�Ô�ç�å�Ü�ë���æ�è�Ö�Û���Ô�æ���ã�ß�Ô�æ�à�Ô�¡

�©�¡ �Æ�ç�Ô�á�×�Ô�å�×�Ü�í�Ô�ç�Ü�â�á���Á�Ø�Ø�×�æ

�´���Ù�Ø�ê���Ô�×�×�Ü�ç�Ü�â�á�Ô�ß���æ�ç�Ô�á�×�Ô�å�×�Ü�í�Ô�ç�Ü�â�á���á�Ø�Ø�×�æ���Ü�á�Ö�ß�è�×�Ø�­��

�ç �À�Ø�Ô�æ�è�å�Ø�à�Ø�á�ç���â�è�ç�ã�è�ç�æ���à�Ô�ì���é�Ô�å�ì���Ô�Ö�å�â�æ�æ���Ô�æ�æ�Ô�ì�æ���Ü�á�Ö�ß�è�×�Ü�á�Ú���â�è�ç�ã�è�ç�æ���æ�è�Ö�Û���Ô�æ���é�Ô�å�Ü�Ô�á�ç���Ô�ß�ß�Ø�ß�Ø
�Ù�å�Ø�ä�è�Ø�á�Ö�ì���›�É�´�¹�œ���Ô�á�×���à�Ø�Ô�á���ç�è�à�â�å���à�â�ß�Ø�Ö�è�ß�Ø�æ���ã�Ø�å���à�Ü�ß�ß�Ü�ß�Ü�ç�Ø�å���›�à�ç�à�¢�à�¿�œ�¡

�ç �´���Ö�â�à�à�â�á���ß�Ô�á�Ú�è�Ô�Ú�Ø���ç�â���×�Ø�æ�Ö�å�Ü�Õ�Ø���Ø�ã�Ü�Ú�Ø�á�Ø�ç�Ü�Ö���à�â�×�Ü���Ö�Ô�ç�Ü�â�á�æ�¡
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�ç �Æ�ç�Ô�ç�Ü�æ�ç�Ü�Ö�Ô�ß���Ö�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ�Ÿ���Ü�á�Ö�ß�è�×�Ü�á�Ú���Õ�Ô�æ�Ø�ß�Ü�á�Ø���à�Ø�Ô�æ�è�å�Ø�à�Ø�á�ç���é�Ø�å�æ�è�æ���Ö�Û�Ô�á�Ú�Ø���Ù�å�â�à���Õ�Ô�æ�Ø�ß�Ü�á�Ø�¡
�·�Ü�Ù�Ù�Ø�å�Ø�á�ç���æ�ç�Ô�ç�Ü�æ�ç�Ü�Ö�Ô�ß���ä�è�Ø�æ�ç�Ü�â�á�æ���å�Ø�ä�è�Ü�å�Ø���×�Ü�Ù�Ù�Ø�å�Ø�á�ç���×�Ô�ç�Ô�¡

�¶�ß�Ü�á�Ü�Ö�Ô�ß���¶�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ

�Ç�Û�Ø���×�Ô�ç�Ô���ç�Û�Ô�ç���ê�Ü�ß�ß���æ�è�ã�ã�â�å�ç���ç�Û�Ø���è�æ�Ø���â�Ù���Ö�ç�·�Á�´���Ô�æ���Ô�á���Ø�Ô�å�ß�ì���Ø�á�×�ã�â�Ü�á�ç���ê�Ü�ß�ß���×�Ø�ã�Ø�á�×���â�á���ç�Û�Ø���Ö�ß�Ü�á�Ü�Ö�Ô�ß��
�Ö�â�á�ç�Ø�ë�ç���â�Ù���è�æ�Ø���Ü�á�Ö�ß�è�×�Ü�á�Ú���ç�Û�Ø���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø�Ÿ���×�Ü�æ�Ø�Ô�æ�Ø���æ�ç�Ô�Ú�Ø�Ÿ���ç�å�Ø�Ô�ç�à�Ø�á�ç���æ�Ø�ç�ç�Ü�á�Ú�Ÿ���Ô�á�×���ç�å�Ø�Ô�ç�à�Ø�á�ç��
�å�Ø�Ú�Ü�à�Ø�á���Ô�æ���ç�Û�Ø�æ�Ø���à�Ô�ì���Ü�à�ã�Ô�Ö�ç���Ö�ç�·�Á�´���Þ�Ü�á�Ø�ç�Ü�Ö�æ�¡���Ç�Û�Ø�æ�Ø���Ö�â�à�ã�â�á�Ø�á�ç�æ���æ�Û�â�è�ß�×���Õ�Ø���Ö�â�á�æ�Ü�×�Ø�å�Ø�×���ê�Û�Ø�á��
�×�Ø�é�Ø�ß�â�ã�Ü�á�Ú���Ô���Ù�å�Ô�à�Ø�ê�â�å�Þ���Ù�â�å���Ø�é�Ü�×�Ø�á�Ö�Ø���Ú�Ø�á�Ø�å�Ô�ç�Ü�â�á���Ô�á�×���×�Ø�æ�Ü�Ú�á�Ü�á�Ú���Ö�ß�Ü�á�Ü�Ö�Ô�ß���ç�å�Ü�Ô�ß�æ���æ�è�ã�ã�â�å�ç�Ü�á�Ú���ç�Û�Ø���è�æ�Ø��
�â�Ù���Ö�ç�·�Á�´���Ô�æ���Ô�á���Ø�á�×�ã�â�Ü�á�ç�¡��

�¿�Ü�Þ�Ø�ß�ì�Ÿ���é�Ô�ß�Ü�×�Ô�ç�Ü�á�Ú���ç�Û�Ø���è�æ�Ø���â�Ù���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ���Ô�æ���Ô�á���Ø�Ô�å�ß�ì���Ø�á�×�ã�â�Ü�á�ç���ê�Ü�ß�ß���Õ�Ø���Ô���æ�ç�Ø�ã�ê�Ü�æ�Ø���ã�å�â�Ö�Ø�æ�æ�Ÿ���Ü�á�Ü�ç�Ü�Ô�ß�ß�ì��
�é�Ô�ß�Ü�×�Ô�ç�Ü�á�Ú���Ü�ç�æ���è�æ�Ø���Ü�á���â�á�Ø���ç�è�à�â�å���ç�ì�ã�Ø�Ÿ���ç�å�Ø�Ô�ç�à�Ø�á�ç���æ�Ø�ç�ç�Ü�á�Ú�Ÿ���Ô�á�×���×�å�è�Ú���Ö�ß�Ô�æ�æ���ê�Û�Ø�å�Ø���ç�Û�Ø�å�Ø���Ô�å�Ø���æ�ç�å�â�á�Ú��
�Ô�á�×���Ø�ë�Ü�æ�ç�Ü�á�Ú���×�Ô�ç�Ô���Ô�á�×���Ø�é�Ü�×�Ø�á�Ö�Ø���Ù�â�å���Ö�Û�Ô�á�Ú�Ø�æ���Ü�á���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ���Ô�á�Ö�Û�â�å�Ø�×���ç�â���Ô���æ�ç�Ô�á�×�Ô�å�×���à�Ø�Ô�æ�è�å�Ø��
�â�Ù���å�Ø�æ�ã�â�á�æ�Ø���ç�â���ç�å�Ø�Ô�ç�à�Ø�á�ç���Ü�á���ç�Û�Ô�ç���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á�¡���Ç�Û�Ü�æ���Ô�ã�ã�å�â�Ô�Ö�Û���ê�Ô�æ���æ�Ø�Ø�á���Ü�á���¹�·�´�à�æ���ã�Ô�ç�Û�â�ß�â�Ú�Ü�Ö�Ô�ß��
�Ö�â�à�ã�ß�Ø�ç�Ø���å�Ø�æ�ã�â�á�æ�Ø���›�ã�¶�Å�œ���Ú�è�Ü�×�Ô�á�Ö�Ø�©�Ÿ���ê�Ü�ç�Û���è�æ�Ø���â�Ù���ã�¶�Å���Ô�æ���Ô�á���Ø�á�×�ã�â�Ü�á�ç���æ�ã�Ø�Ö�Ü���Ö���ç�â���Û�Ü�Ú�Û� �å�Ü�æ�Þ��
�Ø�Ô�å�ß�ì� �æ�ç�Ô�Ú�Ø���Õ�å�Ø�Ô�æ�ç���Ö�Ô�á�Ö�Ø�å���Ü�á���ç�Û�Ø���á�Ø�â�Ô�×�Ý�è�é�Ô�á�ç���æ�Ø�ç�ç�Ü�á�Ú�¡���¹�å�â�à���Ô���æ�Ü�á�Ú�ß�Ø���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á�Ÿ���ç�Û�Ø�å�Ø���à�Ô�ì���Õ�Ø��
�â�ã�ã�â�å�ç�è�á�Ü�ç�Ü�Ø�æ���ç�â���è�æ�Ø���ß�Ø�æ�æ�â�á�æ���ß�Ø�Ô�å�á�Ø�×���Ô�Ö�å�â�æ�æ���ç�å�Ø�Ô�ç�à�Ø�á�ç�æ���â�å���ç�è�à�â�å���ç�ì�ã�Ø�æ���ç�â���æ�è�ã�ã�â�å�ç���è�æ�Ø���Ü�á���â�ç�Û�Ø�å��
�æ�Ø�ç�ç�Ü�á�Ú�æ�¡���¹�â�å���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ�Ÿ���Ü�ç���ê�Ü�ß�ß���Õ�Ø���Ü�à�ã�â�å�ç�Ô�á�ç���ç�â���è�á�×�Ø�å�æ�ç�Ô�á�×���Û�â�ê���Ô�á�×���ê�Û�Ø�á���Ü�ç���Ü�æ���Ù�Ø�Ô�æ�Ü�Õ�ß�Ø���ç�â��
�Ø�ë�ç�å�Ô�ã�â�ß�Ô�ç�Ø�����á�×�Ü�á�Ú�æ���Ù�å�â�à���â�á�Ø���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á���ç�â���â�ç�Û�Ø�å���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á�æ�¡��

�¤�¡ �¶�è�å�å�Ø�á�ç���·�Ô�ç�Ô���´�é�Ô�Ü�ß�Ô�Õ�Ü�ß�Ü�ç�ì

�Ê�Û�Ü�ß�Ø���ç�Û�Ø���ß�â�á�Ú� �ç�Ø�å�à���Ú�â�Ô�ß���â�Ù���ç�Û�Ø���Ø�é�Ü�×�Ø�á�ç�Ü�Ô�å�ì���å�â�Ô�×�à�Ô�ã���Ü�æ���ç�â���æ�è�ã�ã�â�å�ç���ç�Û�Ø���è�æ�Ø���â�Ù���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ���Ü�á��
�Ø�Ô�å�ß�ì� �æ�ç�Ô�Ú�Ø���×�Ü�æ�Ø�Ô�æ�Ø�Ÿ���ç�Û�Ø�å�Ø���Ô�å�Ø���ß�Ø�æ�æ�â�á�æ���ç�â���Õ�Ø���ß�Ø�Ô�å�á�Ø�×���Ù�å�â�à���×�Ô�ç�Ô���ç�Û�Ô�ç���Ô�å�Ø���Ö�è�å�å�Ø�á�ç�ß�ì���Ô�é�Ô�Ü�ß�Ô�Õ�ß�Ø�¡��
�Ç�å�Ü�Ô�ß�æ���Ô�å�Ø���è�á�×�Ø�å�ê�Ô�ì���ç�â���Ö�â�ß�ß�Ø�Ö�ç���×�Ô�ç�Ô���Ô�á�×���Ø�é�Ü�×�Ø�á�Ö�Ø���ç�Û�Ô�ç���æ�è�ã�ã�â�å�ç���ç�Û�Ø���è�æ�Ø���â�Ù���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ���Ô�æ���Ô��
�Õ�Ü�â�à�Ô�å�Þ�Ø�å���Ù�â�å���ç�å�Ø�Ô�ç�à�Ø�á�ç���å�Ø�æ�ã�â�á�æ�Ø���Ô�á�×���ß�â�á�Ú� �ç�Ø�å�à���â�è�ç�Ö�â�à�Ø�æ���Ü�á���ç�Û�Ø���à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö���æ�Ø�ç�ç�Ü�á�Ú���Ü�á���à�è�ß�ç�Ü�ã�ß�Ø��
�ç�è�à�â�å���ç�ì�ã�Ø�æ���Ü�á�Ö�ß�è�×�Ü�á�Ú���Á�Æ�¶�¿�¶�Ÿ���Õ�ß�Ô�×�×�Ø�å���Ö�Ô�á�Ö�Ø�å�Ÿ���Ö�â�ß�â�å�Ø�Ö�ç�Ô�ß���Ö�Ô�á�Ö�Ø�å�Ÿ���å�Ø�á�Ô�ß���Ö�Ø�ß�ß���Ö�Ô�å�Ö�Ü�á�â�à�Ô�Ÿ���Ô�á�×��
�Õ�å�Ø�Ô�æ�ç���Ö�Ô�á�Ö�Ø�å�¡���´�×�×�Ü�ç�Ü�â�á�Ô�ß�ß�ì�Ÿ���ç�å�Ü�Ô�ß�æ���Ù�â�Ö�è�æ�Ø�×���â�á���ç�Û�Ø���è�æ�Ø���â�Ù���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ���ç�â���×�Ø�ç�Ø�å�à�Ü�á�Ø���À�Å�·���à�Ô�ì��
�Ô�ß�æ�â���æ�è�ã�ã�â�å�ç���Ô�á���è�á�×�Ø�å�æ�ç�Ô�á�×�Ü�á�Ú���â�Ù���Ö�ç�·�Á�´���×�ì�á�Ô�à�Ü�Ö�æ���Ü�á���×�Ü�Ù�Ù�Ø�å�Ø�á�ç���Ö�Ô�á�Ö�Ø�å���ç�ì�ã�Ø�æ�Ÿ���Ø�æ�ã�Ø�Ö�Ü�Ô�ß�ß�ì���Ü�á���Ø�Ô�å�ß�Ü�Ø�å��
�æ�ç�Ô�Ú�Ø�æ���â�Ù���×�Ü�æ�Ø�Ô�æ�Ø�¡���Ç�Û�Ü�æ���Ü�æ���Ô�á�â�ç�Û�Ø�å���Ô�Ö�ç�Ü�é�Ø���Ô�å�Ø�Ô���â�Ù���å�Ø�æ�Ø�Ô�å�Ö�Û���Ù�â�Ö�è�æ�Ø�×���Ü�á���ç�Û�Ø���Ö�â�ß�â�å�Ø�Ö�ç�Ô�ß���Ô�á�×���Á�Æ�¶�¿�¶��
�æ�Ø�ç�ç�Ü�á�Ú�æ�¡

�¥�¡ �É�Ô�å�Ü�Ô�Õ�Ü�ß�Ü�ç�ì���µ�Ô�æ�Ø�×���â�á���ç�Û�Ø���·�Ü�æ�Ø�Ô�æ�Ø���Ô�á�×���Ç�Û�Ø�å�Ô�ã�Ø�è�ç�Ü�Ö���¶�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ

�¼�×�Ø�á�ç�Ü�Ù�ì�Ü�á�Ú���Ö�ß�Ü�á�Ü�Ö�Ô�ß���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ���ç�Û�Ô�ç���Ü�á���è�Ø�á�Ö�Ø���à�â�á�Ü�ç�â�å�Ü�á�Ú���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ���Ü�á���Ô���æ�ã�Ø�Ö�Ü���Ö���×�Ü�æ�Ø�Ô�æ�Ø��
�æ�Ø�ç�ç�Ü�á�Ú���à�Ô�ì���æ�è�ã�ã�â�å�ç���Ô���å�Ô�ç�Ü�â�á�Ô�ß�Ø���Ù�â�å���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á�æ���ç�Û�Ô�ç���Ö�â�è�ß�×���Õ�Ø���Ö�Ô�ç�Ø�Ú�â�å�Ü�í�Ø�×���ç�â�Ú�Ø�ç�Û�Ø�å���Ô�á�×�¢�â�å��
�ã�å�Ü�â�å�Ü�ç�Ü�í�Ø�×���Ù�â�å���Ø�é�Ü�×�Ø�á�Ö�Ø���Ú�Ø�á�Ø�å�Ô�ç�Ü�â�á�¡���´�æ���á�â�ç�Ø�×���Ô�Õ�â�é�Ø�Ÿ���Ô�á�×���ç�Û�å�â�è�Ú�Û���¹�å�Ü�Ø�á�×�æ�à���ã�å�Ø�é�Ü�â�è�æ���ê�â�å�Þ�Ÿ���ç�Û�Ø��
�é�Ô�ß�è�Ø���â�Ù���ç�Û�Ø���è�æ�Ø���â�Ù���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ���ç�â���à�â�á�Ü�ç�â�å���ç�å�Ø�Ô�ç�à�Ø�á�ç���å�Ø�æ�ã�â�á�æ�Ø���Û�Ô�æ���Õ�Ø�Ø�á���×�Ø�à�â�á�æ�ç�å�Ô�ç�Ø�×���Ü�á���ç�Û�Ø��
�à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö���Á�Æ�¶�¿�¶���æ�Ø�ç�ç�Ü�á�Ú�Ÿ���Ô�á�×���ç�Û�Ø���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á���æ�Ø�å�é�Ø�æ���Ô�æ���Ô���è�æ�Ø���Ö�Ô�æ�Ø���ç�â���Ô�ã�ã�ß�ì���ç�Û�Ø���Ö�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö�æ��
�â�Ù���ç�Û�Ø���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á���ç�â���â�ç�Û�Ø�å���Ü�á�×�Ü�Ö�Ô�ç�Ü�â�á�æ���›�Ç�Ô�Õ�ß�Ø���¦�œ�¡��
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�¶�Û�Ô�å�Ô�Ö�ç�Ø�å�Ü�æ�ç�Ü�Ö �¶�â�á�æ�Ü�×�Ø�å�Ô�ç�Ü�â�á�æ �È�æ�Ø���¶�Ô�æ�Ø�­���À�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö��
�Á�Æ�¶�¿�¶

�µ�Ü�â�ß�â�Ú�ì���â�Ù���¶�Ô�á�Ö�Ø�å���Ç�ì�ã�Ø�Ç�Û�Ø���Õ�Ü�â�ß�â�Ú�ì���â�Ù���ç�Û�Ø���æ�ã�Ø�Ö�Ü���Ö���ç�è�à�â�å���ç�ì�ã�Ø�Ÿ��
�Û�Ü�æ�ç�â�ß�â�Ú�ì�Ÿ���æ�Ü�í�Ø�Ÿ���é�Ô�æ�Ö�è�ß�Ô�å�Ü�ç�ì�Ÿ���Ô�á�×���ß�â�Ö�Ô�ç�Ü�â�á���à�Ô�ì��
�å�Ø�æ�è�ß�ç���Ü�á���é�Ô�å�Ü�Ô�Õ�ß�Ø���Ö�ç�·�Á�´���æ�Û�Ø�×���å�Ô�ç�Ø�æ���Ü�à�ã�Ô�Ö�ç�Ü�á�Ú��
�ç�Û�Ø���å�Ø�ß�Ø�é�Ô�á�Ö�Ø���Ô�á�×���Ù�Ø�Ô�æ�Ü�Õ�Ü�ß�Ü�ç�ì���â�Ù���è�æ�Ü�á�Ú���Ö�ç�·�Á�´��
�ß�Ø�é�Ø�ß�æ���Ô�æ���Ô�á���Ø�á�×�ã�â�Ü�á�ç�¡

�Æ�Û�â�ê�á���ç�â���Û�Ô�é�Ø���Û�Ü�Ú�Û���æ�Û�Ø�×��
�å�Ô�ç�Ø�æ���Ü�á���ç�Û�Ø���à�Ø�ç�Ô�æ�ç�Ô�ç�Ü�Ö��
�æ�Ø�ç�ç�Ü�á�Ú�Ç�è�à�â�å���Æ�ç�Ô�Ú�Ø �Ç�Û�Ø���æ�ç�Ô�Ú�Ø���â�Ù���ç�Û�Ø���ç�è�à�â�å���à�Ô�ì���Ü�à�ã�Ô�Ö�ç���ç�Û�Ø���Ö�ç�·�Á�´��

�æ�Û�Ø�×���å�Ô�ç�Ø�æ���Ô�á�×���Ø�Ô�å�ß�ì� �æ�ç�Ô�Ú�Ø���ç�è�à�â�å�æ���à�Ô�ì���æ�Û�Ø�×��
�ß�Ø�æ�æ�Ÿ���Ü�à�ã�Ô�Ö�ç�Ü�á�Ú���×�Ø�ç�Ø�Ö�ç�Ü�â�á���â�Ù���Ö�ç�·�Á�´���ß�Ø�é�Ø�ß�æ���Ù�â�å��
�è�æ�Ø���Ô�æ���Ô�á���Ø�Ô�å�ß�ì���Ø�á�×�ã�â�Ü�á�ç�¡��

�·�å�è�Ú���¶�ß�Ô�æ�æ �Ö�ç�·�Á�´���Þ�Ü�á�Ø�ç�Ü�Ö�æ���Ü�á���å�Ø�æ�ã�â�á�æ�Ø���ç�â���ç�å�Ø�Ô�ç�à�Ø�á�ç���à�Ô�ì��
�é�Ô�å�ì���×�Ø�ã�Ø�á�×�Ü�á�Ú���â�á���ç�Û�Ø���à�Ø�Ö�Û�Ô�á�Ü�æ�à���â�Ù���Ô�Ö�ç�Ü�â�á��
�â�Ù���ç�Û�Ø���ç�å�Ø�Ô�ç�à�Ø�á�ç�Ÿ���ê�Û�Ü�Ö�Û���à�Ô�ì���Ü�à�ã�Ô�Ö�ç���ç�Û�Ø���è�æ�Ø��
�â�Ù���Ö�ç�·�Á�´���ç�â���Ö�â�à�ã�Ô�å�Ø���â�è�ç�Ö�â�à�Ø�æ���Ô�Ö�å�â�æ�æ����
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A B O U T  F R I E N D S  O F  C A N C E R  R E S E A R C H

Friends of Cancer Research (Friends) works to accelerate policy change, 
support groundbreaking science, and deliver new therapies to patients 

quickly and safely. We unite scientists, industry researchers, patient 
advocates and policy makers with shared trust and guide them toward 

meaningful cooperation. 
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