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PK/PD and confounding

• PK/PD Relationship: 

− Plasma drug concentration 

− versus expected clinical response

− when patients are randomly assigned to concentrations.

• In parallel-group, dose-controlled trials, concentration is an 
outcome.

− Observed concentration versus mean response may be different.

− Call such a difference confounding.
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A heuristic example: setup

•Note correspondence of concentrations in the two plots.

•Dose/concentration relationship, fixed-dose 
trial

Concentration vs Dose
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•PK/PD relationship, concentration controlled 
trial

Efficacy vs Concentration

� � �

��� ���  !"  #��

$
%&

%$
'&

'$
(&

($
)**

+,
-,

.



5 Diagnostics for Confounding/ Nedelman, Rubin, Sheiner / ECPAG, 27 April 2004

A heuristic example: confounding

Concentration vs DoseEfficacy vs Concentration
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•Suppose that in the fixed-dose trial, patients 
who have higher concentrations at a given 
dose also have higher efficacy at a given 
concentration
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•The solid line is the least-squares fit to the 
resulting data

•It is a biased estimate of the true PK/PD 
relationship, the dotted line
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A heuristic example: no confounding
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•Suppose that patients who have higher 
concentrations at a given dose are equally 
likely to have high or low efficacy at a given 
concentration, and the same for lower 
concentrations.
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•The solid line is an unbiased estimate of the true 
PK/PD relationship
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A heuristic example: residuals under confounding
Concentration vs DoseEfficacy vs Concentration
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•Residuals exhibit correlation.

Residuals plot
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A heuristic example: Residuals, no confounding
Concentration vs DoseEfficacy vs Concentration
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Residuals plot

•Residuals do not exhibit correlation.
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PK/PD and confounding, reprise

• A cause: patients differ with respect to confounders, covariates 
that affect both PK and PD.

• Confounders may not be observed. 

• We’ll assume such a cause.
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A (nearly) real example

• Real drug, some details changed 

• PD = quantitative clinical outcome

• T rough concentrations observed in parallel-group, dose-controlled 
study
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A model to examine possible confounding

' c  �UDQGRPL]HG�PDLQWHQDQFH�GRVH�IRU�WKH�L¶WK�SDWLHQW
F c  ��VWHDG\�VWDWH�WURXJK�FRQFHQWUDWLRQ��& d ce

\ c  ��HIILFDF\�UHVSRQVH
η f c��η g c� ...  �XQREVHUYHG�FRYDULDWHV��ZKLFK�ZLOO�EH�KDQGOHG�LQ�PRGHOLQJ�DV�

LQGHSHQGHQW�UDQGRP�YDULDEOHV�ZLWK�PHDQ�]HUR
ε h c��ε i c  �UDQGRP�YDULDEOHV�ZLWK�PHDQ�]HUR��LQGHSHQGHQW�RI�HDFK�RWKHU�DQG�RI�

η f c��η g c� ... 

ORJ�F c��  �α j ��α fORJ�' c����α gη f c ��α kη g c ��ε h c �$����
\ c  �β j ��β fF c ��β gη f c ��β kη k c ��ε i c �$����

ORJ�F c��  �α j ��α fORJ�' c���� h c �$����
\ c  �β j ��β fF c �� i c �$����
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A model to examine possible confounding: 2

� η l FRQWULEXWHV�WR�ERWK�PRGHOV
� ,Q��$������F m LV�FRUUHODWHG�ZLWK� n m��
� 7KH�OHDVW�VTXDUHV�HVWLPDWHV�RI�β o DQG�β l DUH�ELDVHG��
� 7KLV�ELDV�LV�GXH�WR�WKH�FRQIRXQGHU K p

�

� �$������DULVHV�EHFDXVH�SDWLHQWV�ZHUH�UDQGRPL]HG�WR�GRVH��QRW�FRQFHQWUDWLRQ
� ,I�WKH\�ZHUH�UDQGRPL]HG�WR�FRQFHQWUDWLRQ��WKHQ�LQ��$�����F q ZRXOG�EH�

LQGHSHQGHQW�RI� r q��7KH�OHDVW�VTXDUHV�HVWLPDWHV�ZRXOG�EH�XQELDVHG�

ORJ�F s��  �α t ��α uORJ�' s����α vη u s ��α wη v s ��ε x s �$����
\ s  �β t ��β uF s ��β vη u s ��β wη w s ��ε y s �$����

ORJ�F s��  �α t ��α uORJ�' s���� x s �$����
\ s  �β t ��β uF s �� y s �$����
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A model to examine possible confounding: 3

� %XW�UDQGRPL]DWLRQ�WR�FRQFHQWUDWLRQ�LV�QRW�QHFHVVDU\��
� ,W�VXIILFHV�WKDW�D z  ���DQG�RU�E z  ���DQG�RU�YDU�K {�� ����
� WKDW�LV��QR�QRQWULYLDO�FRYDULDWH�VLPXOWDQHRXVO\�LQIOXHQFHV�ERWK FRQFHQWUDWLRQ�

DQG�HIILFDF\�UHVSRQVH�

ORJ�F |��  �α } ��α ~ORJ�' |����α �η ~ | ��α �η � | ��ε � | �$����
\ |  �β } ��β ~F | ��β �η ~ | ��β �η � | ��ε � | �$����

ORJ�F |��  �α } ��α ~ORJ�' |���� � | �$����
\ |  �β } ��β ~F | �� � | �$����
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Diagnostic #1

� %XW�UDQGRPL]DWLRQ�WR�FRQFHQWUDWLRQ�LV�QRW�QHFHVVDU\��
� ,W�VXIILFHV�WKDW�D �  ���DQG�RU�E �  ���DQG�RU�YDU�K ��� ����
� WKDW�LV��QR�QRQWULYLDO�FRYDULDWH�VLPXOWDQHRXVO\�LQIOXHQFHV�ERWK FRQFHQWUDWLRQ�

DQG�HIILFDF\�UHVSRQVH�
� 7KHQ � � DQG � � DUH�LQGHSHQGHQW��

� $VVHVV�UHVLGXDOV�IRU�FRUUHODWLRQ��
� $EVHQFH�RI�FRUUHODWLRQ�LV�FRQVLVWHQW�ZLWK�DEVHQFH�RI�FRQIRXQGLQJ�

ORJ�F ���  �α � ��α �ORJ�' �����α �η � � ��α �η � � ��ε � � �$����
\ �  �β � ��β �F � ��β �η � � ��β �η � � ��ε � � �$����

ORJ�F ���  �α � ��α �ORJ�' ����� � � �$����
\ �  �β � ��β �F � �� � � �$����
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Diagnostic #1, applied
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Diagnostic #2: Sensitivity analysis

• 2ULJLQV��&RUQILHOG�HW�DO��������VPRNLQJ�DQG�OXQJ�FDQFHU
• 5RVHQEDXP�DQG�5XELQ���������

• $VVHVV�WKH�LPSDFW�RI�SXWDWLYH�FRQIRXQGHUV�RQ�HVWLPDWHG�WUHDWPHQW�
GLIIHUHQFHV
• 6KRZ�WKDW�WR�KDYH�D�FOLQLFDOO\�UHOHYDQW�LPSDFW��D�FRQIRXQGHU�ZRXOG�QHHG�WR�
KDYH�XQUHDVRQDEO\�ODUJH�FRUUHODWLRQV�ZLWK�ERWK WUHDWPHQW�DQG UHVSRQVH

• 0HWKRGRORJ\�
• $VVXPH�WKHUH�LV�DQ�XQREVHUYHG�FRQIRXQGHU
• $VVXPH�³ODUJH´�FRUUHODWLRQV�ZLWK�ERWK�FRQFHQWUDWLRQ�DQG�HIILFDF\�UHVSRQVH��
EXW�]HUR�FRUUHODWLRQ�ZLWK�REVHUYHG�FRYDULDWHV�
• 7UHDW�DVVXPHG�FRQIRXQGHU�DV�PLVVLQJ�GDWD
• (VWLPDWH�PRGHO�SDUDPHWHUV�E\�PXOWLSOH�LPSXWDWLRQ��
• $VVHVV�LPSDFW�
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Diagnostic #2, Sensitivity Analysis, cont’d

• 6WHS����+RZ�ODUJH LV�D�ODUJH�FRUUHODWLRQ�RI�D�FRYDULDWH�ZLWK�FRQFHQWUDWLRQ�RU�UHVSRQVH"
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Diagnostic #2, Sensitivity Analysis, cont’d

• 6WHS����,PSXWDWLRQ�UHVXOWV
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Diagnostic #3: Instrumental variables

• )LQG�FRYDULDWHV��LQVWUXPHQWDO�YDULDEOHV��WKDW�DUH�FRUUHODWHG�ZLWK�FRQFHQWUDWLRQ�YDULDEOHV�
EXW�XQFRUUHODWHG�ZLWK�UHVLGXDO�HUURU�LQ�WKH�PRGHO�UHODWLQJ�HIILFDF\�UHVSRQVH�
WR�FRQFHQWUDWLRQ��$����

• 5HJUHVV�FRQFHQWUDWLRQ�YDULDEOHV�RQ�WKH�LQVWUXPHQWDO�YDULDEOHV�DQG�WKHQ�UHJUHVV
HIILFDF\�UHVSRQVH�RQ�WKH�SUHGLFWLRQV�IURP�WKH�ILUVW�UHJUHVVLRQ

• ³7ZR�VWDJH�UHJUHVVLRQ´��DYDLODEOH�LQ�6$6�352&�02'(/��6$6�(76�
• (VWLPDWRUV�DUH�FRQVLVWHQW

• +DXVPDQ¶V�WHVW�FRPSDUHV�WKH�WZR�VWDJH�UHJUHVVLRQ�UHVXOW�ZLWK�WKH�2/6�UHVXOW
WR�DVVHVV�+ c��WKH�2/6�HVWLPDWRUV�DUH�FRQVLVWHQW��H�J���WKHUH�LV�QR�FRQIRXQGLQJ�

• +DXVPDQ¶V�WHVW�DOVR�DYDLODEOH�LQ�6$6�352&�02'(/
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Diagnostic #3: Instrumental variables, cont’d
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Conclusions

• 7KH�WUXH�3.�3'�UHODWLRQVKLS�LV�GHILQHG�LQ�WHUPV�RI�UDQGRPL]HG�FRQFHQWUDWLRQV�
• %XW�LQ�GRVH�FRQWUROOHG�VWXGLHV��FRQFHQWUDWLRQ�LV�DOVR�DQ�RXWFRPH�
• 6XFK�VWXGLHV�PD\�SHUPLW�RQO\�D�ELDVHG�HVWLPDWH�RI�WKH�WUXH�3.�3'�UHODWLRQVKLS�
• 7KH�H[LVWHQFH�RI�VXFK�FRQIRXQGLQJ�FDQQRW�EH�GHILQLWLYHO\�GLVSURYHQ ZLWKLQ�WKH
GRVH�FRQWUROOHG�VWXG\�LWVHOI�
• +RZHYHU��GLDJQRVWLFV�PD\�EH�GHULYHG�WKDW�OHQG�FUHGHQFH�WR�DQ�DVVXPHG�DEVHQFH
RI�FRQIRXQGLQJ�


