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Motivation
Why	derive	OR,	RR	and	ARD	from	one	model?



1.	European	authorities	prefer	different	endpoints	for	binary	data

‣ UK	NICE	prefers	Odds	Ratio
• http://nicedsu.org.uk/wp-content/uploads/2016/03/TSD1-Introduction.final_.08.05.12.pdf

‣ German	IQWiG prefers	Relative	Risk
• https://www.iqwig.de/download/Allgemeine-Methoden_Version-5-0.pdf
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2.	Consistence

‣ Derived	endpoints	match	for	sure
‣ Same	model	after	variable	selection

‣ Contradictory	results	are	disadvantageous	at	authorities.
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Solution
How	to	get	things	done?



PROC	NLMIXED

▸Different	Syntax	compared	to	other	SAS	procedures	(e.g.	GLIMMIX)
▸Manual	adjustments	needed
▸ ESTIMATE	statement	provides	estimates	of	interest
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Example	used	in	presentation

▸Analysis	variable
• AVAL (0=“failure”,	1=“response”)

▸ Covariables
• Intercept
• TRT (categorical:	IMP,	Placebo)
• AGE_Z (continuous,	standardized	with	Z	transformation)
• REGION (categorical:	EU,	USA,	Asia)

▸ Logistic	regression	model
• AVAL	=	TRT	AGE_Z	REGION	TRT*REGION
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Example	data

©	Clinipace	2018 8

Derived	designmatrixOriginal	data	set



Basic	PROC	NLMIXED	code
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ods output
ParameterEstimates  = params
Contrasts = tests3
AdditionalEstimates = addest

;
proc nlmixed data=<…>;
eta = <b0 * interceptVar   +   b1 * coVar1   +   … +   bn * coVarN>;
prob = 1 / (1 + exp(-1 * eta));
model <analysisVar> ~ binary(prob);

contrast <…>;
estimate <…>;

run;
ods output close;



1st update	of	PROC	NLMIXED	code
Specification	of	design	matrix	variables	and	parameters
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proc nlmixed data=designmatrix;
eta = b_INTERCEPT           * INTERCEPT

+ b_TRT_IMP             * TRT_IMP
+ b_AGE_Z               * AGE_Z
+ b_REGION_USA          * REGION_USA
+ b_REGION_ASIA         * REGION_ASIA
+ b_TRT_IMP_REGION_USA  * TRT_IMP_REGION_USA
+ b_TRT_IMP_REGION_ASIA * TRT_IMP_REGION_ASIA

;
prob = 1 / (1 + exp(-1 * eta));
model AVAL ~ binary(prob);

contrast <…>;
estimate <…>;

run;



2nd update	of	PROC	NLMIXED	code
Specification	of	type	3	tests
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proc nlmixed data=designmatrix;
eta = b_INTERCEPT           * INTERCEPT

+ b_TRT_IMP             * TRT_IMP
+ …
+ b_TRT_IMP_REGION_ASIA * TRT_IMP_REGION_ASIA

;
prob = 1 / (1 + exp(-1 * eta));
model AVAL ~ binary(prob);

contrast 'Intercept'  b_Intercept;
contrast 'TRT'        b_TRT_IMP;
contrast 'AGE_Z' b_AGE_Z;
contrast 'REGION' b_REGION_USA, b_REGION_ASIA;
contrast 'TRT_REGION' b_TRT_IMP_REGION_USA, b_TRT_IMP_REGION_ASIA;

estimate <…>;
run;



Deriving	endpoints	from	model	fit

▸ Response	Probability	(RP) =	Risk
=	logistic(eta)
=	1	/	(1	+	exp(-1	*	eta))

▸ Relative	Risk	(RR) =	RiskIMP	/	RiskPLC
=	logistic(etaIMP)	/	logistic(etaPLC)
=	(1	/	(1	+	exp(-1	*	etaIMP)))	/	(1	/	(1	+	exp(-1	*	etaPLC)))

▸ Absolute	Risk	Difference	(ARD)
=	RiskIMP	– RiskPLC
=	logistic(etaIMP)	– logistic(etaPLC)
=	(1	/	(1	+	exp(-1	*	etaIMP)))	– (1	/	(1	+	exp(-1	*	etaPLC)))

▸ Odds	Ratio	(OR) =	OddsIMP	/	OddsPLC
=	exp(logitIMP)	/	exp(logitPLC)
=	exp(logitIMP	– logitPLC)
=	exp(etaIMP	– etaPLC)
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3rd update	of	PROC	NLMIXED	code
Specification	of	endpoint	estimates

©	Clinipace	2018 13

proc nlmixed data=designmatrix;
eta = … ;
prob = 1 / (1 + exp(-1 * eta));
model AVAL ~ binary(prob);

contrast 'Intercept'  b_Intercept;
…
contrast 'TRT_REGION' b_TRT_IMP_REGION_USA, b_TRT_IMP_REGION_ASIA;

estimate 'RP IMP' 1/(1 + exp(-1 * <etaIMP>)) alpha=0.05;
estimate 'RP PLC' 1/(1 + exp(-1 * <etaPLC>));
estimate 'OR' exp(<etaIMP> - (<etaPLC>));
estimate 'RR' (1/(1 + exp(-1 * <etaIMP>))) / (1/(1 + exp(-1 * <etaPLC>)));
estimate 'ARD' (1/(1 + exp(-1 * <etaIMP>))) - (1/(1 + exp(-1 * <etaPLC>)));

run;



Marginalization	method:	prediction	at	the	means

▸ Set	each	covariable in	designmatrix to	its	mean	value	by	TRT	arm

▸Advantage
• Easy	to	implement	in	SAS

▸Disadvantages
• Can	lead	to	biased	results	(not	worse	than	LSMEANS	statement	results)
• Might	be	confusing	for	categorical	variables
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PROC	MEANS	result	for	data	set	designmatrix by	TRT
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Means
Column TRT	=	IMP TRT	=	Placebo

INTERCEPT 1 1

TRT_IMP 1 0

AGE_Z 0.04 -0.03

REGION_USA 0.21 0.20

REGION_ASIA 0.19 0.16

TRT_IMP_REGION_USA 0.21 0

TRT_IMP_REGION_ASIA 0.19 0

Means	are	rounded	to	the	2nd decimal.



4th and	final	update	of	PROC	NLMIXED	code
Specification	of	marginalized	linear	predictor
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ods output
ParameterEstimates  = params
Contrasts           = tests3
AdditionalEstimates = addest

;
proc nlmixed data=designmatrix;
eta = b_INTERCEPT           * INTERCEPT

+ b_TRT_IMP             * TRT_IMP
+ b_AGE_Z               * AGE_Z
+ b_REGION_USA          * REGION_USA
+ b_REGION_ASIA         * REGION_ASIA
+ b_TRT_IMP_REGION_USA  * TRT_IMP_REGION_USA
+ b_TRT_IMP_REGION_ASIA * TRT_IMP_REGION_ASIA

;
prob = 1 / (1 + exp(-1 * eta));
model AVAL ~ binary(prob);
…



4th and	final	update	of	PROC	NLMIXED	code
Specification	of	marginalized	linear	predictor
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…

contrast 'Intercept'  b_Intercept;
contrast 'TRT'        b_TRT_IMP;
contrast 'AGE_Z'      b_AGE_Z;
contrast 'REGION'     b_REGION_USA, b_REGION_ASIA;
contrast 'TRT_REGION' b_TRT_IMP_REGION_USA, b_TRT_IMP_REGION_ASIA;

%let etaIMP =  1    * b_INTERCEPT
+ 1    * b_TRT_IMP
+ 0.04 * b_AGE_Z
+  0.21 * b_REGION_USA
+ 0.19 * b_REGION_ASIA
+ 0.21 * b_TRT_IMP_REGION_USA
+ 0.21 * b_TRT_IMP_REGION_ASIA;

…



4th and	final	update	of	PROC	NLMIXED	code
Specification	of	marginalized	linear	predictor
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…
%let etaPLC =  1    * b_INTERCEPT

+  0    * b_TRT_IMP
+ -0.03 * b_AGE_Z
+  0.20 * b_REGION_USA
+  0.16 * b_REGION_ASIA
+  0    * b_TRT_IMP_REGION_USA
+  0    * b_TRT_IMP_REGION_ASIA;

estimate 'RP IMP' 1 / (1 + exp(-1 * (&etaIMP))) alpha=0.05;
estimate 'RP PLC' 1 / (1 + exp(-1 * (&etaPLC)));
estimate 'OR'  exp((&etaIMP) - (&etaPLC));
estimate 'RR'  (1/(1 + exp(-1*(&etaIMP)))) / (1/(1 + exp(-1*(&etaPLC))));
estimate 'ARD' (1/(1 + exp(-1*(&etaIMP)))) - (1/(1 + exp(-1*(&etaPLC))));

run;
ods output close;



Example	fit	results

▸ Tests3

▸ Params
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Example	fit	results

▸Addest
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Summary

▸ PROC	NLMIXED	allows	logistic	regression	models	with	marginalized	
RR,	OR	and	ARD	estimates.
▸Marginalization	at	the	means	has	to	be	interpreted	cautiously	and	can	
be	biased	(but	not	worse	than	LSMEAN	results).
▸ Results	are	reproducible	in	R	but	up	to	now	we	have	not	found	any	
solution	to	reproduce	the	results	with	other	SAS	procedures,	too.
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