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Abstract 
This study developed a systematic method for comparator selection using empirical measures of covariate balance, clinical equipoise, and sample size. The method was applied to the selection of multiple myeloma (MM) comparator drugs for daratumumab. We compared new users of daratumumab and 4 MM drugs after January 2016 in a claims database of commercially insured patients of all ages. Propensity scores were calculated with regularized logistic regression and matched between new users of the target and comparator drug. Subsequent analyses restricted target and comparator cohorts to those with prior or concurrent use of first-line treatments. Across 15 comparisons with daratumumab, the carfilzomib with prior bortezomib and carfilzomib with prior lenalidomide were the comparators with the highest percent in clinical equipoise when compared to daratumumab (88.5% and 88.2%). However, all comparisons had a sample size that was too small for detecting an HR of 3 for a moderately common outcome and had remaining baseline covariate imbalances. These empirical methods help identify comparators in complex treatment settings and could be used for automatically selecting comparators in large-scale analyses.
Introduction
[bookmark: _GoBack]Daratumumab is an anti-CD38 monoclonal antibody with 4 MM indications, including in first-line treatment regimens for MM patients ineligible for stem cell transplant, with bortezomib or lenalidomide and dexamethasone after >=1 prior MM treatment, with pomalidomide and dexamethasone after >=2 prior MM treatment, or as a monotherapy >= 3 prior MM treatments.1 Selecting comparators for outcome studies of daratumumab is challenging given the drug’s numerous indications, which can result in populations too small for analysis. Comparator selection is also difficult given the complex patterns of other MM treatments received prior to or with daratumumab. Confounding may occur if comparators are selected from populations with different prior treatment patterns or current regimens, but restricting to populations with similar treatment patterns can also result in small analytic study sizes. Instead of requiring comparator drugs to have the exact indication and prior/concurrent drugs as the daratumumab cohort, this study explored a step-wise approach that used propensity score matching on subsequently restrictive populations of 4 potential comparator drugs to identify appropriate comparators in claims data based on clinical equipoise, covariate balance, and sample size.
Methods
Using the Optum© De-identified Clinformatics® DataMart claims database converted to the OMOP common data model, we identified commercially insured patients of all ages who were new users of the target drug, daratumumab, or of a potential comparator drug (bortezomib, lenalidomide, carfilzomib, pomalidomide). Patients had to have ≥1 day at risk, ≥365 days of observation time prior to index, and ≥2 MM diagnoses (SNOMED 437233 + descendants except remitted multiple myeloma and plasma cell leukemia) 180 days before or on the index date. Propensity scores were estimated for target and comparator cohorts using regularized logistic regression models with a Laplace prior (LASSO) and included all potential diagnoses, measurements, and procedures identified in the 30-day, 180-day, and 365-day periods before index. Propensity scores were calculated with and without administration methods and pre- and post-treatment variables specific to daratumumab that affect covariate balance (corticosteroids, H1/H2-receptor antagonists, antihistamines, respiratory medications, antiemitics). The score calculation methods also allowed patients: (1) to only enter the target or the comparator cohorts or (2) to enter both the target and comparator cohorts. Propensity scores were standardized as preference scores and distributions were plotted.2 Clinical equipoise was defined as drug pairs where >50% of new users fell within a preference range of 30%-70%. Standardized differences between the baseline covariate proportions were plotted to identify imbalances with maximum values >0.1.3 
Results
Multiple drug pairs with the later stage comparator drugs, carfilzomib and pomalidomide, had >50% in equipoise and an adequate study size for exploring rare outcomes (Table 1). However, all analyses had a maximum standardized difference >0.1. The daratumumab-carfilzomib drug pair with prior bortezomib had the greatest percent in clinical equipoise (88.5%), but the cohort size was half that of the ingredient-level cohorts. Restriction based on prior or concurrent drugs reduced covariate balance. 
Table 1. Size, percent in clinical equipoise, and maximum standardized difference (std diff) for daratumumab/comparator pairs for patients without pre-/post-treatment variables in the propensity score among patients allowed to enter bot the target and comparator cohorts
	[bookmark: _Hlk13745929]Target
	Comparator
	Before Matching

	After Matching
	Equipoise %
	Max Std Diff Covariate Prop
	% covariates Std Diff >0.1

	
	
	Target size
	Comparator size
	Target size
	Comparator size
	
	
	

	Daratumumab new users 
	 Bortezomib new users 
	1081
	2881
	323
	323
	20.9
	0.24
	3.1

	Daratumumab new users 
	 Lenalidomide new users 
	1081
	2965
	297
	297
	20.9
	0.31
	3.3

	Daratumumab new users 
	 Carfilzomib new users 
	1081
	807
	426
	426
	70.1
	0.24
	2.0

	Daratumumab new users 
	 Pomalidomide new users 
	1081
	927
	438
	438
	59.3
	0.24
	1.6

	Daratumumab new users – 
concurrent bortezomib
	 Bortezomib new users 
	214
	2881
	154
	154
	40.3
	0.34
	5.7

	Daratumumab new users – 
concurrent lenalidomide
	 Lenalidomide new users 
	115
	2965
	47
	47
	24.5
	0.74
	12.3

	Daratumumab new users  - prior bortezomib
	Lenalidomide new users – 
prior bortezomib
	549
	362
	75
	75
	30.3
	0.53
	7.9

	Daratumumab new users - 
prior bortezomib
	Carfilzomib new users 
prior bortezomib
	549
	420
	316
	316
	88.5
	0.27
	4.7

	Daratumumab new users -
prior bortezomib
	Pomalidomide new users – 
prior bortezomib
	549
	395
	259
	259
	73.3
	0.30
	4.5

	Daratumumab new users  - 
prior lenalidomide
	Bortezomib new users 
 prior lenalidomide
	512
	194
	138
	138
	67.7
	0.40
	8.8

	Daratumumab new users  -
concurrent lenalidomide
	Bortezomib new users
concurrent lenalidomide
	115
	697
	22
	22
	22.1
	0.74
	13.4

	Daratumumab new users  -
prior lenalidomide
	 Carfilzomib new users 
prior lenalidomide
	512
	267
	214
	214
	82.2
	0.33
	5.0

	Daratumumab new users  - 
concurrent lenalidomide
	Carfilzomib new users
concurrent lenalidomide
	115
	159
	30
	30
	63.2
	0.86
	13.3

	Daratumumab new users  -
 prior proteosome inhibitor
	Pomalidomide new users  - prior proteosome inhibitor
	865
	531
	363
	363
	70.5
	0.26
	3.3

	Daratumumab new users  -prior proteosome inhibitor
	Lenalidomide new users  - prior proteosome inhibitor
	865
	599
	160
	160
	34.3
	0.35
	7.1



Discussion and Conclusions
This study illustrates a method using empirical measures that can be used to select comparators in complex treatment settings. This method could be standardized and automated to select comparators in large-scale studies. Future studies should explore stratification to retain more patients.
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