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Abstract
Generalizability remains an important concern when assessing clinical trials. Using a novel combination of electronic health record (EHR) data with clinical trial enrollment data, we sought to provide a clinical characterization of trial participants from a single academic medical center and to compare these participants to relevant non-participants. To do so, we grouped participants based on the conditions their clinical trials were focused on, identified relevant conditions to index on, and then applied a resampling procedure to match those participants with non-participants based on condition, calendar time of index, and number of visits. We found 86 trials on neoplastic disease (737 participants), 31 trials on disorder of digestive system (321), and 28 inflammatory disorder trials (276). Non-participants were found to have a higher prevalence of underlying medical conditions compared to trial participants consistently across all groups. Our results indicate trials are susceptible to enrolling healthier individuals, highlighting the needs to address these systematic biases when generalizing to the real-world patients of the same disease group.
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Introduction
Clinical trials are an integral part to medical evidence generation, but remain susceptible to generalizability concerns (1). A particular concern is whether or not the trial participants are an unbiased sample from the intended target population that the intervention is meant to address, as prior studies have expressed concern about how trial participants can be younger and have different comorbidity profiles (2–4). Leveraging electronic health record (EHR) data in combination with trial data can provide a more comprehensive strategy to explore these concerns. We aim to provide clinical characterization of trial participants using their EHR data, and to compare those profiles with those of non-trial participants.
Methods
To construct cohorts, we used two data sources. The first data source is EHR data from a single academic medical center stored in the OMOP CDM format, containing over 4.5 million patients. The second data source is an internal report from the aforementioned single academic medical center on a collection of 297 interventional medication trials with individual participant participation status documented per each trial, containing 4022 participants. The sources are linkable through medical record numbers. Using the trial NCTs from the internal report, conditions were extracted from the condition descriptions provided by the AACT database as MeSH codes and then mapped to OMOP CDM standard concept codes (5).
For the trial participant cohorts, we first identified the earliest status date for each participant, limiting each participant to their earliest trial. Based on the status date, we then checked to see if there was at least one relevant condition concept within the participant’s record 365 days prior to and including the status date. The date of occurrence for the concept closest to the status date became the index date for that participant. If no concept was found, the participant was excluded. Relevant condition concepts were those that belong to the trial’s condition description, either as a direct match or a descendant for at least one of the conditions listed for the trial. To further ensure each participant has the selected condition, a consistency requirement was applied in which each patient’s record was then checked again for their designated index condition or one of its descendants, 365 days prior to the index date.
For the non-participant cohorts, candidates were identified based on the condition concepts found from the trial participants, with the date of the condition concept serving as a potential index date and following the aforementioned consistency requirement. Each participant was then matched to one randomly selected non-participant based on: (1) index condition, meaning same condition concept; (2) calendar month and year of the index; (3) number of prior visit occurrences occurring within the past 365 days relative to the index date. Each non-participant could only be matched to one participant. This matching procedure was repeated 1000 times, with statistical estimates from each sample used for analysis.
Clinical characterization of trial participants and non-participants was based on standard features available through the OHDSI FeatureExtraction package, with conditions assessed 365 days prior to and including the index date. To establish descriptive statistics for the non-participants, the mean of the 1000 estimates was used to provide a comparison. Standardized differences were used to assess comparisons; the cutoff to find differences between groups was set at an absolute difference greater than or equal to 0.01 (6). Analyses were stratified by higher-level condition groups of the available trials.
Results
A total of 1645 trial participants from 202 trials could be matched to at least 1 non-participant. The most common condition groups based on number of available trials were neoplastic disease (86 trials; 737 participants), disorder of digestive system (31; 321), and inflammatory disorder (28; 276). Table 1 provides a condensed snapshot of clinical characteristic comparisons between participants and non-participants, stratified by condition group. Across all groups, trial non-participants had more underlying medical conditions, including higher prevalence of diabetes mellitus, hypertensive disorder, renal impairment, and heart failure.
Table 1: Trial participant clinical characteristics compared to non-participants
	
	Neoplastic disease
(N = 737 each)
	Disorder of digestive system
(N = 321 each)
	Inflammatory disorder
(N = 276 each)

	Characteristic
	P
	NP
	StDiff
	P
	NP
	StDiff
	P
	NP
	StDiff

	Age group
	
	
	
	
	
	
	
	
	

	Younger than 18 years
	69 (9.4)
	52 (7.1)
	0.080
	0 (0.0)
	20 (6.3)
	-0.366
	16 (5.8)
	26 (9.3)
	-0.134

	18 to 64 years
	331 (44.9)
	322 (43.7)
	0.025
	239 (74.5)
	197 (61.3)
	0.284
	232 (84.1)
	193 (70.0)
	0.339

	65 years and older
	337 (45.7)
	363 (49.2)
	-0.069
	82 (25.5)
	104 (32.4)
	-0.152
	28 (10.1)
	57 (20.7)
	-0.294

	Female
	346 (46.9)
	359 (48.7)
	-0.035
	120 (37.4)
	136 (42.3)
	-0.100
	111 (40.2)
	123 (44.6)
	-0.089

	Select conditions
	
	
	
	
	
	
	
	
	

	Diabetes mellitus
	97 (13.2)
	132 (17.9)
	-0.131
	56 (17.4)
	79 (24.6)
	-0.178
	32 (11.6)
	57 (20.8)
	-0.252

	Hypertensive disorder
	234 (31.8)
	315 (42.7)
	-0.227
	107 (33.3)
	144 (45.0)
	-0.241
	82 (29.7)
	114 (41.4)
	-0.246

	Renal impairment
	72 (9.8)
	128 (17.3)
	-0.221
	38 (11.8)
	58 (18.1)
	-0.177
	63 (22.8)
	84 (30.4)
	-0.172

	Cerebrovascular disease
	31 (4.2)
	45 (6.0)
	-0.084
	11 (3.4)
	16 (5.0)
	-0.081
	9 (3.3)
	16 (5.7)
	-0.115

	Heart failure
	30 (4.1)
	64 (8.7)
	-0.189
	15 (4.7)
	27 (8.4)
	-0.150
	9 (3.3)
	27 (9.9)
	-0.268

	Malignant neoplastic disease
	737 (100.0)
	736 (99.9)*
	0.015
	157 (48.9)
	152 (47.5)
	0.028
	48 (17.4)
	45 (16.2)
	0.033


Values are either “n (%)” or “mean ± SD”; P = trial participants; NP = trial non-participants; StDiff = standardized difference; note that age group category sums might differ from the totals because of rounding and/or resampling
*The estimated percentage is not equal to 100% because one record within the resampling procedure was matched to a participant based on a condition that was listed within the neoplastic disease trial, but that condition was not a neoplastic disease; subsequently, the non-participant was found to not have a code for a neoplastic disorder 365 days prior to his/her index
Discussion
[bookmark: _GoBack]Our results suggest that trial participants generally have less underlying medical conditions than their non-participant counterparts. Although this may reflect a tendency for these trials to enroll healthier individuals, trial design parameters may confound the results. Possible explanations include earlier phase trials that usually require healthy volunteers or stringent eligibility criteria. Associations between clinical characteristics and trial parameters will be explored further.
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