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1 Project Overview 
Negative controls are variables associated with unmeasured confounders but 
not causally related to either the treatment or outcome of interest.1,2 A negative 
control exposure is a variable associated with the unmeasured confounder and 
does not causally impact the outcome, while a negative control outcome is 
associated with the unmeasured confounder and not causally affected by the 
treatment. With known null effects, negative control variables can help to 
identify analyses that are unlikely to fully control for confounding bias.  The 
identification of negative control variables, however, can be time consuming, 
difficult to scale, and sometimes prone to error. The data-driven automated 
negative control estimation, or DANCE3 algorithm, is an automated approach to 
identify disconnected negative controls. A disconnected negative control is a 
special type of negative control variable that is associated with unmeasured 
confounders but not causally related to the treatment nor to the outcome.3  

This protocol describes the approach for Aim 2, where the objective is to apply 
the DANCE algorithm to a drug safety question use case in a multisite 
implementation. Prior to applying the DANCE algorithm to the use case, the 
DANCE algorithm will be evaluated and tailored to settings relevant to large-
scale healthcare database studies using plasmode simulation (Aim 1), which is 
described in more detail in a separate protocol. 

This project is being conducted as part of FDA’s Prescription Drug User Fee Act 
(PDUFA) VII commitment on “Use of Real-World Evidence – Negative Controls.”4

Data Source and Empirical Cohort 

The Sentinel Innovation Center (IC) has access to a distributed data network- the 
Real-World Evidence Data Enterprise (RWE-DE)- containing electronic health 
records (EHRs) linked to insurance claims for two commercial partners and four 
academic (“development network”) partner sites (Figure).5 
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We will use two data assets from the RWE-DE for implementation of DANCE in a 
multisite fashion i.e., Mass General Brigham (MGB) and HealthVerity (HV). We will 
use a query that has previously been leveraged from a prior IC project.6,7 This query, 
previously implemented at the MGB site, compared users of sodium-glucose 
cotransporter 2 inhibitors (SGLT2i) vs dipeptidyl peptidase 4 inhibitors (DPP4i) on the 
risk of genital infections (safety outcome). In this project, we will implement this 
query at a second site (HV).  

The protocol from the prior project, that provides full details for the query to 
generate the empirical cohort comparing SGLT2i vs DPP4i, is provided in the 
supplemental material of the publication (e.g., definition of baseline covariates, 
definition of outcome, etc.).  

2 Analytic Approach 
Propensity Score (PS) Matching 
Prior to implementing DANCE, we will first conduct propensity score matching to 
balance predefined baseline covariates. Balancing measured confounders is 
necessary prior to running the DANCE algorithm to select valid disconnected 
negative controls and estimate the causal effect. 

PheWAS Mapping 
Prior to implementing DANCE, we will map ICD-9 and ICD-10 codes to clinically 
meaningful phenotypes called phecodes that are routinely used for Phenome-wide 
association studies (PheWAS). There are existing mappings and code packages to 
process and group ICD codes into a manageable number of clinically meaningful 
phecode categories.8,9

 The clinical concepts defined by phecodes will be used as 
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input variables in the DANCE algorithm to identify disconnected negative 
controls.  

Implementing the DANCE Algorithm 

DANCE is an automated approach that incorporates a statistical test to discover 
disconnected negative control variables. Details of the DANCE algorithm are 
provided elsewhere.3 We will apply DANCE where the candidate negative control 
variables will include binary features representing the phecodes mapped from ICD 
codes.8 Since the outcome is time-to-event, we will first dichotomize the outcome to 
binary when running DANCE for identification of disconnected negative controls. It 
is important to note that the binarization of the outcome is only used for 
identification of disconnected negative controls, and the original time-to-event 
outcome will be used for bias detection. To ensure that follow-up time between 
treatment groups is approximately equal, we will censor after a short follow-up of 1-
year. If follow-up times are still differential, we will consider censoring at the 
minimum follow up of the PS-matched set to force follow-up times to be 
approximately equal.  

Including the pre-specified baseline confounders that are used for propensity score 
matching 5 (see protocol from the prior project) within DANCE introduces additional 
noise and can decrease power to detect true disconnected negative controls. 
Therefore, we will not include predefined baseline confounder variables as inputs to 
DANCE. We will further evaluate the impact of including/excluding phecodes (i.e., 
candidate disconnected negative controls) that are highly correlated with 
predefined confounders. We will consider 3 approaches to screening phecodes: 

1) Exclude all phecodes that share a common ICD-9 or ICD-10 code with any
predefined baseline confounder variable.

2) Exclude all phecodes that are strongly correlated with any predefined
baseline confounder variable.. We will consider variables to be strongly
correlated if the correlation coefficient is >0.7. We will consider alternative
thresholds of 0.5, 0.6, 0.8, and 0.9 in sensitivity analyses.

3) Don’t exclude any phecodes regardless of how strongly correlated they are
with predefined confounders.

We will consider multi-site implementation of DANCE using various approaches 
including: 

1) Using the union of all negative controls across sites (all)
a. This will include a list of all phecodes that are selected regardless of site

(the union of all selected phecodes across the two sites)
2) Using negative controls that appear at both sites (common denominator)

a. This will include a list of phecodes that are selected at both sites (the
intersection of selected phecodes between the sites).

3) Using site-specific negative controls (tailored).
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a. This will include two lists: 1) all codes selected at the first site; 2) all codes
selected at the second site. We will consider these two lists separately
when performing the evaluation to determine the validity of the
selected candidate negative controls. The purpose for separate site-
specific negative controls lists is to test the hypothesis that DANCE may
provide more reliable selection of candidate negative controls at larger
sites.

Each of the generated lists will then be considered for evaluation to determine the 
accuracy of the selected candidate negative controls to make a determination of 
which multi-site implementation is preferable.  

3 Evaluation 

We will assemble a team of clinicians and epidemiologists with expertise in this 
clinical area to manually review the selected candidate controls in terms of their 
expected validity as true negative control variables. We will evaluate the proportion 
of negative controls validated as true negative controls by experts. 

Bias Detection: 

Each of the disconnected negative controls identified by DANCE can serve as either 
a negative control exposure or a negative control outcome. We will estimate (1) the 
hazard ratio between the disconnected negative control and outcome and (2) the 
risk ratio between treatment and the disconnected negative control within the PS 
matched cohort. We will plot the distribution of negative control effect estimates 
and 95% confidence intervals for bias detection. We will visualize the distribution of 
negative control effect estimates and their 95% confidence intervals. As an 
exploratory analysis, we will compare these negative control effect estimates with 
the primary analysis results to investigate possible unmeasured confounding bias.10

We will provide recommendations on the most suitable approach for multisite 
implementation based on learnings in consultation with the FDA and the 
workgroup. The team will provide a practical process guide to walk investigators 
through the steps needed to implement DANCE for future Sentinel studies. 

Hypothetical Results Table. 

Site Selected 
Disconnected 

Negative 
Control 

Valid 
Negative 
Control1

HR for 
effect of 

NC on 
outcome 

95% 
CI 

RR for 
effect of 

treatment 
on NC 

95% 
CI 

MGB Feature A Yes 

Feature B Yes 
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Feature C No 

⋮ ⋮ ⋮ ⋮ ⋮ 

HealthVerity Feature A Yes 

Feature C Yes 

Feature D No 

Feature E No 

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ 
1Valid negative controls will be determined by team of clinical experts after reviewing list of selected 
negative controls.   
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