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Abstract

Purpose—To conduct a synthesis of the literature on methods to evaluate the impacts of FDA
regulatory actions, and identify best practices for future evaluations.

Methods—We searched MEDLINE for manuscripts published between January 1948 and
August 2011 that included terms related to FDA, regulatory actions, and empirical evaluation; the
review additionally included FDA-identified literature. We used a modified Delphi method to
identify preferred methodologies. We included studies with explicit methods to address threats to
validity, and identified designs and analytic methods with strong internal validity that have been
applied to other policy evaluations.

Results—We included 18 studies out of 243 abstracts and papers screened. Overall, analytic
rigor in prior evaluations of FDA regulatory actions varied considerably; less than a quarter of
studies (22%) included control groups. Only 56% assessed changes in the use of substitute
products/services, and 11% examined patient health outcomes. Among studies meeting minimal
criteria of rigor, 50% found no impact or weak/modest impacts of FDA actions and 33% detected
unintended consequences. Among those studies finding significant intended effects of FDA
actions, all cited the importance of intensive communication efforts. There are preferred methods
with strong internal validity that have yet to be applied to evaluations of FDA regulatory actions.

Conclusions—Rigorous evaluations of the impact of FDA regulatory actions have been limited
and infrequent. Several methods with strong internal validity are available to improve
trustworthiness of future evaluations of FDA policies.
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Introduction

Methods

The U.S. Food and Drug Administration (FDA) is responsible for protecting the public from
the adverse effects of medical products, including communicating safety risks that emerge
after product approval.l The FDA communicates safety risks in a variety of ways. The
agency may issue regulatory public health advisories or safety alerts directed to the general
public, or dear healthcare professional letters directed to prescribers. It may also modify
medical product labeling to include boxed warnings of serious safety risks, or require a Risk
Evaluation and Mitigation Strategy (REMS); in some cases, the product may be withdrawn
from the market.2 To date, the FDA has communicated hundreds of safety risks, and these
communications are expected to increase with the Sentinel Initiative, its effort to develop a
national system for active monitoring of medical product safety.3-

The effectiveness of the FDA’s safety risk communications is yet unclear. A recent review
of the FDA’s safety risk advisories for prescription drugs detected a variety of intended and
unintended effects on product use and health outcomes.® However that review did not
consider the quality of research methods when summarizing the evidence, and
acknowledged limitations due to the heterogeneity of study design across evaluations.

The quality of the research methods used to evaluate the impact of FDA regulatory actions
has not been assessed, and there are currently no recommendations offered for conducting
robust policy evaluations. The current state-of-the art policy evaluations offer quasi-
experimental research designs such as interrupted time series and regression discontinuity
that share many design elements of experiments including the use of control groups, pre-test
post-test measures, intention-to-treat analyses, and explicit mechanisms for inferring
counterfactual scenarios (i.e., what would the outcome have been without the FDA action).”
Novel statistical methods have also been developed to address special circumstances such as
sequential analyses when the data on outcomes are still accumulating, or extended Cox
models when the hazard ratios of risk will vary with time.8-10

The goal of this study was to understand how state-of-the-art methods have been used to
evaluate the impact of FDA regulatory actions, and how these methods could be used to
improve future evaluations. Our specific objectives were: 1) to characterize prior research
approaches used to evaluate FDA regulatory actions, particularly the strengths and
weaknesses of previous methodologies; and 2) to recommend designs and statistical
approaches that may be useful for evaluating FDA regulatory actions and describe the
advantages and disadvantages of each approach. This work was undertaken as part of the
Mini-Sentinel program, a pilot project sponsored by the FDA under the Sentinel Initiative to
inform and facilitate development of a fully operational active surveillance system, the
Sentinel System, for monitoring the safety of FDA-regulated medical products.3:11

We conducted this study in two phases. In the first phase (described in greater detail below),
we performed a literature review of all published studies and relevant internal documents on
FDA regulatory actions (provided by FDA. From these studies, we selected those with
adequate research design and approaches that could provide reasonably valid effect
estimates in our final summary of the published literature.
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In the second phase of this project, we convened a consensus panel to identify preferred
methodologies for evaluating FDA regulatory actions based on their prior work in policy
evaluation and findings from phase one literature review. These methodologies were
selected based on their ability to control for threats to internal validity, statistical
performance, as well as practical considerations. Preference was given to methods that could
be used with administrative health plan data, such as found in the Mini-Sentinel Distributed
Database.

Methods for Literature Review

Search Strategy

We conducted the literature search utilizing Ovid MEDLINE (see Appendix 1 for search
strategy and results). We searched for literature published between 1948 and the first week
of August, 2011, which included the term “United States Food and Drug Administration”
and an FDA regulatory action (e.g., labeling change (label$), warning (warn$), or REMS);
195 published articles were identified. Additionally, FDA investigators identified relevant
seminal literature (published and internal FDA literature) for inclusion in the review. We
also manually searched the bibliographies of reviewed papers to identify any additional
relevant literature (there was some overlap in the results of these search strategies) resulting
in a total of 243 published papers and internal FDA documents for review.

Selection Criteria

We drafted selection criteria for abstract and full-text manuscript review to identify relevant
studies. This process was iterative until the entire project team agreed on the selection
criteria. Selection criteria are outlined in Appendix 2 and are an adaptation of the Cochrane
standards for defining study selection criteria.12 These included: (a) the adequacy of the
research designs to control for threats to validity; (b) the execution of the studies through a
careful assessment of their risk of bias; (c) the adequacy of methods for addressing selection
bias and confounding; and (d) the omission of reporting biases, including selective reporting
of outcomes.

Review of Literature

The review of the literature was a three-step process. First, all available abstracts were
reviewed by at least 1 of 3 authors (BAB, SEA, FZ). Second, all literature that met inclusion
criteria or could not be excluded on the basis of the abstract underwent a full-text review by
2 of 3 authors (BAB, SEA, FZ). The third step was employed in the case of discrepancies
between the two authors’ full reviews, in which a third author reviewed the full-text article
and the trio discussed their decisions with the workgroup until consensus was reached. Table
1 summarizes the reasons for exclusion.

Methods for Consensus Panel

Selection Criteria and Conduct of Interviews

To identify methods that may be suitable for evaluating the impact of FDA regulatory
actions, we conducted a series of interviews with our panel. The panel consisted of six
authors (BAB, SBS, FZ, ST, SEA, JHG) with extensive experience in drug policy research
and evaluation methodology. Our main methodology was a generalized version of the
Delphi method which helps systematically prioritize and synthesize the experiences and
knowledge of a panel of experts to achieve group consensus.13 First, we established the
following eligibility criteria: 1) The evaluation methodology should use research designs
and analytic methods that produce strong internal validity, as defined by Shadish, Cook, and
Campbell (2002).” Thus, we selected methods that incorporated control groups and pre-
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policy measures to support a counterfactual inference about what would have happened in
the absence of the FDA regulatory action. 2) The evaluation methodology should offer
pragmatic utility. Therefore, we did not select methods requiring random assignment or
primary data collection since both options currently seemed unlikely in the Mini-Sentinel
program. As a result, our list of suitable methods to conduct evaluations of FDA regulatory
actions assumes that only secondary data are available for the evaluation, in either
aggregate-level or person-level data formats. 3) The evaluation methodology may address
special circumstances, particularly for the following cases: a) when post-policy data are still
accumulating; b) the policy is transient; and c) the data capture is limited to only a few time
points. These special circumstance methods are acceptable as only preliminary evaluations
until more rigorous evaluations are available. 4) The evaluation methodology may include
state-of-the-art approaches that theoretically have potential for unbiased regulatory
evaluations, although in practice they require strong assumptions. These methods are
acceptable only in sensitivity analyses within the context of a rigorous study design.

Given these criteria, we polled all the panel members for contributions and then created a
list of candidate methods. We discussed each of the nominated methods and filtered out
redundancies and irrelevant content through an iterative process. We assembled a list of the
most suitable methods and then characterized each method by necessary data elements,
strengths, and weaknesses. We also identified applied examples published in the literature
that could serve as models.

Results for Literature Review

The literature review produced a total of 18 independent studies that evaluated the impact of
FDA regulatory actions and met the criteria for inclusion.24-31 The key characteristics of
these articles are summarized in Table 2. In summary, these studies were published over a
period of two decades (1987 to 2011), and the investigations ranged in size from a small
study18 with only 1,308 individuals to a large population-level study2? generalizable to 61
million individuals (the study used a mix of sampling methods). The studies evaluated a
wide range of patient populations, including children and adolescents in
789,14-18.20-22,24,25,27-29,31 (f the studies and adults over the age of 65 in 50%14-18.25.28,30,31
of the studies.

FDA Policies and Medical Products Evaluated

Most of the studies evaluated the impact of FDA boxed warnings (50%),16-18.20,23,25,27,29,31
although other FDA policies were also evaluated including labeling changes,16:18.19.27.28,30
advisory/safety warnings,29-26 dear doctor/healthcare professional letters,17:19.28.30 anq
product withdrawals.141519 The studies examined policies relating to a variety of medical
products, although antidepressants were most commonly evaluated (44%).20-25.27.29 Other
medical products included antipsychotic agents, 2830 antidiabetic drugs,9-26 cisapride,1’
Drug Efficacy Study Implementation (DESI) drugs,4 pemoline,8 propoxyphene,3!
terfenadine, 16 and zomepirac.1®

Data Source and Unit of Analysis

The most common source of data for the FDA policy evaluations was privately-owned
proprietary administrative databases available for purchase (61%).17:18:20-2527,.29.31 Thg
next most common sources were publicly available federal databases such as state Medicaid,
Veteran’s Administrative, and TRICARE data (33%)14:15.19.26.28.30 fo|lowed by private
health insurance or managed care claims data (6%).16:18 Just over a quarter of the
evaluations used individual-level data (28%).18:19.27.29.30 Assessments of data completeness
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or quality were usually not well described but were at least mentioned in most
(89%)14:15.17.18.20-31 of the papers.

Primary Endpoints

The outcomes measured in the evaluations varied depending on the regulatory action of
interest; few evaluations included measures related directly to patient health. In evaluations
of boxed warnings or withdrawn products (n=12), the studies usually assessed changes in
the use of substitute medical products and services (92%).14-19.23.25.27.29.31 | gyaluations of
safety warnings,14-31 some of the studies examined changes in the occurrence of
recommended laboratory monitoring (17%).18:19.27 Adverse events were measured in two

studies (11%),2031 and contraindicated medical drugs/conditions in two other studies (11
95).16.17

Research Design and Analytic Methods

Overall, the study designs fell into the single broad category of quasi-experimental designs.
Control groups were used in less than half of the studies (39%).15:22.24.25,28,30.31 The rigor
and sophistication of the analytic methods varied greatly, ranging from segmented
regressions in all of the studies4-3! to unadjusted t-tests of differences (6%).16 Only two
studies (11%)28:30 described explicit sensitivity analyses to address potential confounders.

Study Outcome Results

Almost half of the 18 studies found no impact1518.24.26-28,31 or weak/modest impacts8:19 of
FDA regulatory actions on at least one measure of targeted medical products (see Figure 1).
Eleven studies (61%) found significant impacts on at least one of the intended outcomes of
the policy.14.16.17.20-22,26-30 One-third of the studies1#15:20.21.23.25 3|50 detected unintended
consequences of FDA regulatory actions; these included spillover effects to non-indicated
patient populations, 2325 increases in substitute prescribing#15 (both positive and negative
substitutes), decreases in disease detection and treatment,21:25 and increases in negative
health outcomes.20

A comparison of differences between evaluations finding minimal to no impact of FDA
regulatory actions and evaluations finding significant impacts revealed few consistent
patterns in study design, analytic framework, or measures. For instance the use of
interrupted time series was present in both null finding and positive finding evaluations. An
exception was the outcomes measure of safety monitoring, which was consistently
associated with no impact. Additionally, in all cases where significant intended impacts
were detected, the investigators noted intensive communication efforts including widespread
media attention as a key to successfully changing prescribing patterns.

Results for Consensus Panel

The consensus panel identified seven research designs and analytic methods suitable for
evaluations of FDA regulatory actions (see Table 3). Under the category of research designs
and analytic methods with strong internal validity, we identified two quasi-experimental
designs ---the interrupted times series and the regression discontinuity design --- and a
statistical method ---the extended Cox model. All three approaches offer methodological
advantages in their strong ability to control for many potential threats to validity and all of
these novel methods can incorporate experimental design elements including intention-to-
treat analyses and control groups. Each is briefly described below.
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Recommended Study Designs and Analytic Methods

In the case of the interrupted time series design,’ the pre-intervention data series is used to
decrease uncertainty about whether a policy intervention is associated with true change in
outcomes. The key assumption of this design is that extrapolating the pre-intervention level
and trend correctly reflects the (counterfactual) outcome that would have occurred had the
intervention not happened. Interrupted times series may be conducted with person-level or
aggregate-level longitudinal data. Data series may be as short as 18 points (9 pre and 9 post)
depending on the minimum effect size to be detected, and the variation.32 But the design
becomes stronger with additional time points to establish trends. This study design is among
the most robust of the quasi-experimental designs, but it requires a priori knowledge of the
diffusion process, especially in case of gradual interventions or delayed causation. In our
review, all 18 of the identified studies evaluating FDA regulatory actions incorporated an
interrupted time series design.14-31

In the case of the regression discontinuity design,’ changes in the pattern of the outcome at a
pre-specified cutoff in an assignment variable are used to indicate a policy impact. This
approach is most appropriate for a policy that applies to a patient population defined by a
continuous measure with a fixed threshold (e.g., age =65). The regression discontinuity
design is a reasonably robust quasi-experimental design and may be especially useful when
pre-intervention data are lacking or limited. This approach also requires knowledge of the
correct functional form between the outcome and assignment variable, and it is less well
known in the medical literature. Our literature review did not identify any study with a
regression discontinuity design to assess FDA policies.

The extended Cox model0 uses heaviside functions to yield constant hazard ratios for
different time intervals. This statistical method offers the analytic advantages of maximum
likelihood (e.g., good large-sample properties) and can be used in various longitudinal study
designs. This model has the ability to produce different hazard ratios of outcome that are
specific to the preand post-intervention periods. Extended Cox models do not require the
proportional hazards assumption for the entire study period and they are robust to right
censored data. Our literature review did not identify any study that used an extended Cox
model to assess FDA policies.

Methods that May be Suitable for Special Circumstances

We identified three approaches under this category: sequential analysis of gradually
accruing data,® difference-in-difference-in differences33 and self-controlled case series.343°
These methods may produce valid inferences for some evaluations, especially if they
explicitly control for pre-intervention trends. Each is briefly described below.

Sequential analysis of gradually accruing data offers methodological advantages under the
special circumstance when post-policy data are still accumulating.8® In this approach, the
counterfactuals can be obtained from data from the pre-policy period (i.e., historical
controls), or data from a concurrent control group not affected by the policy. A signal is
generated if the likelihood ratio --- calculated based on the ratio of the number of observed
events to the number of expected events (the counterfactuals) --- exceeds a predetermined
value. The key aspect of this method is that the p-values are adjusted for looking at the data
in a repeated fashion, or multiple testing. An appropriate example for this method would be
an FDA policy that is associated with a potential safety concern that requires timely
evidence on the impact of the policy. Ideally, like the interrupted time series design, the
validity is increased with 9 or more pre-intervention points in order to establish the
counterfactual trend in the absence of the intervention.
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The difference-in-difference-in differences design may be suitable under the special
circumstance of limited time points in the data.33 A key component of this method is the use
of multiple contrasts to isolate the true effect of the intervention. An appropriate example for
this method would be an FDA policy that is assessed with only one or two pre- and post-
intervention measurements of the outcome, but any observed differences are evaluated
against any changes in two relevant comparators.

Self-controlled case series may be useful in the case of a transient policy involving an acute
outcome.34:35 In this method, the study uses data on only the cases to examine the temporal
association between a time-varying exposure and outcome. The exact scenario for the best
use of this method is unclear; however, it may be suitable for studying the association
between a temporal FDA policy (e.g., temporary suspension of a medical product) and an
acute event, in which the risk periods are short.

State-of-the-art approach with Theoretical Potential if Assumptions Can be Met

We identified approaches that incorporate confounder summary scores (e.g., propensity
scores) under this category. This analytic approach is best used with caution in sensitivity
analyses until the plausibility of assumptions are better established. Confounder summary
scores are often used in the setting where considerable confounding is suspected, so it must
be clear that the score is created with a model that is correctly specified and not biased by
important omitted variables. One promising application is within a time series study design
and the confounder score is used to help construct the counterfactual estimates.36

Discussion

Our synthesis of the literature produced the following conclusions. First, rigorous
evaluations of the impact of FDA regulatory actions have been infrequent, especially
relative to the large number of actions implemented by the FDA. Second, when FDA
regulatory actions were evaluated adequate research design standards were often not
employed. For instance, less than a quarter used a control group. Limitations in important
measures were common (e.g., inadequate capture of suicidality in administrative data. Third,
many of the assessments were limited in scope and often examined only changes in the use
of the targeted medical product. Studies that included a broader array of measures such as
unintended impacts (e.g., increases in the use of substitute products and services) often
found significant effects. Studies with outcome measures relating directly to patient health
and adverse events were even rarer. As a result, many evaluations of FDA regulatory actions
used suboptimal research designs and analytic methods, making the results limited and
susceptible to biased findings. Fourth, among studies employing valid study designs, no
impact or weak/modest impact was detectable in 50% of the studies. Intensive media
communication was the one consistent factor in all studies finding significant impacts of
FDA regulatory actions. Overall, this review revealed considerable gaps in the evidence-
base and promising methods to evaluate FDA regulatory policies. This conclusion is
consistent with the findings of an earlier review of FDA drug risk communications.5

Our expert panel review produced the following conclusions. There are proven methods that
have been widely used in evaluating non-FDA policies or interventions, especially quasi-
experimental research designs, which may be useful for evaluating the impact of FDA
regulatory actions. For example, research designs and analytic methods with strong internal
validity include the interrupted time series, regression discontinuity design and extended
Cox models. Also, aggregate data approaches are necessary for data sharing in the Mini-
sentinel and may be used with appropriate and robust methods to evaluate FDA regulatory
actions. The methods identified by this panel can address many of the limitations of
previously published evaluations. The careful and consistent application of these methods
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n provide a valuable opportunity to achieve the goal of less biased assessments of FDA

regulatory actions.

Supplement
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Selection Criteria Review Results

N
Reviewed Articles or Abstracts 243
Excluded Avrticles by Criteria
Review/descriptive/opinion/audits/pre-post 89
FDA regulation not focus of study 80
No outcomes endpoint 29
Not medical product 15
Prospective/primary data collection (surveys) 7
Not US data 5
Final Articles 18
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Table 2
Literature Review Results (n= 18)
Data
Years range  1974-2008
Unit of analysis
Person-level 28%
Aggregate 2%
Data types *
Medicaid/VA/TRICARE data 33%
Private health insurance/managed care 6%
organization claims
Proprietary administrative databases 61%
Registries/outcomes databases 17%
Electronic medical record/chart reviews 0%
Data evaluated for completeness/missing 89%
Sample
Sample size range 1,308 -
61,000,000
Special Populations *
Including pediatric 78%
Including geriatric 50%
FDA Policy *
Boxed warnings 50%
Labeling change 33%
FDA advisory/safety warnings 39%
Dear healthcare professional letters 22%
Withdrawals 17%
Primary Endpoints *
Use of targeted medical product 89%
Substitute product(s) or services 61%
Laboratory monitoring 17%
Adverse event(s) 11%
Contraindicated product(s)/condition(s) 11%
Research Design *
Interrupted time series/Time series, including 39%
control
Interrupted time series/Time series, no control 61%
Pre-post, including control 17%

Statistics are reported in percentages unless otherwise indicated.

*
Not mutually exclusive.
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Novel Research Designs and Analytic Methods Recommended for Evaluating FDA Regulatory Actions

Table 3

Methodswith Strong Internal Validity

A reasonably
robust quasi-
experimental
design.
Useful when
pre-exposure
data are
lacking or
limited.

Research Analytic Application Necessary Strengths Weaknesses
Design Method Example Data
Elements
Interrupted Segmented For aggregate Can use Appropriate Requires
Time Series regression data: person- for policy knowledge
Designs with analysis. Serumaga 2011.37 | level or change that of diffusion
control Can include Soumerai 1987.31 | aggregate- occurs at process,
group’ time series For individual level particular especially in
estimators data: longitudinal | time point(s). | case of
(PROC ‘Kozhimannil data. One of the gradual
AUTOREG, 2011.38 Data must most robust interventions
ARIMA in provide of all quasi- or delayed
SAS) using multiple experimental causation.
aggregate data pre- and designs. Visual
or post- Especially inspection
GEE/GLMM intervention | strong for analyses
using time-points. | testing abrupt | without
individual data. Short times | changes in statistical
Specification series levels and testing are
of model is: 1 (more than slopes. useful but
parameter for 8 pre- and insufficient
level change post-time for
and 1 point but establishing
parameter for <100) are effect.
change in useful but
slope. the design
Requires becomes
correction for stronger
autocorrelation. with
additional
time points
to establish
trends.
Regression Various. Grootendorst Person- Appropriate Requires
Discontinuity 1997.39 level data. for policy knowledge
Designs’ Requires an | that appliesto | of function
assignment | adefined form of
variable patient relationship
(preferably | population between
a with fixed outcome and
continuous eligibility assignment
measure) criterion variable.
observed based on a Has less
on entire threshold power for
sample. across detecting
continuous small
measure (e.g., | effects. Not
age =65, or well-known
blood in medical
pressure literature.
values 2Xx).
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Methodswith Strong Internal Validity

Research
Design

Analytic
Method

Application
Example

Necessary
Data
Elements

Strengths

Weaknesses

Various

Extended Cox
models with
heaviside
function®®
(segmented
survival
analyses).

Briesacher 2010.
40

Zhang 2009.4

Person-
level
longitudinal
data.

Appropriate
for policy
with binary
outcome that
is expected to
change over
time.

Offers
advantages of
maximum
likelihood
(e.g., good
large-sample
properties).
Does not
require
proportional
hazard
assumption.
Allows for
multiple
estimates of
exposure and
outcome
relationship
as a function
of time
intervals.
Robust to
rightcensored
data.

Requires
accurate
specification
of time
intervals.

Sequential
Analysis of
gradually
accruing
data8?®

Poisson or
Bernoulli
maximized
sequential
probability
ratio test,
Flexible Exact
Sequential
Analysis,
group
sequential
methods.

Yih 2011.42

Aggregate-
level data.
Requires
rich
historical
data or
appropriate
concurrent
control
groups.

Best suited
for early
detection of
suspected
problem as
data are
accumulating.

Data must be
continuously
collected at
regular
intervals
over time.

Self-
controlled
Case Series*?

Whitaker 2008.34

Person-
level
longitudinal
data.

Best suited
for studying
association
between
transient
exposure
(e.9.,
temporary
policy) and
acute event
(i.e., risk
periods are
short).

Highly
sensitive to
time interval
between
exposure and
the event.
Less
appropriate
for longterm
monitoring
or variable
risk period.

Difference-
in-
difference-in
-differences®

Various.

Afendulis 2011.44

Person-
level or
aggregate-
level data.

Improvement
over
difference-in
difference
models.

Best suited
for studies
with limited
measurement
of pre-post
observation.

No controls
for historical
trends.
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Methodswith Strong Internal Validity

Resear ch Analytic Application Necessary Strengths Weaknesses
Design Method Example Data
Elements
Various Summary Morrato 2009.45 Person- Best suited as | Does not
Confounding Wharam 2011.46 level. sensitivity control for
Scores analyses to unmeasured
(propensity augment confounding.
scores, disease more
risk scores). rigorous
study design.
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