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Setting

Signals need rapid refinement or refutation

Ticking time bombs

Many signals may be generated -> quickly growing backlog

Signal refinement needs to be based on solid
epidemiologic principles

Delays in signal refinement may come at a cost to
patients




Drug safety surveillance and signal detection
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Correct (“true”) signals:

Societal gain:

* Removes or restricts unsafe
medications quickly

 Makes new risk information
available quickly




What do we want to learn during
sighal refinement?

Expand confounder adjustment

Refine exposure risk window

Consider dose-response analysis

Consider duration analysis

Consider alternative and biologically plausible outcomes
Consider patient subgroup analyses

Conduct sensitivity analyses
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ORIGINAL REPORT

A basic study design for expedited safety signal evaluation based on
electronic healthcare data

There is no single approach that fits all needs
However, there are basic guiding principles

Such principles can serve as framework design that
can be adapted to fit the majority of settings

Framework can be displayed as a flowchart

Will lead to expedited protocol development

Will help reduce investigator errors

Will prepare arguments for justifying design choices

-




Fundamental design

Exposure variation choice by source of

within patients

yes

0 exposure variation

Self-controlled
designs

Exposure variation
between patients

— Crossover trial

yes no
|| Cohort study Exposure variation
between providers
yes
| Randomized
controlled trial || Instrumental

variable analysis

Cluster
randomized trial




Self-controlled designs are
preferable

Controls all time-invariant confounders

But ...

Requires r
Requires t
Requires t

s subject
confoundir

Decrea

drug
Can be eX||

IV antibiotics and hepatotoxicity:

- Probably feasible as rapid onset endpoint,
transient drug effect

- However, use of AB might be correlated
with symptom-free onset of liver injury or
correlated but not causally related with the
causes of the injury (think iv antifungals)

DoPE




Fundamental design

Exposure variation choice by source of
within patients

s \exposure variation

Case-crossover Exposure variation
Sy between patients

N
— Crossover tria \

EXposure variation

Cohort Study  [§ween providers

| Instrumental
variable analysis

DoPE || Cluster
-.2; _ randomized trial




A cohort-type design

DOPE

Incident user design with clear temporality
Propensity (or disease risk) score adjustment

Easy to s
Easy to v:
Dose-resy
Duration-

IJ A cohort deS|gn Is feasible for both

oral AD agent -> Ml and
Iv AB -> hepatotox.

- How challenging is it to find adequate
comparison groups?
- How well can confounding be controlled?
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Taxonomy project of Mini Sentinel

Structured decision table to facilitate methods selection for particular active medical product monitoring scenarios

Monitoring scenario characteristics with implication for design choice” Monitoring scenario
characteristics with
Characteristics of the (potential) exposure-event implication for analytic
link choice®
Duration | Strength of confounding
Omnset of of
eXposure | exposure Within- Between- Background | Background
Exposure risk risk person person Event frequency of | frequency of
characteristics | window window | (negligible, | (negligible, | characteristics Design choice® exposure event
{transient, (Immediate, {short, needs to be | neads fo be {acuie, {(self-controlled, {infrequent, finfrequent,
sustained) delayed) long) addressed) | addressed) insidious) cohart) rare) rare) Analytic choice
Transient Immediate | Short 1 self-controlled (or Infrequent Infrequent 1
(e.g. vaccine, cohort) 4 Rare 2
I Acute
initiation of a R Infrequent 3
drug; including Nesligibl are Rare 4
episodic drug cEuEIbE 2 cohort (or self- Infrequent Infrequent 5
use [eg. - controlled) q Rare ]
triptans] to the Insidious Infrequent 7
extent that the . Rare Rare g
question Negligible
: ) 3 self-controlled {or Infrequent 9
pertains to its cohort) Infrequent Rare 10
transient Acute
- Infrequent 11
nature) Needs to Rare
be 4 self-controlled iafjrt E
addressed seli-controlled or Infrequent cquent
- cohort Rare 14
Insidions
Rare Infrequent 15
Rare 16
Needs to be | Negligible 5 cohort Infrequent 17
addressed Infrequent Rare 18
Acutﬂ T Fracmran + 10
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Basic Design Consideration

no

Cohort study
(case-control, case-cohort sampling)

Yes

"—[Meaningful exposure variation within patients?]i[ Consider case-crossover design ]

N N N M

[ Exposure/outcome considerations ]

|
Exposure definition ] [ Outcome Definition ]
Comparison group considerations ] [ Clinical meaningfulness ]
Incident user design considerations ] [ Specificity and sensitivity of measurement ]
Exposure risk window considerations ] [ Case validation necessary? ]

|

Yes

Subgroup Analysis ?

Subgroup definition

N

Prior pharmacology knowledge

—

Prior clinical Knowledge
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|| Balancing Patient Characteristics "7

Defining covariates based
on clinical knowledge

e A
Defining additional covariates empirically

(high-dimensional proxy adjustment)

Demonstrate covariate distributions by
treatment group with RDs and 95% Cls

Propensity score (PS) analysis

Estimating propensity score

Graphically explore PS
distribution by treatment group

modification by PS: tabulate RR,
RD for each PS stratum

e ™
Supplemental covariate information required Y
that is not available in primary data source?

N J

es
. . . Yes

4[ Missing covariate values in EMRs? ]—[
Yes

Collect additional information in subpop.
= 2-stage sampling
= External data source
-(PS Calibration)
- Multiple imputation

Multiple imputation

Effect measure modification by PS?

[ )
[ )
{ Explore effect measure }
[ )

—

«Stratify by PS deciles
eMatch on PS (1:1, 1:n, 1:n:m)

Demonstrate covariate balance by treatment
group with RDs and 95% Cls

_

Trim 5% of patients on each end of
PS distribution or match by PS




— = Calculate risk difference (RD) and
|| Statistical analysis* risk ratio (RR);

Report person-time (p-t), number of events

> |

95% confidence intervals (Cls) for main result.

Include time since initiation as subgroup

\

—

]

Subgroup analysis
Calculate RR, RD for
each subgroup

[

Dose-response analysis

/Repeat analyses after changes in:

= Definition of “incident users”

= Definition of exposure risk window
\* Outcome definition if appropriate

|| Sensitivity Analyses

~ ] .
Explore changes in effect estimates after
making structural assumptions about
unmeasured confounders

\{
_

|| Report

*For illustration purposes only an analysis after PS matching is shown.
DoPE
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Methodological needs

Range of study designs for different types of signals
Robust methods to adjustment for confounding
Data that reduce misclassification

Defining the need for additional detailed patient-
level information

Requirement for rapid protocol development and
Implementation

DoPE
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