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1 | INTRODUCTION

When can the same data source that generated a safety hypothesis
also be used to evaluate it? Regulators who oversee health products
frequently turn to health insurance claims, electronic medical records,
as well as registries of drugs, devices, and diseases to support their
decision making. In addition to protocol-based studies, these
“real-world” data can be used to identify adverse events associated
with drug use.! Can the same data sources help us understand
whether the events are an effect of the drug?

Some of us were members of a joint task force between the Inter-
national Society for Pharmacoeconomics and Outcomes Research and
the International Society for Pharmacoepidemiology, which produced
a report whose fifth recommendation was to “perform hypothesis eval-
uating treatment effectiveness (HETE) studies on a different data source
and population than the one used to generate the hypotheses to be

tested, unless it is not feasible.”?

This recommendation highlighted the
value of examining associations in different patient populations and
consideration of the role of chance in initial hypothesis generating
analyses. The report stated that when replicate analyses in an external
data source is not feasible, reuse of the original data source may be
considered, but because “...many consider this practice to be a departure
from good science, a publication should acknowledge the risks involved in
acting upon the results.”

The main arguments against reusing data sources are (1) that
using the same data in a reanalysis leads to replication rather than

confirmation and (2) that a bias which affects an initial finding will

affect follow-on studies in a similar way. The concern is that data from
comparisons made in the initial analysis may drive the results of more
comprehensive analyses that make the same comparisons. No one
argues for bulking up a new analysis with already-examined data.
The warning in the International Society for Pharmacoeconomics and
Outcomes Research and the International Society for
Pharmacoepidemiology (ISPOR/ISPE) report's fifth recommendation
was against replicating a potentially biased analysis with a similarly
biased study.

The ISPOR/ISPE report was focused on effectiveness studies.
Effectiveness studies have prespecified, biologically based hypotheses
and evaluate intended effects of specific products on well-defined
outcomes. In contrast, although safety studies may arise from a prior
concern, they evaluate unintended drug effects and often do not have
narrowly defined or prespecified hypotheses. Guarding against artifact
and chance in the safety setting relies more heavily on biology than on
prespecifiable design. The goal of follow on analyses is to examine more
evidence. For example, information from different drugs of the same
class may be relevant to an apparent discovered effect, as would the
presence of different adverse effects in the treated, if those distinct
effects resulted from the same hypothesized biological mechanism.

We believe that the recommendation against reuse of data
sources in hypothesis-evaluating treatment effectiveness studies is
inappropriate in settings of discovery. The report's broad injunction
may discourage researchers from digging into worrisome safety
signals. In drug safety research, there are many situations for which

“reuse” of a data source is appropriate and we would recommend it.
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2 | REFUTATION OF HYPOTHESES
THROUGH DATA QUALITY CHECKS AND
SENSITIVITY ANALYSES

It is often not possible to do data validation and full confounder-
adjusted analyses when conducting safety surveillance with data min-
ing, sequential analysis, or other methods to detect potential safety
problems. It is therefore good research practice to conduct sensitivity
analyses and reevaluate findings in the data source with variations in
eligibility criteria,® additional confounding control,* calibration of find-
ings with external data,’ as well as other checks for the robustness of
a finding.%” Such analyses quantify the impact of biases that compete
with biologic explanation for a safety signal. Applying greater con-
founding control or calibrating outcomes or covariates with validation
studies could potentially explain associations observed in hypothesis
generating surveillance activities. For example, in the Vaccine Safety
Datalink (VSD), sequential surveillance activities led to a statistical
signal for measles-mumps-rubella-varicella (MMRV) and ataxia.” This
was refuted after chart review informed removal of various gait
problems that had been miscoded as ataxia at 1 of the study sites.
Similarly, an initial statistical signal for RotaTeq and gastrointestinal
bleeding disappeared after careful adjustment for confounding by

age, site, and week of vaccination.”

3 | INVESTIGATION OF BIOLOGICALLY
BASED, “ORTHOGONAL” HYPOTHESES

An initial safety signal can be refuted or strengthened by reusing a
data source to evaluate a biologically based orthogonal hypothesis, a
hypothesis which makes a testable prediction that is not a restatement
of the initial finding.®8 Hypotheses are orthogonal and statistically
independent when they pertain to a different exposure, a different
outcome, or a different population. For example, sequential surveil-
lance in the VSD found more febrile seizures after vaccination with
MMRV compared with the measles-mumps-rubella (MMR) vaccine. If
the theorized biological pathway is that MMRV sometimes causes
fever, and fever sometimes causes seizure, then this theory can be
tested by assessing whether MMRYV causes fever, apart from seizure.
An elevation in risk of fever after MMRV could strengthen the
evidence for the MMRV-seizure relationship whereas lack of an asso-
ciation with fever might increase skepticism. VSD data showed that
fever without seizure was also elevated during the same time period
for MMRV versus MMR.? The test was statistically independent
because the observations were physically independent. Because of
the biological relationship between fever and febrile seizures, this
strengthened the evidence for a causal link.

In an exploration of linked data from the Danish Cancer and
Prescription Registries, an association was found between receipt of
an amiloride/hydrochlorothiazide combination product and the occur-
rence of lip cancer.'® Using the same data source, the researchers next
showed that exposure to hydrochlorothiazide in drug combinations
other than amiloride/hydrochlorothiazide was also associated with
an elevated risk for lip cancer'! as well as nonmelanoma skin

cancers.'? The hypothesis generated and refined in the Danish data

was that the use of hydrochlorothiazide predisposes patients to skin
cancer. Follow-on studies tested hypotheses that were orthogonal
from the initial signal, involving different exposed patients. These
results strengthened evidence for a hypothesized causal relationship
between hydrochlorothiazide and skin cancers.

4 | INVESTIGATION OF TEMPORALITY

Another way to explore orthogonal hypotheses using the same data
source is to evaluate the same exposure and outcome with a statisti-
cally independent hypothesis about timing. If a cohort study were to
show an elevation in risk for an acute event over a broad time
window, many plausible biological mechanisms could be ruled out
because they would not result in risk being distributed uniformly
across the window. For such mechanisms, temporal clusters in the
timing of outcomes in relation to exposure initiation may provide
evidence that supports a biologically driven increase in risk. In the
VSD MMRYV example, the original signal was based on seizure counts
in the 1 to 42 days after vaccination. Conditioning on those detected
cases, a statistically independent temporal scan statistic was used to

identify a cluster 7 to 10 days post vaccination.”

5 | IMPLICATIONS OF A CAUSAL EFFECT

Analyses that investigate related hypotheses can refine understand-
ing of potential biologic pathways for an initial signal. Randomized
clinical trials and cohort studies that involve primary data collection
(eg, Nurses' Health Study, Women's Health Initiative) frequently
identify unexpected safety signals and follow up with evaluation of
both orthogonal and nonorthogonal hypotheses. For example, evalu-
ation of dose-response, subgroups, and related outcomes may
provide insight into potential mechanisms behind exposure effects.
These investigations of related hypotheses may or may not be statis-
tically independent of the original finding, but they can contribute to
the evidence base, with the caveat that investigators should be clear
about overlap with prior analyses. For example, if an initial analysis
compared drug A with drug B, a dose-response analysis that
compared medium or high doses of drug A to low doses is
statistically independent from the initial analysis. However, a dose-
response analysis that included a category with zero exposure to
drug A (eg, those exposed to drug B) would not be independent.

5.1 | Reusing data sources is permissible and can
contribute to understanding of unintended effects of
drugs

Researchers, readers, reviewers, and meta-analysts should always be
on guard against representing recycled data as new observations.
The thrust of this commentary is that reusing data sources is distinct
from reusing data. The examples show how multiple analyses can be
conducted within a single, multipurpose data resource to better
understand a hypothesis. The approaches described address the
primary concerns about data reuse—statistically correlated findings

and systematic biases. Re-examination of data to find the appearance
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of structure where none truly exists (“data dredging,” “fishing,” or
“torturing the data until it confesses”) is never helpful.?>* In contrast,
conducting analyses to refine understanding, strengthen, or refute an
initial hypothesis in the same data source that generated is, in the
words of the ISPOR/ISPE Task Force, most definitely “good science.”
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