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Disclaimer 

For Patients and Consumers 

• The information contained on this website is provided as part of FDA's commitment to
place knowledge acquired from Sentinel in the public domain as soon as possible.

• Much of the content on this site is technical and intended for use by scientists in various
areas of expertise.

• The fact that FDA requests and receives data on a particular product
through Sentinel does not necessarily mean there is a safety issue with the
product.

• FDA may access the data available through Sentinel for a variety of reasons beyond assessing
potential safety risks for a specific product. Some examples include determining a rate or
count of an identified health outcome of interest, examining medical product use, or
seeking to better understand the capabilities of the Sentinel System.

• When evaluating a potential safety issue, FDA scientists consider the data obtained
through Sentinel with information from various other data sources, such as adverse event
reports, published study results, and clinical trials, to help make the most informed
decisions possible.

• FDA communicates its interpretation of Sentinel activities through existing
channels, such as FDA's press announcements, MedWatch Alerts, and Drug
Safety Communications, rather than on this website.

• Information from this site should not affect your use of a medical product in any way.
Patients who have questions about the use of a medical product should contact their health
care professional.

For Industry 

The information contained on this website is provided as part of FDA's commitment to place 
knowledge acquired from Sentinel in the public domain as soon as possible.  To most 
effectively interpret results from observational studies, it is important to consider not only the 
studies that supported a hypothesis, but also the studies that did not.  The website serves as a 
public data repository that archives all the activities of Sentinel and provides important context 
to those seeking to understand the significance of any specific activity.  This information is 
being provided to the public in the interest of transparency and for purposes of demonstrating 
the extent of use and the various ways FDA is utilizing the Sentinel System.  While the data 
posted here may contribute to important overall conclusions, FDA relies on other mechanisms 
for communicating such conclusions to the public. 

When reviewing this information please be aware that there are times when FDA may access 
the data available through Sentinel for a variety of reasons beyond seeking direct access to 
information that can help assess potential safety risks for a specific product.  Some examples 
include determining a rate or count of an identified health outcome of interest, examining 
medical product use, exploring the feasibility of future, more detailed analyses within Sentinel, 
and seeking to better understand the capabilities of Sentinel. 

https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program
http://www.fda.gov/Drugs/drugsafety/postmarketdrugsafetyinformationforpatientsandproviders/ucm199082.htm
http://www.fda.gov/Drugs/drugsafety/postmarketdrugsafetyinformationforpatientsandproviders/ucm199082.htm
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2 Introduction and Objectives 
The goal of post-market sequential surveillance is to prospectively identify statistically 
significant safety signals as quickly as possible by repeatedly analyzing data as they accrue.1  The 
Sentinel Distributed Database is an especially valuable resource for sequential surveillance 
because it can be periodically leveraged to create large cohorts of insured patients with curated 
data on inpatient and outpatient visits as well as pharmacy dispensings.2  Prospective sequential 
analyses have previously been conducted in the Sentinel Distributed Database.3–6  We expect 
prospective surveillance to be increasingly necessary given the need to rapidly conduct safety 
assessments as with the recent COVID-19 pandemic and approval of novel treatments.  
Therefore, our objective in this master protocol is to provide guidance for future sequential 
analyses in the Sentinel Distributed Database.   

3 Methods 
3.1 Exposures 
This protocol is intended to be generally applicable to any medical product(s) of interest to 
investigators; however, this protocol does not provide guidance specific to the prospective 
surveillance of vaccines.  For further information on sequential analysis of vaccines, see here.  
Exposures suitable for sequential analysis should be well-measured in the database and used 
frequently.   

Well-measured exposures in the Sentinel Distributed Database include drugs dispensed through 
outpatient pharmacies or administered through a medical procedure.  Frequent utilization of the 
exposure is necessary to accrue enough outcomes to complete the sequential analysis with 
reasonable statistical power in a reasonable amount of time.  This is a point of special 
consideration when studying newly marketed drugs which do not have rapid uptake.  To 
quantify whether this condition is met, investigators should conduct pre-analysis calculations 
which consider the effect size of interest and desired statistical power to determine the length of 
the sequential analysis.  Further detail on these calculations is provided below in the Sequential 
Surveillance Parameters section. 

3.2 Outcomes 
In contrast to outcome-agnostic methods like TreeScan,7 sequential surveillance requires pre-
specification of an outcome of interest.  The outcome may be selected based on existing evidence 
for an exposure-outcome association, such as adverse event reports in the Food and Drug 
Administration’s Adverse Event Reporting System (FAERS).  Alternatively, an outcome may be 
chosen based on clinical or theoretical grounds alone.  As such, sequential surveillance is a 
flexible methodology that can be applied within analyses which are designed to more rigorously 
evaluate known potential safety signals or within analysis designed to generate new safety 
signals.8   

As with exposures, outcomes which are most suitable for a sequential analysis are those that are 
both well-measured and sufficiently common.  Well-measured outcomes in claims data are 
those for which validation studies are available.  The care setting in which outcomes are 
identified influences how well they are measured; for example, outcomes which require 
inpatient care are expected to be more reliably measured than those that do not.  Whether an 
outcome is sufficiently common to complete the sequential analysis in a timely fashion can be 
quantified through pre-analysis calculations, which are discussed in further detail in the 
Sequential Surveillance Parameters section.   

https://bestinitiative.org/vaccines-and-allergenics
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3.3 Study Design 
Sequential statistical analysis is compatible with multiple study designs.  The appropriate study 
design depends primarily on the exposures and outcomes of interest.  The Sentinel routine 
analytic tools currently support two study designs which can be used to perform prospective 
sequential surveillance.   

3.3.1 Active Comparator New User Design 
The active comparator new user cohort design attempts to mimic an analogous randomized 
controlled trial and has several advantages for prospective surveillance.  The selection of an 
appropriate active comparator for the exposure of interest reduces both measured and 
unmeasured confounding by indication.9  When identifying or evaluating safety signals, 
confounding control is important to reduce false positives.  Restriction to new users of both 
exposures of interest additionally provides a clearly defined “time zero” which is important for 
avoiding time-related biases related to covariate measurement as well as proper allocation of 
follow-up time.10  The active comparator new user design is also flexible, in that it can be used to 
study exposures which are administered for either a short or long duration and outcomes that 
have both short and long induction periods.  

An ideal active comparator is one which is used by a similar patient population as the exposure 
of interest.  For example, a treatment approved for a similar indication, in the same therapeutic 
class, or used at the same point in the course of disease.  Investigators can quantitatively 
evaluate a potential active comparator based on measured covariate balance in the population of 
interest prior to beginning sequential surveillance.  When using an active comparator, 
investigators should carefully consider whether the contrast implied by the selected comparison 
reflects the scientific question of interest.   

To maximize confounding control in a sequential analysis using an active comparator new user 
design, investigators should consider applying propensity score (PS) methods.  In the Sentinel 
context, statistical methods for sequential analysis are compatible with PS matching and PS 
stratification.  High dimensional PS (HDPS) adjustment may be warranted in settings where 
confounding is of particular concern.11  Sequential statistics can be applied to either PS matched 
or PS stratified analyses.  For further discussion on how to incorporate the chosen PS 
adjustment method, see the Sequential Surveillance Parameters section below. 

Between-person designs, like the active comparator new user approach described above, are not 
without limitations.  When conducting prospective safety monitoring of newly marketed medical 
products, an ideal active comparator may not be available.  For example, potential comparators 
may be infrequently utilized, indicated for use at different stages of disease severity, or the 
exposure of interest may be the first in its class.  It may also be challenging to find concurrent 
comparators when studying newly marketed medical products which rapidly replace the existing 
standard of care; this is of importance when there are concurrent secular trends in the outcome 
which could lead to confounding by calendar time.  If a suitable active comparator does exist, 
interpretation may be challenging if the comparator also has a relationship to the outcome.  For 
example, if both exposure and comparator raise the risk of the outcome of interest, but the 
comparator raises it to a greater degree, that could obscure a potential safety signal.  When there 
is no single ideal active comparator, multiple comparator groups may be considered within the 
same analysis.  If an active comparator new user design is not feasible, investigators should 
consider a self-controlled design. 

3.3.2 Self-Controlled Risk Interval Design 
The self-controlled design supported by the Sentinel routine analytic tools is known as the self-
controlled risk interval (SCRI) design.  In the SCRI design, each patient serves as their own 
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comparator.  Therefore, the primary benefit of the SCRI design is that it controls for all time-
invariant confounders through self-matching.12  This is especially advantageous when 
conducting sequential surveillance of exposures that have no suitable active comparator or 
outcomes which are expected to be subject to strong confounding by indication.  The SCRI 
design is most suitable for studying short-term exposures and outcomes with a well-defined date 
of onset and which occur relatively soon after exposure.  Therefore, the SCRI design has 
previously been used in Sentinel to conduct sequential surveillance of vaccines for outcomes 
such as venous thromboembolism (VTE) and intussusception.13,14   

Selection of an appropriate risk and control window is critical.  The risk window is typically 
specified as the period immediately following exposure initiation and should last as long as the 
exposure can plausibly increase outcome risk.  The control window may be specified during any 
time outside the risk window; however, it is typically chosen to follow the risk window to avoid 
issues with what is known as the “healthy vaccinee” effect.15  This bias may occur when pre-
exposure time is used for the control window and the occurrence of the outcome influences the 
probability of exposure.  Additionally, the risk and control windows may differ in length; 
however, the specified lengths must not vary across patients.   

Although there are inherent strengths of the SCRI design, there are additional limitations that 
should be considered when choosing a design for the sequential surveillance.  First, SCRI is less 
flexible than the new user active comparator design and is not appropriate for long-duration 
exposures or outcomes which have either an insidious onset or long induction time.  In addition, 
although the self-controlled design addresses time invariant confounders, any time varying 
confounding between the risk and control windows must be explicitly modeled when using the 
SCRI design.  Time varying confounding may be particularly problematic when studying 
treatments given to patients who are acutely ill.   

3.4 Sequential Surveillance Parameters 
In the post-marketing safety context, the goal of sequential analyses is to identify statistically 
significant increases in the risk of an adverse event as quickly as possible.  Recent 
methodological advances allow for sequential analyses using exact statistical methods which can 
be performed in either a continuous or group fashion.1  In a continuous sequential analysis, a 
new statistical test is performed each time new data accrue.  In contrast, a group sequential 
analysis involves a new statistical test only after an investigator-specified amount of data have 
accrued.  Whether a continuous or group sequential design is preferable depends on the 
objective of the analysis.  Group sequential analysis is preferable when the objective is to 
minimize expected sample size, a common concern in randomized trials where gathering 
additional data may come with significant costs.  When the objective is to minimize the time 
needed to reject the null hypothesis of no increased risk, continuous testing is always preferable 
to a group testing.16  Therefore, this protocol focuses exclusively on the continuous version of 
sequential analyses.   

3.4.1 Pre-analysis Parameter Specification 
Prior to performing a sequential analysis, investigators must specify several parameters.  
Sequential statistics are flexible and can be applied to a variety of analyses with competing goals.  
When applied specifically to post-market safety monitoring within the Sentinel Distributed 
Database, many parameters have a clearly preferred specification.  For example, investigators 
must decide whether their data arise from a binomial or Poisson distribution.  This master 
protocol focuses exclusively on the binomial version of sequential statistics as they are more 
compatible with Sentinel’s distributed analytic tools used to implement the two study designs 
discussed above.3  Next, investigators must specify their null and alternative hypotheses.  As the 
focus of this master protocol is to describe analyses identifying statistically significant increases 
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in risk, we assume a null hypothesis H0: Risk Ratio ≤ 1 and an alternative hypothesis H1: Risk 
Ratio > 1.  Along similar lines, investigators must decide if they prefer to minimize the expected 
time signal or the expected sample size.  In this protocol, the focus is to minimize the expected 
time to signal because, as mentioned above, for sequential analyses of post-market safety using 
observational data investigators should always prefer to minimize the expected time to signal.  

Investigators must also specify an alpha level and alpha spending plan.  The specified alpha level 
represents the Type I error probability.  By convention this is typically specified as 0.05; 
however, investigators should consider whether a different alpha level is appropriate for their 
analysis based on the context-specific costs of Type I vs. Type II errors.  The alpha spending plan 
outlines how much of the allotted alpha level is used at each sequential test, depending on the 
goals of the analysis.  A recently developed alpha spending method can be selected to optimize 
(i.e., minimize) the expected time to detect a safety signal.17  This approach has been shown to 
provide shorter expected time to signaling than alternative alpha spending approaches, and it 
adaptively spends the appropriate amount of alpha at each test.  Therefore, this protocol will 
focus exclusively on the optimal alpha spending plan. 

3.4.2 Pre-analysis Calculations 
After specifying the above parameters, investigators should implement the pre-analysis 
calculation mentioned in the Exposures and Outcomes sections above.  Specifically, 
investigators should calculate the shape of the alpha spending function, the expected time to 
signal, and the maximum length of the analysis.  The expected time to signal is defined as the 
expected number of observed outcomes required to reject the null hypothesis.  The maximum 
length of the analysis is defined as the number of observed outcomes required to completely 
spend all alpha when the null hypothesis is not rejected. 

This calculation can be performed using the Optimize.Binomial function in the R package 
‘Sequential’.  To perform this calculation, investigators must provide a quantity to optimize (i.e., 
expected time to signal), an alpha level, a risk ratio of interest, the desired statistical power, 
whether the test is one- or two-tailed, and the probability that an outcome occurs in an exposed 
patient under the null hypothesis.  The first two parameters have been discussed above.  The 
target risk ratio and desired statistical power should be chosen based on a balance between 
clinically meaningful changes in the relative risk of the outcome and practical considerations 
regarding the required sample size, as discussed further below.  Whether the test is one- or two-
tailed depends on the null and alternative hypotheses.  For the assumed null and alternative 
hypotheses discussed in this protocol (H0: Risk Ratio ≤ 1, H1: Risk Ratio > 1), the one-tailed 
option is preferred.  The expected probability of an outcome arising in an exposed versus 
comparator patient under the null hypothesis (or, analogously in the SCRI design, from within 
the risk versus the control window) depends on the study design.  For example, if an active 
comparator new-user design used 1:1 PS matching, then the expected probability that an 
observed outcome occurs in the exposed group when the true risk ratio is one is 0.5.  We would 
expect the same probability if, in an SCRI design, the risk and control windows are of equal 
length.  If a different PS matching ratio was used, or the risk and control windows were not of 
equal length, this probability should be appropriately adjusted.   

Table 1 displays the expected time to signal and maximum length of the analysis (both measured 
in the total number of observed outcomes) for selected combinations of a target risk ratio and 
desired statistical power with the following parameter specifications: optimizing for a minimum 
expected time to signal, the probability of an outcome coming from the exposed group of 0.5, an 
alpha level of 0.05, and a one-tailed hypothesis test.  As an example, Figure 1 displays the shape 
of the optimized alpha spending function when the target risk ratio is 3 and the target power is 
0.9. 

https://cran.r-project.org/web/packages/Sequential/index.html
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Table 1: Expected time to signal and maximum analysis length for various target 
risk ratios and power 

Target Risk Ratio Target Power Expected time to signal1  Maximum length of analysis2 

1.5 0.8 94.0 177 
2 0.8 33.1 77 
3 0.8 15.2 32 

1.5 0.9 119.8 232 
2 0.9 40.5 97 
3 0.9 18.2 43 

1Expected time to signal is the expected number of observed outcomes required to reject null hypothesis 
2Maximum length of the analysis is the number of observed outcomes required to spend all alpha when null 
hypothesis is not rejected 

Figure 1: Alpha spending function for one-tailed test with an alpha = 0.05, target 
risk ratio = 3, target power = 0.9 

 

Table 1 shows how the expected time to signal and maximum length of the analysis increase as 
the desired power increases and the target risk ratio decreases.  For the combination of 
parameters used to generate Figure 1, no alpha is spent until the 10th outcome. This implies that, 
for this specific analysis, the null hypothesis cannot be rejected until at least the 10th outcome 
has occurred.  Performing the pre-analysis derivation of the optimal alpha spending plan may be 
computationally intensive when the maximum length of the analysis is above 200 outcomes.17  
Fortunately, this is not a concern for most practical combinations of a target risk ratio and 
desired statistical power. 

Along similar lines, investigators should carefully consider whether the maximum length of the 
analysis, which is measured in the number of outcomes, can be observed in a reasonable length 
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of calendar time before beginning the sequential analysis.  If studying a rare outcome, or a rare 
exposure, it may take an unreasonably long amount of calendar time to accumulate enough 
outcomes to complete the sequential analysis.  In such cases, investigators may consider 
increasing the target risk ratio or decreasing the target power.  They may also consider using a 
different outcome definition (for example, including additional care settings) or a different 
outcome altogether.   

3.4.3 Sequential Testing 
In a continuous sequential analysis where the goal is to minimize the expected time to signal, a 
new test or “look” should be performed each time new data (i.e., outcomes) accrue.  In the 
Sentinel Distributed Database, new data accrue at each Data Partner data refresh.  Each 
sequential test can be performed using the R package ‘Sequential’.  The cumulative number of 
exposed and comparator cases (analogously, cases from within the risk and control windows for 
an SCRI design) at the time of each look is used to calculate a log-likelihood ratio test statistic.  
This test statistic is then compared to a threshold, or critical value derived from the optimized 
alpha spending function.  If the observed log-likelihood test statistic exceeds the critical value, 
the null hypothesis is rejected at that look.  If the null hypothesis is never rejected, the analysis 
continues until all alpha is spent.  

While the parameter values required to perform the analysis are specified before the analysis 
begins, they may be adjusted at each look if necessary.  For example, the probability of an 
exposed outcome under the null may be changed at each look, which may be necessary for 
variable ratio PS matched studies.  Investigators may also deviate from the original alpha 
spending plan and spend a custom amount at a given look.  This option allows investigators to 
complete the sequential analysis earlier than planned while maintaining the desired Type I error 
probability.  This option may be especially useful when there are fewer observed outcomes than 
expected, perhaps due to slow uptake of the exposure of interest.  While the formal sequential 
analysis ends upon rejection of the null or spending all alpha, investigators may elect to 
continue safety monitoring outside the formal sequential analysis. 

3.5 Data Quality 
Sequential analyses assume data used in a prior test do not change upon subsequent tests.  
When conducting a sequential analysis in claims data, this assumption is unlikely to completely 
hold.18  A small proportion of claims may appear, disappear, or change dates after a Data 
Partner refresh due to the inherent lag time between the occurrence of a healthcare claim and its 
availability for research in the Sentinel Distributed Database.  Such changes can impact any 
aspect of the analysis, including exposure, covariates, outcome, and cohort eligibility.  While 
unsettled claims are not unique to sequential analyses, the issue must be addressed because 
sequential analyses span across multiple Data Partner refreshes.  Of particular concern may be 
claims from inpatient care settings, which take longer to settle than other types and are often 
used to define outcomes.19 

The probability of including unsettled claims can be reduced through careful specification of the 
study period.  The Sentinel tools allow investigators to select the last day of follow-up based on 
the relative completeness of data at that site.  Specifically, the tools define the final day of follow-
up as the end of the latest month where the record count is greater than or equal to 80% of the 
count observed in the prior month across all encounter types (e.g., ambulatory, inpatient, 
emergency department, etc.).  Table 2 provides an example of the relative completeness 
algorithm. 

  

https://cran.r-project.org/web/packages/Sequential/index.html
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Table 2: Relative completeness algorithm to determine Data Partner End Date 

Month Number of Encounters 
in Month 

Number of Encounters in Month / 
Number of Encounters in Prior 

Month 
January 2022 10,000 N/A 
February 2022 12,000 120% 

March 2022 11,500 96% 
April 2022 9,200 80% 
May 2022 500 6% 

 

According to the 80% completeness algorithm, the final day of follow-up for the hypothetical 
Data Partner displayed in Table 2 algorithm would be April 30th, 2022, and all episodes would 
be censored on that calendar date.  If investigators feel this algorithmically defined date is not 
sufficient to allow claims to settle, the tools allow them to determine the end of follow-up for 
each look at each Data Partner as a user-defined calendar date.  For example, a more 
conservative threshold in the above example would be March 31st, 2022, which allows more time 
for claims to settle but induces a lag period which may increase the calendar time to signal.   

Ultimately, unsettled claims are an inherent limitation of claims data sources which cannot be 
completely avoided regardless of the method used to the determine the end of follow-up.  
Therefore, we recommend fixing data used in prior sequential tests and not allowing any 
changes as more data accumulate.  This approach ensures a key assumption of sequential 
statistics is met.  To assess the impact of fixing data on the number of outcomes, investigators 
may consider running a separate analysis utilizing data from the entire study period in a single 
look and comparing the outcome count with that from the multi-look sequential analysis. 

3.6 COVID-19 Case Study 
For the first application of this master protocol, we prefer an exposure used in the treatment of 
COVID-19.  Therefore, we propose a cohort study comparing adverse events in users of 
corticosteroids and azithromycin versus azithromycin alone in patients recently diagnosed with 
COVID-19 in an outpatient care setting.   

For the outcome of interest, we prefer a previously identified adverse event associated with 
corticosteroid use but not azithromycin. We also prefer an adverse event which is reliably 
identified in administrative claims data. Therefore, we propose as the outcome of interest severe 
hyperglycemia, defined as a diagnosis of hyperglycemia in the inpatient or emergency 
department care setting.  Corticosteroids are known to impair glucose control and exacerbate 
hyperglycemia in patients with pre-existing diabetes.20 Additionally, hyperglycemia and 
associated complications (e.g., decreased carbohydrate and glucose tolerance, diabetes mellitus, 
glycosuria, etc.) are labeled adverse events for corticosteroids.21–23  Given the choice of outcome,, 
we will limit our study population to adults with Type 2 diabetes.  We will assume all outcomes 
arise from a binomial distribution and specify a one-sided null hypothesis H0: Risk Ratio ≤ 1 and 
an alternative hypothesis H1: Risk Ratio > 1.  Our goal will be to minimize the expected time to 
signal, and we will use an optimal alpha spending plan. 

Further details will be provided during the implementation of the case study.  We acknowledge 
that some aspects of the proposed case study may change in response to developments in the 
COVID-19 pandemic, changing treatment practices, and pre-analysis feasibility assessments.   
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