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Thanks John.  Good to hear from you.  We will try and get back to you by the due date. 
 
Narayan
 
From: Su, John (CDC/NCEZID/DHQP/ISO) 
Sent: Wednesday, January 17, 2024 6:09 PM
To: Nair, Narayan ; Shimabukuro, Tom (CDC) 
Subject: RE: [EXTERNAL] RE: FDA coauthor for tinnitus paper
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you recognize the
sender and know the content is safe.

 
                Hi Narayan,
 
                I hope you’re keeping warm! It’s frosty out there. ❄
 
                I think this paper fell off a lot of radars. We’re trying to move this paper forward. I’m working on updating the
most current draft with data from VAERS by dose number; I’ll send later tonight under separate cover. Please amend with
EB data mining language (methods, results). I don’t know of a due date per se – would Jan 31 be reasonable? Of course,
sooner would be greatly appreciated.
 
                Thanks!
 

John
 
From: Nair, Narayan 
Sent: Friday, December 1, 2023 11:03 AM
To: Shimabukuro, Tom (CDC/NCEZID/DHQP/ISO) ; Su, John (CDC/NCEZID/DHQP/ISO) 
Subject: RE: [EXTERNAL] RE: FDA coauthor for tinnitus paper
 
Hi Tom and John,
This fell off my radar with competing priorities.  Did you have a due date for us to provide comments/edits on this paper?
 
Narayan
From: Shimabukuro, Tom (CDC/NCEZID/DHQP) 
Sent: Friday, October 27, 2023 9:25 PM
To: Su, John (CDC) ; Nair, Narayan ; Bazel, Samaneh

Subject: RE: [EXTERNAL] RE: FDA coauthor for tinnitus paper
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you recognize the
sender and know the content is safe.

 
Agreed. I think we should use the FDA EB data mining and describe the limitations that might be unique to COVID-19
vaccines.
 
From: Su, John (CDC/NCEZID/DHQP) 
Sent: Friday, October 27, 2023 3:18 PM
To: Nair, Narayan (FDA/CBER) ; Bazel, Samaneh (FDA/CBER) 
Cc: Shimabukuro, Tom (CDC/NCEZID/DHQP) 
Subject: RE: [EXTERNAL] RE: FDA coauthor for tinnitus paper
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                Hi Narayan,
 
                Thanks for the feedback! I’ll discuss with Katherine and company. My inclination is to either use existing EB data
mining data from FDA, or not – novel methodologies make me uncomfortable if they haven’t been vetted or otherwise
validated.
 

John
 
From: Nair, Narayan 
Sent: Friday, October 27, 2023 3:04 PM
To: Su, John (CDC/NCEZID/DHQP) ; Bazel, Samaneh (FDA/CBER) 
Cc: Shimabukuro, Tom (CDC/NCEZID/DHQP) 
Subject: RE: [EXTERNAL] RE: FDA coauthor for tinnitus paper
 
Hi John,
She does bring up a good point.  As you know, data mining has all the limitations of passive surveillance as well as others.  
However, during the COVID vaccine era there is an additional limitation.  Since most reports received involve COVID-19
vaccines, disproportionately scores (which are adjusted by year to control for time-dependent, potentially confounding,
exposure and outcome variables) can be driven towards the null by COVID-19 vaccine reports contributing substantially to
the comparator group.  This would could occur in the setting if there was some type of class-effect (e.g., if both mRNA
COVID-19 vaccines are associated with the same adverse event).
We were aware of this limitation before and during the pandemic.  There are many data mining tools and there was some
discussion about utilizing a novel tool to adjust for this.  However,  we thought it would be problematic to use a brand
new,  possibly unvalidated tool in the context of an EUA.   We ended up using the same EBGM data mining we use for all
vaccines and has a long history of use rather than take an experimental approach.    As new non-COVID vaccine reports
are added we think this limitation will be mitigated to some degree.
As far as the paper goes there are several options to address this:

We could report our data mining findings and just acknowledge this as a limitation (this is what we have done in
other papers)
We could not include any data mining findings
You could develop another tool that would compensate for the greater number of COVID vaccine reports.  I am not
sure how to do this but you would need a statistician with DM experience.   This would be beyond our capabilities
at FDA. 

 
Narayan
 
From: Su, John (CDC/NCEZID/DHQP) 
Sent: Thursday, October 26, 2023 9:32 AM
To: Nair, Narayan ; Bazel, Samaneh 
Cc: Shimabukuro, Tom (CDC) 
Subject: [EXTERNAL] RE: FDA coauthor for tinnitus paper
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you recognize the
sender and know the content is safe.

 
                Hi folks,
 
                Please see below email (it was late, and I got a bit confused). I know EB data mining looks at vaccine-event pairs
between the vaccine of interest and an adverse event, and compares against all other vaccines in the VAERS database and
the same adverse event, to see if a disproportionality beyond an established threshold is present. However, I don’t know
the methods well enough to address Judy’s comments. How do the methods FDA uses address these points? Thanks!
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John
 
From: Su, John (CDC/NCEZID/DHQP)
Sent: Thursday, October 26, 2023 9:10 AM
To: Maro, Judy ; Yih, Katherine 
Cc: Shimabukuro, Tom (CDC/NCEZID/DHQP) ; Moro, Pedro (CDC/NCEZID/DHQP) ; Nair,
Narayan (FDA/CBER) 
Subject: RE: FDA coauthor for tinnitus paper
 
                Hi Judy,
 
                Sorry, I’ve been juggling a bit and got my coauthors crossed. FDA performs EB data mining for VAERS, and
throughout postauthorization safety monitoring for COVID-19 vaccines, has shared with CDC the results. While I’m
familiar conceptually with EB data mining, I’ll need to discuss with FDA to better understand how the methods they use
address the concerns you’ve raised. Thanks!
 

John
 
From: Su, John (CDC/NCEZID/DHQP)
Sent: Thursday, October 26, 2023 8:59 AM
To: Maro, Judy ; Yih, Katherine 
Cc: Shimabukuro, Tom (CDC/NCEZID/DHQP) ; Moro, Pedro (CDC/NCEZID/DHQP) ; Nair,
Narayan (FDA/CBER) 
Subject: RE: FDA coauthor for tinnitus paper
 
                Hi Judy,
 
                Thanks for the feedback. CCing Narayan for awareness. We’ll get back to you.
 

John
 
From: Maro, Judy 
Sent: Wednesday, October 25, 2023 11:43 PM
To: Su, John (CDC/NCEZID/DHQP) ; Yih, Katherine 
Cc: Shimabukuro, Tom (CDC/NCEZID/DHQP) ; Moro, Pedro (CDC/NCEZID/DHQP) 
Subject: RE: FDA coauthor for tinnitus paper
 
Hi John –
 
To do a disproportionality analysis of any kind (EBGM is just one version but they are statistically similar), you need 4
quantities or a typical 2 x 2 contingency table.
 
So, one would need
 
Exposure Yes, Disease yes – any specific vaccine + tinnitus reports
 
Exposure Yes, Disease no – any specific vaccine + non-tinnitus reports
 
Exposure no, Disease yes – all exposures but for the specific vaccine. In the covid era, this means basically COVID +
tinnitus
 
Exposure no, Disease no – all exposures but for the specific vaccine + non-tinnitus reports. Again, in this era, that means
COVID + non-tinnitus
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WARNING: This email originated from outside of the organization.
Do not click links or attachments unless you recognize the sender and know the content is safe.

 
So, for the 17,859, it’s important to know how these are spread among what vaccines and to choose the vaccines that you
want to examine for a signal. It will be mostly useless to try to make statements about the COVID vaccines because the
database will have so many COVID reports that you can’t create a comparator. You also need to know what the capture is
for the period you are examining of the non-tinnitus reports.
 
Best
Judy
 
 
From: Su, John (CDC/NCEZID/DHQP) 
Sent: Wednesday, October 25, 2023 11:15 PM
To: Maro, Judy ; Yih, Katherine 
Cc: Shimabukuro, Tom (CDC/NCEZID/DHQP) ; Moro, Pedro (CDC/NCEZID/DHQP) 
Subject: RE: FDA coauthor for tinnitus paper
 

 
 

                Hi Judy,
               
                Glad you’re able to help. We’re hoping for an analysis of reports to VAERS with the MedDRA Preferred Term (PT)
“tinnitus” received during Dec 14, 2020 through May 4, 2023. Specifically, if vaccine-pairs for this PT exceed thresholds for
statistical significance.
 
                If having counts or a line list would help, we can put you in touch with our senior data manager. We identified
17,859 reports during the analytic period. I can share the latest draft of the manuscript (confidentially, of course) if that
would help.
 
                Please let me know if you have any other questions. Thanks!
 

John
 
From: Maro, Judy 
Sent: Wednesday, October 25, 2023 10:19 PM
To: Su, John (CDC/NCEZID/DHQP) ; Yih, Katherine 
Cc: Shimabukuro, Tom (CDC/NCEZID/DHQP) ; Moro, Pedro (CDC/NCEZID/DHQP) 
Subject: RE: FDA coauthor for tinnitus paper
 
Folks,
I’m fairly familiar with EBGM – do you have the numbers that were used?
 
On including the FDA, I have no objections but want to note that it will involve another clearance chain which will add
probably a good amount of time into the timeline.
 
Happy to help in any way I can,
 
Best
Judy
 
From: Su, John (CDC/NCEZID/DHQP) 
Sent: Wednesday, October 25, 2023 11:15 AM
To: Yih, Katherine 
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WARNING: This email originated from outside of the organization.
Do not click links or attachments unless you recognize the sender and know the content is safe.

WARNING: This email originated from outside of the organization.
Do not click links or attachments unless you recognize the sender and know the content is safe.

Cc: Shimabukuro, Tom (CDC/NCEZID/DHQP) ; Moro, Pedro (CDC/NCEZID/DHQP) ; Maro,
Judy 
Subject: RE: FDA coauthor for tinnitus paper
 

 
 

                Sounds great – thanks!

John
 
From: Yih, Katherine 
Sent: Wednesday, October 25, 2023 11:11 AM
To: Su, John (CDC/NCEZID/DHQP) 
Cc: Shimabukuro, Tom (CDC/NCEZID/DHQP) ; Moro, Pedro (CDC/NCEZID/DHQP) ; Maro,
Judy 
Subject: RE: FDA coauthor for tinnitus paper
 
Hi John,
If you all think it’s important to include this analysis, then it’s fine with me to include a couple of co-authors from FDA. 
(I’m expecting some or all of the VSD sites to propose a co-author, too, so wouldn’t want the number of co-authors to get
too high (for logistical reasons).)
Thanks for checking.  Cc-ing Judy Maro, in case she has comments about this plan.
Katherine
 
From: Su, John (CDC/NCEZID/DHQP) 
Sent: Wednesday, October 25, 2023 10:30 AM
To: Yih, Katherine 
Cc: Shimabukuro, Tom (CDC/NCEZID/DHQP) ; Moro, Pedro (CDC/NCEZID/DHQP) 
Subject: FDA coauthor for tinnitus paper
 

 
 

                Hi Katherine,
 
                We appreciate your continued patience as we work on this paper! Desire has been expressed to include
Empirical Bayesian data mining of the VAERS data, which is performed by our colleagues at FDA. If we include those data,
we’ll need to include coauthors from FDA. Are you okay with this approach? If so, I’ll reach out and get them involved.
Thanks!
 

John
 
 

SMR1.Point32Health.org made the following annotations
---------------------------------------------------------------------
Confidential, Proprietary, Exempt or Privileged: This email message with any attachments contains information
intended for the exclusive use of the individual or entity to whom it is addressed and may contain information
that is considered privileged, proprietary, confidential and/or exempt from disclosure under applicable law. If
you are not the intended recipient, you are hereby notified that any review, disclosure, reproduction, distribution
or other use of this communication is strictly prohibited. If you received this email in error, please notify the
sender by reply or telephone and delete the message, including any attachments, without saving, copying or
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disclosing it.
---------------------------------------------------------------------

SMR1.Point32Health.org made the following annotations
---------------------------------------------------------------------
Confidential, Proprietary, Exempt or Privileged: This email message with any attachments contains information
intended for the exclusive use of the individual or entity to whom it is addressed and may contain information
that is considered privileged, proprietary, confidential and/or exempt from disclosure under applicable law. If
you are not the intended recipient, you are hereby notified that any review, disclosure, reproduction, distribution
or other use of this communication is strictly prohibited. If you received this email in error, please notify the
sender by reply or telephone and delete the message, including any attachments, without saving, copying or
disclosing it.
---------------------------------------------------------------------

SMR1.Point32Health.org made the following annotations
---------------------------------------------------------------------
Confidential, Proprietary, Exempt or Privileged: This email message with any attachments contains information
intended for the exclusive use of the individual or entity to whom it is addressed and may contain information
that is considered privileged, proprietary, confidential and/or exempt from disclosure under applicable law. If
you are not the intended recipient, you are hereby notified that any review, disclosure, reproduction, distribution
or other use of this communication is strictly prohibited. If you received this email in error, please notify the
sender by reply or telephone and delete the message, including any attachments, without saving, copying or
disclosing it.
---------------------------------------------------------------------
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From: "Nair, Narayan" 
To: "Zinderman, Craig E" , "Menschik, David"

Subject: RE: suggested edits as discussed...
Date: Fri, 07 May 2021 19:40:02 -0000

Importance: Normal
Attachments: Data_Mining_Note_to_CDER_2021_0507_dm_cz_nn_(2).docx

Hi Craig and David,
Thanks for working on this email.  I think it is excellent.  I had a couple of suggestions but definitely nothing I feel strong
about so feel free to ignore if they don’t work for you.  I plan to talk to Karen about this issue early next week.
 
Narayan
 
From: Zinderman, Craig E 
Sent: Friday, May 7, 2021 2:59 PM
To: Menschik, David  Nair, Narayan 
Subject: RE: suggested edits as discussed...
 
Narayan:
Sorry to send a second version, but David and I made a tweak to the last paragraph that we think works better.
 
Thanks,
Craig
 
From: Zinderman, Craig E
Sent: Friday, May 07, 2021 2:49 PM
To: Menschik, David ; Narayan Nair ( )

Subject: RE: suggested edits as discussed...
 
Narayan:
I drafted, and David edited, the attached message to Ana as discussed. Please feel free to edits as you see fit. It’s pretty
long so feel to shorten if you can see any opportunity for that. 
 
I put it in Word for ease of tracked changes.
 
Thanks,
Craig
 
From: Menschik, David 
Sent: Friday, May 07, 2021 12:33 PM
To: Zinderman, Craig E 
Subject: suggested edits as discussed...
 
…attached…
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I did not have anything to add; thank you.
 
Best regards,
Meghna
 
From: Nair, Narayan 
Sent: Friday, September 30, 2022 9:44 AM
To: Sly, Elizabeth ; Zinderman, Craig E ; Alimchandani,
Meghna 
Cc: Burk, Suzann 
Subject: RE: [EXTERNAL] Empirical Bayesian (EB) Data Mining
 

 
 
Hi Liz,
Seem my responses below in red.  Craig/Meghna, please let me know if you have anything to add. 
Happy to discuss further if needed.
 
 

1)                  Please let me know if information they have summarized is accurate and/or if there is any further
clarification you can provide.
The statement is not accurate.  FDA is  still regularly conducting data mining for all approved/authorized

vaccines.
2)                  Is there any cleared language/statement available on this topic that we could share with CDC that’s

publicly releasable?
I am not quite sure what they are looking for but here is a link that describes FDA datamining efforts.
https://www.fda.gov/science-research/data-mining 

 
Some additional background with regard to Question #1 – we would regularly send CDC the results of our datamining for
the COVID vaccines by email.  Earlier, this summer I suggested to CDC ISO that we discontinue the routine regular emails. 
I told them that DPV would continue to conduct data mining and would notify CDC if we found any datamining alerts that
were clinical relevant and required further action.  This was intended as a time saving measure and to reduce email
traffic.   Since it had been some time that we had a datamining alert that required further evaluation, CDC agreed with
this approach.  It appears someone at CDC mistook the discontinuation of the weekly emails to mean that we had
stopped conducting data mining
 
Narayan
 
From: Sly, Elizabeth 
Sent: Thursday, September 29, 2022 4:55 PM
To: Nair, Narayan ; Zinderman, Craig E ; Alimchandani,
Meghna 
Cc: Burk, Suzann 
Subject: FW: [EXTERNAL] Empirical Bayesian (EB) Data Mining
 
Good Afternoon,
 
Please see below for an e-mail from CDC seeking clarification related to data mining. They’ve let me know that right now
they are just seeking clarification for background purposes but they also mentioned that they would appreciate a
statement/quote (if available) which could be used to respond to a FOIA request, if necessary.
 

1. Please let me know if information they have summarized is accurate and/or if there is any further clarification you
can provide.
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2. Is there any cleared language/statement available on this topic that we could share with CDC that’s publicly
releasable?

 
 
Thank you,
 
Liz
 
 
From: Mitchell, Elnetta (CDC/DDID/NCEZID/DHQP) (CTR) 
Sent: Monday, September 26, 2022 3:58 PM
To: Sly, Elizabeth 
Cc: Thompson, Perstephanie (CDC) 
Subject: [EXTERNAL] Empirical Bayesian (EB) Data Mining
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you recognize the
sender and know the content is safe.

 
Good Afternoon Elizabeth,
 
One of our SMEs stated that it is their understanding that FDA discontinued Empirical Bayesian (EB) data mining for
COVID-19 vaccines after July 5, 2022, on the basis that after over 600 million doses administered, and the stability of
observations of the weekly data, the data were mature and no additional potential safety signals would be found.  Is this
accurate? Please advise.  Thanks.
 
Elnetta Mitchell, MBA

Goldbelt C6, LLC

DHQP/NCEZID/CDC

Centers for Disease Control and Prevention
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2. Is there any cleared language/statement available on this topic that we could share with CDC that’s publicly
releasable?

 
 
Thank you,
 
Liz
 
 
From: Mitchell, Elnetta (CDC/DDID/NCEZID/DHQP) (CTR) 
Sent: Monday, September 26, 2022 3:58 PM
To: Sly, Elizabeth 
Cc: Thompson, Perstephanie (CDC) 
Subject: [EXTERNAL] Empirical Bayesian (EB) Data Mining
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you recognize the
sender and know the content is safe.

 
Good Afternoon Elizabeth,
 
One of our SMEs stated that it is their understanding that FDA discontinued Empirical Bayesian (EB) data mining for
COVID-19 vaccines after July 5, 2022, on the basis that after over 600 million doses administered, and the stability of
observations of the weekly data, the data were mature and no additional potential safety signals would be found.  Is this
accurate? Please advise.  Thanks.
 
Elnetta Mitchell, MBA

Goldbelt C6, LLC

DHQP/NCEZID/CDC

Centers for Disease Control and Prevention
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Good AfternoonMorning Ana,
:
Thank you again for talking with us back in March about your work exploring new data mining 
approaches and discussing your interest in CBER’s COVID-19 vaccine products.  We are writing to 
kindly ask that you to please hold on stop creating and sending data mining reports and analyses 
using COVID-19 vaccine AE data.  

In CBER OBE, we have been reviewing the various COVID-19 vaccine data mining results that you 
have been forwarding.  While we appreciate your interest in sharing your results, they have not 
contributed to our alreadywe already have a robust process for continuous monitoring ofreviewing 
incoming and aggregated VAERS (and other vaccine safety) data. I will describe a little bit 
below:including:
-AESIs:  CBER and CDC have established sets of AESIs (sets of PTs representing Adverse Events of 
Special Interest) for key events.  Incoming reports captured by these AESIs are highlighted for FDA 
reviewer screening, as well as medical record follow-up and chart abstraction by CDC 
reviewers.  Many of the alerts that you have been sending relate to AESIs for which we are already 
screening and reviewing reports, such as AMI, TTS, Thromboembolic events, and other forms of 
coagulopathy.   Having our staff examine your alerts creates an extra, and somewhat redundant 
workstream for them, since these AESIs are already under close observation.  AESIs for which we 
are seeing substantial or notable reporting are further evaluated via comparisons to background 
rates (using known COVID vaccine administration data tracked by CDC and provided weekly to FDA) 
as well as in population-based data sources both at FDA and CDC (e.g., BEST, CMS, Vaccine Safety 
Datalink (VSD)). 
-Serious report screening: FDA MOs review sSerious reports coming into VAERS daily until meeting 
specified milestones (i.e., certain time since authorization and doses administered) and then ; for 
the first couple months with the mRNA vaccines, and still currently for JnJ, FDA MOs review each 
serious report as it is processed into VAERS.  For the older mRNA vaccines, MOs now conduct 
weekly review of aggregated PT counts weekly, by seriousness, AESI, Lot number, most frequent 
PTs, weekly changes in PT rankings, and other metrics.    
-Pre-screening:  for a couple of notable issues, the VAERS program contractor flags reports when 
they hit the door: these pre-screened events will have expedited gathering of medical records and 
CDC review and abstraction.  TTS and anaphylaxis both have fallen into this category. 

Of note, data mining alerts, which are designed to generate hypotheses of possible safety issues, 
are no longer particularly useful for our pharmacovigilance purposes when a signal has already 
been identified, such as for TTS, or when an issue (e.g., an AESI such as AMI) is being worked up in a 
more robust (e.g., active surveillance) system..  Some alerts that you have sent, like for AMI, have 
already temporarily signaled in population-based surveillance, which has already triggered a more 
thorough review of VAERS data.  

Also as you knowFurther, we have a standard process for data mining screening in place for VAERS 
data; this screening was in place at the start of,  and throughout, the COVID vaccine campaign; the 
frequency/nature of the calculations, stratifications and other parameters, are known and 
understood by us and our stakeholders.  We understand that exploring new approaches and 
varying the stratifications or other parameters might improve the methodology and is of interest to 
you. However, from our perspective, the approach employed during a period of intense, high 
profile surveillance should be standard, and predictable, and road-tested. Results from Aadjusting 
parameters thato raise or lower sensitivity of the alerts as the vaccination campaign is underway  
could lead to some artificial creation of alerts and an apparent, but not real, sudden change in 
safety results.  confusion and have unintended consequences (e.g., regarding vaccine confidence).
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So, while we appreciate your work and interest at CDER on the COVID vaccine VAERS data,  for all of 
the above reasons, in the above context, we have found that examining the analyses you have been 
sending has largely reflected events otherwise under evaluationno indication for action based on 
your findings, which have been consuming a lot of resources at a time when resources are 
stretched across a preexisting robust pharmacovigilance infrastructureactivities.  We haven’t seen a 
proportionate increase in efficiency or yield, given the robust screening and scrutiny of VAERS data 
already in place as described above.  We’d hate for you to be wasting your time and efforts, so we 
thought we should suggest that it might be a better use of resources for you to refocus your data 
mining efforts on other product types.  Perhaps there are CDER products and drug related data in 
your Center that could benefit more from your continued data mining explorations and analyses.  
So, we are asking that you please hold on creating and sending data mining results for COVID-19 
vaccine AE data. Thanks much for your time and attentionunderstanding, and; sorry for the long 
email.

Kind regards,Thanks,

Craig Zinderman, MD, MPH
Associate Director for Medical Policy 
Office of Biostatistics and Epidemiology
FDA/Center for Biologics Evaluation and Research
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1

Data Mining Introduction*

• Statistical method for identifying disproportionality (excess of 
reported AE for product relative to other products) in large database

• Can be useful for screening and hypothesis generating only
– Evaluate findings in clinical and epidemiological context (e.g., unexpected?)
– Compelling hypotheses should be explored (e.g., via case series analyses) 
– Statistical signal of disproportionality ≠ safety signal

• Absence of disproportionality does not confirm absence of safety 
signal nor negate a signal otherwise detected

DRAFT - DO NOT DISTRIBUTE

*Best Practices in Drug and Biological Product Postmarket Safety Surveillance for FDA Staff (November 2019; Draft). 
Available at https://www.fda.gov/media/130216/download 
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2

DE VAERS Data Mining Methods

• Empirica™ Signal software (Oracle)
• Calculates Empiric Bayes Geometric Mean (EBGM) using 

observed to expected (O/E) vaccine-PT pair ratios
– EBGM derived from statistical model (Multi-item Gamma Poisson 

Shrinker; MGPS) that accounts for instability from small numbers*
• adjusted by age, gender and year received

• Vaccine-PT pairs ranked by lower 5% bound of EBGM CI (EB05) 
• Standard alert threshold: EB05 >2
• Weekly US summary table includes subset alerts for age (0-1, 

2-8, 9-18, 19-44, 45-64, and >65 years), gender, and serious/fatal

DRAFT - DO NOT DISTRIBUTE

*Szarfman A, Tonning JM, Doraiswamy PM. Pharmacovigilance in the 21st century: new systematic tools for an old 
problem. Pharmacotherapy. 2004 Sep;24(9):1099-104. doi: 10.1592/phco.24.13.1099.38090. PMID: 15460169.
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Limitations of Data Mining Include:

• Impacted by stimulated reporting (e.g., V-safe, media reports) 
• False alerts from statistical interaction (e.g., If vaccines X and Y 

often given concomitantly, statistical signal for vaccine X and 
AE Z may be driven by vaccine Y)

• MedDRA constraints (e.g., Signal X can be reflected in multiple 
PTs that individually do not reach alert threshold) 

• Confounding (e.g., by indication) 
• Other VAERS limitations (e.g., underreporting, variable 

reporting by source, incomplete reporting, duplicate reporting)

DRAFT - DO NOT DISTRIBUTE PSI-HHS-000001187888
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From: "Zinderman, Craig E" 
To: "Menschik, David" , "Nair, Narayan"

Subject: RE: suggested edits as discussed...
Date: Fri, 7 May 2021 18:49:06 +0000

Importance: Normal
Attachments: Data_Mining_Note_to_CDER_2021_0507_dm_cz.docx

Narayan:
I drafted, and David edited, the attached message to Ana as discussed. Please feel free to edits as you see fit. It’s pretty
long so feel to shorten if you can see any opportunity for that. 
 
I put it in Word for ease of tracked changes.
 
Thanks,
Craig
 
From: Menschik, David 
Sent: Friday, May 07, 2021 12:33 PM
To: Zinderman, Craig E 
Subject: suggested edits as discussed...
 
…attached…
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Good AfternoonMorning Ana,
:
Thank you again for talking with us back in March about your work exploring new data mining 
approaches and discussing your interest in CBER’s COVID-19 vaccine products.  We are writing to 
kindly ask that you to please hold on stop creating and sending data mining reports and analyses 
using COVID-19 vaccine AE data.  

In CBER OBE, we have been reviewing the various COVID-19 vaccine data mining results that you 
have been forwarding.  While we appreciate your interest in sharing your results, they have not 
contributed to our alreadywe already have a robust process for continuous monitoring ofreviewing 
incoming and aggregated VAERS (and other vaccine safety) data. I will describe a little bit 
below:including:
-AESIs:  CBER and CDC have established sets of AESIs (sets of PTs representing Adverse Events of 
Special Interest) for key events.  Incoming reports captured by these AESIs are highlighted for FDA 
reviewer screening, as well as medical record follow-up and chart abstraction by CDC 
reviewers.  Many of the alerts that you have been sending relate to AESIs for which we are already 
screening and reviewing reports, such as AMI, TTS, Thromboembolic events, and other forms of 
coagulopathy.   Having our staff examine your alerts creates an extra, and somewhat redundant 
workstream for them, since these AESIs are already under close observation.  AESIs for which we 
are seeing substantial or notable reporting are further evaluated via comparisons to background 
rates (using known COVID vaccine administration data tracked by CDC and provided weekly to FDA) 
as well as in population-based data sources both at FDA and CDC (e.g., BEST, CMS, Vaccine Safety 
Datalink (VSD)). 
-Serious report screening: FDA MOs review sSerious reports coming into VAERS daily until meeting 
specified milestones (i.e., certain time since authorization and doses administered) and then ; for 
the first couple months with the mRNA vaccines, and still currently for JnJ, FDA MOs review each 
serious report as it is processed into VAERS.  For the older mRNA vaccines, MOs now conduct 
weekly review of aggregated PT counts weekly, by seriousness, AESI, Lot number, most frequent 
PTs, weekly changes in PT rankings, and other metrics.    
-Pre-screening:  for a couple of notable issues, the VAERS program contractor flags reports when 
they hit the door: these pre-screened events will have expedited gathering of medical records and 
CDC review and abstraction.  TTS and anaphylaxis both have fallen into this category. 

Of note, data mining alerts, which are designed to generate hypotheses of possible safety issues, 
are no longer particularly useful for our pharmacovigilance purposes when a signal has already 
been identified, such as for TTS, or when an issue (e.g., an AESI such as AMI) is being worked up in a 
more robust (e.g., active surveillance) system..  Some alerts that you have sent, like for AMI, have 
already temporarily signaled in population based surveillance, which has already triggered a more 
thorough review of VAERS data.  

Also as you knowFurther, we have a standard process for data mining screening in place for VAERS 
data; this screening was in place at the start of,  and throughout, the COVID vaccine campaign; the 
frequency/nature of the calculations, stratifications and other parameters, are known and 
understood by us and our stakeholders.  We understand that exploring new approaches and 
varying the stratifications or other parameters might improve the methodology and is of interest to 
you. However, from our perspective, the approach employed during a period of intense, high 
profile surveillance should be standard, and predictable, and road-tested. Results from Aadjusting 
parameters thato raise or lower sensitivity of the alerts as the vaccination campaign is underway  
could lead to some artificial creation of alerts and an apparent, but not real, sudden change in 
safety results.  confusion and have unintended consequences (e.g., regarding vaccine confidence).
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From: "Zinderman, Craig E" 
To: "Menschik, David" , "Shimabukuro, Tom (CDC)"

, "Su, John (CDC)" , "Moro, Pedro L (CDC)"

Cc: "Nair, Narayan" , "Alimchandani, Meghna"
, "Broder, Karen R (CDC)" ,

"Mcneil, Michael M (CDC)" , "Lale, Allison (CDC)" 
Subject: RE: Weekly data mining

Date: Tue, 12 Jul 2022 18:26:05 +0000
Importance: Normal
Attachments: USST_20220708.xls

Good Afternoon :
 
 
Attached please find a list of all (i.e., unvetted and regardless of notability) PTs with data mining alerts (i.e.,
EB05 >2) for all SARS-CoV-2 vaccine VAERS reports from our weekly ‘US Signals Summary Table’ (‘as of date’
7/8/22).  Please feel free to share this hypothesis generating output with your team/command chain, though
this is not intended to be shared more broadly.
 
Thanks,
Craig
 
 
 
THIS MESSAGE, INCLUDING ANY ATTACHMENTS, IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE UNDER LAW  If you are not the addressee, or a
person authorized to deliver the document to the addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action based on the
content of this communication is not authorized  If you have received this document in error, please immediately notify the sender immediately by e mail or phone
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From: "Niu, Manette"
To: "Nair, Narayan" , "Ahima, Ohenewaa"

Subject: FW: Important analysis by DuMouchel -> Peculiarities of disproportionality statistics when
the product of interest is in almost all of the reports

Date: Thu, 15 Apr 2021 13:36:47 +0000
Importance: Normal

Inline-Images: image001.png

fyi
 
From: Niu, Manette
Sent: Thursday, April 15, 2021 9:27 AM
To: Baer, Bethany ; Zinderman, Craig E  Menschik, David

Subject: RE: Important analysis by DuMouchel -> Peculiarities of disproportionality statistics when the product of interest
is in almost all of the reports
 
I’ll forward you Ana’s email with the attachment.  The best person to ask would be Ana as she has close ties with Bill
Dumouchel.
Thank you!
Manette
 
From: Baer, Bethany 
Sent: Thursday, April 15, 2021 9:00 AM
To: Zinderman, Craig E ; Menschik, David
Cc: Niu, Manette 
Subject: RE: Important analysis by DuMouchel -> Peculiarities of disproportionality statistics when the product of interest
is in almost all of the reports
 
Thanks for forwarding this on.  I agree that we should consider different approaches as the underlying database is
changing significantly due to the high volume of COVID vaccine reports.  I think we should welcome any expert input.  The
spreadsheet that Bill mentioned in the first email is not attached so I can’t look at it, but David and I have been discussing
and are concerned about the effect of so many COVID reports on the standard system we use.  Is there a way that Bill can
be more involved in our data mining process and interpretation during this unprecedented reporting time?
 
Thanks,
Bethany
 
From: Zinderman, Craig E 
Sent: Wednesday, April 14, 2021 2:02 PM
To: Menschik, David  Baer, Bethany 
Cc: Niu, Manette
Subject: FW: Important analysis by DuMouchel -> Peculiarities of disproportionality statistics when the product of interest
is in almost all of the reports
 
David, Bethany:
Might be worth considering the below?  I don’t pretend to understand it, but sounds like they are suggesting an analysis
not stratified by year.  Thoughts?
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Thanks,
Craig
 
From: Niu, Manette 
Sent: Wednesday, April 14, 2021 6:24 AM
To: Zinderman, Craig E 
Subject: FW: Important analysis by DuMouchel -> Peculiarities of disproportionality statistics when the product of interest
is in almost all of the reports
 
fyi
 
From: Szarfman, Ana
Sent: Tuesday, April 13, 2021 9:17 PM
To: Niu, Manette
Cc: Stockbridge, Norman L
Subject: RE: Important analysis by DuMouchel -> Peculiarities of disproportionality statistics when the product of interest
is in almost all of the reports
 
Thanks Manette.
 
Exactly. As DuMouchel pinpointed, there is a need to extend the stratification brackets by the fact that 99% of the results
for FY2021 are for COVID-19 vaccines this indeed affects the results.  
 
From: Niu, Manette
Sent: Monday, April 12, 2021 7:01 AM
To: Szarfman, Ana
Subject: FW: Important analysis by DuMouchel -> Peculiarities of disproportionality statistics when the product of interest
is in almost all of the reports
 
Ana,
Does this effect the data mining results we are receiving in 2021?  As you know, there is a backlog in VAERS reports with
the contractor due to the high volume of reports we are receiving for the COVID-19 vaccines and the prioritization of
those vaccine reports.
Thank you!
Manette
From: Szarfman, Ana
Sent: Saturday, April 10, 2021 1:22 PM
To: Niu, Manette
Cc: Vega, Amarilys ; Stockbridge, Norman L ; Quinn,
John ; bill.dumouchel  Rave Harpaz

; Pease-Fye, Meg  Weichold, Frank
; Callahan, Lawrence ; Paredes, Antonio

; Temple, Robert ; Blum, Michael
; Dal Pan, Gerald ; Zander, Judith
; Munoz, Monica  Diak, Ida-Lina 

>
Subject: Important analysis by DuMouchel -> Peculiarities of disproportionality statistics when the product of interest is in
almost all of the reports
 
Hello all,
 
Please refer to the message from Bill DuMouchel that I am forwarding and to his attached spreadsheet.
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Notice how Bill discovered the need to eliminate the stratification by year when the reports for the COVID-19 vaccine in
VAERS are 99% of all reports for a year (2021).
 
I think that we need to invite him to talk with us about the effect of adjustment factors, given the data, so we can all learn
from his knowledge.
 
Warmest regards to all,
 
--Ana
 
Ana Szarfman, MD, PhD, FAMIA,
Diplomate by the American Board of Pathology in both, Clinical Pathology (1984) and Clinical Informatics (2017), and
Fellow of the American Medical Informatics Association (2020)
Medical Officer, Safety Data Mining Developer and Medical Informatics Analyst,
Celebrating nearly a quarter of a century of successful implementation of safety data mining, interactive patient profiles,
and other automated analytical tools.
Division of Cardiology and Nephrology, OCHEN, Center for Drug Evaluation and Research, Food and Drug Administration

 

 
 
 
From: Bill DuMouchel 
Sent: Saturday, April 10, 2021 2:25 AM
To: Rave Harpaz ; Steve Bright ; Rob Van Manen

Cc: Szarfman, Ana ; Mohammad Al-Ansari ; Robert
Weber  Bruce Palsulich 
Subject: [EXTERNAL] Peculiarities of disproportionality statistics when the product of interest is in almost all of the reports
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you recognize the
sender and know the content is safe.

 
The attached spreadsheet shows some COVID19 results for the three-year period 2019-2021
2019 has no COVID19 reports
2020 has a few
2021 consists of almost all (33929/34256 > 99%) COVID99 reports
 
Look at the values of A, B, C, D ... A+C is much greater than B+D in 2021.
 
The years 2020 and 2021 are shown as separate analyses. Note that RR as well as the Bayesian estimates are
almost equal to 1.
They stay almost equal to one if the run is stratified by year, because the 2021 results dominate.
The next two sets of results show the full 3-year estimates with and without including year as one of the
stratification covariates.
Only if you mix in more non-covid reports within each stratum can you get enough diversity to allow larger
disproportionalities.
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-Bill
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From: "Lale, Allison (CDC/DDID/NCEZID/DHQP)" 
To: "Moro, Pedro (CDC/DDID/NCEZID/DHQP)"
Cc: "Broder, Karen (CDC/DDID/NCEZID/DHQP)" 

Subject: RE: Weekly data mining
Date: Mon, 28 Nov 2022 23:09:10 +0000

Importance: Normal

Oh interesting. Thank you Pedro.
 
Like I said, we used to just verbally mention on CISA calls that X, Y, Z preferred term had not signaled in VAERS – but we
also could leave it out if that this creates more hassle.   
 
Thanks!
Allison
 
From: Moro, Pedro (CDC/DDID/NCEZID/DHQP) 
Sent: Saturday, November 26, 2022 7:49 PM
To: Lale, Allison (CDC/DDID/NCEZID/DHQP) 
Cc: Broder, Karen (CDC/DDID/NCEZID/DHQP)
Subject: RE: Weekly data mining
 
Hi Allison,
 
I think that because of the FOIAs we may have asked FDA to stop sending these weekly data mining outputs. I’ll reach out
to David Menschik and ask for the latest weekly report
 
Thanks
 
Pedro
 
From: Lale, Allison (CDC/DDID/NCEZID/DHQP)
Sent: Saturday, November 26, 2022 6:28 PM
To: Moro, Pedro (CDC/DDID/NCEZID/DHQP) 
Cc: Broder, Karen (CDC/DDID/NCEZID/DHQP)
Subject: FW: Weekly data mining
 
Hi Pedro,
 
I was just wondering if we still get these data-mining alerts from FDA? In the past, we have checked this list for our own
verification before presenting a CISA consult.
 
For example, we have an upcoming case of Parsonage Turner syndrome (PT: Neuralgic Amytrophy) following COVID-19
vaccine. We performed a VAERS search with Elaine’s help, but it could be nice to say this event has not preliminarily
signaled in VAERS.
 
Thanks,
Allison
 
p.s. Hope you had a good holiday!
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From: Menschik, David
Sent: Tuesday, July 5, 2022 7:42 AM
To: Shimabukuro, Tom (CDC/DDID/NCEZID/DHQP) ; Su, John (CDC/DDID/NCEZID/DHQP)

; Moro, Pedro (CDC/DDID/NCEZID/DHQP) 
Cc: Zinderman, Craig E (FDA/CBER)  Nair, Narayan (FDA/CBER)

 Alimchandani, Meghna (FDA/CBER)  Broder, Karen
(CDC/DDID/NCEZID/DHQP) ; McNeil, Michael (CDC/DDID/NCEZID/DHQP)  Lale,
Allison (CDC/DDID/NCEZID/DHQP) 
Subject: Weekly data mining
 
Good morning all,
 
                Attached please find a list of all (i.e., unvetted and regardless of notability) PTs with data mining alerts
(i.e., EB05 >2) for all SARS-CoV-2 vaccine VAERS reports from our weekly ‘US Signals Summary Table’ (‘as of
date’ 7/1/22).  Please feel free to share this hypothesis generating output with your team/command chain,
though this is not intended to be shared more broadly.
 
Thanks,
David
 
 
 
THIS MESSAGE, INCLUDING ANY ATTACHMENTS, IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE UNDER LAW. If you are not the addressee, or a
person authorized to deliver the document to the addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action based on the
content of this communication is not authorized. If you have received this document in error, please immediately notify the sender immediately by e-mail or phone.
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From: Stephen Hoge 
To: "Marks, Peter" , "Agnihothram, Sudhakar" 
Cc: Charbel Haber , Carla Vinals 

Subject: [EXTERNAL] Clarification request
Date: Wed, 9 Feb 2022 02:11:39 +0000

Importance: Normal
Inline-Images: image002.jpg

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you recognize the sender and know the content is
safe.

Dear Dr. Marks,
 
Moderna has appreciated the guidance and oversight we have had from the FDA throughout the pandemic. We have worked with the agency to follow
the science where it leads us in the interests of both individual and public health. However, we disagree with FDA’s decision on Friday evening not to
reconsider authorization 100 mcg of mRNA-1273 in adolescents 12-17 in light of recent relevant data and long-awaited analysis clearly demonstrating
that the benefits of mRNA-1273 far outweighs the risks, even in adolescents. 
 
At this point, Moderna does not understand the scientific basis for the FDA’s position. We request a meeting with the FDA to discuss the evidence FDA
is relying on to support the agency’s position that a 50 mcg primary series dose represents a more favorable benefit-risk profile than 100 mcg for
adolescents, and also align on a path forward regarding the adolescent and pediatric indications. 
 
Our current understanding of the facts are thus:

1. A quantitative benefit-risk comparison of Moderna and Pfizer by the CDC working group (presented to ACIP last Friday) has concluded that per 1
million second doses in 18-39 yo males, mRNA-1273 (vs. BNT162b2) will result in 104 fewer hospitalizations for COVID-19, and 21 incremental
cases of myocarditis. For both genders combined, the comparison mRNA-1273 (vs. BNT162b2) would result in 162 fewer hospitalizations for
COVID-19 and 9 incremental cases of myocarditis per million second doses (see figure below). The net incremental benefit-risk ratio between
the two vaccines is 18 COVID-19 hospitalizations prevented for everyone 1 case of myocarditis in 18-39 year-olds. The risk and benefit are
consistent with multiple prior reports, including peer-reviewed articles from other agencies (US VAMC NEJM, UK Nature Medicine).

2. On February 4th, CDC ACIP also reviewed analyses (VSD, MOVING) on the clinical course of cases of myocarditis, which were generally noted to
be mild and recover rapidly. The VSD summary concluded “Among 18 to 39 year-olds there were no noticeable clinical differences between
cases after Moderna and those after Pfizer”. Moderna is not aware of any data or reports that concludes differently.

3. The CDC working group concluded that: "Benefits for both mRNA COVID-19 vaccines far outweigh risk of myocarditis”. The ACIP unanimously
endorsed mRNA-1273 for adults 18+.

4. FDA scientists recently submitted the updated BEST analysis for peer reviewed publication. The conclusion of the FDA analysis is: "An increased
risk of myocarditis/pericarditis was observed following COVID-19 mRNA vaccination, being highest in males aged 18–25 years following second
dose. These results do not indicate a risk difference between mRNA-1273 and BNT162b2." The BEST analysis reported a non-significant trend
towards higher rates in 18-25 yo males for mRNA-1273 that was consistent with the numbers used in the CDC’s favorable benefit-risk
assessment.

5. FDA had previously indicated to Moderna that the rates of myocarditis reported in younger adults in other geographies (Scandinavia, Canada,
France) were the basis of waiting for additional data to accrue in the more relevant US population. Of note, no regulatory action has been taken
outside of the US as a consequence of these international observational studies. The recently completed VSD and BEST analyses cited above
now include populations that are collectively larger than the previously cited international analyses, in the relevant US population, and
following a more relevant dosing schema (i.e., homologous vaccination with 4-week interval for mRNA-1273). Moderna believes these larger,
methodologically more relevant, US-based populations should be preferably weighed.

The findings summarized above have been repeatedly validated by international agencies or in published peer-reviewed articles. Moderna believe the
conclusions are approaching broad scientific consensus.
 
Using a 50 mcg dose in the primary series introduces uncertainty concerning the magnitude and durability of the strong efficacy of the vaccine as
demonstrated with 100 mcg, while at the same time we question the presumption that the 50 mcg dose will reduce the rate of myocarditis. Moderna
is not aware of any data that suggest a lower (50 mcg) dose will provide a more optimal benefit-risk profile. Based on the CDC analysis, assuming the
effectiveness and myocarditis rates of a 50 mcg dose of mRNA-1273 were to approach levels comparable to BNT162b2, then lowering the dose will
result in 153 more preventable hospitalizations per million doses (162 hospitalizations for COVID-19 less 9 incremental cases of myocarditis). In the
current public health emergency the FDA has seen fit to authorize multiple drugs, vaccines and diagnostics for the same indication as long as the
known and potential benefits outweighs the known and potential risks, without regard to each product’s relative efficacy or safety to other products. 
We believe the incremental difference between BNT162b2 and mRNA-1273 in a rare AE without significant sequalae, such as myocarditis, or the

PSI-HHS-000001626448

AUTHORIZED FOR PUBLIC RELEASE BY CHAIRMAN JOHNSON



          
  

    

             
     

    
  

 

 

      

      

  
 

 

       
      

 

 

     

 

incremental superiority of efficacy of mRNA-1273 over BNT162b2 in prevention of hospitalization, do not materially alter the overwhelmingly positive
benefit/risk balance of both vaccines.
 
Given this scientific consensus regarding the positive benefit-risk profile, Moderna is concerned that FDA’s decision not to consider authorization of
mRNA-1273 for adolescents is inconsistent with its previous actions to authorize alternative products to address the same indications. We do not
understand the scientific basis for this decision, with unclear implications, if any, for BLS’s for the pediatric indication which we intend to file.  We
respectfully request a meeting with the FDA to understand what evidence the FDA is relying upon to supports its determination that (1) the known
and potential benefits for vaccination with mRNA-1273 at 100 mcg do not exceed the known and potential risks for adolescents (age 12-17), and (2) a
lower dose of mRNA vaccine represents a more favorable benefit-risk profile for adolescents. We believe a better understanding of the agency’s
position is required if Moderna is to respond correctly.
 
Moderna believes this discussion is urgent as there are currently over 11 million unvaccinated adolescents in the US.  In addition, should SARS-CoV-2
evolve to require boosting, a highly effective and durable vaccine may be needed for adolescents, particularly those at higher risk. We will make
ourselves available at any time that is convenient for the FDA.
 
Very respectfully,
 
Stephen Hoge, M.D.
President
Moderna, Inc.
 
Slide 11. Oliver, Summary of Working Group Interpretations. CDC ACIP, February 4th, 2022

Confidentiality notice and disclaimer: The information in this message and any attachments is intended for the exclusive use of the addressee(s), is confidential and
may be privileged or otherwise protected from disclosure. Any review, retransmission, dissemination or other use of, or taking of any action in reliance upon, of any
such information by persons or entities other than the intended addressee(s) is prohibited. If you have received this message in error and are not the intended addressee,
please notify the sender immediately and delete this message and any attachments from your system without reading or disclosing them. If you are not the intended
addressee, be advised that any use of the information in this message and any attachment is prohibited and may be unlawful, and you must not copy this message or
attachment or disclose the contents to any other person.
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As the world contends with ending the COVID-19 pandemic, understanding the risks associated 

with COVID-19 vaccines is critically urgent, and signal detection is a crucial tool for rapidly 

identifying such risks. Unfortunately, the unprecedented environment created by the COVID-19 

pandemic predisposes traditional signal detection to missed or delayed signals, which can limit 

our understanding of the risks associated with COVID-19 vaccines and the timeliness of their 

identification. 

This manuscript investigates the current state and utility of signal detection for COVID-19 

vaccines. We investigate the temporal evolution of signals corresponding to seven distinct and 

partially recognized adverse events with various degrees of evidence linking them to the 

vaccines. This temporal evaluation led to several findings, which we believe will be of interest to 

the readers of PLOS ONE and of importance to drug safety organizations. Notably, we 

demonstrate that signals of adverse events related to COVID-19 vaccines can be missed or 

delayed when generated by methodologies currently utilized by drug safety organizations. We 

identify some of the causes for this problem and propose a solution to partially alleviate the 

problem. 

Our manuscript does not assume readers’ familiarity with drug safety surveillance or signal 
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remediation. 
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Abstract 

Statistical signal detection is a crucial tool for rapidly identifying potential risks associated with 

pharmaceutical products. The unprecedented environment created by the COVID-19 pandemic 

for vaccine surveillance predisposes signal detection to missed or delayed signals, which may limit 

our understanding of the risks associated with these vaccines. Based on data underlying the 

Vaccine Adverse Event Reporting System, we assess the current state and utility of signal 

detection for COVID-19 vaccine surveillance. To this end, we investigate the temporal evolution 

of signals corresponding to six largely recognized adverse events, and a newly discovered 

emerging adverse event. The results demonstrate that signals of adverse events related to COVID-

19 vaccines may indeed be missed or delayed when generated by methodologies currently utilized 

by pharmacovigilance organizations. The results also suggest that a possible source of these 

missed signals is the notorious masking effect, and that properly identifying and addressing this 

effect exposes strong statistical associations that would otherwise be deemed uninteresting. 

Finally, the results demonstrate that a class of advanced methodologies can partially alleviate the 

problem of missed signals.  

 

1. Introduction 

As the world contends with ending the COVID-19 pandemic, understanding the risks associated 

with COVID-19 vaccines is critically urgent. The Vaccine Adverse Event Reporting System (VAERS), 

co‐administered by the U.S. Food and Drug Administration (FDA) and the Centers for Disease 

Control and Prevention (CDC), is one of several systems used to monitor adverse events (AEs) 

that occur after vaccination, including the COVID-19 vaccines. Like other safety surveillance 
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systems, VAERS offers the opportunity to rapidly identify potential risks associated with 

vaccines–a process usually known as signal detection. 

Computational methodologies for signal detection have been routinely applied to safety 

surveillance systems for over 20 years and have become a de facto standard[1]. These 

methodologies are designed to compute surrogate measures of statistical association between 

specific pharmaceutical products and AEs that are reported into safety surveillance systems[2]. 

The measures are typically interpreted as signal scores, with larger values representing stronger 

statistical associations that are assumed more likely to represent true causal associations. A 

signal score threshold is often used to screen associations that warrant further attention. 

Signal detection methodologies currently deployed by safety surveillance organizations are 

largely based on disproportionality statistics. These methodologies use frequency analysis of 2x2 

contingency tables to quantify the degree to which a product-AE combination co-occurs 

disproportionately as compared with that expected if there were no statistical association. To 

illustrate, we use the Relative Reporting Ratio (RRR), which is a disproportionality statistic 

underlying several signal detection methodologies. The relative reporting ratio is defined as the 

ratio of the number of reports mentioning a specific (target) product-event combination to an 

expected number of reports for the same combination under the assumption that the product 

and AE occur independently. Based on the values displayed in Table 1, the relative reporting ratio 

is formally given by  

                                                                𝑅𝑅𝑅 =
(𝑎+𝑏+𝑐+𝑑)∙𝑎

(𝑎+𝑏)∙(𝑎+𝑐)
                                                              (1) 

and a number of enhancements, such as Bayesian smoothing and stratification, lead to several 

signal detection methodologies currently utilized by safety surveillance organizations[2].  
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Table 1. 2x2 contingency table used to compute disproportionality statistics for signal detection 

  
reports with 

target AE 
reports without 

target AE 

 

reports with target product a b a+b 

reports without target product c d  

 a+c  a+b+c+d 

 

Given its impact on public health, signal detection is still an active area of research and, since its 

inception, multiple guidances[3-6] have been published with practice recommendations as well 

as admonitions concerning data and methodological limitations.  

Missed/delayed signals and false alerts are the two primary concerns with signal detection, and 

two objective measures with which the reliability of signal detection can be evaluated. Missed or 

delayed signals are especially disconcerting given their direct impact on public health, and in the 

context of the current pandemic can limit our understanding of the risks associated with COVID-

19 vaccines and the timeliness of their identification. 

Missed signals can stem from several sources. Incomplete data and the voluntary nature of 

reporting to surveillance systems are the primary sources of missed signals. However, missed 

signals can also stem from methodological limitations, and in particular a widely acknowledged 

problem called ‘masking’[4, 7, 8]. 

Masking and, similarly, confounding are artifacts of conventional disproportionality statistics 

used for signal detection that rely on the analysis of 2x2 contingency tables as illustrated above. 

By virtue of being two-dimensional, other factors that may confound, mask, or more generally 

bias the relationships between products and AEs cannot be properly accounted for. 
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A masked relationship between a target product and target AE can emerge when one or multiple 

products are frequently reported with the target event while making the background rate for the 

target event considerably large. This larger background rate can then make the relationship 

between the target product and the target event appear less unusual, hence masking the true 

relationship. A possible solution to masking, albeit practically infeasible, is to first identify the 

‘offending’ products and then remove cases/reports containing those products from the 

calculation of disproportionality statistics. 

To illustrate, consider the values displayed in Tables 2-3, which build on the example provided in 

Table 1 and eq. 1. Tables 2-3 display values used for disproportionality analysis of 2x2 contingency 

tables capturing a hypothetical target AE and a hypothetical target product labeled ‘A’. Table 2 

introduces a product labeled ‘B’, which serves as the ‘offending’ product that masks the true 

relationship between the target product ‘A’ and the target AE. Table 2 shows that most of the 

reports (80/93) mentioning the target AE are associated with product ‘B’, which leads to masking. 

Applying the relative reporting ratio (eq. 1) yields a masked 𝑅𝑅𝑅 = (393 × 3)/(93 × 13) =

0.98 indicating that there is no statistical association. However, removing the reports that 

mention product ‘B’, yields the counts displayed in Table 3, and an unmasked 𝑅𝑅𝑅 = (233 ×

3)/(13 × 13) = 4.14  that indicates a strong statistical association between the target AE and 

target product ‘A’.  
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Table 2. contingency table used to compute disproportionality statistics with the inclusion of product ‘B’ that masks 
the association of product ‘A’ with the target AE 

  
reports w target 

AE 
reports without 

target AE 

 

reports with target product A 3 10 13 

reports with product B 80 80 160 

reports without product A or B 10 210 220 

 93 300 393 

 

Table 3. contingency table used to compute disproportionality statistics with the exclusion of product ‘B’ that would 
mask the association of product ‘A’ with the target AE 

  
reports with 

target AE 
reports without 

target AE 

 

reports with target product A 3 10 13 

    

reports without product A 10 210 220 

 13 220 233 

 

Conditions that make signal detection especially vulnerable to masking effects include: smaller 

safety databases such as VAERS, relationships involving rare events, and relationships involving 

newer products. As such, the novelty of COVID-19 vaccines, coupled with ongoing vaccination 

programs, and the relatively early stages of COVID-19 vaccine surveillance makes signal detection 

especially susceptible to masking. 

The aim of this manuscript is to assess the current state and utility of signal detection for COVID-

19 vaccines with emphasis on the issue of missed or delayed signals and the potential of masking 

effects. To this end, we investigate the evolution of signals corresponding to seven distinct AEs 

with various degrees of evidence linking them to the vaccines. Six of these seven AEs are part of 

a list of adverse events deemed to be of special interest for COVID-19 vaccine surveillance by the 

CDC, FDA, and other health organizations[9-11], and the other is an emerging AE that is yet to be 

fully recognized but which has accumulated thousands of reports in VAERS and elsewhere. In 
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addition, we center the evaluation on the messenger RNA (mRNA) vaccines from Pfizer-BioNTech 

(BNT162b2) and Moderna (mRNA-1273), which account for the vast majority of COVID-19 vaccine 

reports in VAERS. 

 

2. Materials and Methods 

2.1  Data  

The investigation was performed using all VAERS reports available at the time of writing this 

manuscript (1990 to October 01, 2021). This data represents a total of 1,599,958 reports, 

including 39 weeks of COVID-19 vaccine reports, which are publicly released on a bi-weekly 

cadence from January 01, 2021 to October 01, 2021. Of those, 778,681 reports include the 

COVID-19 vaccine from three manufacturers:  Pfizer-BioNTech (53%), Moderna (39%), and 

Janssen (8%). The investigation was based on AEs in VAERS coded at the MedDRA Preferred Term 

(PT) level, and products at the ‘manufacturer’ level, e.g., ‘COVID19_PFIZER/BIONTECH’.  

 

2.2  Adverse Events of Interest (AEOI)  

The seven AEs investigated in this manuscript and their associated MedDRA PTs are listed below. 

The MedDRA PTs associated with each of the seven AEs were used to identify VAERS reports 

mentioning a given AE:  

1. Bell's palsy (PT=’Facial paralysis’ or ‘Bell's palsy’) 

2. Herpes zoster (PT=’Herpes zoster’) 

3. Myocarditis (PT=’Myocarditis’) 
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4. Pericarditis (PT=’Pericarditis’) 

5. Appendicitis (PT=’Appendicitis’ or ‘Appendicitis perforated’ or ‘Complicated 

appendicitis’) 

6. Pulmonary embolism (PT=’Pulmonary embolism’) 

7. Tinnitus (PT=’Tinnitus’) 

As noted in the Introduction, the first six of these AEs are part of a list of adverse events deemed 

to be of special interest for COVID-19 vaccine surveillance by the CDC, FDA, and other health 

organizations[9-11]. The last (tinnitus), is an emerging AE that is yet to be fully recognized and 

characterized.  

 

2.3  Signal Detection Methodologies 

We evaluated disproportionality statistics produced by four signal detection methodologies. 

Three of these methodologies – MGPS[12], BCPNN[13], and PRR[14] – are well-established and 

are currently deployed by various organizations worldwide for routine safety surveillance. 

However, these three methodologies belong to the class of bi-variate signal detection 

methodologies, and as such were not designed to control masking and certain confounding 

effects. The fourth methodology, called Regression-Adjusted GPS (RGPS)[15], is a multi-variate 

signal detection methodology powered by regression that is designed to produce 

disproportionality statistics with adjusted background rates that can control masking and more 

extensive confounding effects. It operates by fitting separate Bayesian logistic regression models 

to each target AE and by automatically selecting predictors (e.g., vaccines) to be included in each 
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regression model. Additional details on the RGPS methodology are provided in the Supporting 

Information (S1), and complete details of the RGPS methodology in reference[15]. 

Stratification categories used for RGPS, MGPS, and BCPNN were age and gender. Stratification by 

‘report year’ was not applied because the vast majority of COVID-19 VAERS reports represent a 

single year of reporting (2021). We applied the canonical version of PRR, which does not require 

stratification. For RGPS and MGPS, we generated both the point estimates, labeled ERAM and 

EBGM respectively, and their associated credible intervals labeled ER05-ER95 and EB05-EB95 

respectively. Unless specified otherwise, signal scores are represented by the point estimates. 

The generation of signal scores for the three methodologies and analysis thereof was done using 

Oracle Empirica Signal 9.1[16]. 

 

2.4  Capturing the Evolution of Signals  

The evolution of signal scores for each AE was captured by a time series of signal statistics. The 

time series starts from a period at which initial reports for an AE were available to the latest batch 

of reports available at the time of writing this manuscript. Each time point corresponds to a bi-

weekly public release of VAERS reports, starting from week 3 (W3) January 22, 2021 and ending 

in week 39 (W39) October 01, 2021, for a total of 19 time points. The signal statistics computed 

for each time point include the signal score point estimate and its credible interval, e.g., ER05-

ERAM-ER95 for RGPS and EB05-EBGM-EB95 for MGPS. These were computed based on all data 

available in VAERS, and not only the COVID 19 reports or data within the range of dates 

underlying the time series. 
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2.5  Analysis & Evaluation  

The comparison of signal detection methodologies for the time series centers on the RGPS and 

MGPS methodologies. These were chosen as representatives of the two classes of methodologies 

described in the Introduction and above (bi-variate vs. multi-variate signaling methodologies). 

The IC statistic[13] computed by the BCPNN methodology produces signal scores that are almost 

identical to those produced by MGPS and therefore redundant in many parts of our evaluation. 

The PRR signal statistic in its canonical application does not include smoothing or signal score 

adjustments for small counts as do the other methodologies, and therefore does not protect 

against false alarms as well as the other methodologies. For this reason, a direct comparison 

against PRR (in its canonical form) would not have allowed us to isolate and explain sources of 

missed signals. Nonetheless, our results include notes on both the PRR and IC signal statistics. 

We used the following concepts/conditions to describe our findings in the Results section: 

(1) The signaling threshold used to evaluate signals is defined as the value 1.0, i.e., the boundary 

of no statistical association. 

(2) For a given AE and methodology, a signal is present/detected if a positive statistical 

association for the AE is detected. This in turn occurs when the signal score produced by the 

methodology for the AE exceeds the signaling threshold, more specifically, if the lower limit of 

the signal score’s credible interval exceeds the signaling threshold defined in (1). For example, 

ER05 > 1.0 for RGPS and EB05 > 1.0 for MGPS. 
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(3) For a given AE and methodology, a signal is not present/detected if the signal score’s credible 

interval contains or falls below the signaling threshold, e.g., ER05 < 1.0 for RGPS and EB05 < 1.0 

for MGPS. 

(4) For a given association, a signal score difference between two methodologies is statistically 

significant if their credible intervals do not overlap. Likewise, we say that there is no difference 

in signal scores between two methodologies if their credible intervals overlap, e.g., ER05 < EB95 

< ER95. 

(5) A candidate association for masking is defined as one whose signal statistics satisfy the 

following condition: 

ER05 > EB95 and ER05 > 1 and EB05 ≤ 1 

That is, an association where RGPS and MGPS disagree by producing signal scores that are 

statistically significant (non-overlapping credible intervals, ER05 > EB95) with RGPS’s interval 

above the signaling threshold (ER05 > 1) and that of MGPS below or including the threshold (EB05 

≤ 1).  

(6) The masking effect size is defined as the ratio of RGPS’s and MGPS’s signal scores, i.e.,  

𝐸𝑅𝐴𝑀

𝐸𝐵𝐺𝑀
− 1 

In the following, the masking effect size will be averaged across the time series to produce a 

summary statistic and represented as a percentage. 

Having generated the time series of signal scores for each AE of interest, we investigate and 

attempt to validate masking sources based on the following:  
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(1) We select two time periods: an earlier point in the evolution of signals when masking starts 

to take effect, and the end period (W39). Doing so allows us to examine the origin of the 

masking sources and whether the sources change over time. The earlier time point 

corresponds to the earliest point in the time series (for both the Pfizer-BioNTech and 

Moderna vaccines) for which the RGPS and MGPS signals scores were significantly different, 

and RGPS’s signal score exceeded the signaling threshold as defined above. 

 

(2) For each time point we evaluate the predictors that are automatically selected by RGPS to be 

included in the regression model for the target AE. Based on the regression coefficients, we 

then identify the strongest predictors (vaccines) as potential sources of masking. 

 

(3) As mentioned in the Introduction, once masking sources have been identified, the 

conventional approach to control masking is to remove all reports containing the maskers, 

and re-compute signal scores. We use this conventional approach to confirm our findings. 

That is, we remove reports containing the potential maskers (vaccines) identified by RGPS 

and re-compute signal scores for the bi-variate signaling methodologies (MGPS, PRR, BCPNN). 

Substantial increases in these signal scores as well as their convergence toward the original 

RGPS signal score is a strong indication that the sources of masking have been correctly 

identified, and a likely explanation for missed or delayed signals. 
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3. Results 

Figures 1 and 2 depict our findings for each of the seven AEs investigated in this manuscript. The 

figures display the evolution of signal scores for each AE–captured as a time series of signal 

scores. As described in the Materials and Methods (Section 2.4), the time series ranges from 

week 3 (W3) to week 39 (W39) of COVID-19 reports, for a total of 19 time points in two-week 

intervals corresponding to the bi-weekly public release of VAERS reports. 

 

Figure 1. The evolution of signal scores for Bell's palsy, Herpes zoster, Myocarditis, and 
Pericarditis 

 

Figure 2. The evolution of signal scores for Appendicitis, Pulmonary embolism, and Tinnitus 

 

Rows in the figures correspond to AEs, and columns to vaccines (Pfizer/BioNTech vs Moderna). 

Figure 1 covers the AEs: Bell's palsy, Herpes zoster, Myocarditis, and Pericarditis, whereas Figure 

2 the AEs: Appendicitis, Pulmonary embolism, and Tinnitus. Each figure displays a time series of 

signal scores for the RGPS and MGPS methodologies. Each point corresponds to the signal score 

point estimate and its credible interval (shaded region), i.e., ER05-ERAM-ER95 for RGPS and 

EB05-EBGM-EB95 for MGPS. Supporting information (S2) provides signal statistics, for all 

combinations of AE/vaccine/signaling methodology.  

The figures clearly show several trends:  

(1) The time series curves of signal scores produced by RGPS are always above those of MGPS, 

i.e., the RGPS signal scores are always larger than those of MGPS. This is not an expected pattern 

and is indicative of masking effects for the AEs of interest. This also suggests that the RGPS 
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methodology would have been able to detect signals missed by MGPS or identify signals at an 

earlier time point than MGPS. 

(2) Signal scores for the Pfizer-BioNTech vaccine are generally larger than those of the Moderna 

vaccine, regardless of the signaling methodology used.  

(3) For most AEs, RGPS and MGPS initially agree on their signals scores (statistically insignificant 

differences) and then diverge in their signal scores. The divergence is likely due to the influence 

of masking effects, the evolution of VAERS data, and possibly changes in reporting practices. 

(4) For several AEs, the time series exhibits aberrations. The aberrations are likely explained or 

coincide with external events, such as the availability of a vaccine to certain age groups, and the 

influence of publications.  

(5) For certain AEs at certain time points the signal scores fall below the signaling threshold. This 

indicates that at those time points signals would have been missed and that signaling 

qualification may be time-sensitive.  

(6) As more data accumulates signal scores expectedly stabilize. Larger fluctuations are seen for 

RGPS indicating that it is sensitive to masking and confounding effects, and that the data may still 

be evolving. 

The following describes our findings for each AE of interest. 

3.1 Bell’s Palsy 

Bell's palsy is a form of acute facial paralysis with a weakening and a drooping appearance of the 

facial muscles usually on just one side of the face. In most cases the paralysis resolves 

spontaneously within several weeks. Bell's palsy is due to swelling of the facial nerve, and Type I 

interferons have been proposed as the potential mechanism[17]. Incidents of Bell’s palsy were 
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reported in clinical trials for both the Pfizer-BioNTech and Moderna vaccines, and it has also been 

documented with the Influenza vaccine[18, 19]. The FDA currently recommends its surveillance 

with larger populations globally. In addition, there have been multiple case reports of Bell's palsy 

associated with the mRNA vaccines[18, 20-22], and several studies that investigated the 

association[23-25]. 

As of week 39, there are 7795 reports of Bell's palsy for the mRNA vaccines (5684 Pfizer-

BioNTech, 2111 Moderna). The time series in Figure 1 shows that the signal scores produced by 

each methodology differ by a small amount, with RGPS and MGPS diverging (non-overlapping 

credible intervals) around weeks 7-9. The figure also shows that a mild masking effect is present 

(40% averaged across the time series). Regardless of masking, all methods agree early on that 

the reported co-occurrence of the mRNA vaccines with Bell’s palsy is unlikely due to chance 

(signal scores exceeding the signaling threshold). However, towards the end period (W33) the 

MGPS signal scores fall below the signaling threshold for the Moderna vaccine. On average the 

signal scores for the Pfizer-BioNTech vaccine are 46% larger than those of the Moderna vaccine 

for RGPS, and 43% larger for MGPS. 

3.2 Herpes zoster 

Herpes zoster (shingles) is a painful rash that develops on one side of the face or body. The rash 

consists of blisters that typically clear within 2 to 4 weeks[26]. Multiple reports of patients who 

developed herpes zoster shortly after COVID-19 vaccination have been recently published, 

suggesting a potential link with the mRNA COVID-19 vaccines[27-32]. Possible mechanisms that 

explain the pathogenic link are related to the stimulation of innate immunity through toll-like 

receptors 3,7 by mRNA-based vaccines[28]. 
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As of week 39, there are 8228 reports of herpes zoster for the mRNA vaccines (5637 Pfizer-

BioNTech, 2591 Moderna). Figure 1 shows a substantial difference between RGPS and MGPS, 

with MGPS indicating that there is no statistical association between herpes zoster and the 

vaccines (signal scores below the signaling threshold), versus RGPS indicating the contrary (signal 

scores exceeding the signaling threshold) from week 13 (Pfizer-BioNTech) and week 17 

(Moderna) through the remaining time periods. Although the value of the RGPS signal score is 

not large relative to the other AEs, it indicates that the association is unlikely due to chance. 

Averaged across the time series, RGPS signal scores for the Pfizer-BioNTech vaccine tend to be 

31% larger than for the Moderna vaccine, and 33% larger for MGPS. 

Interestingly, the size of the masking effect for herpes zoster was the largest among the AEs of 

interest. Averaged across the time series, the size of the masking effect was 230% for both mRNA 

vaccines. The sources of masking were evaluated and validated based on the process described 

in Section 2.5. The two time periods examined were W17 and W39. RGPS automatically selected 

67 (W17) and 44 (W39) vaccine predictors for the herpes zoster regression model. The strongest 

predictors were the Varicella (chickenpox) and the VARZOS (a combination Varicella and Zoster) 

vaccines, for a total of six vaccine predictors at the manufacturer level. Although the risk is low, 

there are documented cases and studies of herpes zoster following Varicella and VARZOS 

vaccination[33-35]. Upon removal of all reports containing the Varicella and VARZOS vaccines we 

found that the PRR, EBGM, and IC signal scores indeed reverted to larger signal scores close in 

magnitude to RGPS’s original signal score. For example, the PRR signal score for the Pfizer-

BioNTech vaccine increased from 0.37 to 1.47 (297%) on W17, and 0.76 to 2.3 (202%) on W39. 

Similarly, the EBGM signal score increased from 0.35 to 1.47 (320%) on W17, and 0.66 to 1.48 
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(124%) on W39. In addition, we found that these masking sources (i.e., the Varicella and VARZOS 

vaccines) did not change over time and remained consistent at both time periods that were 

evaluated. 

3.3. Myocarditis and Pericarditis 

Myocarditis and pericarditis refer to inflammation of the heart muscle, and outermost layer of 

the heart respectively. Myocarditis and pericarditis are both thought to be caused by viral 

infections, and symptoms include chest pain, shortness of breath, and irregular heartbeat 

appearing within several days after the second dose of the mRNA vaccines. Several case reports 

of myocarditis and pericarditis developing rapidly after the first and second doses of the mRNA 

vaccines have been published[36-40], as well as several retrospective studies[11, 41-44] 

identifying it as a rare complication of the vaccines. One study on mice suggests that inadvertent 

intravenous injection of COVID-19 mRNA vaccines may induce myopericarditis[45].  

The risk of myocarditis following vaccination has been observed to be highest among young 

males. The CDC has recognized the association with the COVID-19 mRNA vaccines[2], and both 

myocarditis and pericarditis now appear on the product labels (warning section) of the 

vaccines[46, 47].  

As of week 39, there are 4690 reports of myocarditis for the mRNA vaccines (3515 Pfizer-

BioNTech, 1175 Moderna), and 3079 reports of pericarditis for the mRNA vaccines (2408 Pfizer-

BioNTech, 671 Moderna) in the VAERS system. Relative to the total number of cases for these 

AEs, 87% of myocarditis cases, and 83% of pericarditis cases are associated with the mRNA 

COVID-19 vaccines. 
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The changing age distribution of COVID-19 vaccine recipients can be observed in the progression 

of the time series. Figure 1 shows that both the RGPS and MGPS signal scores for myocarditis 

were initially not indicative of a safety signal, but around weeks 19-21 (week ending May 30, 

2021) as the COVID-19 vaccines were made available in the U.S. to people under 65, a substantial 

increase in both signal scores can be observed. At this point RGPS and MGPS start diverging, with 

MGPS remaining on point and RGPS showing a gradual increase from a signal score of 2.3 to 

above 9.0 (Pfizer-BioNTech) and 1.5 to above 5.0 (Moderna). Similar trends of signal score 

progression are observed for pericarditis, with a slight decrease in RGPS signal scores around 

weeks 31-33 onwards. Averaged across the time series, signal scores for myocarditis tend to be 

24% larger for the Pfizer-BioNTech vaccine than for the of Moderna vaccine, and 35%-38% larger 

for pericarditis. 

The size of the masking effect for myocarditis is ranked second for the AEs of interest with an 

average value around 190%. For pericarditis the effect size is 70%. Like the herpes zoster 

evaluation, the sources of masking for myocarditis were evaluated based on the process 

described in Section 2.5. The two time periods examined were W19 and W39. RGPS automatically 

selected 20 (W19) and 39 (W39) vaccine predictors for the myocarditis regression model. The 

strongest predictors for both time points were a set of three Smallpox vaccines (at the 

manufacturer level), which is consistent with published reports recognizing myocarditis as a rare 

AE of the Smallpox vaccine[48-50]. 

Upon removal of all reports containing the Smallpox vaccines on W19, the PRR, EBGM, and IC 

signal scores indeed reverted to larger signal scores close in magnitude to RGPS’s original signal 

score. The PRR signal score for the Pfizer-BioNTech vaccine increased from 1.44 to 2.48 (72%), 
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and for the Moderna vaccine from 0.8 to 1.34 (67%). Similarly, the EBGM signal score for the 

Pfizer-BioNTech vaccine increased from 1.44 to 2.17 (51%), and from 0.94 to 1.42 (51%) for the 

Moderna vaccine. As more data accumulated in VAERS, the Pfizer-BioNTech and Moderna COVID-

19 vaccines were also identified by RGPS as potential maskers. In this case masking each other 

for the myocarditis AE. On W39 the Pfizer-BioNTech vaccine was identified by RGPS as the 

strongest masker. Removing all reports containing the Pfizer-BioNTech vaccine led to a 

substantial increase in signal scores for the Moderna-myocarditis association. The PRR signal 

score increased from 1.2 to 4.98 (315%), and the EBGM score increased from 1.32 to 2.13 (61%). 

This demonstrates how the Pfizer-BioNTech vaccine is masking the Moderna vaccine, and how 

masking sources may evolve over time. In addition to the COVID-19 vaccines, the Smallpox 

vaccines were still identified by RGPS as strong sources of masking on W39. Removing both 

Smallpox and Pfizer-BioNTech vaccines led to the following additional increases for the Moderna 

association: PRR increased from 4.98 to 8.14 (63%), and EBGM increased from 2.13 to 2.4 (13%). 

Similarly, removing the Smallpox and Moderna vaccines led to the following increases for the 

Pfizer-BioNTech-myocarditis association: PRR increased from 5.42 to 10.96 to 17.94 (230%), and 

EBGM increased from 1.94 to 2.02 to 2.12 (9%). 

3.4 Appendicitis 

Appendicitis is an inflammation of the appendix usually caused by an obstruction of the 

appendiceal lumen; however, the exact etiology of acute appendicitis is often unknown. 

Appendicitis is the most common cause of acute abdominal pain requiring surgery. If left 

untreated, acute appendicitis can result in serious complications, such as peritonitis or abscess 

formation[51, 52]. According to the Pfizer-BioNTech COVID-19 Vaccine Fact Sheet for Healthcare 
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Providers, appendicitis was reported as a serious AE in a clinical trial for 8 vaccine participants 

and 4 placebo participants (Pfizer-BioNTech COVID-19 Vaccine = 10,841; placebo = 10,851), but 

not during post-authorization experience[46]. The Moderna COVID-19 Vaccine Fact Sheet for 

Healthcare Providers does not mention appendicitis as an AE in clinical trials or in post-

authorization experience[47]. However, both the Pfizer-BioNTech and Moderna Fact Sheets for 

Healthcare Providers mention lymphadenopathy as reported adverse events during clinical trials. 

Barda et al demonstrated an elevated risk ratio for appendicitis (risk ratio, 1.40; 95% CI, 1.02 to 

2.01) with the Pfizer-BioNTech COVID-19 Vaccine in a mass nationwide vaccination setting[53].  

As of week 39, there are 725 reports of appendicitis for the mRNA vaccines (537 Pfizer-BioNTech, 

188 Moderna) in the VAERS system. As shown in Figure 2, both MGPS and RGPS showed 

extremely large signal scores early on that attenuated over time but remained high for RGPS with 

values above 3.7 for Pfizer-BioNTech and above 1.7 for Moderna. This early signaling by week 3 

appeared even when the numbers of reports were small (15 Pfizer-BioNTech, 6 Moderna). RGPS 

and MGPS started diverging around week 11 likely due to masking. The figure shows a relatively 

large masking effect. Averaged across the time series, the size of the masking effect was high and 

around the value of 100% for both vaccines. Differences between the signal scores of the Pfizer-

BioNTech and Moderna vaccines were highest among the AEs of interest with the Pfizer-

BioNTech scores on average roughly 71% larger than those for the Moderna vaccine. This 

difference is consistent with the evidence from clinical trials and publications mentioned above. 

3.5 Pulmonary embolism 

Pulmonary embolism (PE) is a sudden blockage in a lung artery. It usually happens when a blood 

clot breaks loose and travels through the bloodstream to the lungs. PE is a serious condition that 
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can cause permanent damage to the lungs, low oxygen levels in the blood, and damage to other 

organs in the body from not getting enough oxygen. PE can be life-threatening, especially if a clot 

is large, or if there are many clots[54].  

Systematic reviews and meta-analyses showed high incidences of PE in COVID-19 patients[55, 

56]. Barda et al. reported an elevated risk ratio for PE (risk ratio, 12.14; 95% CI, 6.89 to 29.20) for 

SARS-CoV-2-infected compared to uninfected persons [53]. 

Besides COVID-19 itself, it appears that COVID-19 vaccines increase the risk for PE: several 

authors reported the occurrence of PE, often in combination with vaccine-induced thrombotic 

thrombocytopaenia (VITT), following COVID-19 vaccination, mainly for adenovirus-based COVID-

19 vaccines[57-63]. Although no increased risk for PE was found by Klein et al. for mRNA 

vaccines[10] and by Barda et al. for Pfizer-BioNTech[53], some case reports described the 

occurrence of PE following vaccination with Pfizer-BioNTech[64-66]. To date, PE is not mentioned 

in the vaccine labels of the Pfizer-BioNTech and the Moderna COVID-19 vaccines. 

As of week 39, there are 5869 reports of PE for the mRNA vaccines (4394 Pfizer-BioNTech, 1475 

Moderna) in the VAERS system. Figure 2 shows that both MGPS and RGPS exceed the signal 

threshold for PE already in W3 for both vaccines. In the following weeks, starting on week 9, RGPS 

departs from MGPS and stays on a value level about three-fold that of MGPS. Averaged across 

the time series, the size of the masking effect was high and around the value of 170% for both 

vaccines. The MGPS time series for Moderna decreases to below the signaling threshold in 

week 39, whereas RGPS remains well above the threshold. For Pfizer-BioNTech, MGPS and RGPS 

remain above the signaling threshold, with RGPS at times about three times the value of MGPS. 
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Compared to Moderna, signal scores for Pfizer-BioNTech are on average 17% (RGPS) and 12% 

(MGPS) larger. 

 

 

3.6 Tinnitus 

Tinnitus is described as the sensation of hearing ringing, hissing, or other noises in one or both 

ears that is not caused by an external sound. Tinnitus can be intermittent or continuous and can 

vary in pitch and intensity. Prolonged exposure to loud sounds and a variety of other conditions 

can lead to tinnitus, however the mechanism responsible for tinnitus is unclear.  

Tinnitus has been linked to other vaccines such as hepatitis, rabies, measles, and H1N1 

vaccines[67]. In COVID-19 vaccine trials prior to the release of the Pfizer-BioNTech and Moderna 

vaccines, no mention was made of the onset of tinnitus or worsening tinnitus for either vaccine. 

As early as March 2021, in a report from the United Kingdom Medicines and Healthcare products 

Regulatory Agency (MHRA), 196 tinnitus cases among 33,207 vaccinated persons were recorded 

for the Pfizer-BioNTech vaccine[68], and since then several case reports linking tinnitus to the 

mRNA vaccines as well as to the Janssen and AstraZeneca vaccines have been published[68-71]. 

In addition, due to an apparently increased number of individuals experiencing tinnitus during 

the pandemic period, the connection between the vaccines and tinnitus received special 

attention in various media outlets and professional associations dedicated to tinnitus[72, 73]. To 

date, tinnitus is not mentioned in the vaccine labels. As mentioned in the Introduction, tinnitus 

is not contained in the set of AEs of interest recognized by various health organizations as do the 

previous six AEs. 
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As of week 39, there are 12296 reports of tinnitus for the mRNA vaccines (7649 Pfizer-BioNTech, 

4647 Moderna) in the VAERS system. Interestingly, the number of reports for tinnitus is larger by 

a substantial amount than for any of the other AEs covered in this manuscript. Figure 2 shows 

that both MGPS and RGPS exceed the signal threshold early on for both vaccines and remain 

above the signaling threshold through the remaining time periods (excluding a brief crossing for 

MGPS and Moderna on weeks 9-15). On average the signal scores for the Pfizer-BioNTech vaccine 

are 30% larger than those for the Moderna vaccine. RGPS and MGPS start diverging on weeks 15-

17, with RGPS rapidly increasing to signal score values twice as large in a short amount of time. 

This appears correlated with the increase in the number of reports available throughout the 

period, and likely the dynamics of masking effects.  

Averaged across the time series, the size of the masking effect was high and around the value of 

80% for both vaccines. Based on the process described in Section 2.5 we evaluated the sources 

of masking for tinnitus. The two time periods examined were W17 and W39. RGPS automatically 

selected 21 (W17) and 25 (W39) vaccine predictors for the tinnitus regression model. For W17 

the strongest predictors and potential maskers identified by RGPS were the HPV4 (papilloma 

virus) vaccine, and the Janssen and Pfizer-BioNTech COVID-19 vaccines. Hence, on W17 two 

COVID-19 vaccines were already masking other associations; Janssen masking the Pfizer-

BioNTech and Moderna COVID-19 vaccines, and the Janssen and Pfizer-BioNTech vaccines 

masking the Moderna vaccine. Removing all reports containing these three vaccines (HPV4, 

Janssen, and Pfizer-BioNTech) resulted in expected signal score increases for the Moderna-

tinnitus association, with PRR increasing from 1.79 to 2.5 (40%), and EBGM increasing from 1.13 

to 1.43 (27%). Expectedly, on W39 as more data accumulated in VAERS, the Pfizer-BioNTech and 
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Moderna vaccines were identified by RGPS as the strongest maskers (masking each other) in 

addition to the Janssen vaccine. On W39 the HPV4 vaccine was no longer identified as a strong 

masker. Removing reports containing the Janssen and Pfizer-BioNTech vaccines led to the 

following signal score changes for the Moderna-tinnitus association: PRR increasing from 1.8 to 

5.5 (205%), and EBGM increasing from 1.18 to 1.69 (43%). Similarly, removing reports containing 

the Janssen and Moderna vaccines led to the following signal score changes for the Pfizer-

BioNTech-tinnitus association: PRR increasing from 2.75 to 6.67 (143%), and EBGM modestly 

increasing from 1.57 to 1.71 (9%). This demonstrates that the Pfizer-BioNTech and Moderna 

vaccines may mask each other to varying degrees, in this case Pfizer-BioNTech having a larger 

effect on Moderna than vice versa. 

3.7 Masking Statistics at the Database Level 

Table 4 displays counts for the number of potentially masked associations in VAERS categorized 

by vaccine type. The conditions that define a potentially masked association are provided in the 

Materials and Methods (Section 2.5 - candidate association for masking). The table shows that 

the likelihood of a masked association for the COVID-19 vaccines is 2.3%, which is roughly eight 

times larger than for non-COVID-19 vaccines (0.3%). This result clearly demonstrates the 

increased potential and susceptibility of VAERS COVID-19 vaccine surveillance to the problem of 

missed signals due to masking effects. 
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Table 4. VAERS counts of masked associations 

 
Num 

Associations 
Num Masked 
Associations  

All Vaccines 265987 1330 0.50% 

Non-COVID-19 Vaccines 241016 753 0.31% 

COVID-19 Vaccines 24971 577 2.31% 

Pfizer-BioNTech/Moderna 18588 458 2.46% 
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4. Discussion:  

The unprecedented dynamic and extent of reporting into VAERS for the novel class of COVID-19 

vaccines, compounded by methodological limitations, predisposes signal detection to missed or 

delayed signals, which may limit our understanding of the risks associated with COVID-19 

vaccines and delay their identification. 

We investigated seven AEs with various degrees of reported and statistical evidence that link 

them to the Pfizer-BioNTech and Moderna vaccines. Six of the AEs are largely recognized by 

various health authorities. The investigation enabled us to discover a potentially new AE 

(tinnitus), which is yet to be recognized by health authorities, but which has overwhelming 

statistical support in VAERS, as well as external supporting materials.  

In the investigation, we traced the evolution of signals related to the seven AEs during the course 

of the initial year of COVID-19 vaccination and the accompanying availability of COVID-19 vaccine 

AE reports made public in VAERS. This temporal evaluation led to several findings regarding the 

current state of signal detection for COVID-19 vaccine surveillance discussed in the following. We 

surmise that these findings are important not only for the COVID-19 vaccines currently approved 
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and investigated in this manuscript but are also important for any new COVID-19 vaccines which 

might be approved in the future, and likewise should also apply to any new vaccine (or drug) 

approved for use in the future. 

The results overall suggest that signals for COVID-19 vaccines may indeed be missed when 

generated by conventional signal detection methodologies that are currently utilized by 

pharmacovigilance organizations. For example, the tinnitus signal may have been overlooked 

partly due to the low signal scores produced for it by conventional methodologies. Similarly, due 

to inaccurate lower signal scores produced by conventional methodologies, statistical signals for 

the other six AEs might have been delayed. Fortunately, these other six AEs had already been 

well characterized by the FDA, CDC, and other sources. 

The findings demonstrate that one source of these missed or delayed signals is the notorious 

masking effect. Our investigation reveals that statistical masking is present, with varying degrees 

of strength (up to 300%), and that properly identifying and addressing this effect exposes strong 

statistical associations that would otherwise be deemed uninteresting. We found that masking is 

roughly eight times more likely to occur with COVID-19 vaccines than with other vaccines, which 
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can be explained by the novelty of these vaccines. We also found that masking sources may 

change over time. Expectedly, in earlier time periods of surveillance, other vaccines could mask 

signals associated with COVID-19 vaccines, whereas in later time periods, as more COVID-19 

reports accumulate, the Pfizer-BioNTech and Moderna vaccines can mask each other and likely 

other vaccines. Masking effects have been traditionally addressed by removing cases containing 

the ‘offending’ product, by using stratification, or by employing regression techniques. However, 

each of these approaches requires to some extent identifying masking sources prior to signaling, 

which may limit the utility of signal detection in scenarios where masking and confounding is 

present. This investigation was made possible by using a methodology that automatically 

identifies and adjusts masking effects. The masking sources for three AEs identified by this 

methodology were verified using the traditional approach to address masking, i.e., by re-applying 

the conventional signaling approaches on data that excludes the masking sources. 

The results suggest that different signaling approaches may lead to drastically different results—

a conclusion that is especially disconcerting in the context of COVID-19 surveillance. 

Unfortunately, in the absence of an ultimate benchmark, the question of which methodology to 
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rely on is still in debate. Nonetheless, the findings highlight the utility of a more advanced class 

of signal detection methodologies for COVID-19 vaccine surveillance. Given present-day 

computational power and recognized analytic approaches such as regression, there are few 

reasons to avoid the utilization of these approaches, at the very least to address acknowledged 

problems with conventional approaches, such as masking. 

The results also show that signal scores for the Pfizer-BioNTech vaccine are generally larger than 

those for the Moderna vaccine. These differences cannot be exclusively explained by the larger 

volume of reports available for the Pfizer-BioNTech vaccine. Neither do these larger signal scores 

suggest or provide evidence that the risk of AEs for the Pfizer-BioNTech vaccine is higher. 

However, it appears that the two vaccines mask each other and that the masking effect is larger 

in one direction (Pfizer-BioNTech) than the other (Moderna). 

It also appears that the VAERS data for COVID-19 vaccine surveillance is still evolving and 

susceptible to external influences, such as vaccination policies, publication influences, reporting 

practices, and updates to the MedDRA terminology. This in turn could contribute to signal score 

fluctuations resulting in time-dependent signaling uncertainty. 
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The mRNA Pfizer-BioNTech and Moderna vaccines have demonstrated to be highly effective in 

preventing infection and severe illness from COVID-19. They also appear to have acceptable 

safety profiles, suggesting that the benefits of COVID-19 vaccination outweigh the potential risk 

of AEs. Consequently, AEs such as those highlighted in this manuscript, which are also rare as far 

as we know, cannot be used to argue against vaccination. Moreover, signal detection is inherently 

an exploratory process. Therefore, associations flagged by signaling approaches do not imply 

causal relationships and always warrant further scrutiny, including those named in this 

manuscript. Notwithstanding, signal detection has the advantage of being fast and performed in 

“real time”. Analyses can be easily “tailored” to a specific age group or gender, time frame, and 

product type. Signal detection also has the advantage of casting a much wider net for AE 

reporting from millions or hundreds of millions of people and may identify rare AEs not seen in 

clinical trials. These advantages are critical in the “real time” and the “real world” environment 

of COVID-19 vaccine surveillance.  
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S2 File. Excel table with all signal statistics referenced and evaluated in the manuscript. This includes the 

time series of signal statistics used in Figures 1 and 2, and other statistics underlying additional 

combinations of AE/vaccine/signaling methodology referenced in the manuscript. 
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Figure Click here to access/download;Figure;Fig 1 signal stats time series.png
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Figure Click here to access/download;Figure;Fig 2 signal stats time series.png
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Attachment by reference: https://fda−my.sharepoint.com/personal/sarah_walinsky_fda_gov/Documents/CBE
R/Response%20to%20Moderna.docx?web=1
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Masking Associated with Early COVID-19 Vaccine Safety Surveillance 

DuMouchel W.1, Harpaz R.1*, Szarfman A.2, Van Manen R.1, Nip A.1, Bright S.1, Al-Ansari M1.

1 Oracle Health Sciences, Bedford, MA, United States
2 U.S. FDA, Silver Spring, MD, United States
* Corresponding author

Abstract:

Purpose: raise awareness to the problem of masking associated with early stage VAERS COVID-19 vaccine 
surveillance, which can lead to missed signals. Provide a preliminary investigation of these masking effects.

Methods: three signal detection methodologies: MGPS, PRR, and a new methodology called RGPS that can 
control masking were applied to six years of VAERS reports, consisting of 17 weeks of COVID-19 vaccine 
reports.

Results: several statistically masked associations are identified, some of which are also listed in the product 
labels and reported in clinical trials. The most extreme case of masking is statistically verified by removing 
reports containing the ‘offending’ masker. RGPS appears to provide a reasonable middle ground between 
MGPS and PRR with respect to the veracity and number of signals produced by each methodology.  

Conclusions: statistical masking is present and should be considered in the context of early stage COVID-
19 signal detection. RGPS can address masking and confounding effects, which cannot be properly 
controlled by conventional signal detection methodologies.

Purpose: 

As the world contends with rolling out massive scale vaccination programs to end the COVID-19 pandemic, 
identifying and studying adverse events related to these vaccines is critically urgent. The Vaccine Adverse 
Event Reporting System (VAERS), co-administered by the US Food and Drug Administration and the 
Centers for Disease Control and Prevention (CDC), is one of several systems used to monitor adverse 
events that occur after vaccination, including the COVID-19 vaccine. Like other safety surveillance 
systems, VAERS offers the opportunity to rapidly flag potential safety issues related to vaccines–a process 
usually known as signal detection.

Computational methodologies for signal detection have been routinely applied to safety surveillance 
systems for over 20 years and have become a de facto standard[1]. Given its impact on public health, 
signal detection is still an active area of research, and since its conception multiple guidances[2-5] have 
been published with practice recommendations as well as admonitions concerning data and 
methodological limitations. 

In particular, ‘masking’ is a problem that may result in missed signals. Masking[3, 6, 7] is an artifact of 
conventional disproportionality statistics used for signal detection that are based on 2x2 contingency 
tables. A masked relationship between a target product and target adverse event can emerge when 
another product/s is frequently reported with the target event while making the background rate for the 
target event considerably large. This larger background rate can then make the relationship between the 
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or including the boundary of no association (EB05 < 1). The associations are ranked by the magnitude of 
the masking effect, which we define as the ratio of RGPS’ and MGPS’ signal scores, i.e., ERAM/EBGM. The 
table also provides signal scores for the IC statistic[13], which were close to those of MGPS.

Several of the adverse events listed in Table 1 have been listed in the product labels and reported in clinical 
trials[14], and others are known issues associated with vaccine administration. While the size of the signal 
scores in Table 1 would normally not be considered large enough to warrant immediate action, they 
nonetheless clearly illustrate the masking effect. Herpes zoster (shingles, 903 reports) was ranked highest 
in terms of the masking ratio equal to 1.20/0.31=3.91. PRR produced a signal score of 0.17 for the same 
association. RGPS automatically selected 39 product predictors and 16 stratification groups for the Herpes 
zoster regression model (the ‘COVID19’ vaccine type was not one of the predictors). The strongest 
predictor and likely the culprit for masking was the VARZOS vaccine--a combination vaccine of Varicella 
and Zoster. Upon removal of all reports containing the VARZOS vaccine (the alternative approach for 
controlling masking) the PRR and EBGM signal scores reverted to 1.76 and 1.12 respectively, supporting 
RGPS’ finding of the offending masker. Herpes zoster has also been reported in an observation study[15].

Table 1.Top 20 masked COVID-19 vaccine associations flagged by RGPS. N: number of reports with the adverse event and 
COVID-19. E_RGPS: adjusted expected counts produced by RGPS. ERAM: signal score produced by RGPS. ER05/ER95: lower and 
upper bounds of RGPS’ credible intervals. E_MGPS: adjusted expected counts produced by MGPS. EBGM: signal score produced 

by MGPS. EB05/EB95: lower and upper bounds of MGPS’ credible intervals. PRR: signal score produced by PRR. 2^IC: 2 to the 
power of the signal score produced by the IC calculation. Masking ratio: ERAM/EBGM. 

Event (MedDRA PT) N E_RGPS ER05 ERAM ER95 E_MGPS EB05 EBGM EB95 PRR 2^IC Masking 
Ratio

Herpes zoster 903 752.2 1.14 1.20 1.27 2940.2 0.29 0.31 0.33 0.17 0.31 3.91

Numb chin syndrome 10 1.8 2.63 4.79 7.46 5.2 0.96 1.58 2.49 41.28 1.85 3.03

Cholecystitis acute 10 1.8 2.64 4.80 7.48 5.1 0.96 1.58 2.50 41.28 1.86 3.03

Influenza virus test 
negative

354 303.6 1.07 1.17 1.27 497.4 0.65 0.71 0.78 0.52 0.71 1.64

Pneumonia 612 462.3 1.24 1.32 1.41 712.6 0.80 0.86 0.92 0.60 0.86 1.54

White blood cell count 
increased

491 432.6 1.05 1.14 1.22 619.3 0.74 0.79 0.85 0.62 0.79 1.43

Underdose 468 345.8 1.25 1.35 1.46 488.1 0.89 0.96 1.03 0.70 0.96 1.41

Syringe issue 313 209.9 1.35 1.49 1.63 289.0 0.98 1.08 1.18 1.11 1.08 1.38

Oral herpes 247 188.0 1.18 1.31 1.45 259.1 0.86 0.95 1.06 1.28 0.95 1.38

Sepsis 192 127.5 1.33 1.50 1.68 175.3 0.97 1.09 1.23 0.82 1.10 1.37

Product administered 
to patient of 
inappropriate age

1132 908.9 1.19 1.25 1.31 1158.6 0.93 0.98 1.03 0.38 0.98 1.27

Abdominal discomfort 1262 1038.9 1.16 1.21 1.27 1272.1 0.95 0.99 1.04 1.41 0.99 1.22

Head injury 344 274.0 1.15 1.25 1.37 333.3 0.94 1.03 1.13 0.83 1.03 1.22

Seizure 884 818.0 1.02 1.08 1.14 986.4 0.85 0.90 0.95 0.42 0.90 1.21

Disturbance in 
attention

431 382.2 1.04 1.13 1.22 454.8 0.87 0.95 1.02 0.95 0.95 1.19

Pallor 1171 1029.9 1.08 1.14 1.19 1219.7 0.92 0.96 1.01 0.58 0.96 1.18

Vaccination site 
swelling

569 516.3 1.03 1.10 1.18 609.5 0.87 0.93 1.00 0.96 0.93 1.18

Syncope 2666 2292.0 1.13 1.16 1.20 2681.5 0.96 0.99 1.03 0.87 0.99 1.17

Rash pruritic 1838 1640.8 1.08 1.12 1.16 1880.6 0.94 0.98 1.02 1.39 0.98 1.15

Loss of consciousness 2259 1947.6 1.12 1.16 1.20 2213.4 0.99 1.02 1.06 0.97 1.02 1.14
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Conclusion: 

The novelty and early stages of COVID-19 vaccine surveillance, compounded by the size of the VAERS 
database predisposes signal detection to the notorious masking effect. Left unattended masking could 
lead to costly missed signals. This report demonstrates that statistical masking is indeed present and at 
the very least should be considered in the context of COVID-19 signal detection. The report also 
demonstrates the potential utility of a new signal detection methodology called RGPS that can address 
masking and confounding effects that cannot be properly controlled by conventional signaling 
methodologies. Signal detection is inherently exploratory, therefore the associations named in this report 
do not imply causal relationships.

Disclaimer:

The findings and conclusions expressed in this report are those of the authors and do not necessarily 
represent the views of the U.S. FDA or the federal government.
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-- Do not delete or change any of the following text. --
 
When it's time, join your Webex meeting here.
 
 

 
From: Szarfman, Ana 
Sent: Sunday, February 14, 2021 9:31 AM
To: Marks, Peter 
Cc: Stockbridge, Norman L 
Subject: NYT - As Millions Get Shots, F.D.A. Struggles to Get Safety Monitoring System Running
 
Hi Peter.
 
Thanks so much for your work.
 
Regarding the NYT article, I am quite concerned that the distributed network of EHRs that the
Sentinel System uses does not have mortality data, and that they (and we) are not clamoring to
fix this problem. It still takes several years to collect mortality data. Indeed there are no
incentives to update electronic health records with mortality data.
 
https://www.nytimes.com/2021/02/12/health/covid-vaccine-how-safe.html?
referringSource=articleShare
 
à Let me know if you want Bill DuMouchel and I to discuss our proposal for more effective
monitoring, including the need to use an updated algorithm by DuMouchel for data mining
spontaneous reports at CDER and CBER.
 
Many thanks,
 
--Ana
 
Ana Szarfman, MD, PhD, FAMIA,
Diplomate by the American Board of Pathology in both, Clinical Pathology (1984) and Clinical
Informatics (2017), and Fellow of the American Medical Informatics Association (2020)
Medical Officer, Safety Data Mining Developer and Medical Informatics Analyst,
Celebrating nearly a quarter of a century of successful implementation of safety data mining,
interactive patient profiles, and other automated analytical tools.
Division of Cardiology and Nephrology, OCHEN, Center for Drug Evaluation and Research, Food
and Drug Administration

 

PSI-HHS-000002038543

AUTHORIZED FOR PUBLIC RELEASE BY CHAIRMAN JOHNSON



AUTHORIZED FOR PUBLIC RELEASE BY CHAIRMAN JOHNSON



I am humbled and thankful for the 
tremendously difficult and amazingly hard 

work you are all doing and for all your 
successes

Many thanks for your invitation to exchange thoughts
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Mortality data to address the COVID-19 public health 
and analytical needs of the users of the information

More timely detection of adverse events and 
associated risk factors that we may not know how to 

formulate a priori

Ana Szarfman, MD, PhD, FAMIA, Medical Officer, Diplomate by the 
American Board of Pathology in both, Clinical Pathology (1984) and 

Clinical Informatics (2017), Safety Data Mining Developer and Medical 
Informatics Analyst, Division of Cardiology and Nephrology, CDER, FDA

Dr. Peter Marks Briefing, February 29, 2021
2PSI-HHS-000002134643

AUTHORIZED FOR PUBLIC RELEASE BY CHAIRMAN JOHNSON



Mortality data linked to EHRs and Claims 
data
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• There is no universal tool to CENTRALLY capture mortality data 
in the U.S. 

• Multiple surveillance and analytical systems cannot easily access 
data on DEATHS OCCURRING IN AN OUT-OF-HEALTHCARE SETTING
using EHRs or claims data. 

• If a patient DIES WHILE IN THE HOSPITAL, the death will be coded 
as such in the EHR, but not if the death occurs with patients being 
discharged to hospice care, to a nursing home, or to their home.

• When such information is needed for RESEARCH or to be linked to 
CLAIMS data (such as BCBS), it is typically obtained from PRIVATE 
SERVICES who collect the information from various sources like 
FUNERAL HOMES AND OBITUARIES IN LOCAL NEWSPAPERS. (a very 
time consuming and very inefficient process) 
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• Deaths occurring at home, on the street, or when the subject is 
homeless, as well as autopsies are not treated as medical clinical 
service events.

• The death certificate information does not get back to the medical 
record. 

• Death certificates are notoriously sparse and incomplete. 
• They are collected by a multitude of governing localities, and then 

gathered by the State. The types of reportable deaths are 
determined by federal, state or local laws.
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• The States receive the certificates and submit them to the National 
Death Index (NDI) where they get adjudicated and added to the 
NDI final file annually.

• The NDI website provides death information to researchers; but the 
process requires funding support:
https://www.cdc.gov/nchs/data/ndi/ndi_application.pdf
https://www.cdc.gov/nchs/ndi/portal.htm

• These requests are usually applied to 500 patients in a research 
project or clinical trial.
We need mortality data for over 300 million individuals
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• Clinical trials contain COMPREHENSIVE AUTOPSY information but not 
the EHRs.

• Registries, like cancer registries or transplant registries systematically 
collect death information, but they represent relatively small siloes of 
information disjoined from EHRs. 

• CMS and DoD and VA hospitals GET FEEDBACK SEEDS from the SSA of 
DEATHS THAT NEED TO BE REMOVED FROM THEIR BENEFICIARY LIST. 

• NOT SURE HOW OPTIMIZED THESE SYSTEMS ARE FOR INCLUDING DEATHS IN
THEIR ANALYSES OF CLINICAL DATA.

• Outside these Federal systems, the SSA STOPPED MAKING THIS 
INFORMATION AVAILABLE 5 YEARS AGO because of a potential for fraud 
(people applying for loans using fake Social Security codes) and would only 
typically provide an answer for a specific person, and inform when and how 
they died.

7PSI-HHS-000002134648

AUTHORIZED FOR PUBLIC RELEASE BY CHAIRMAN JOHNSON



• Death information IS NOT CONSIDERED PRIVATE HEALTH 
INFORMATION. IT IS PUBLIC INFORMATION.

• Family members, life insurance companies, and voter registrations 
are granted such access.

• The key problem is that this information is not collected and made 
available in a timely way. 

• If there is a time, it is now for the Federal Government to act and 
improve the ability to centrally collect death information or to 
expedite the link of NDI information to address the necessary 
research and public health needs of all the analysts of the 
information.

• The government can define the requirements and precautions that 
the receiving parties will need to put in place to avoid fraud.

• The government can also monitor and prevent fraud activity.
• Correction of this situation will require awareness of this problem, 

know-how, efforts, funding, and regulatory support.  
8PSI-HHS-000002134649
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The superior performance of the RGPS 
algorithm for data mining spontaneous 

reports, currently only available outside the 
FDA and CDC

There is a contracting mechanism in place at 
the FDA to solve this problem quickly
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The graph showing the signals of 3 Sector 
Maps next to each other is quite interesting 

• The PRR on the left highlights almost everything
• The MGPS on the right is flat (you are not getting useful 

information with such low counts)
• The RGPS in the middle looks more informative for follow-up 

evaluation
• This is because RGPS can better adjust for both, masking (false 

negatives) and confounding (false positives). 
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Only to highlight an “Appendicitis, perforated” 
signal with the Pfizer vaccine that may require 
follow-up evaluation
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The MGPS data mining method currently in 
use at the Agency and at the CDC is not the 
state of the art
RGPS is the state of the art: 
• Is a regression-based extension of MGPS that incorporates more 

information into the signal generation process. This leads to a lower 
rate of missed signals and less false alerts. 

• Removes the effect of products whose strong signals in the background are 
overwhelming the signals of the product of interest and thus uncovers signals of 
products being masked (the false negatives.)

• Adjusts for the concomitant products in the same reports having strong signals 
to remove the confounding that generates false positives with innocent 
bystander products.
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VAERS doesn’t code concomitant medications, 
while FAERS does
• If we would also adjust for the concomitant meds in the 

narratives of VAERS reports, we could improve the estimate of 
confounding (false alerts or false positives) even better. 

• Bill DuMouchel, who developed both, MGPS and RGPS is 
planning to extract and code the drugs in the narratives of VAERS 
reports to reduce confounding.

• Note also that REPORTS FOR THE ASTRA ZENECA VACCINE IN USE 
IN THE U.K. arrive to the FAERS data instead of arriving to the 
VAERS data.
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Simultaneous, automated identification of 
adverse events and risk factors from 

multiple products in multiple clinical trials, 
that we may not know how to specify a 

priori

This is a new analytical approach by Dr. Bill 
DuMouchel that will require funding
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Analysis of adverse event data (as opposed to 
efficacy) from studies of medical products 
involve several difficult problems

• Pre-specification of analysis end points are rarely possible for adverse 
events, leading to a multiple comparisons challenge whenever many 
different adverse events show up.

• Rare adverse event issues often show up with small counts that could 
be grave dangers to public health.

• Data from many clinical trials and observational studies may need to 
be analyzed jointly, such as for many newly developed products.
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Risk prediction for diseases for which we do not 
understand the trajectory of individual patients 
is low
• There is a need for a statistical method capable of identifying rare, 

unbalanced risk factors that not only occur during or after treatment, but 
also, more importantly, at baseline.

• Consistent efficacy and safety signals may remain hidden in disjoined 
clinical trial applications or by analyses that do not properly adjust for 
multiplicity and small counts across all the data being generated.

• We need to implement a solution that will allow for display of the adverse 
event information and results of analyses in an interactive and user-
friendly way that will not require a continuous and impossible-to-
document customizations of the complex data and the analytical tools.
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Advantages of having this automated, intuitive, 
and interactive analytical program in place
• Can perform of analysis of patient level data from many clinical trials 

and many applications at once.
• The addition or removal of some data will generate a quick analysis 

WITHOUT HAVING TO DO A LOT OF INTERMEDIATE ANALYSES and 
redo a meta-analysis based on the new summary statistics.

• Can provide TRANSPARENCY to the decision-making process and 
enable RAPID RE-ASSESSMENT OF THE DATA FOR INCREASED 
COMPREHENSION of new and evolving issues of interest
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Comparing different treatments that do not 
all appear in any one study
• This approach will compare subgroups based on multiple 

treatment arms, covariates, and endpoints measured on each 
patient.

• All this would usually require an analysis of the patient level data 
in order to fit the Bayesian shrinkage model.

• THESE ACTIVITIES NEED TO BE DONE EXPEDITIOUSLY, IN A TRANSPARENT WAY
TO AVOID PUBLIC CONFUSION

• WE HAVE NEVER BEEN ABLE TO CONDUCT SUCH ASSESSMENTS, 
AND EVEN LESS TO CONDUCT SUCH ASSESSMENTS IN AN 
INTUITIVE AND AUTOMATED MANNER.
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Eight Studies of the ICPI Nivolumab versus other 
Active Comparators -- How to compare the various 
treatment effects?

Study ARM 1 Arm 2
37

NIVOLUMAB

INVESTIGATOR CHOICE

17 DOCETAXEL
25 EVEROLIMUS
57 DOCETAXEL
66 DACARBAZINE

26 INVESTIGATOR CHOICE

41 INVESTIGATOR CHOICE

27 CHEMO
22PSI-HHS-000002134663

AUTHORIZED FOR PUBLIC RELEASE BY CHAIRMAN JOHNSON



Comparison: Pool All 8 Studies Into 1 
Analysis For 11 Safety HLTs
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Thanks to your work, there are now in place 
multiple approaches for passive and active 
surveillance for post-authorization safety 

signals assessments
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Some critical roadblocks to consider:

• Claims not collecting vaccinations in a 
systematic way to understand who gets 
vaccinated and with which vaccine.

• No direct link/access to dead registries or 
EHRs to understand cause of death and 
underlying risk factors. 

• Viral variants need to be associated with 
particular clinical profiles, a task that 
requires the maintenance of a high level 
of clinical data veracity. However,

• There is a lack of a universal proactive 
definition and application of permissible 
variables and values in EHRs and of 
unique IDs for patients (linked to 
providers and health facilities) that will 
simplify access to such data.

• There are incomplete and not standardized 
data creation practices in place within and 
across systems that unnecessarily delays the 
analytical processing.

• There are no simple ways to follow 
individual patient progression in EHRs and in 
other sources of data

Potential improvements:
• For passive surveillance:

• RGPS will provide a big advantage over 
MGPS for signal detection

• For active surveillance:
• The simultaneous automated assessment 

of safety data from multiple clinical trials 
and OD -- and associated risk factors that 
we may not be able correctly specify a 
priori -- will provide a great analytical 
advantage
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IBM’s Retreat From Watson H ghlights Broader AI Struggles in Health - WSJ

https://www.wsj.com/articles/ibms-retreat-from-watson-highlights-broader-ai-struggles-in-health-11613839579?mod=tech_lead_pos1[2/22/2021 11:25:27 AM]

that right now,” said David Agus, the chief executive of the Ellison

Institute for Transformative Medicine at the University of Southern

California and an early tester of the Watson system.

Another challenge is the lack of data-collection standards, which makes

taking an algorithm that was developed in one setting and applying it in

others difficult, experts said. “The customization problem is severe in

healthcare,” said Andrew Ng, an AI expert and CEO of startup Landing

AI, based in Palo Alto, Calif.

The most successful applications of AI in healthcare to date have been

when the technology aims to solve discrete and narrow problems,

according to Cynthia Burghard, research director at IDC Health

Insights, a technology market research and advisory services firm.

Such applications include alert systems that warn doctors which of their

patients might be at risk for readmissions or severe outcomes and

chatbots that help answer basic questions.

Recently, some healthcare providers and insurers also have married

different data sources, including medical history and income-related

information, to come up with risk scores for patients to identify those

potentially more vulnerable to Covid-19 exposure to target outreach to

them, she said. Such applications are easier to manage because they

don’t involve diagnoses.

Other areas where AI has seen some successes include radiology and

pathology, disciplines where image-recognition software can be applied

to answer specific questions, experts said.

“It’s about incremental improvements. It’s not about solving the most

complex things in healthcare,” she said. “We might get there someday,

but [right now] it’s crawl, walk, run.”

Another area where the technology has had inroads is in streamlining

business processes, like billing and charting, rather than in making

diagnoses, experts said, because the stakes are lower, and there is

better data to make these systems work. There are also clear financial

incentives, they said.

“There’s a lot of human capital invested in these things, and a lot of that

could be markedly reduced with AI support.” said
Eric Topol,
a

cardiologist and executive vice president at Scripps Research.

Despite the challenges of applying AI in healthcare, experts said they

expect investments to continue.

“The market size is infinite,” said USC’s Dr. Agus. “Healthcare is

probably a trillion-dollar market and it’s probably 40% to 60% inefficient.

So the notion that you can make it dramatically better with something

as elegant as a machine-learning algorithm, or AI, which is scalable,

obviously is very enticing.”

Write to Daniela Hernandez at daniela.hernandez@wsj.com and Asa

Fitch at asa.fitch@wsj.com
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From: "Forshee, Richard" 
To: "Scott, John" , "Lee, Shiowjen" 

Subject: RE: William DuMouchel_advanced meta-analysis (005).pptx
Date: Mon, 04 Jan 2021 19:24:12 -0000

Importance: Normal
Inline-Images: image001.png

Thanks, John. I won’t pursue this.
 
Best Regards,
--Rich
 
From: Scott, John 
Sent: Monday, January 4, 2021 12:53 PM
To: Forshee, Richard ; Lee, Shiowjen 
Subject: RE: William DuMouchel_advanced meta-analysis (005).pptx
 
Hi Rich,
 
Thanks for sharing - I really don’t see any applicability at all of this to COVID vaccines, possibly to any vaccines.
 
Best,
John
 
From: Forshee, Richard 
Sent: Wednesday, December 23, 2020 2:49 PM
To: Scott, John ; Lee, Shiowjen 
Subject: FW: William DuMouchel_advanced meta-analysis (005).pptx
 
Dear John and Shiowjen,
 
Ana Szarfman invited me to a lecture by Bill DuMouchel about his implementation of Network Meta-Analysis methods.
Ana thinks it could be very helpful for vaccine safety and effectiveness studies, but I have my doubts. The methods are
great for certain problems, but I’m not sure they will address our biggest concerns.
 
I’ve attached his presentation for your review. Let me know if you’d like to explore it further.
 
Thanks and happy holidays,
--Rich
 
 
From: Szarfman, Ana 
Sent: Wednesday, December 23, 2020 2:39 PM
To: Forshee, Richard 
Cc: bill.dumouchel 
Subject: William DuMouchel_advanced meta-analysis (005).pptx
 
Great talking with you Richard. Thanks for your participation.
 
Please refer to the latest version of Bill DuMouchel’s presentation.
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--Ana
 
Ana Szarfman, MD, PhD, FAMIA,
Diplomate by the American Board of Pathology in both, Clinical Pathology (1984) and Clinical Informatics (2017), and
Fellow of the American Medical Informatics Association (2020)
Medical Officer, Safety Data Mining Developer and Medical Informatics Analyst,
Celebrating nearly a quarter of a century of successful implementation of safety data mining, interactive patient profiles,
and other automated analytical tools.
Division of Cardiology and Nephrology, OCHEN, Center for Drug Evaluation and Research, Food and Drug Administration
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Great talking with you Richard. Thanks for your participation.
 
Please refer to the latest version of Bill DuMouchel’s presentation.
 
--Ana
 
Ana Szarfman, MD, PhD, FAMIA,
Diplomate by the American Board of Pathology in both, Clinical Pathology (1984) and Clinical Informatics (2017), and
Fellow of the American Medical Informatics Association (2020)
Medical Officer, Safety Data Mining Developer and Medical Informatics Analyst,
Celebrating nearly a quarter of a century of successful implementation of safety data mining, interactive patient profiles,
and other automated analytical tools.
Division of Cardiology and Nephrology, OCHEN, Center for Drug Evaluation and Research, Food and Drug Administration
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