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Key Points
Question

Did active monitoring detect potentially elevated risk of health outcomes following BNT162b2
COVID-19 vaccination in the U.S. pediatric population aged 5-17 years?

Findings

Twelve of 13 health outcomes did not meet the safety signal threshold following BNT162b2
COVID-19 vaccination in three large commercia claims databases using near real-time
monitoring. Myocarditis/pericarditis met the statistical threshold for asignal following primary
series vaccination in ages 12-17 years.

Meaning

Results from near-real time monitoring of health outcomes following BNT162b2 COVID-19
vaccination provide additional reassuring evidence of vaccine safety in the pediatric population.
The myocarditis/pericarditis signal is consistent with current evidence and is being further
evaluated.
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Abstract
I mportance

Active monitoring of health outcomes following COVID-19 vaccination offers early detection of
rare outcomes that may not be identified in pre-licensure trials.

Objective

To conduct near-real time monitoring of health outcomes following BNT162b2 COVID-19
vaccination in the U.S. pediatric population aged 5-17 years.

Design

We conducted rapid cycle analysis of 20 pre-specified health outcomes, 13 of which underwent
sequential testing and 7 of which were monitored descriptively within a cohort of vaccinated
individuals. We tested for increased risk of each health outcome following vaccination compared
to ahistorical baseline, while adjusting for repeated looks at the data as well as claims processing
delay.

Setting

Thisisapopulation-based study in three large commercial claims databases conducted under the
U.S. FDA public health surveillance mandate.

Participants

The study included over 3 million enrollees aged 5-17 years with BNT162b2 COVID-19
vaccination through mid-2022 in three commercial claims databases. We required continuous
enrollment in amedical health insurance plan from the start of an outcome-specific clean
window to the COVID-19 vaccination.

Exposure

Exposure was defined as receipt of aBNT162b2 COVID-19 vaccine dose. The primary analysis
assessed primary series doses together (Dose 1 + Dose 2), and dose-specific secondary analyses
were conducted. Follow up time was censored for death, disenrollment, end of risk window, end
of study period, or a subsequent vaccine dose.

Main Outcome(s) and M easur e(s)

We monitored 20 pre-specified health outcomes. We performed descriptive monitoring for all
outcomes and sequential testing for 13 outcomes.

Results

Among 13 health outcomes evaluated by sequential testing, 12 did not meet the threshold for a
statistical signal in any of the three databases. In our primary analysis, myocarditis/pericarditis
signaled following primary series vaccination with BNT162b2 in ages 12-17 years across all
three databases.

Conclusions and Relevance
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Consistent with published literature, our near-real time monitoring identified asignal for only
myocarditis/pericarditis following BNT162b2 COVID-19 vaccination in children aged 12-17
years. This method isintended for early detection of safety signals. Our results are reassuring of
the safety of the vaccine, and the potential benefits of vaccination outweigh the risks.
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| ntroduction

Three vaccines are currently available in the United States to prevent Coronavirus Disease 2019
(COVID-19) in children including Pfizer-BioNTech (BNT162b2), Moderna (MRNA-1273) for
ages 6 months - 17 years, and Novavax (NVX-CoV2373) COVID-19 Vaccine ages 12-17
years.’® We present safety results from near-real time monitoring using commercia claims
databases of over 3 million children aged 5-17 years following administration of the COVID-19
BNT162b2 vaccine, which was the first approved vaccine for the pediatric population. This
study was conducted under the U.S. Food and Drug Administration (FDA) Biologics
Effectiveness and Safety (BEST) Initiative using a rapid cycle analysis or near real-time
monitoring framework which enables early detection of potential safety signals. This near real-
time surveillance effort is part of the US government’s larger ongoing post-authorization
monitoring and real-world evidence to ensure the safety of COVID-19 vaccines in children.

M ethods
Data Sources

This study used administrative claims data from Optum, HealthCore (HealthCore Integrated
Research Database), and CV S Health (Aetna Enterprise Data Warehouse) containing
longitudinal medical and pharmacy claims data supplemented with vaccination data from
participating local and state Immunization Information Systems (11S) (Supplemental Table 1).*

Study Population

We included health plan members aged 5-17 years who received BNT162b2 vaccination from
the earliest date of emergency use authorization by age group through 6/25/2022 (Optum),
5/6/2022 (HealthCore), and 5/31/2022 (CVS Health). The study population was divided into
three age groups according to the vaccine authorization schedule (5-11, 12-15, and 16-17 years).
We required continuous enrollment in a medical health insurance plan from the start of an
outcome-specific clean window to the COVID-19 vaccination.

Exposure and Follow Up

Exposure was defined as the receipt of BNT162b2 COVID-19 vaccine (Supplemental Table 2).
Dose number was assigned chronologically. The primary analyses included primary series doses
(Dose 1 + Dose 2). Secondary analyses included stratification by Dose 1, 2, 3/booster. Follow
up began on the date of eligible vaccination and was censored at subsequent vaccination, death,
disenrollment, end of risk window, or end of study period.

Health Outcomes

Using claims-based algorithms, we monitored 20 health outcomes selected through clinical
consultation and literature review. Among them, 13 were assessed using sequential testing and
seven were monitored descriptively due to lack of historical comparator.®
Myocarditis/pericarditis was assessed with varying risk windows and care settings based on
evidence from prior surveillance efforts and clinician input (Supplemental Table 3).

Sequential Testing


https://doi.org/10.1101/2022.10.28.22281532

medRxiv preprint doi: https://doi.org/10.1101/2022.10.28.22281532; this version posted October 30, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

We conducted monthly sequential testing using the Poisson Maximized Sequential Probability
Ratio Test® and generated incidence rate ratios (RR) of observed outcome rates compared to
database-specific historical (expected) rates. Pre-COVID-19-vaccination historical rates were
adjusted for claims processing delay and standardized by age and sex where case counts
permitted.” One-tailed tests were used with a null hypothesis that the observed rate was no
greater than the historical comparator rate beyond a pre-specified test margin with an overall
alphaof 1%. A statistical signal occurred if the log likelihood ratio exceeded acritical value.
Surveillance continued until a signal was detected or the prespecified maximum surveillance
length was reached. ®

Medical Record Review

Medical record review was conducted for myocarditi/pericarditis to assess the validity of cases
identified by claims-based algorithms. Clinical adjudicators used the Brighton collaboration
definition to classify cases, and records meeting the confirmed or probable Brighton
classifications were considered a true case®

Results
Descriptive Monitoring

Approximately 5.9 million BNT162b2 COV ID-19 vaccine doses were administered to over 3
million commercial health plan enrollees aged 5-17 years across the three databases; 1,999,550
doses were observed in 1,000,895 enrolleesin CV S Hedlth; 2,033,212 doses in 1,078,712
enrollees in HealthCore; and 1,869,063 doses in 937,745 enrollees in Optum database (Figure 1).
Demographic characteristics of the vaccinated populations were largely similar across databases
(Table 1). We observed low incidence for the seven outcomes monitored descriptively in all
three databases (<25 events of each outcome in each database; Supplemental Table 5).

Sequential Testing

Of the 13 outcomes sequentially tested, only myocarditis/pericarditis met the threshold for a
statistical signal in any of the three databases. In the primary series analyses,
myocarditis/pericarditis signaled in all databases for ages 12-15 and 16-17 years following
BNT162b2 COVID-19 vaccination in all definitions of the myocarditis/pericarditis outcome
(Table 2). In the dose-specific analyses, a signal was detected following Dose 2 in all definitions
of the myocarditis/pericarditis outcome in ages 12-15 and 16-17 yearsin al data partners.
Following Dose 3, signals were detected for some of the definitions of the
myocarditis/pericarditis outcome in ages 16-17 yearsin CV S Health and ages 12-15 yearsin
HealthCore databases (Supplemental Table 4). No signals were observed in ages 5-11.

Medical Record Review

Of the 153 identified cases of myocarditis/pericarditis aged 12-17, medical record review was
conducted for a sample of 37 cases whaose charts were obtainable. Twenty-seven cases (73.0%)
were confirmed as true myocarditis/pericarditis cases, of which 23 were male (93%) and 19
(70.4%) were hospitalized with amean length of hospital stay of 2.8 days (median = 2 days). The
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mean time from vaccination to presentation for care for myocarditis/pericarditis was 6.8 days
(median = 3 days).

Discussion

Our near real-time monitoring results of 20 pre-specified health outcomes in the pediatric
population provide reassuring real-world evidence of the safety of the BNT162b2 COVID-19
vaccine in children and adolescents. The signal detected for myocarditis/pericarditisis cons stent
with published peer-reviewed publications demonstrating an elevated risk of
myocarditis/pericarditis following mRNA vaccines, especially among younger males aged 12-29
years.>** It should be noted that myocarditis/pericarditisis a rare event, with an average
incidence of 39.4 cases per million doses administered in ages 5-17 years within 7 days after
BNT162b2 COVID-19 vaccination.”* We did not detect asignal for myocarditis/pericarditis
in young children aged 5-11 years, which is consstent with reports from other surveillance
SyStemS.M'ls

This study has several strengths. First, the study included alarge, geographically diverse
population from three U.S. commercia health insurance databases. Due to availability of more
complete information from claims supplemented with 11S data and a short datalag from health
encounters, we were able to monitor BNT162b2 COVID-19 vaccine safety in a near real-time
manner. Additionally, identified myocarditis/pericarditis cases were validated through medical
record review.

The study also has some limitations. First, this study only covers data on acommercially insured
pediatric population and may not be nationally representative. We used a rapid monitoring
method designed for early detection of potentially increased risk of health outcomes with limited
confounding adjustment. Therefore, results of this study do not establish a causal relationship
between the vaccine and health outcomes; signals should be further evaluated. Furthermore, the
study may have limited power to detect small increasesin risk of outcomes in certain subgroups
with more recent authorizations such as booster doses in younger children. Analyses were not
stratified by sex, which is an important demographic characteristic for certain outcomes.

FDA continues to monitor the safety of COVID-19 vaccinesin the pediatric population and has
expanded the framework to include additional age groups and vaccine brands with updated
authorizations. The FDA BEST Initiative plays amajor role in the larger U.S. federal
government vaccine safety monitoring efforts and further supports decision-making concerning
the safety of COVID-19 vaccines by healthcare professionals and the American public.
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Table 1. Characteristics of Health Plan Members Aged 5-17 Receiving BNT162b2 COVID-19 Vaccinein CVS Health, =g
HealthCore, and Optum Databases ‘ég
i o CVS HealthCore Optum 2=
Patient Char acteristics 25
N % N % N % 3%

Total 1,000,895 | 100% | 1,078,712 | 100% | 937,745 | 100% < §

Ageat First Dose (Years) %%
5-11 412,159 | 41.2% | 416,527 | 38.6% | 377,632 | 40.3% §§
12-15 389,450 | 38.9% | 435704 | 40.4% | 370,219 | 39.5% §§ %
16-17 199,286 | 19.9% | 226481 | 21.0% | 189,894 | 20.3% %; g
Sex 238
Female 499397 | 49.9% | 538,766 | 49.9% | 468,336 | 49.9% 2R
Male 501,462 | 50.1% | 539,946 | 50.1% | 469,409 | 50.1% g 2 @
Urban/Rural % §g
Rural 24,735 2.5% 87,477 81% | 33,158 3.5% %2 g
Urban 973377 | 97.3% | 991,108 | 91.9% | 902,951 | 96.3% 2 %g
. ==+0

HHS Region g i é
Region 1 48,112 48% | 105064 | 97% | 45758 | 4.9% 53O
Region 2 202,929 | 20.3% | 85,839 80% | 86,668 9.2% 3 §§
Region 3 170,769 | 17.1% | 114941 | 10.7% | 78,746 8.4% §§ é
Region 4 133929 | 134% | 199701 | 185% | 136965 | 14.6% % S
Region 5 120,483 | 12.0% | 203,959 | 18.9% | 177,327 | 18.9% g4
Region 6 76,940 7.7% 64,383 6.0% | 115398 | 12.3% ‘gi;é
Region 7 25,288 2.5% 43,794 41% | 59,449 6.3% %é
Region 8 22,981 2.3% 37,834 35% | 55,800 6.0% 52
Region 9 168,647 | 16.8% | 203,081 | 18.8% | 149,741 | 16.0% §'§
Region 10 28,038 2.8% 20,012 19% | 31,763 3.4% pi §
Missing/unknown rows not displayed E.;
g
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Data Partner
CVS Health

—— HealthCore

— Optum

16-17 Years 12-15 Years 5-11 Years

Calendar Time

Age 5-11: 10/29/2021
Age 12-15: 5/10/2021

Age 16-17: 12/11/2020
Data cuts: CVS Health data through 5/31/2022, HealthCore data through 5/6/2022, and Optum data through 6/25/2022
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Figure 1. All Vaccine Doses Administered Among Recipients Aged 5-17 Yearsin CVSHealth, HealthCore, and Optum

Databases, FDA BEST System
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Table 2. Sequential Testing Resultsin Health Plan Members Aged 5-17 yearsby AESI Following BNT162b2 Primary Series
Dosesin CVSHealth, HealthCore, and Optum Databases

CVsS HealthCore Optum
Outcome Age Group Number Per son- Number Person-Time Number Per son-
of Doses Outcomes Time (Days) IR of Doses Outcomes (Days) IR of Doses Outcomes Time (Days) IR
o>11 739,974 <11 1,478,203 | 3.50 | 727,202 <11 1,449,597 | 5.39 | 680,186 0 1,348,722 | 0.00
Anaphylaxis 12-15 689,683 <11 1,378,721 | 3.95 | 772,261 <11 1,542,848 | 0.87 | 669,816 <11 1,337,763 | 550
16-17 349,440 <11 698,487 | 4.78 | 393,066 <11 785,267 | 1.48 | 337,391 <11 673,972 | 3.95
511 602,964 65 19,346,774 | 1.13 | 604,588 45 19,727,071 | 0.74 | 572,135 48 18,187,457 | 0.70
Appendicitis 12-15 572,563 90 18,568,541 | 1.10 | 652,741 88 21,526,254 | 0.87 | 565,049 87 18,251,418 | 0.94
16-17 291,301 44 9,505,378 | 0.99 | 334,608 55 11,200,565 | 1.01 | 285,726 47 9,336,794 | 0.89
511 675,779 13 21,785,514 | 1.17 | 673,161 12 22,150,403 | 1.01 | 635,935 <11 20,175,890 | 0.53
Bell'spalsy 12-15 623,855 14 20,275,128 | 1.08 | 709,401 22 23,491,552 | 1.18 | 615,692 1 19,893,989 | 0.57
16-17 314,933 <11 10,298,281 | 0.74 | 360,346 <11 12,108,973 | 0.78 | 308,945 <11 10,096,665 | 0.84
Common 511 603,631 0 15,063,681 | 0.00 | 605,189 0 15,253,024 | 0.00 | 572,768 0 14,156,025 | 0.00
thromboses with 12-15 573,509 0 14,326,988 | 0.00 | 653,821 <11 16,493,102 | 1.51 | 566,008 0 14,069,963 | 0.00
thrombocytopenia
16-17 291,770 <11 7,309,572 | 3.28 | 335,214 0 8,514,719 | 0.00 | 286,191 0 7,151,741 | 0.00
5 _ 511 603,606 0 15,062,839 | 0.00 | 605,162 0 15,252,307 | 0.00 | 572,759 0 14,155,801 | 0.00
eep vein )
thrombosis (DVT) 12-15 573,474 <11 14,325938 | 0.24 | 653,791 <11 16,492,356 | 1.19 | 565,957 0 14,068,697 | 0.00
16-17 291,601 <11 7,307,399 | 0.30 | 335,152 <11 8,513,141 | 1.14 | 286,133 <11 7,150,307 | 0.34
Disseminated o>11 603,622 14,973,673 | 0.00 | 605,194 <11 15,099,403 | 4.09 | 572,773 0 14,102,730 | 0.00
intravascular 12-15 573,509 14,304,512 | 0.00 | 653,820 16,440,576 | 0.00 | 566,010 14,053,504 | 0.00
coagulation (DIC)
16-17 291,775 7,298,174 | 0.00 | 335,215 8,488,263 | 0.00 | 286,198 7,144,258 | 0.00
Encephalitis/ 511 675,862 <11 21,498,513 | 0.83 | 673,262 21,766,827 | 0.00 | 636,003 20,177,981 | 0.00
myelitis/ 12-15 623,934 <11 20,201,159 | 1.65 | 709,494 <11 23,353,158 | 1.14 | 615,778 <11 19,896,658 | 0.62
encephalomyelitis
16-17 315,002 <11 10,263,177 | 1.29 | 360,397 0 12,041,649 | 0.00 | 308,985 0 10,097,982 | 0.00
Immune 11 603,512 <11 19,489,519 | 2.09 | 605,104 <11 19,960,730 | 1.91 | 572,717 <11 18,205,909 | 1.49
thrombocytopenia 12-15 573,435 <11 18,629,280 | 1.08 | 653,693 12 21,635,214 | 2.53 | 565,907 <11 18,279,130 | 0.85
ITP
(ITP) 16-17 291,710 <11 9,535,013 | 1.00 | 335,123 <11 11,256,120 | 1.78 | 286,147 <11 9,350,455 | 0.60
Myocarditis/Perica 511 603,585 <11 12,485,896 | 3.44 | 605,143 <11 12,561,157 | 3.03 | 572,742 <11 11,698,334 | 4.35
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rrg(“vsvfr}dﬁv ‘?Z}’l 12-15 573,445 31 | 11,941.308 [10.62* | 653742 | 23 | 13640542 | 9.06* | 565967 | 35 | 11,700,690 | 10.19*
settings) 16-17 291,721 28 6,071,623 |12.65* | 335,160 23 6,990,316 | 7.44* | 286,151 13 5,912,687 | 3.47*
Myocarditis/Perical 511 603,585 <11 4,201,903 | 5.10 | 605,143 <11 4,218,557 | 8.94 | 572,742 <11 3,965,884 | 10.26
rditis_(1-7 day risk 1215 . . .
window, all 573,445 22 4,005,827 |22.44* | 653,742 14 4,569,263 | 16.43* | 565,967 26 3,943,897 |22.44
settings) 16-17 291,721 22 2,037,440 | 29.60* | 335,160 19 2,341,915 |18.31* | 286,151 1 1,993,951 | 8.72*
Myocarditis/Perical >11 603,627 0 12,415,336 | 0.00 | 605,187 <11 12,519,919 | 16.62 | 572,773 | <11 | 11,698,984 | 3.49
rrigit'\f,i(nléﬁvfj% 12-15 573,501 19 11,924,350 | 22.98* | 653,800 12 13,627,693 | 16.86* | 566,007 21 11,701,527 | 18.64*
OP-ED) 16-17 291,767 22 6,063,130 | 20.76* | 335,210 15 6,983,839 | 9.07* | 286,174 <11 5,913,153 | 4.98*
Myocarditis/Perica 5-11 603,627 0 4,176,754 | 0.00 | 605,187 <11 4,207,157 | 48.87 | 572,773 | <11 3,966,101 | 10.29
rs\,litrl]fjg:-,\-,,7|?:y()r|§( 12-15 573,501 19 3,999,983 |68.36* | 653,800 <11 4,565,641 |41.78* | 566,007 19 3,944,177 |50.01*
ED) 16-17 291,767 18 2,034,590 |50.55* | 335,210 13 2,340,241 |23.39% | 286,174 | <11 1,994,109 |14.77*
511 603,613 <11 | 19,492,848 | 3.00 | 605,180 <11 19,963,122 | 0.47 | 572,762 0 18,207,458 | 0.00
Nar colepsy 12-15 573,450 <11 | 18,629,851 | 0.50 | 653,703 <11 21,635,586 | 0.73 | 565,952 <11 | 18,280,657 | 0.76
16-17 291,655 <11 9,533,109 | 0.82 | 335,066 <11 11,254,465 | 0.76 | 286,088 | <11 9,348,810 | 0.60
S>-11 603,620 0 14,973,614 | 0.00 | 605,190 <11 15,182,777 | 2.44 | 572,772 0 14,156,125 | 0.00

Non-hemorrhagic 12-15
Sroke 573,510 0 14,304,561 | 0.00 | 653,814 16,468,867 | 0.00 | 566,004 0 14,069,866 | 0.00
16-17 291,775 <11 7,298,163 | 1.65 | 335,217 8,502,438 | 0.00 | 286,197 | <11 7,151,916 | 0.99
511 603,628 0 15,109,619 | 0.00 | 605,187 15,312,029 | 0.00 | 572,776 0 14,156,230 | 0.00
aﬁgé??;ﬂ?ga 12-15 573,504 <11 | 14,338,531 | 1.06 | 653,808 16,512,834 | 0.00 | 566,002 | <11 | 14,069,828 | 0.56
16-17 291,724 <11 7,314,350 | 158 | 335,190 <11 8,524,694 | 1.79 | 286,159 0 7,150,951 | 0.00
_ 5-11 732,503 15 5,804,883 | 1.81 | 721478 24 5,748,418 | 1.79 | 676,710 12 5,356,934 | 1.33
Cf’,?ﬂ;ﬁs 12-15 685,589 17 5,467,492 | 1.60 | 768,292 20 6,136,727 | 1.11 | 666,728 13 5,310,571 | 1.16
16-17 347,431 1 2,770,390 | 1.63 | 391,217 17 3123757 | 1.27 | 335928 | <l1 2,675,382 | 0.91

Abbreviation: RR, rateratio; IP, inpatient; OP-ED, Outpatient Emergency Department
CVSHealth data through 5/31/2022, HealthCor e data through 5/6/2022, and Optum data through 6/25/2022
*indicates the AESI has signaled in the data.

Cell sizes 1-10 were masked for confidentiality

14

‘uoissiwiad INOYNIM Pamo|[e asnal oN "pPanIasal siybu ||y

Aimadiad ul juldaid ayy Aejdsip 01 asuadl| e AIxHpaw pajuelb sey oym ‘1apuny/ioyine ayl si (mainal Jaad Aq paljiliad 10U Sem Yoiym)
juudaud siys Joy Japjoy yhAdod ay L "Zzz0z ‘0€ 1990100 palsod UOISIaA SIY) '2€5T8222'82°0T°2202/TOTT 0T/Bi0"10p//:sdny :op jundaid Aixypaw


https://doi.org/10.1101/2022.10.28.22281532

