Haw =)
(( :HA S E \.,0 o Y
BT I"ennC"-

vAC mputi g Infer earning
lab at University o fP nnsylva

& Penn Medicine r OHDSI

Department of Biostatistics, Epidemiology and Informatics

Is Documented SARS-CoV-2 Infection within 14 days after
Vaccination a Negative Control Outcome of COVID-19 Vaccine?

--Findings from Sequential Target Trial Emulations

Yong Chen, Ph.D. FASA, FACMI, Professor of Biostatistics

Director of Center for Health Al & Synthesis of Evidence (CHASE)
Director of the Penn Computing, Inference and Learning (PennCIL) lab
University of Pennsylvania

October 8, 2024
- £ r



Empirical confidence interval calibration for ﬁ
population-level effect estimation studies in
observational healthcare data

Martijn J. Schuemie®>?, George Hripcsak®<9, Patrick B. Ryan®<, David Madigan®¢, and Marc A. Suchard®*9"

Background

3Observational Health Data Sciences and Informatics, New York, NY 10032; ®Epidemiology Analytics, Janssen Research & Development, Titusville, NJ 08560;
“Department of Biomedical Informatics, Columbia University, New York, NY 10032; “Medical Informatics Services, New York-Presbyterian Hospital, New
York, NY 10032; eDepartment of Statistics, Columbia University, New York, NY 10027; ‘Department of Biomathematics, University of California, Los Angeles,
CA 90095; 9Department of Biostatistics, University of California, Los Angeles, CA 90095; and "Department of Human Genetics, University of California,

Los Angeles, CA 90095

» Negative control outcome (NCQO) experiments have
become an important tool for addressing residual bias
such as unmeasured confounders and systematic bias in

real-world data (RWD) COVID-19 and Flu
. . Updated 2024-2025
* Diagnosis — report and check Naceines

e (Calibration — bias correction

h
» During the COVID-19 pandemic, comparative effective RSV Immunization to
research (CER) and target trial emulation (TTE) studies Protect Babies
on vaccine effectiveness have been particularly critical > <
RSV Vaccine for Older
» An important ongoing debate: whether infections Adults )

occurring within the first week(s) after COVID vaccination
should be considered as negative controls

https://www.vaccines.gov/ @ Penn Medicine



An Ongoing Debate

» Paper A (NEJM): the risk was similar during days 0-13

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE

BNT162b2 mRNA Covid-19 Vaccine

in a Nationwide Mass Vaccination Setting

Noa Dagan, M.D., Noam Barda, M.D., Eldad Kepten, Ph.D., Oren Miron, M.A,,

Shay Perchik, M.A., Mark A. Katz, M.D., Miguel A. Hernén, M.D.,
Marc Lipsitch, D.Phil., Ben Reis, Ph.D., and Ran D. Balicer, M.D.

=+ Unvaccinated

=+ Vaccinated

A Documented SARS-CoV-2 Infection
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0 7 14 21 28 35 42
Days
No. at Risk
Unvaccinated 596,618 413,052 261,625 186,553 107,209 37,164 4132
Vaccinated 596,618 413,527 262,180 187,702 108,529 38,029 4262
Cumulative No. of Events
Unvaccinated 0 2362 3971 5104 5775 6053 6100
Vaccinated 0 1965 3533 4124 4405 4456 4460

C Covid-19 Hospitalization

Cumulative
Incidence
(%)

0 7 14 21 28 35

Days

No. at Risk
Unvaccinated 596,618 414,865 264,377 189,808 109,867 38,432
Vaccinated 596,618 414,916 264,482 189,972 110,054 38,561

Cumulative No. of Events
Unvaccinated 0 58 125 198 244 256
Vaccinated 0 31 77 98 108 110

42

4309
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» Paper B (BMJ Open): week 1 had high effectiveness

BMJ) Open COVID-19 vaccination effectiveness
rates by week and sources of bias: a

retrospective cohort study

Anna Ostropolets @ ,' George Hripcsak'?

5

Vaccine effectiveness against

COVID-19 infection

Vaccine effectiveness against
COVID-19 hospitalization

COVID-19 test+ only

COVID-19 hospitalization (test+ only)

754

504

254

Vaccine effectiveness in % and 95% Cl

Week 1 Week 2 Week 3 Week 4

Week 5

& Penn Medicine




Scientific question

» Is documented SARS-CoV-2 infection within 14 days after vaccination a valid negative control
outcome (NCO) for COVID-19 vaccines?

Vaccinated cohort

m m First dose of COVID vaccine
£ %
0
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14 Days since index date

Observation of

Unvaccinated cohort outcomes of interest

Matched calendar date

e ‘

0 14 Days since inde; date
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Scientific Setup - PICO

» Database and study period
* PEDSnNet, ~7% US pediatrics population
* Omicron period: 2022-01-01 ~ 2022-11-16
» Selection Criteria
* Adolescents, age [12, 21)
* No infection or vaccination before trial start
* At least one visit 24 months before trial start
* No visit 3 days before trial start
» Intervention
* First dose of any COVID-19 vaccine versus no receipt of any type of COVID-19 vaccine
» Qutcome
* Documented SARS-CoV-2 infection within 14 days following cohort entry

I Y
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Statistical Analysis

» Step 1: Sequential target trial emulation design to enroll participants with eligibility and matching

criteria

Trial - Day 1

e —————

Vaccinated on day 1
If eligible <: [ y ] > 1to 14 days after index date >

Unvaccinated on day 1

Observation of infection of
l SARS-CoV-2 virus

Trial - Day 2

among patients who are
eligible

Vaccinated on day 2
ioi 1 to 14 days after index date
e . If eligible <: [ Unvaccinated on day 2 ] > > I

Within each trial, match \ l

Exact matching on age, .
gender, race/ethnicity, PMCA, |
and site index, with 1:1 ratio ,:

{ Repeat until day 319 } —— { Pool data of 319 trials J

_______________________
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Statistical Analysis

» Step 2: Modified Poisson regression model for binary outcomes to estimate the risk ratios (RRs)
between vaccinated and unvaccinated groups for the following outcomes measured within 14
days after cohort entry:

* Documented SARS-CoV-2 infection
* Documented influenza infection
* Alist of pre-specified NCOs

log(Pr(Y = 1)|A) = By + B14
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Statistical Analysis

» Step 3. Hypothesis testing comparing the candidate outcomes, documented SAR-CoV-2 and

influenza infection within 14 days following cohort entry, to the empirical distribution of pre-
specified NCOs

» Known list of NCOs ("OHDSI NCOs")

* e.g., wax in ear, insect bite, injury of right hand, within 14 days after COVID-19 vaccination
* have empirical distribution: 8; ~ N (u, c%)

» New drug-outcome pair: vaccination-documented SARS-CoV-2 infection within 14 days
* Estimated effect 77, estimated standard error 7
o Testif i~ N(4, 62 + t2)
* two-sided p value:

Schuemie, Martijn J., et al. "Interpreting observational studies: why empirical calibration is needed to correct p-values." Statistics in

medicine 33.2 (2014): 209-218. @ Penn Medicine



Results:

Adolescents (aged 12-20 y) without any prior
infections or vaccinations as of the beginning of
the vaccination campaign (January 1, 2022, 319

trials were emulated)

Study population and enrollment process 25650

! l

Were vaccinated before Were not vaccinated before
November 16, 2022 November 16, 2022
(n=42 641) (n=213 860)

Were excluded according to eligibility criteria,
applied dynamically for each trial

1) 7 986 was out of age constraint at trial start

2) 754 had infection or vaccination before trial start

A

3) 5571 had no visits 24 months before trial start Had same exclusion
4) 2 775 had visits within 3 days before trial start criteria (1-4) applied
(n=17 086) dynamically for each trial
h 4

Were eligible to be
included in the
vaccination cohort

(n=25 555)
Were not matched
(n=318)
A 4
. . v
Were matched, contributing Were matched, contributing
to the vaccinated group, or . .
. to the unvaccinated group
unvaccinated group, or both (n=22 652)
(n=25237) -
Matched as controls
before vaccination* ——
(n=2 494) J
v

A 4
Vaccinated group 1:1 Unvaccinated group*
- —>
(n=25 146) matching (n=25 146)

* person-trial

& Penn Medicine



Results:

Cumulative incidence of documented SARS-CoV-2 infection, and documented influenza infection

Documented SARS-CoV-2 infection

1.000 4

0.998 -

0.996 -

Overall survival probability

0.994 4

Unvaccinated

At Risk 25146 25101

Events 0 24

Vaccinated

At Risk 25146 25113

Events 0 4

4 6 8 10
Days since cohort entry

Unvaccinated — Vaccinated

25005 24898 24791 24699

44 73 104 125

25032 24937 24854 24780

13 23 31 35

24620

140

24719

39

24544

153

24647

43

Overall survival probability

Documented influenza infection

1.0
0.91
0.8
0.7 4
0.6
0 2 4 6 8 10 12 14
Days since cohort entry
Unvaccinated — Vaccinated
Unvaccinated
AtRisk 39 38 36 34 29 26 22 22
Events 0 2 4 8 10 14 16 17
Vaccinated
AtRisk 10 10 10 10 10 8 8 8
Events 0 0 0 0 2 2 2 2
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Results:

Forest plot of log relative risk of general NCOs, documented SARS-CoV-2 infection, and
documented influenza infection within and beyond 14 days after COVID-19 vaccination

General NCOs

Candidate NCOs
to be tested

Within 14 days after COVID vaccination

perforation of tympanic membrane
low back pain

cystic fibrosis

type 1 diabetes mellitus without complication 4
epilepsy

myopia -

vitamin d deficiency

obesity 4

allergic rhinitis

ingrowing nail {

displacements bone 4

snoring or obstructive sleep apnea -
cerebral palsy

leukemia 4

wax in ear or impacted cerumen -
injury of left leg |

seizure -

injury of head 4

closed fracture of distal end of radius 4
astigmatism -

acanthosis nigricans 4

scoliosis 4

injury of right leg {

autism or autistic disorder <

injury of right hand

injury of finger |

amenorrhea 4

hyperlipidemia {

impacted cerumen

concussion o

dental caries -

cyst of ovary

Documented COVID-19 infection -

PSS [ A O

logRR (95% Cl)

Beyond 14 days after COVID vaccination

low back pain
iatica

myopia
Injury of right foot
vitamin d deficiency
obesity

raynauds disease
chalazion

ingrowing nail

contact dermatitis

tinea capitis

hirschsprungs disease

bronchiectasis

cerebral palsy

sickling disorder due to hemoglobin s
leukemia

impetigo

wax in ear or impacted cerumen

seizure

postural kyphosis

foreign body in ear

ndice

high risk heterosexual behavior
amenorrhea

chronic instability knee

sleep apnea

panhypopituitarism

metabolic syndrome x

closed injury of head

lental caries

insect bite

cyst of ovary

perforation of tympanic membrane

cystic fibrosis

type 1 diabetes mellitus without complicatio
blepharitis

hordeolum
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epile
ureteric stone

n s
allergic rhinitis
biliary calculus

hemochromatosis

intentional self poisoning
displacements bone

snoring or obstructive sleep apnea
speech delay

hemorrhoids

type ii diabetes mellitus uncontrolled
injury of left leg

injury of upper extremity
dislocation of shoulder joint

injury of head

closed fracture of distal end of radius
astigmatism

non toxic uninodular goiter

acute conjunctivitis

acanthosis nigricans

coliosis.

osteoporosis

sprain of ankle

injury of right leg

tinea pedis

autism or autistic disorder

acute tonsillitis

injury of right hand

injury of finger

acne
hyperlipidemia
nicotine dependence
impacted cerumen
hashimoto thyroiditis
costal chondritis
sotropia

deviated nasal septum
speech dysfunction
concussion
cannabis abuse
hypertrophic scar
_ Gurvature _spine -

U
Documented COVID-19 infection

10gRR (95% Cl)
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Results:
EASE plot of general NCOs, documented SARS-CoV-2 infection, and documented influenza
infection within and beyond 14 days after COVID-19 vaccination

Within 14 days after COVID vaccination Beyond 14 days after COVID vaccination
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A possible explanation

Real-world data, within 14 days Real-world data, beyond 14 days RCT

/'
T ® @\@

V: COVID vaccination

Vp: COVID vaccination (biological)

V,: COVID vaccination (psychological, i.e., telling the patients that they will experience some flu/COVID-like symptoms)
Yy: True COVID infection within 14 days after COVID vaccination

Yy: Documented COVID infection within 14 days after COVID vaccination

Y;: True COVID infection beyond 14 days after COVID vaccination

Yy": Documented COVID infection beyond 14 days after COVID vaccination

U: unmeasured confounders, e.g., health seeking behavior

Q

JOURNAL OF THE AMERICAN STATISTICAL ASSOCIATION Tavlor &F .
2023, VOL. 118, NO. 544, 2671-2683: Theory and Methods aylor & rrancis

https://doi.org/10.1080/01621459.2022.2071276 Taylor & Francis Group

'.) Check for updates
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Conclusion

» A documented COVID infection within 14 days after vaccination seems not to be “exchangeable”
with commonly used NCOs like acute injuries

» Potential explanations such as health-seeking behavior for COVID-19 or flu-like symptoms can
be impacted by the event of vaccination itself, beyond the biological exposure of the vaccine

» A documented influenza infection could be considered as an NCO beyond 14 days, but not
within 14 days after COVID vaccination

» From Martijn: the utility/relevance of NCO depends on the hypothesis of interest

» Comments are welcome!
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