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Key Points

• Results of cohort studies evaluating the risk of appendicitis after mRNA COVID-19 vaccines are heterogeneous.

• Our analysis suggests that the discrepancies between results of these studies is mainly linked to the choice of control groups.

• Selection of comparator group was particularly difficult with COVID-19 vaccines given the large proportion of population exposed, often

by using the same vaccine platform.

• Using self-controlled design could be an interesting option to addresses these issues.

• Sensitivity analyses are crucial to assess the degree of variability in the results of a study according to methodological choices.

1 | INTRODUCTION

Whether mRNA COVID vaccines could increase the risk of appendici-

tis has been raised from the phase 3 clinical trial of BNT162b2 in

which the rate of appendicitis disproportionately affected vaccinated

volunteers.1 The US Food and Drug Administration advisory commit-

tee thus enjoined for further signal detection efforts in adding appen-

dicitis as an adverse effect of special interest.2 This signal has then

been assessed in three large nationwide cohort studies who provided

very discrepant results.3–5 Whether three large pharmaco-

epidemiological studies can produce widely discrepant results in using

the same design for a relatively simple outcome deserve to be

explored.

2 | METHOD

We extracted study characteristics and incidence rates of appendicitis

from the three studies.

We then performed a random-effect meta-analysis of incidence

rate of appendicitis in control and vaccinated groups and of incidence

rate ratio (IRR) in vaccinated compared to nonvaccinated groups. Sta-

tistical analysis was performed with R (version 4.1.1).

3 | RESULTS

The main methodological characteristics of these studies are

described in Table 1. All these studies assessed the risk of appendicitis

21 days after vaccination using a cohort design. However, outcomes

definitions and appendicitis identification were slightly different dueClement Jambon-Barbara and Claire Bernardeau are co-first authors.
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to different coding systems (ICD-9 or ICD-10) and selective inclusion

of appendectomies. More importantly, the choice of the comparator

group and matching/weighting procedures were highly heteroge-

neous between studies (Table 1).

The results of the meta-analysis assessing the risk of appendicitis

was IRR = 1.02 (95% CI 0.78, 1.34), with a large heterogeneity

(I2 = 80%) (Figure 1). The incidence of appendicitis in vaccinated

groups was highly similar for two studies (Barda et al and Kildegaard

et al.) with an incidence of 1487 (95% CI 1216, 1818) and 1456 (95%

CI 1350, 1571) cases per 1 000 000 person years respectively. The

incidence of appendicitis was inferior in the Klein et al. study, proba-

bly because of the noninclusion of appendicectomies. However, the

incidence of appendicitis was more heterogeneous in control groups

notably for Barda et al. and Kildegaard et al. with an incidence of

1033 (95% CI 811, 1315) and 1512 (95% CI 1404, 1630) per

1 000 000 person years, respectively. This large discrepancy in inci-

dence rate in control groups explain the discrepant results of these

two studies, IRR = 1.44 (95% CI 1.05, 1.97) for Barda et al. and 0.96

(95% CI 0.87, 1.07) for Kildegaard et al.

4 | DISCUSSION

The case of appendicitis well illustrate the range of options available

to pharmacoepidemiological researchers when designing a study.6

Multitudes of methods are possible which all have their pros and cons,

making the evaluation of a safety signal on the basis of these results

challenging. The result of the meta-analysis of these three studies is in

favor of an absence of risk of appendicitis 21 days after mRNA

COVID-19 vaccination but with a strong heterogeneity, making the

unique role of sampling variance unlikely. Heterogeneity between

observational studies addressing the same research question may

occur from differences in data sources, set of inclusion/exclusion cri-

teria, confounders, duration of baseline assessment, date of entry in

the cohort, outcome and exposure risk algorithm and analytical strate-

gies…7,8 Our analysis suggests that the discrepancies between results

of these studies is mainly linked to the choice of control groups. Com-

parator selection is cornerstone in observational studies to limit con-

founding by indication, leading to an imbalance between treatment

groups in the baseline level of risk for the outcome of interest. Use of

active-comparator and new-user design in cohort studies is currently

one of the best option for increasing comparability of measured and

unmeasured confounding factors between groups before further sta-

tistical adjustment and to account for time-related bias (i.e. ‘depletion
of the susceptible’ and immortal time bias).9,10

The choice of a suited comparator group was particularly difficult

for studies assessing adverse events risks after COVID-19 vaccines

given that, in western countries, a large proportion of the population

have been vaccinated, often by using the same vaccine platform

(i.e. mRNA COVID-19 vaccines), thus no active-comparator group

could be found and nonvaccinated vanished rapidly. Moreover, given

the dynamic nature of the pandemic most of the control and vacci-

nated individuals have been infected by the SARS-CoV2 making it dif-

ficult to distinguish between the role of the vaccine or the virus.

To deal with these difficulties and increase the comparability

between groups Klein et al, used post vaccinated patients as compara-

tor. Whether this strategy may increase global mean comparability of

patient's characteristics, it do not ensure individual similarity of base-

line risk of appendicitis between exposed and control groups. One of

the main methodological solution, that have not been used to assess

the risk of appendicitis after COVID-19 vaccination, is to use self-

controlled designs. Indeed, case only designs such as self-controlled

case series are particularly adapted to repeated intermittent drug

exposure with risk periods immediately following drug use.11 Given

the difficulty to identify nonvaccinated-noninfected groups for which

the exchangeability assumption could be reasonably met, these

designs could be a relevant alternative. They have, for example, been

recently successfully used to assess the risk of arterial and venous

thromboembolic events with mRNA or adenoviral based COVID

vaccines.12–14

These results further stress the importance of conducting sensi-

tivity analyses in pharmaco-epidemiological studies, which make it

possible to assess the degree of variability in the results of a study

according to the methodological choices made. Such sensitivity ana-

lyses must ideally be formalized a priori rationale to aid decision-

maker assessment and increase the utility of the findings.15 Yet,

recent studies have demonstrated that conducting hundreds or thou-

sands of sensitivity analyses to evaluate the influence of design and

F IGURE 1 Forest plot of Incidence Rate of appendicitis in vaccinated and control groups, and Incidence Rate Ratio of appendicitis with
mRNA COVID vaccines compared to nonvaccinated.
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analysis choices for studies conducted in healthcare database is

becoming feasible and could be one of the future direction to appraise

the robustness of pharmacoepidemiological results.7
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