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Background. Cell-derived influenza vaccines are not subject to egg-adaptive mutations that have potential to decrease vaccine
effectiveness. This retrospective analysis estimated the relative vaccine effectiveness (rVE) of cell-derived quadrivalent influenza
vaccine (IIV4c) compared to standard egg-derived quadrivalent influenza vaccines (IIV4e) among recipients aged 4-64 years in the
United States during the 2019-2020 influenza season.

Methods. 'TheIQVIA PharMetrics Plusadministrative claims database was utilized. Study outcomes were assessed postvaccination
through the end of the study period (7 March 2020). Inverse probability of treatment weighting (IPTW) was implemented to adjust
for covariate imbalance. Adjusted rVE against influenza-related hospitalizations/emergency room (ER) visits and other clinical out-
comes was estimated through IPTW-weighted Poisson regression models for the ITV4c and IIV4e cohorts and for the subgroup with
21 high-risk condition. Sensitivity analyses modifying the outcome assessment period as well as a doubly-robust analysis were also
conducted. IPTW-weighted generalized linear models were used to estimate predicted annualized all-cause costs.

Results.  The final sample comprised 1 150 134 IIV4c and 3 924 819 IIV4e recipients following IPTW adjustment. IIV4c was
more effective in preventing influenza-related hospitalizations/ER visits as well as respiratory-related hospitalizations/ER visits com-
pared to IIV4e. IIV4c was also more effective for the high-risk subgroup and across the sensitivity analyses. IIV4c was also associated
with significantly lower annualized all-cause total costs compared to IIV4e (-$467), driven by lower costs for outpatient medical

services and inpatient hospitalizations.

Conclusions. 1IV4c was significantly more effective in preventing influenza-related hospitalizations/ER visits compared to IIV4e

and was associated with significantly lower all-cause costs.

Keywords. cell-derived influenza vaccine; egg-derived influenza vaccine; healthcare costs; influenza; relative vaccine

effectiveness.

Annual influenza vaccination is the most effective way to pro-
tect against influenza and its potentially severe complications
[1]. In the United States (US), the Centers for Disease Control
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and Prevention (CDC) recommends seasonal influenza vaccina-
tion for all individuals 26 months of age with rare exceptions [2].
Most influenza vaccines in the US are manufactured using a tra-
ditional egg-based process in which influenza viruses are grown
in chicken eggs [3, 4]. However, this can lead to egg adaptation
in which mutations can accumulate and alter viral antigenicity.
This can result in reduced vaccine effectiveness, particularly for
influenza A(H3N2) viruses [5, 6]. In addition, antigenic drift can
lead to alterations in some influenza viruses, which inhibit them
from replicating efficiently in chicken eggs [7].

The cell culture-derived, inactivated quadrivalent influenza
vaccine (IIV4c; Flucelvax Quadrivalent, Seqirus) is the only
cell-based inactivated influenza vaccine licensed for use in the
US. For the 2019-2020 influenza season, IIV4c was approved
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for use among individuals at least 4 years of age, and the cell-
based candidate vaccine viruses for all 4 influenza strains re-
commended by the World Health Organization (WHO) were
grown in cultured cells of mammalian origin [8]. Because
cell-derived influenza vaccines are not subject to egg-adapted
mutations, they have the potential to be more effective than
traditional egg-based influenza vaccines. The viruses used in
cell-derived vaccines may be more similar to the starting can-
didate virus than the viruses used in egg-derived vaccines.
Several recent real-world studies evaluating the relative vaccine
effectiveness (rVE) of ITV4c vs standard egg-derived quadriva-
lent influenza vaccines (IIV4e) showed a trend favoring IIV4c
across multiple populations [9-13].

Influenza activity in the US during the 2019-2020 influenza
season began to increase in November 2019, was consistently
high through January and February 2020, and began to de-
cline in March 2020 [14]. In November and December 2019,
B/Victoria viruses were dominant, whereas the A(HIN1)
pdmo09 virus became dominant from January until the end of
the season (which was shortened by the coronavirus disease
2019 [COVID-19] pandemic) [14, 15]. The 2019-2020 influ-
enza season is described as having moderate severity overall
and predominantly HIN1; however, the 2019-2020 influenza
season was atypical in that it was severe for age groups 0-4
years and 18-49 years (related to influenza B/Victoria vir-
uses), compared to influenza-associated hospitalization and
death rates among these age groups for other influenza sea-
sons [14, 15]. According to the WHO, there was significant an-
tigenic drift for HIN1 viruses that was even more pronounced
for egg-based vs cell-based vaccines [16]. Any assessment
of influenza-related burden during the 2019-2020 influenza
season must also consider the impact of the COVID-19 pan-
demic [17].

It is important to assess rVE of available vaccines during each
influenza season due to annual changes in epidemiologic pat-
terns of influenza. The current study adds data from a new in-
fluenza season, 2019-2020, for a representative, commercially
insured population 4-64 years of age in the US. The overall ob-
jective of the study was to estimate the rVE of IIV4c compared
to IIV4e in preventing influenza-related hospitalizations/emer-
gency room (ER) visits and respiratory-related hospitalizations/
ER visits during the 2019-2020 influenza season. Additionally,
annualized all-cause healthcare costs were compared between
IIV4c and ITV4e recipients in an economic analysis.

METHODS

Study Design

This retrospective claims-based analysis evaluated subjects
4-64 years of age in the US vaccinated with either IIV4c or
ITV4e during the 2019-2020 influenza season using the IQVIA
PharMetrics Plus database.

Data Source

PharMetrics Plus is one of the largest US commercial health
plan claims databases, comprising adjudicated claims for >190
million unique patients across the US, and considered repre-
sentative of the national, commercially insured population in
terms of age (<65 years) and gender. The data are de-identified
and compliant with the Health Insurance Portability and
Accountability Act.

Study Population and Time Period

Subjects with 21 medical or pharmacy claim for IIV4c or I[IV4e
during the selection window (4 August 2019-31 January 2020
[18]) were assigned to 2 mutually exclusive cohorts (Figure 1).
The study eligibility criteria are detailed in Figure 1. Definitions
followed similar published methods [9, 10].

For the purpose of this analysis, the 2019-2020 influenza
season was defined as beginning 4 August 2019 [18] and ending
7 March 2020. The study period began 4 February 2019 to allow
for a 6-month preindex or baseline period. While the actual
2019-2020 influenza season extended past 7 March 2020, the
2019-2020 study period ended on 7 March 2020 to minimize
any outcome misclassification that might be caused by the
COVID-19 pandemic. The date 7 March 2020 was selected due
to escalation of the COVID-19 pandemic, as more widespread
community transmission began around 15 March 2020 (week
12) [19]. Continuous health plan enrollment was required from
the start of the 6-month preindex period through 7 March 2020.
Patients were followed over a variable follow-up period for the
assessment of study outcomes, starting from 14 days after the
index date (allowing for the development of vaccine-specific
immunity) to the end of the influenza season (7 March 2020).
However, any hospitalizations with admission date before or on
7 March 2020, but with discharge date past 7 March 2020, con-
tinued to be considered for outcome assessment. As part of the
main analysis, the observation period was also restricted to the
high influenza activity period (HIAP). Outcomes were assessed
from (last of: [index date + 14] or [8 December 2019 {week 50}])
to 7 March 2020 (week 10). The HIAP was determined through
a moving epidemic method (MEM) algorithm, which was ap-
plied to CDC surveillance data in order to establish epidemic
thresholds for the start and end of the influenza season [20, 21].
The proportion of general practitioner visits due to laboratory-
confirmed influenza was evaluated, and the proportions from
week 50 through week 10 during the 2019-2020 influenza
season were determined to be above epidemic thresholds.

Study Outcomes

Study outcomes included hospitalizations/ER visits for events of
interest that were identified based on a hospitalization or ER visit
with a diagnosis code for the event in any position. Influenza-
related hospitalizations/ER visits were identified based on di-
agnosis codes for influenza (International Classification of
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IIV4c | | IIV4e

Subjects remaining (%)

Starting sample
Subjects with a claim (NDC or CPT code) for IIV4c or IIV4e from 4 August
2019 — 31 January, 2020 (selection window); mutually exclusive cohorts

1721437 (100%) 6578855 (100%)

! !

Subjects remaining due to
» CE =180 days prior to the index date
* CE in the same health plan through the end of the influenza season (7
March, 2020)
» Age >4 years and <65 years at index date

1399637 (81.3%)
1201280 (69.8%)
1154683 (67.1%)

5204448 (79.1%)
4490826 (68.3%)
3992109 (60.7%)

! l

Subjects remaining due to

* No influenza-related hospitalizations and ER visits or influenza-related office
visits between the start of the selection window and index date

* No influenza-related hospitalizations and ER visits or influenza-related office
visits between index date and 13 days after the index date

* Without >1 influenza vaccine on the index date, or 21 influenza vaccine
during the influenza season other than the index vaccine

* Without data quality issues

1152181 (66.9%) 3982737 (60.5%)

1150994 (66.9%) 3978379 (60.5%)

1140 148 (66.2%) 3932272 (59.8%)

1138969 (66.2%) 3926357 (59.7%)

Final sample

| 1138969 (66.2%) | | 3926357 (59.7%) |

Figure 1. Patient selection. Abbreviations: CE, continuous enroliment; CPT, Current Procedural Terminology; ER, emergency room; 1IV4c, cell-derived quadrivalent influenza
vaccine; IIV4e, standard egg-derived quadrivalent influenza vaccine; NDC, National Drug Code.

Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]:
487.x, 488.x; International Classification of Diseases, Tenth
Revision, Clinical Modification [ICD-10-CM]: J09.x, J10.x, J11.x
[22]). Hospitalizations/ER visits related to any respiratory event
(ICD-9-CM: 460.x-519.x; ICD-10-CM: Jxx]), pneumonia, and
asthma/chronic obstructive pulmonary disease (COPD)/bron-
chial events were also assessed. These definitions followed pre-
viously published methods [9, 10, 23]. Urinary tract infection
(UTT)-related hospitalizations were evaluated as a negative
control outcome [23, 24]. For each outcome of interest, the first
occurring event at the subject level was identified. A subject
could contribute an event to >1 outcome of interest. Number
and rates (events per 1000 vaccinated patients) for each out-
come were evaluated. Influenza-related hospitalization/ER
visits and respiratory hospitalization/ER visits were evaluated
over the HIAP.

Covariates

Baseline demographic characteristics (Supplementary Table
1) were assessed at the index date. Clinical characteristics
(Supplementary Table 2) were measured over the 6-month
preindex period (not including the index date, unless otherwise
specified). In addition, 7 potential indicators of health-seeking
behavior [18] were reported over the 6-month preindex period
to determine whether unmeasured confounders could still have
affected the study results (Supplementary Table 3).

Statistical Methods
Descriptive statistics include mean, standard deviation (SD),
and median for continuous variables and frequencies and

percentages for categorical variables. Standardized mean dif-
ference (SMD) was used to evaluate baseline covariate balance
between the 2 cohorts. An SMD (absolute) of 20.10 between
cohorts was considered a sign of imbalance [25].

Due to the potential for bias in the selection or receipt of an influ-
enza vaccine, inverse probability of treatment weighting (IPTW)
was used to adjust for imbalances in measured confounders be-
tween the cohorts. Weights were constructed in a logistic regres-
sion model that included baseline variables considered clinically
relevant or that were imbalanced in the unadjusted sample: age
group, gender, payer type, US Department of Health and Human
Services region, Charlson Comorbidity Index score, preindex hos-
pitalization, and preindex pharmacy cost. Further details of the
IPTW method can be found in a previous publication [9].

IPTW-weighted univariate Poisson regression models were
developed to allow for a more robust regression adjustment and
to reduce any residual confounding and associated bias. The
Poisson regression models were used to estimate adjusted rate
ratios (RRs) along with corresponding 95% confidence intervals
(CIs) for IIV4c compared to IIV4e. Adjusted rVE was calcu-
lated as ([1 - RR] x 100%).

All analyses for this study were performed using SAS soft-
ware release 9.4 (SAS Institute, Cary, North Carolina).

Missing Data

Baseline categorical variables with missing values were clas-
sified as “unknown.” However, patients were required to have
data recorded on age, gender, geographic region, and payer type
to be considered eligible for the study sample. Study outcomes
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were determined based on observed records for healthcare ac-
tivity and associated diagnosis codes.

Additional Analyses

Subgroup Analysis

A high-risk subgroup was evaluated for the rVE assessment.
Patients in this subgroup were identified based on having 21
claim during the 6-month preindex period with a diagnosis
code, drug code, or procedure code associating them with clin-
ical conditions for which influenza vaccination is indicated due
to higher risk for influenza complications: chronic liver, neu-
rological, respiratory, heart, or kidney disease; diabetes; im-
munosuppression; morbid obesity; pregnancy; and asplenia or
dysfunction of the spleen. These clinical risk groups were de-
rived following review of international guidelines from coun-
tries where risk-based vaccination is recommended (eg, United
Kingdom, Germany, Taiwan, Brazil [26-32]). IPTW was con-
ducted separately for the high-risk subgroup.

Sensitivity Analysis

Two sensitivity analyses were conducted among the overall
cohort and the high-risk subgroup for the assessment of rVE
against influenza-related hospitalization/ER visits and respira-
tory hospitalization/ER visits.

The first sensitivity analysis was conducted for a shortened
influenza period, truncated at 15 February 2020 (end of week 7),
to help eliminate the potential impact of earlier-than-expected
community transmission of COVID-19 from the analysis [33].

The second sensitivity analysis was a doubly-robust anal-
ysis following the methodology of recent studies [12, 18] to
test the robustness of the findings from the main analysis.
Doubly-robust analysis included the IPTW weight and all vari-
ables from the IPT'W logistic regression model as covariates in
the outcome regression model. Doubly-robust adjustment is
used to account for any residual confounding from measured
covariates [34].

Economic Analysis

Annualized all-cause healthcare costs were evaluated over the
variable follow-up period (starting 14 days after the index date)
for the overall IIV4c and IIV4e cohorts. Weighted generalized
linear models (GLMs) with log link functions and gamma dis-
tribution were developed to estimate predicted mean annual-
ized all-cause costs for the first 3 outcomes: total healthcare
costs, outpatient medical costs, and outpatient pharmacy costs.
Outliers were adjusted for by capping the respective postindex
annualized cost at the 99th percentile [35]. Two-part GLM
models were developed for the last 2 outcomes: inpatient costs
and ER visit costs because hospitalizations and ER visits were
infrequent. The first GLM had a binomial distribution and logit
link to estimate odds of having a non-zero cost for the outcome
of interest. The second GLM had a gamma distribution and

log link to estimate the cost of the outcome of interest, among
patients with the outcome of interest. Adjustment for outliers
was made by capping cost at the 99th percentile among patients
with at least 1 such outcome. Parameter estimates of the GLMs
were used to derive the predicted recycled means, and 95% Cls
were obtained through bootstrapping (500 replications).

RESULTS

Study Sample

We initially identified 1 721 437 IIV4c and 6 578 855 IIV4e
recipients during the 2019-2020 influenza season selection
window. After applying the eligibility criteria, the final unad-
justed sample comprised 1 138 969 IIV4c and 3 926 357 IIV4e
recipients, or 66.2% and 59.7% of the initial sample, respectively
(Figure 1). Following IPTW adjustment, the final adjusted
sample comprised 1 150 134 ITV4c and 3 924 819 IIV4e recipi-
ents. Of these, 21.5% and 19.6%, respectively, were included in
the high-risk subgroup due to baseline presence of a high-risk
condition.

Patient Characteristics

Baseline patient characteristics prior to IPTW adjustment are
presented in Supplementary Tables 1 and 2. Baseline indica-
tors of health-seeking behavior are presented in Supplementary
Table 3. A few demographic characteristics were imbalanced
prior to adjustment. IIV4c recipients were older than IIV4e
recipients, with a mean age of 42.6 (SD, 16.1) years and 35.5
(SD, 19.6) years, respectively. There was variation in geographic
region between the 2 cohorts with 53.4% of IIV4c recipients lo-
cated in the South compared to 35.9% of IIV4e recipients. The
proportion of Medicaid enrollees was lower among the IIV4c
cohort (0.1% and 0.7%, respectively). IIV4c recipients also
had higher mean outpatient pharmacy costs than IIV4e pa-
tients ($1503 and $1341) during the 6-month baseline period.
Post-IPTW, following adjustment for potential confounders,
both cohorts were well-balanced across all measured baseline
covariates with SMDs (absolute) <0.06 (Supplementary Tables
3-5).

Clinical Qutcomes

Event rates post-IPTW are presented in Supplementary Figure
1. Unadjusted rVE is presented in Supplementary Table 6, and
adjusted rVEs following IPTW and Poisson regression adjust-
ment are presented in Figure 2 for the overall cohort. The unad-
justed rVE against influenza-related hospitalizations/ER visits
for IIV4c vs IIV4e was 22.7% (95% CI, 18.6%-26.7%), whereas
the adjusted rVE was 5.3% (95% CI, 0.5%-9.9%). Adjusted rVE
was also significantly higher for IIV4c in preventing hospital-
izations/ER visits related to any respiratory event (8.2% [95%
CL 6.5%-9.8%]), pneumonia (6.7% [95% CI, 2.1%-11.1%]), or
asthma/COPD/bronchial events (7.6% [95% CI, 5.2%-9.9%]).
The rVE for UTI-related hospitalizations was not significant,
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Overall, 4-64 years, IIV4c (n = 1 150 134) vs IIV4e (n = 3 924 819)

Influenza-related hospitalizations/ER visits
Any respiratory hospitalization/ER visit
Pneumonia hospitalizations/ER visits

Asthma/COPD/bronchial hospitalizations/ER visits

5.3%
—_—,——

8.2%
——

6.7%
_——

7.6%
——

—1.3%

UTT hospitalizations
Influenza-related hospitalizations/ER visits - HIAP

Any respiratory hospitalization/ER visit - HIAP

5.7%

7.3%

~15.0%  —-10.0%

-5.0% 0.0% 5.0% 10.0% 15.0%

Favors [IV4e Favors [IV4c

Adjusted rVE

20.0%

Figure 2. Adjusted relative vaccine effectiveness, overall (4-64 years old), post—inverse probability of treatment weighting and Poisson regression. Abbreviations: COPD,
chronic obstructive pulmonary disease; ER, emergency room; HIAP, high influenza activity period; IV4c, cell-derived quadrivalent influenza vaccine; 11V4e, standard egg-
derived quadrivalent influenza vaccine; rVE, relative vaccine effectiveness; UTI, urinary tract infection.

further suggesting that the 2 cohorts were well-balanced. IIV4c
was associated with significantly higher rVE in preventing
influenza-related hospitalization/ER visits (5.7% [95% CI, .8%—
10.4%]) and any respiratory hospitalization/ER visit (7.3% [95%
CI, 5.4%-9.2%]) during the HIAP.

Among the high-risk subgroup, similar trends were observed.
IIV4c was significantly more effective than ITV4e against hospi-
talizations/ER visits related to influenza, any respiratory event,

pneumonia, and asthma/COPD/bronchial events (Figure 3).
Notably, rVE against influenza-related hospitalizations/ER
visits for ITV4c vs IIV4e increased from 5.3% (95% CI, .5%—
9.9%) for the overall cohort to 10.5% (95% CI, 2.9%-17.5%) for
the high-risk subgroup. IIV4c was associated with significantly
higher rVE in preventing influenza-related hospitalization/ER
visits and any respiratory hospitalization/ER visit during the
HIAP for the high-risk subgroup.

High-risk, 4-64 years, [IV4c (n = 247 172) vs IIV4e (n = 767 973)

Influenza-related hospitalizations/ER visits
Any respiratory hospitalization/ER visit
Pneumonia hospitalizations/ER visits

Asthma/COPD/bronchial hospitalizations/ER visits

10.5%

<

9.7%
——

8.0%

<

8.6%
——

0.8%

UTT hospitalizations
Influenza-related hospitalizations/ER visits - HIAP

Any respiratory hospitalization/ER visit - HIAP

9.9%

<

8.7%

15.0% 10.0%

5.0% 0.0% 5.0% 10.0% 15.0%
_ Favors ITVde Favors IIV4c

< >

Adjusted rVE

20.0%

Figure 3. Adjusted relative vaccine effectiveness for the high-risk subgroup (4-64 years old), post—inverse probability of treatment weighting and Poisson regression.
Abbreviations: COPD, chronic obstructive pulmonary disease; ER, emergency room; HIAP, high influenza activity period; IIV4c, cell-derived quadrivalent influenza vaccine;
[IV4e, standard egg-derived quadrivalent influenza vaccine; rVE, relative vaccine effectiveness; UTI, urinary tract infection.
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Overall patients
IIV4c (n =1 150 134) vs [IV4e (n = 3 924 819)

High-risk (4-64 years) patients
1IV4c (n = 247 172) vs IIV4e (n = 767 973)

Main Analysis 5.3% 10.5%
Influenza-related hospitalizations/ER visits g <
8.2% 9.7%
Any respiratory hospitalization/ER visit
5.7% 9.9%
Influenza-related hospitalizations/ER visits - HIAP - <
7.3% 8.7%
Any respiratory hospitalization/ER visit - HIAP
Shortened Influenza Period 5.9% 8.5%
Influenza-related hospitalizations/ER visits < <
9.1% 9.9%
Any respiratory hospitalization/ER visit
Doubly-Robust Analysis - N 6.8% 4%
Influenza-related hospitalizations/ER visits 3 o
49, 9
Any respiratory hospitalization/ER visit ,_gio_. 100‘3 i
-5.0% 0.0% 5.0% 10.0% 15.0% -5.0%  0.0% 5.0% 10.0%  15.0%  20.0%
Favors [IV4e  Favors [IV4c Favors IIV4e  Favors IIV4ce
Adjusted rVE Adjusted rVE

Figure 4. Sensitivity analysis. Abbreviations: ER, emergency room; HIAP, high influenza activity period; IIV4c, cell-derived quadrivalent influenza vaccine; IIV4e, standard

egg-derived quadrivalent influenza vaccine; rVE, relative vaccine effectiveness.

Sensitivity Analyses

Results from the sensitivity analyses were consistent with the
main analysis for the overall cohort and the high-risk subgroup
(Figure 4). Following IPTW and Poisson regression adjust-
ment, [IV4c was associated with significantly higher rVE in
preventing influenza-related hospitalization/ER visits and any
respiratory hospitalization/ER visit during the shortened influ-
enza period, as well as in the doubly-robust analysis. The one
exception was for rVE against influenza-related hospitalization/
ER visits for the shortened influenza period, which was similar
in magnitude and direction, but no longer significant among
the high-risk subgroup.

Economic Analysis

Following IPTW and GLM adjustment, IIV4c was associated
with significantly lower predicted mean annualized all-cause total
costs per patient compared to IIV4e ($6769 vs $7236, P < .0001).
This difference in costs (-$467) was primarily driven by signifi-
cantly lower outpatient medical and inpatient costs (Table 1).

DISCUSSION

This retrospective analysis of individuals aged 4-64 years
during the 2019-2020 influenza season found that IIV4c was
significantly more effective than IIV4e in preventing influenza-
related hospitalizations/ER visits and respiratory-related hos-
pitalizations/ER visits. Findings were very similar in terms of
both magnitude and direction between the full outcome as-
sessment period (4 August 2019-7 March 2020) and the HIAP
(8 December 2019-7 March 2020), suggesting that IIV4c was
significantly more effective than IIV4e in preventing influenza-
related and respiratory-related hospitalizations/ER visits during
both periods. For example, among the overall sample, adjusted
rVE was significantly higher for IIV4c against influenza-related
hospitalizations/ER visits over the full outcome assessment
period (5.3% [95% CI, .5%-9.9%]) as well as the HIAP (5.7%
[95% CI, .8%-10.4%]). The HIAP is a critical assessment that
helps to improve specificity given the insufficient use of labo-
ratory confirmation of influenza in clinical practice. The data
were robust across the high-risk subgroup of patients and the

Table 1. Economic Outcomes After Inverse Probability of Treatment Weighting and Generalized Linear Model Adjustment
IIV4c 1IV4e
(n=1150134) (n=3924819)

Predicted Mean Annualized All-Cause Cost Mean (95% CI) Mean (95% CI) Incremental Mean
Total® $6769 ($6760-$6778) $7236 ($7231-$7241) $467
Inpatient $1241 ($1235-$1249) $1400 ($1395-$1405) $158
Outpatient medical $3376 ($3370-$3382) $3658 ($3655-$3660) $282
Emergency room $227 ($226-%$229) $252 ($251-$253) $25
Outpatient pharmacy $1779 ($1777-$1779) $1806 ($1806-$1807) $28

Nonoverlapping Cls indicate statistical significance. Incremental mean = [IV4e — [IV4c.
Abbreviations: Cl, confidence interval; IIV4c, cell-derived quadrivalent influenza vaccine; lIV4e, standard egg-derived quadrivalent influenza vaccine.
“Total = outpatient pharmacy + inpatient + outpatient medical + emergency room.
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sensitivity analyses were consistent with the main analysis. There
was one exception for the high-risk subgroup during the short-
ened influenza period in which rVE against influenza-related
hospitalizations/ER visits was similar to the main analysis in
terms of magnitude and direction, but was nonsignificant. Of
note, rVE against influenza-related hospitalizations/ER visits
almost doubled in the high-risk subgroup compared to the
overall cohort. Our study findings for the current 2019-2020
influenza season corroborate findings from real-world studies
of the 2017-2018 and 2018-2019 influenza seasons and sup-
port the trend favoring IIV4c relative to IIV4e [9-13] across
several distinct influenza seasons with varying epidemiologic
characteristics. For instance, the study authors found that ITV4c
was associated with an rVE against influenza-related hospital-
izations/ER visits of 14.4% in 2017-2018 (a high severity season
where A[H3N2] was predominant) and 6.5% in 2018-2019 (a
moderate-severity season where A[HIN1]pdm09 was predom-
inant from October to mid-February, followed by A[H3N2]
compared to I[IV4e) (both P <.05) [9, 10].

This is the only study to compare rVE of IIV4c vs IIV4e
during the 2019-2020 influenza season among a population
aged 4-64 years in the US. One study similarly compared rVE
of IIV4c vs IIV4e during the 2019-2020 influenza season, but
it evaluated a Medicare Fee-for-Service population 265 years
old [18]. In that study, a positive rVE was reported for IIV4c in
preventing influenza-related hospital encounters, but this was
nonsignificant (2.8% [95% CI, -2.8% to 8.2%]). The difference
in study findings may be related to the underlying differences
in the study population, notably age (eg, 40.9%-41.6% were
18- to 49-year-olds in our study, and 50.4%-51.1% were 65- to
74-year-olds in the other study) and type of health insurance,
limiting any direct comparisons. For example, frailty is asso-
ciated with reduced vaccine effectiveness, and increased age is
associated with reductions in humoral immunity and certain
aspects of cell-mediated immunity [36]. The difference in study
findings may also be related to circulating strains. During the
2019-2020 influenza season, there was no significant circula-
tion of influenza A(H3N2) [14]. The influenza A(H3N2) virus
is responsible for the majority of influenza morbidity and mor-
tality among the elderly, and the greatest impact in the elderly
occurs during years when A(H3N2) is the predominant cir-
culating strain [36]. It is also important to note that the other
study included the assessment of recombinant quadrivalent he-
magglutinin vaccine, which is produced in insect cells (RIV4;
Flublok, Sanofi Pasteur). RIV4 is indicated in individuals at
least 18 years of age and would be relevant to the 18- to 64-year-
old population in our study. We initially considered the inclu-
sion of RIV4 in the current analysis. However, among recipients
of IIV4c, IIV4e, or RIV4 during the 2019-2020 season in the
PharMetrics Plus database, only 4.8% received RIV4. Therefore,
we considered an analysis including a RIV4 cohort to be under-
powered. Any future analyses will continue to consider RIV4.

Our study also found that IIV4c was associated with signifi-
cantly lower predicted mean annualized all-cause total health-
care costs postvaccination (-$467 per subject) compared to
IIV4e. We have not identified any other studies comparing ec-
onomic outcomes between cell-derived and egg-derived vac-
cines during the 2019-2020 influenza season, although prior
real-world studies evaluating the 2017-2018 and 2018-2019
influenza seasons similarly showed ITV4c to be associated with
significant cost savings vs [IV4e [9, 10].

Our study has limitations related to the retrospective study
design as well as the utilized data source. Results from retrospec-
tive studies must be interpreted with caution as they can only
establish associations. Both vaccine cohorts were well-balanced
post-IPTW, but it is possible that imbalances remained due to
potential unmeasured confounders. Administrative claims data
are collected primarily for the purposes of payment and do not
provide as much clinical detail as medical records. Therefore,
the potential for miscoding or misclassification exists. Because
diagnostic test results were unavailable in the data, we relied
on diagnosis codes to identify laboratory-confirmed influ-
enza. However, we anticipate the sensitivity of having influenza
to be high when an ICD code for influenza is recorded in the
hospital/ER setting following clinical practice guidelines [37].
Finally, since the study sample employed was largely commer-
cially insured or self-insured, these findings may not be repre-
sentative of the uninsured or Medicaid populations. Despite
these limitations, our study also has important strengths. We
used robust methodology to adjust for imbalances in meas-
ured confounders and to account for residual confounding in
our estimation of adjusted clinical and economic outcomes. We
evaluated a large sample overall as well as a relevant high-risk
population. The findings from the main analysis were also ro-
bust across several sensitivity analyses.

CONCLUSIONS

In our adjusted analysis of individuals aged 4-64 years during
the 2019-2020 influenza season, IIV4c was significantly more
effective in preventing influenza-related hospitalizations/ER
visits and respiratory-related hospitalizations/ER visits com-
pared to IIV4e. Similar trends were observed among the high-
risk subgroup. The results were robust across 3 sensitivity
analyses. IIV4c was also associated with significantly lower
annualized all-cause total healthcare costs. Further research
is needed to validate these findings during future influenza

seasons.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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