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Background: The objective of this study was to estimate the long-term healthcare utilization and cost burden of RSV by
chronological age of diagnosis (Year 1, Year 2 and Years 3—5 cohorts) as well as by gestational age at birth in Japan.

Methods: The JMDC database was used to retrospectively identify RSV and control patients between February 1, 2011 and
January 31, 2016 and follow them through December 31, 2017. Infants with RSV infection (n = 9028 in Year 1; n = 4929 in Year
2; n = 2004 in Years 3—5) were matched to controls (n = 17,886; n = 9351; n = 3655, respectively) based on gestational age and year
and quarter of birth; controls were assigned the index date (ie, diagnosis) of their respective match. Covariate-balancing propensity
score weights were employed adjusting for remaining imbalances between cohorts. The main outcomes were average cumulative rates
for all-cause, asthma/wheezing, and respiratory-related hospitalizations, physician and urgent care/emergency visits and associated
costs (reported as 2018 ¥JPY) over 36-months of follow-up since index.

Results: Healthcare utilization was significantly higher among RSV cases for most comparisons. All-cause average differential cost
burden was higher for RSV, compared to controls, among the following cohorts: Year 1 full-term (¥277,727); Year 2 preterm
(¥530,302), late preterm (¥270,797), full-term (¥238,832); Years 3-5 preterm (¥110,057), late preterm (¥486,670), full-term
(¥289,986). While all-cause costs were similar for preterm and late preterm children in the Year 1 cohort, respiratory- and asthma/
wheezing-related attributable costs were substantially higher for RSV.

Conclusion: RSV infection had a significant long-term health and economic burden among children infected during their first year of life
and later in life. Study findings have import for prevention strategies, currently directed at maternal immunization and monoclonal
antibodies for preventing primary RSV infections in the first six months of life and beyond but also for older age not targeted currently.
Keywords: respiratory syncytial virus, long-term follow-up, lower respiratory tract infection, prematurity

Introduction
Causing an estimated 33 million lower respiratory tract infections (LRTI) annually worldwide,' respiratory syncytial
virus (RSV) causes substantial morbidity and mortality among children ages 5 and under. Among children under the age
of 5, RSV is responsible for approximately 3.2 million cases of severe LRTI* and between 66,000 and 199,000 deaths
per year." RSV infections occur in nearly every child by the age of 2 years,” and are the leading cause of hospitalizations
in this age group.! Those under the age of 6 months are particularly vulnerable to severe infections requiring
hospitalization,* and about half of all annual deaths from RSV-related bronchiolitis occur within this age group.'?
Most studies examining the long-term impacts of RSV on recurrent wheezing, asthma, healthcare utilization or costs,
study the impacts of disease in the first year of life, sometimes in the first and second and rarely beyond that.’ The reason
is that most primary infection with RSV occurs in the first two years of life,° when most of the severe disease occurs.’

The global burden of disease studies estimate burdens in the first year of life and between one and five years of life, while
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it is estimated that at least a third of the burden occurs beyond the first year of life.>® In a previous study in the US, we
observed that the majority of utilization and costs occurred in the first 2 to 3 years following an RSV infection.’'

In recent years, the number of new RSV cases in Japan has been reported at an all-time high, rising from weekly
number of reported cases of about 3000 at the peak of the season in 2008 to 2009 to more than 7000 at the peak of season
from 2014 to 2015.'" The reason for the increase has partially been attributed to an increase in testing and reporting sites,
expansion of the insurance system, as well as an increase of RSV cases seen at outpatient clinics.'' With the spread of the
coronavirus-19 pandemic and associated imposed infection control measures, the prevalence of RSV in Japan in 2020
was extremely low; however, due to accumulation of susceptible persons during the pandemic and loosening of social
restrictions, the year 2021 saw a multi-fold increase in cases compared to the historical norm."?

Estimates of the longitudinal impacts of RSV infection with respect to healthcare resource use (HCRU) and costs are
largely unquantified in Japan. Previously published estimates suggest that annual resource use and costs are substantial for
children <5 years of age, with an average hospital stay between 6 and 7.5 days, and total healthcare costs between
approximately ¥JPY 262,000 ($USD 2374 in 2018) and ¥JPY 420,000 ($USD 3806 in 2018)."*'* However, prior estimates
may underestimate the economic burden of RSV based on limited follow-up, which would inadequately capture downstream
costs associated with the RSV infection. Beyond initial infections, children who recover from RSV frequently live with long-
term respiratory tract complications that commonly require additional healthcare visits and resource use.''*>'® For example,
early life exposure to RSV has been associated with the development of respiratory morbidity including asthma (8-76%),
wheezing (4-47%), reduced pulmonary function, and allergic sensitization for up to 13 years.>'"-'*

In the context of the resurging RSV epidemic in Japan, the objective of this study was to compare all-cause,
respiratory-related, asthma/wheezing-related HCRU and costs between children ages <5 years old who develop RSV
and a matched cohort of those who do not over 36 months after the first RSV episode. Three matched cohorts were
constructed for those diagnosed with RSV in their first year of life (Year 1 cohort), diagnosis in the second year (Year 2),
and diagnosis in third year and after (Years 3—5). The main body of this paper describes results for the Year 1 cohort,

while the Supplementary Materials cover results for the other two matched cohorts.

Methods
Data Source and Study Design

Deidentified medical claims data from the Japanese Medical Data Center (JMDC) database were used in accordance
with the criteria set forth in the data use agreement. The JMDC is a nationally representative administrative payer
database of employed individuals and their families and has been used in a number of publications.'”*° Data
elements captured in the database include patient-level demographic and plan enrollment information, inpatient
(including admissions billed under the Diagnosis Procedure Combinations (DPC) lump-sum payment system) and
outpatient medical claims (eg, diagnosis codes, procedure codes, provider specialty), as well as pharmacy claims
(eg, prescription fill/refill dates, drug name/code, dosage, cost). The study protocol was approved by the central
investigation review board (IRB) of Advarra. The need for obtaining informed consent was considered exempt from
IRB oversight due to the retrospective, de-identified nature of the data maintaining patients’ confidentiality and as
such the study complies with the Declaration of Helsinki.

The study design was longitudinal matched birth cohort, where children were matched on calendar year and quarter of
birth. The index date for RSV cases was the first date of an RSV event. The pre-index period was defined as the time
between birth, during which healthcare resource utilization (HCRU), prophylaxis with palivizumab and costs were
measured. Demographic and other clinical characteristics were measured at the birth hospitalization through the
subsequent 6 months. HCRU and costs were captured and aggregated on a monthly basis after the index date. The
RSV season was defined as the 7 months from September 1 through March 30 based on the distribution of diagnoses
observed in the JIMDC dataset from 2011 to 2016. This seasonality distribution was consistent with previous estimates for

the period up to 2016, in which cases typically began in autumn.?'~*?
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Study Population

Children were identified at birth during the period from February 1, 2011, to January 31, 2016, with follow-up
through December 31, 2017. Of those identified, children under the age of 5 years old with continuous health plan
enrollment from birth through the first RSV event (index date) and at least 24 months of follow-up after index were
included. Children with fewer than 24 months of available claims and those without a birth hospitalization claim were
excluded.

RSV cases were identified using ICD-10-CM diagnosis codes for RSV for inpatient and outpatient visits.'*?* Patients
without RSV but with unspecified bronchiolitis or pneumonia (UBP), who may exhibit RSV-like symptoms, were also
identified and stratified by whether their first UBP diagnosis occurred during the RSV season. This was done with the
intent to exclude from the study those with UBP diagnosis during the RSV season and address potential misclassification
bias of attributing them to the control group.”'® Therefore, for the control cohort, children without evidence of RSV or
UBP at any time were included and pooled together with children without RSV but with UBP diagnoses outside of the
RSV season months; those without RSV but with a diagnosis of UBP during the RSV season were excluded. RSV cases
meeting the core definition with a UBP diagnosis within 14 days were assumed to be the same event and the date of the
first diagnosis, regardless of whether it was RSV or UBP diagnosis, was used. RSV cases were also grouped by
chronological age at diagnosis. Children were grouped according to whether the first RSV diagnosis occurred in the
first (within 12 months), second (13 to 24 months), and third or later year (24—-60 months) following birth. Additionally,
children were grouped into one of the following subgroups by gestational age: preterm (<34 weeks of gestational age
[GA)); late preterm (35-36 weeks); and term (>37 weeks). In the absence of direct measures of gestational age in JMDC
claims, a validated claims algorithm by was used (Supplemental Table 1).**

Outcomes Evaluated/Measured

All-cause, respiratory-related, and asthma/wheezing-related HCRU and costs attributable to RSV for infants <5 years old
and matched controls were compared. HCRU was assessed using inpatient, outpatient and emergency/urgent care visits,
as well as inpatient supplemental oxygen use, all measured as rates per 100 patient-years; inpatient length of stay was
measured in days. Respiratory and asthma — and/or wheezing-related HCRU were differentiated by the presence of select
conditions (Supplemental Table 2). Costs were derived from the adjudicated JMDC claims and adjusted to 2018 dollars

using the medical care component of the Japanese Consumer Price Index (CPI). Incremental cost differences between the
RSV and matched-control cohorts were calculated for all-cause, respiratory-, and asthma/wheezing-related costs.

Statistical Analysis

RSV cases and controls were first matched 1:2 according to the calendar year and quarter of birth. Infants in the control
cohort were assigned the index date of the matched RSV cases. These index dates were assigned by sampling from the
distribution of the time between the dates for birth hospitalization and first RSV event in the RSV case cohort. The
covariate-balancing propensity score (CBPS) methodology was then used to weight matched RSV and control patients
and address measurable imbalances between the two groups at baseline.”>° Covariates used in the propensity score
model included clinical and HCRU variables and the pre-index monthly cost trajectory, similar to a prior study.'”
Baseline characteristics were compared using weighted summary statistics. Follow-up data were segmented into monthly
increments, and the weighted survey means procedure in SAS 9.4 was used to calculate average cumulative cost, similar
to previously conducted longitudinal follow-up studies.””*® Confidence intervals and p-values for the significance of
comparisons were obtained using the variance estimates provided by the survey means procedure, which calculates

a correction factor accounting for the unequal probability of selection due to the propensity score weights.?*->°

Results

Study Population and Characteristics
A total of 15,961 cases of RSV and 30,892 control cases were included in the matched cohorts (Figure 1). Cohorts of
increasing prematurity were associated at baseline with a correspondingly higher proportion of multiple births, higher
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167 917 Infants with birth hospitalization (Feb 1, 2011- Jan 31, 2016)

—————— 54 388 Excluded as did not have medical claim within 1 month of DOB

113 529 Infant cohort for classification

m Match cases : controls —

RSV cohorts

9 028 Year 1 cohort
196 Premature (34 wGA)
826 Late premature (35-36 wGA)
8 006 Full-term (=37 wGA)
4929 Year 2 cohort
102 Premature (<34 wGA)
501 Late premature (35-36 wGA)
4 326 Full-term (237 wGA)
2 004 Years 3-5 cohort
56 Premature (34 wGA)
236 Late premature (35-36 wGA)
1712 Full-term (237 wGA)

66 676 Excluded infants that did not match

Matched control cohorts

17 886 Year 1 cohort
378 Premature (=34 wGA)
1648 Late premature (35-36 wGA)
15860 Full-term (237 wGA)
9 351 Year 2 cohort
198 Premature (s34 wGA)
1000 Late premature (35-36 wGA)
8 153 Full-term (237 wGA)
3 655 Years 3-5 cohort
107 Premature (34 wGA)
472 Late premature (35-36 wGA)
3 076 Full-term (237 wGA)

Figure | Patient disposition.
Abbreviations: DOB, date of birth; wGA, weeks of gestational age.

proportion of neonatal intensive care unit (NICU) admission and longer length of NICU stay in the first month of life,
higher use of mechanical ventilation, prophylaxis with palivizumab, higher cost, and more chronic conditions. Propensity
score weighting resulted in balanced sub-cohorts of RSV children diagnosed in the first (Table 1), second (Supplemental
Table 3), and third year or later (Supplemental Table 4) and their associated controls. Total average pre-index costs as

well as the receipt of prophylaxis pre-index also were balanced. Among late preterm (71.5 vs 53.9 mg) and term infants
(3.2 vs 2.1 mg) in the Year 1 cohort, the control groups had received a slightly higher average cumulative dose of
palivizumab compared to those with RSV (Table 1).

In instances where large sample sizes led to statistically significant differences between cohorts, these differences
were only modest. Residual bias and confounding were investigated by comparing the trajectory of the average
cumulative costs between birth and index dates of the matched, propensity-score weighted RSV cases and control
cohorts. Constructed cost trajectories through the respective index dates suggested that the RSV case and control cohorts
diagnosed in Year 1 were well-balanced (Supplemental Figures 1-3). For Year 2 cohorts, cost trajectory differences pre-

index remained slightly imbalanced for preterm and term children. For cases with index dates in Years 3-5, trajectory
differentials were more variable with pre-index costs for children in the RSV full-term cohort much higher than their
respective matched controls. Term RSV children diagnosed in Year 3—5 remained having higher average cost pre-index
(¥980,000 vs ¥708,000) (Supplemental Table 4).

Healthcare Resource Use
HCRU was compared at 36 months post-index, as this was the common time of available follow-up for the 3 cohorts by
diagnosis year (Table 2, Supplemental Tables 5 and 6). RSV cases generally had higher HCRU than controls. Over the

36-month follow-up period, respiratory-related
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Table | Demographics and Clinical Characteristics of Matched Cohorts Diagnosed in Year |

PRETERM LATE PRETERM FULL-TERM

Variable Description Control group RSV (N= 196) P value Control Group RSV (N= 826) P value Control Group RSV P value

(N=321)* (N= 1361)* (N= 15,250)* (N= 8006)
Continuous Follow-Up Since Birth (Years)
Mean (SD) 3.75 (1.63) 3.79 (1.51) 0.765 3.55 (1.59) 3.59 (1.46) 0.585 3.50 (1.46) 3.60 (1.39) <0.001
Median (QI to Q3) 3.65 (2.52 to 4.83) 3.74 (2.55 to 3.30 (2.38 to 4.45) 333 (239 to 3.27 (2.36 to 4.52) 335 (243 to

4.89) 4.58) 4.54)
Range 0.08 to 6.96 0.36 to 6.96 0.42 to 6.99 0.58 to 6.99 0.42 to 6.97 0.42 to 6.98
Time To Index Date (Diagnosis) Since Birth (Days)
Mean (SD) 153.49 (115.80) 159.66 (104.46) 0518 178.15 (118.71) 175.78 (106.52) 0.615 184.64 (107.31) 185.35 (105.73) 0.622
Median (QI to Q3) 133.06 (58.40 to 143.00 (63.00 to 162.08 (85.22 to 160.00 (82.90 to 178.62 (91.38 to 179.94 (91.59 to
237.65) 252.00) 270.53) 267.33) 276.50) 277.63)
Range 0.00 to 374.00 0.00 to 374.00 0.00 to 375.00 0.00 to 375.00 0.00 to 375.00 0.00 to 375.00
Chronological age at index date (in months), N (%)
I mo 18.55% 15.31% >0.999 9.06% 9.56% >0.999 10.95% 10.95% >0.999
2 mo 12.26% 12.24% 11.27% 11.74% 9.67% 9.66%
3 mo 11.31% 11.73% 12.25% 12.35% 8.01% 7.97%
4 mo 8.82% 9.18% 11.00% 10.29% 9.68% 9.61%
5 mo 7.27% 7.14% 7.19% 7.51% 8.18% 8.04%
6 mo 8.20% 9.18% 8.08% 8.47% 8.06% 7.92%
7 mo 6.67% 6.63% 6.80% 6.30% 7.45% 741%
8 mo 4.59% 4.59% 6.53% 6.66% 7.57% 7.58%
9 mo 7.87% 8.67% 5.77% 5.69% 7.58% 7.68%
10 mo 4.72% 5.10% 7.07% 6.42% 7.97% 8.03%
Il mo 5.68% 6.12% 6.77% 7.26% 7.98% 8.13%
12 mo 4.07% 4.08% 821% 7.75% 6.91% 7.02%
(Continued)
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Table | (Continued).

PRETERM LATE PRETERM FULL-TERM

Variable Description Control group RSV (N= 196) P value Control Group RSV (N= 826) P value Control Group RSV P value

(N=321)* (N=1361)* (N= 15,250)* (N= 8006)
Calendar year of birth, N (%)
2011 10.74% 10.20% 0.951 9.54% 9.08% 0.924 7.66% 7.71% >0.999
2012 16.34% 15.31% 13.14% 13.56% 13.37% 13.28%
2013 19.80% 22.96% 19.11% 20.94% 20.09% 20.01%
2014 20.60% 18.88% 24.76% 23.61% 23.76% 23.71%
2015 28.62% 29.59% 30.15% 29.54% 32.80% 32.96%
2016 3.90% 3.06% 3.29% 3.27% 2.33% 2.34%
Calendar quarter of birth, N (%)
January—March 21.65% 21.94% 0.986 23.06% 22.88% 0.978 22.31% 22.26% 0.99
April-June 22.80% 23.98% 22.06% 22.88% 23.17% 23.25%
July—September 22.58% 22.45% 25.44% 25.18% 26.51% 26.34%
October-December 32.97% 31.63% 29.44% 29.06% 28.01% 28.15%
Sex, N (%)
Female 37.05% 37.76% 0.872 48.38% 48.43% 0.982 43.29% 43.27% 0.969
Male 62.95% 62.24% 51.62% 51.57% 56.71% 56.73%
Birth status, N (%)
Single 90.79% 90.82% 0.999 90.50% 90.56% 0.999 99.84% 99.84% 0.998
Twin 8.23% 8.16% 9.38% 9.32% 0.16% 0.16%
Multiple 0.98% 1.02% 0.12% 0.12% 0 (0.00%) 0 (0.00%)
NICU admission in first month of birth, N (%) 20.73% 20.92% 0.96 17.39% 17.55% 1.45% 1.46% 0.962
LOS at NICU admission in first month of birth
Mean (SD) 26.41 (16.44) 25.83 (14.66) 0.846 22.79 (17.51) 24.46 (13.25) 0313 12.84 (10.68) 13.24 (8.91) 0.721
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Median (QI to Q3) 2446 (11.23 to 22.88 (11.25 to 21.94 (12.56 to 21.70 (13.58 to 10.08 (6.20 to 16.04) 10.18 (6.66 to

38.14) 37.75) 29.16) 31.44) 15.46)
Range 4.00 to 60.00 1.00 to 53.00 2.00 to 57.00 1.00 to 61.00 1.00 to 49.00 1.00 to 38.00
Prophylaxis with palivizumab pre-index, N (%) 40.15% 40.31% 0.973 26.85% 27.85% 0.628 1.05% 1.11% 0.702
Cumulative pre-index palivizumab dose, mg
Mean (SD) 94.10 (180.83) 86.73 (160.93) 0.619 71.53 (203.46) 53.87 (119.94) 0.007 3.20 (58.32) 2.08 (26.73) 0.041
Median (QI to Q3) 0.00 (0.00 to 0.00 (0.00 to 0.00 (0.00 to 16.27) 0.00 (0.00 to 0.00 (0.00 to 0.00) 0.00 (0.00 to

105.84) 88.24) 17.54) 0.00)
Range 0.00 to 1000.00 0.00 to 800.00 0.00 to 1050.00 0.00 to 800.00 0.00 to 1000.00 0.00 to 800.00
No. pre-index palivizumab injections, among those who
received prophylaxis
Mean (SD) 2.60 (1.91) 2.30 (1.51) 0.203 291 (2.04) 233 (1.51) <0.001 3.06 (1.86) 2.02 (1.52) <0.001
Median (QI to Q3) 1.64 (1.00 to 2.86) 1.40 (1.00 to 1.99 (1.00 to 3.71) 1.46 (1.00 to 2.10 (1.24 to 3.81) 1.00 (1.00 to

2.53) 2.67) 2.15)
Range 1.00 to 8.00 1.00 to 7.00 1.00 to 8.00 1.00 to 8.00 1.00 to 8.00 1.00 to 7.00
Cost Pre-Index (In JPY 1000s)
Mean (SD) 2270.23 (4670.13) 2286.26 0.965 1651.40 (3969.79) 1708.58 (2375.01) 0.66 208.31 (1819.10) 211.09 (825.04) 0.872
(3776.82)

Median (QI to Q3) 520.44 (132.20 to 600.57 (93.49 to 62522 (214.14 to 670.75 (263.13 to 49.20 (15.82 to 64.78 (19.98 to

2069.07) 2000.06) 2347.14) 2239.56) 128.08) 162.67)
Range 0.00 to 21,365.45 | 0.00 to 16,207.04 0.00 to 15,683.51 0.00 to 14,555.75 0.00 to 24,063.26 0.00 to

25,168.57
Conditions pre-index, N (%)
CONGENITAL HEART DISEASE, N (%) 9.24% 9.69% 0.875 4.64% 5.21% 0.638 1.05% 1.06% 0.923
CHRONIC LUNG DISEASE OF PREMATURITY within 6 15.60% 17.35% 0.619 11.20% 11.62% 0.796 1.11% 1.10% 0.966
months pre-index, N (%)
TRISOMY 21 SYNDROME, N (%) 0.73% 2.55% 0.073 1.06% 0.85% 0.644 0.30% 0.35% 0.602
INTRAVENTRICULAR HEMORRHAGE, N (%) 4.06% 4.08% 0.99 2.46% 2.42% 0.953 0.15% 0.15% 0.995
(Continued)
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Table | (Continued).

PRETERM LATE PRETERM FULL-TERM
Variable Description Control group RSV (N= 196) P value Control Group RSV (N= 826) P value Control Group RSV P value
(N=321)* (N=1361)* (N= 15,250)* (N= 8006)
HYDROCEPHALUS, N (%) 1.35% 0.00% 0.103 0.92% 1.09% 0.71 0.27% 0.27% 0.98
PERIVENTRICULAR LEUKOMALACIA, N (%) 491% 5.61% 0.742 3.66% 3.87% 0.819 0.06% 0.04% 0.52
RETINOPATHY OF PREMATURITY, N (%) 16.18% 17.35% 0.743 12.93% 13.20% 0.875 0.16% 0.16% 0.941
SENSORINEURAL HEARING LOSS, N (%) 5.16% 4.59% 0.788 3.55% 4.36% 0.357 1.31% 1.05% 0.092
CEREBRAL PALSY, N (%) 0.0% 0.51% 0.165 0.57% 0.36% 0.538 0.05% 0.04% 0.742
IMMUNODEFICIENCY, N (%) 7.75% 7.65% 0.97 5.52% 5.69% 0.885 1.66% 1.67% 0.929
CYSTIC FIBROSIS, N (%) 0.39% 1.53% 0.082 1.06% 1.21% 0.818 0.07% 0.07% 0.878
FAILURE TO THRIVE, N (%) 2.50% 2.04% 0.739 1.22% 1.09% 0.777 0.30% 0.36% 0412

Notes: *Effective sample size presented after propensity score weighting. Before weighting, sample sizes are N=378 for preterm, N=1648 for late preterm, and N=15860 for full-term.

Abbreviations: JPY, Japanese Yen; NICU, neonatal intensive care unit; RSV, respiratory syncytial virus.
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Table 2 Average Cumulative Healthcare Resource Utilization Since Index Among Those Diagnosed in Year | (at 36 Months of Follow-Up)

TYPE OF

All-Cause Utilization Since Index - PRETERM

Respiratory-Related Utilization Since Index -

Asthma/Wheezing-Related Utilization Since

UTILIZATION PRETERM Index - PRETERM
RSV Controls Diff 95% 95% RSV Controls Diff 95% 95% RSV Controls Diff 95% 95%

Cohort Cohort LCI UcCl Cohort Cohort LCI ucCli Cohort Cohort LCI UcCl
HOSPITALIZATIONS 194.1 89.4 104.7* 63.4 146 161.0 35.5 125.5% 89.6 161.5 66.8 19.4 47.4* 243 70.5
INPATIENT LENGTH OF 10.1 8.9 1.2 -1.3 37 77 38 3.9% 2.0 5.8 5.3 22 3.0%* 1.5 4.7
STAY (days)
OUTPATIENT VISITS 9403.7 7070.2 2333.5% | 1932.7 | 2734.4 | 2071.0 1061.6 1009.4* | 934.8 1084 1068.6 514.6 554.0* | 487.9 | 620.2
ER and UC VISITS 754.6 529.8 224.9* 154.6 295.2 418.1 196.3 221.8* 170.4 273.3 224.0 91.0 133.0% | 96.4 | 169.7
INPT SUPPL OXYGEN 185.9 97.3 88.6* 44.5 132.7 163.6 41.0 122.5% 85.1 160 83.6 24.5 59.1% 32.6 85.5

All-Cause Utilization Since Index — LATE

Respiratory-related Utilization Since Index -

Asthma/Wheezing-related Utilization Since

PRETERM LATE PRETERM Index - LATE PRETERM

HOSPITALIZATIONS 232.2 63.8 168.4* 146.0 190.8 182.3 234 158.9% 139.3 178.5 75.2 72 68.0% 55.5 80.4
INPATIENT LENGTH OF 8.5 85 0.0 -4 1.5 6.1 6.0 0.0 -1.3 1.4 3.1 2.6 0.5 -0.3 1.3
STAY (days)
OUTPATIENT VISITS 92353 6322.0 2913.4*% | 2719.5 | 3107.2 | 2026.7 883.4 1143.3* | 1107.8 | 1178.8 | 1029.6 367.6 662.0% | 629.7 | 694.3
ER and UC VISITS 779.7 526.0 253.7* 216.1 291.3 424.8 199.4 225.4* 197.3 253.6 213.1 8l1.5 131.6*% | 112.6 | 150.6
INPT SUPPL OXYGEN 182.4 58.8 123.6* 101.3 146.0 163.8 32.1 131.6* 110.8 152.5 68.1 5.2 63.0% 50.2 75.7

All-Cause Utilization Since Index - TERM Respiratory-related Utilization Since Index — Asthma/Wheezing-related Utilization Since

TERM Index - TERM

HOSPITALIZATIONS 181.7 34.1 147.6* 141.3 153.8 154.8 1.5 143.3* 137.5 149.1 68.1 4.4 63.7* 59.8 67.6
INPATIENT LENGTH OF 4.2 2.6 1.6* 1.3 1.9 3.0 1.6 1.4% 1.2 1.7 1.4 0.4 1.0% 0.9 1.1
STAY (days)
OUTPATIENT VISITS 9519.0 5986.7 3532.3% | 3467.8 | 3596.8 | 1969.8 900.2 1069.7* | 1058.8 | 1080.5 | 1098.3 3744 724.0% | 713.5 | 734.4
ER and UC VISITS 920.9 543.6 377.3* 364.6 390.1 521.9 184.9 337.0* 327.7 346.4 262.2 722 190.0*% | 183.5 | 196.6
INPT SUPPL OXYGEN 127.9 15.8 112.1% 106.5 117.7 121.2 8.1 113.0% 107.6 118.5 54.8 3.0 51.8*% 48.1 55.4

Notes: Utilization is reported per 100 pt-years, except where noted above. *Statistically significant at <0.05 highlighted in bold.
Abbreviations: ER, emergency; UC, urgent care; INPT, inpatient; INPT SUPPL, inpatient supplemental.
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hospitalizations accounted for most of the differential rates of all hospitalizations between cases and controls, while
asthma or wheezing-related hospitalizations accounted for approximately one-third to half of the difference in hospita-
lization rates.

Cost Burden
For preterm children in the Year 1 cohort, while all-cause costs were similar, attributable respiratory- and asthma/
wheezing-related costs were substantially higher for RSV cases, with higher burdens totaling ¥460,748 and ¥167,598,
respectively (Table 3). A similar observation was made for late preterm RSV children in Year 1, who had higher
attributable respiratory (¥325,146) and asthma/wheezing-related (¥158,208) costs but similar all-cause costs. Full-term
infants from the Year 1 cohort were the only cohort with higher all-cause (¥277,727) and respiratory (¥271,605) and
asthma/wheezing-related cost burden (¥182,723), respectively.

For the Year 2 cohorts, the all-cause cost burden was ¥530,302 higher for preterm RSV cases, late preterm — ¥270,797
higher, and full term — ¥238,832 higher (Supplemental Table 7).

Costs followed a similar trend for children diagnosed in Years 3—5 for RSV late preterm (¥486,670 higher costs) and

for full-term children (¥289,986 higher costs) (Supplemental Table 8); although numerically higher, costs were not

statistically different for RSV preterm children, possibly due to small sample size to detect a difference.

For a holistic view of total costs since birth, average cumulative all-cause costs were graphed by chronological age
among the matched, propensity score adjusted cohorts. For the Year 1 cohort, full-term infants with RSV had ¥163,017
higher cost at one year of age, which increased to ¥350,307 at six years of age (Figure 2). For full-term children from the
Year 2 cohort, RSV cases had ¥330,730 higher cost by age six (Supplemental Figure 4); for the Year 3—5 cohort — it was
¥605,873 by age six (Supplemental Figure 5).

Discussion

In our study, we estimated the excess burden of illness and direct costs to the healthcare system, for 36 months following
the index case regardless of whether RSV occurred in the first year, second year of 3 to 5 years of life. In our study, we
extended our observations to the incremental burden of disease and costs associated with acquiring RSV infection in the
3rd to 5th years of life. Here, we show that regardless of which age RSV was acquired in the first five years of life, and
regardless of whether the baby was born preterm, late preterm of full-term, there are significantly higher total respiratory
related HCRU and respiratory related costs since index.

It should be noted that for most comparisons, we found healthcare utilization to be significantly higher among RSV
cases while all-cost burden was higher only for some of the comparisons. This could be due to the nature of the Japanese
healthcare reimbursement system, where certain types of resource utilization are subject to capitated payments and
episode of care reimbursement aimed at lowering the cost of care. Japan is one of the countries where healthcare
reimbursement is closely regulated, via the adoption of a fee schedule payment system, which sets the price for medical
services and pharmaceutical products as well as the rules of billing providers need to follow in order to receive
payment.®! Although payment could be made on a fee-for-service basis, billing requirements control the volume of
services paid for. Extra billing and balance billing are limited, while the fee schedule and conditions for billing of
services are subject to revisions so that total expenditure fits the global budget. As such, the cost burden captured in our
study is representative of the specifics of HCRU reimbursement in Japan and higher utilization may not necessarily lead
to higher payment like it does in other fee-for-service systems.

An important observation is that for the RSV cohorts, consistently regardless of the age of acquisition of RSV or
whether the cohorts were preterm, late preterm or term, about two-thirds of the overall healthcare utilization related to
hospitalizations or ER/UC visits were due to respiratory-related causes. In contrast in the control cohorts, respiratory-
related causes were closer to a third of this burden. For outpatient visits, by far the largest burden, about a quarter to
a fifth of RSV-related visits were respiratory related, similar to the control cohorts. This is not surprising, given the
number of well-child visits that every child undergoes. However, consistently, the differential burden of outpatient
respiratory visits was significantly higher in every RSV cohort, compared to the controls.
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Table 3 Average Cumulative Total Cost Since Index Among Those Diagnosed in Year | (at 36 Months of Follow-Up)

All-Cause Costs Since Index PRETERM

Respiratory-Related Costs Since Index - PRETERM

Asthma/Wheezing-Related Costs Since Index - PRETERM

TYPE OF RSV Controls Diff 95% LCl | 95% UCI RSV Controls Diff 95% LCl | 95% UCI RSV Controls Diff 95% LCl | 95% UCI
COST Cohort Cohort Cohort Cohort Cohort Cohort
INPATIENT ¥1,013,281 | ¥1,176,545 | -¥163,264 | -¥407,369 ¥80,840 ¥528,783 ¥355,934 | ¥172,849* | ¥39,437 | ¥306,261 | ¥227,996 | ¥195,663 ¥32,333 -¥61,905 ¥126,572
OUTPATIENT | ¥1,044,195 | ¥1,000,790 ¥43,405 -¥22,642 ¥109,452 ¥767,602 ¥490,757 | ¥276,845* | ¥218,310 | ¥335,381 | ¥423,866 | ¥299,365 | ¥124,501% | ¥76,575 | ¥172,426
PHARMACY ¥143,693 ¥113,188 ¥30,505* ¥23,842 ¥37,168 ¥32,662 ¥21,608 ¥11,054* ¥8,259 ¥13,849 ¥29916 ¥19,152 ¥10,765* ¥7,966 ¥13,563
TOTAL ¥2,20,1169 | ¥2,290,524 -¥89,355 -¥338,650 | ¥159,941 | ¥1,329,047 | ¥868299 | ¥460,748* | ¥313,336 | ¥608,160 | ¥681,778 | ¥514,179 | ¥167,598* | ¥57,236 | ¥277,961
All-Cause Costs Since Index LATE PRETERM Respiratory-related Costs Since Index - LATE PRETERM Asthma/Wheezing-related Costs Since Index - LATE
PRETERM
INPATIENT ¥882,634 ¥992,634 -¥110,001 -¥279,508 ¥59,507 ¥510,019 ¥447,155 ¥62,865 -¥57,846 ¥183,576 | ¥152,817 | ¥130,865 ¥21,952 -¥30,515 ¥74,419
OUTPATIENT | ¥724,663 ¥640,210 ¥84,453* ¥58,706 | ¥110,201 ¥512,136 ¥266,456 | ¥245,680* | ¥224,366 | ¥266,994 | ¥234200 | ¥114,464 | ¥119,736* | ¥106,967 | ¥132,505
PHARMACY ¥148,042 ¥101,483 ¥46,559* ¥42,207 ¥50,911 ¥31,734 ¥15,132 ¥16,601%* ¥15,142 ¥18,061 ¥29,140 ¥12,620 ¥16,519* ¥15,061 ¥17,978
TOTAL ¥1,755,339 | ¥1,734,327 ¥21,012 -¥150,246 | ¥192,269 | ¥1,053,889 | ¥728,743 | ¥325,146* | ¥202,026 | ¥448,266 | ¥416,157 | ¥257,949 | ¥158,208* | ¥103,843 | ¥212,573
All-Cause Costs Since Index TERM Respiratory-related Costs Since Index - TERM Asthma/Wheezing-related Costs Since Index - TERM
INPATIENT ¥341,843 ¥210,727 | ¥131,116* | ¥101,590 | ¥160,642 | ¥226,905 ¥96,715 ¥130,189* | ¥104,388 | ¥155,991 | ¥92,048 ¥19,709 ¥72,339% ¥65,866 ¥78,812
OUTPATIENT | ¥416,323 ¥321,196 ¥95,127% ¥91,458 ¥98,796 ¥295,369 ¥169,974 | ¥125,395* | ¥122,193 | ¥128,598 | ¥172,240 ¥77,673 ¥94,568% ¥92,274 ¥96,861
PHARMACY ¥152,867 ¥101,383 ¥51,484* ¥48,792 ¥54,177 ¥32,006 ¥15,986 ¥16,020% ¥15,594 ¥16,447 ¥28,895 ¥13,078 ¥15,816% ¥15,390 ¥16,242
TOTAL ¥911,034 ¥633,306 | ¥277,727* | ¥247,684 | ¥307,771 ¥554,280 ¥282,675 ¥271,605% | ¥245,501 | ¥297,709 | ¥293,182 | ¥110,460 | ¥182,723* | ¥175,655 | ¥189,790

Note: *Statistically significant at <0.05.
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Figure 2 Average cumulative total costs since birth by gestational age among matched cohorts diagnosed in Year |.

Study findings have import for prevention strategies, currently directed at maternal immunization and monoclonal
antibodies for preventing primary RSV infections in the first six months of life.*>** Meta-analyses of controlled trials
of RSV prevention strategies have shown that prevention of RSV in the first year of life has been associated with
a reduction in recurrent wheezing for at least the subsequent 3 to 5 years.** Palivizumab administration to preterm
Japanese infants of 33—35 weeks gestation age has been shown to significantly reduce subsequent recurrent wheezing
up to 6 years.>> The observations from this study suggest that prevention of RSV should not be limited to the early
months of life, but it would be important to consider extending this strategy to older ages.’**° In the asthma
literature, focus has been on unraveling the mechanisms of the association between RSV and subsequent wheezing
disease.*! It does appear that an allergic/atopic diathesis predisposes infants to develop severe RSV disease and
hospitalization.** While we did not examine this directly in this study, it can be seen in the trajectories of cost burden
since birth that even in the otherwise propensity score matched cohorts, preterm, late preterm and full-term infants
from the 3—5-year index groups consistently had higher costs in the RSV cohort and diverged most significantly in
the full-term cohort, perhaps supporting this thesis. We were not able to determine whether the RSV subjects in the
older cohorts had previously had symptomatic but undiagnosed RSV early in life that led to this divergence, or
whether it was an allergic diathesis that underlies this difference. Taken together, our data would suggest that, for
preterm and late preterm infants at least, there were no significant differences in the pre-index costs up to the first five
years of life, and that perhaps prevention strategies should be directed against these groups for up to 5 years of life.

For the full-term cohort, preventing disease in the first two years of life, might have an impact on not only the burden of
disease but on the long-term respiratory healthcare utilization and associated costs. We found in our study that full-term
infants who developed RSV had a consistently higher healthcare utilization and cost burden compared to controls,
regardless of whether the diagnosis of RSV was made in the first year of life (Tables 2 and 3, Figure 2), the second year
of life (Supplemental Tables 5 and 7, Supplemental Figure 4) or between 3 and 5 years of life (Supplemental Tables 6 and 8,
Supplemental Figure 5). Most of this burden was respiratory related burden and costs. This is in contrast to the preterm and
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late preterm infants in the first year of life, in which groups the RSV cohorts had a higher HCRU compared to controls,
while the average cumulative costs in the control population were higher than the RSV cohort, resulting in negative
differentials. This observation could be because term infants generally were not eligible for prophylaxis with palivizumab,
which may have been an important driver to the costs of preterm and late preterm cohorts, who had much higher average
dose costs of palivizumab.

The general limitations of using administrative claims data for research purposes apply to our study and residual
misclassification bias is possible. Additionally, some of the included infants had received palivizumab prophylaxis after
the index date, which might have influenced outcomes observed for preterm infants even after incorporating matching
procedures (Supplemental Figure 6). By requiring continuous enrollment since birth, our study could have excluded

children who died; however, we expect this to lead to only small bias in burden estimates.

We compared our results to a US study on the total cost burden costs among infants diagnosed with RSV in their
first year of life,'” using 2018 exchange rate of $1 = ¥110.34. A main difference between the two studies is that our
definition for preterm children included those <34 weeks GA, while in the US study it covered <29 weeks and 29-34
weeks separately categorized as early premature and premature. The choice of differing definition in our study was driven
by sample size considerations. Followed until 60 months since index among the Year 1 diagnosis cohorts, the attributable
total all-cause RSV differential was negative -¥79,433 (-$719.9, not statistically significant) vs approximately $23,160
for preterm/premature; ¥76,642 (USD $694.6, not statistically significant) vs $13,755 for late preterm, and ¥331,136
(USD $3001) vs $6631 for term infants. The cross-country comparison with respect to full-term children diagnosis in the
first year of life is especially relevant, given that the US spends on health per capita more than twice than Japan.** The
lack of statistically significant results in pre-term infants could be due to the fact that our Japanese study had 4-5 times
lower sample size than the US study. Additionally, there were differences with respect to the extent of palivizumab
prophylaxis used among the control arms in the Japanese and US studies. Before propensity score adjustment (but still
matched on year and calendar quarter), the proportion of controls pre-index that had palivizumab prophylaxis was 60.7%
(Japan) vs 38.9% (US) for those <29 weeks of GA, 36.4% vs 32.7% for 29-34 weeks GA, 21.0% vs 11.8% for 35-36
weeks of GA (ie, late preterm), and 0.5% vs 0.15% for >37 weeks of GA (ie, term children). Among the RSV cases, the
proportion of children with palivizumab prophylaxis was 71.4% (Japan) vs 49.8% (US) for <29 weeks of GA, 39.9% vs
37.5% for 29-34 weeks of GA, 27.9% vs 16.9% for 35-36 weeks of GA, and 1.1% vs 0.30% for >37 weeks of GA.
Therefore, the higher use of prophylaxis in Japan may set the expectation for lower scale of differences between RSV and
controls as compared to a similar analysis in the US.

Aligned with research priorities to comprehensively examine outcomes that extend beyond just the immediate effect
of the acute disease and to follow-up infants until 6 years of age,** our study examined the all-cause, respiratory-related,
and asthma/wheezing-related long-term burden of RSV in Japanese infants diagnosed under 5 years of age. The results
from our study suggest that prevention of RSV should not be limited to the early months of life, but it would be important
to consider extending this strategy to older children for up to 5 years of life as well as to all children regardless of

prematurity.

Data Sharing Statement

Aggregate dataset and data dictionary for healthcare utilization and cost burden at every 12 months of follow-up and
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license agreements with the data vendor for the study JMDC.
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