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ABSTRACT

Down syndrome (DS) is an independent risk factor for severe respiratory syncytial virus (RSV) infection.
Palivizumab - passive immunization for RSV - is the only pharmacological measure for preventing severe
disease. In most countries, palivizumab is indicated in young children with congenital heart disease,
premature birth, and chronic lung disease. In Japan, since 2013, children with DS, but without such
“standard” risk factors, have been able to receive insurance-covered palivizumab prophylaxis, but its
effectiveness of policy is unknown. From a nationwide database, we extracted data of children with DS
who hospitalized for RSV-related lower respiratory infections (LRTIs), from April 2010 to January 2019.
Using an interrupted time-series design, we analyzed data from before and after the introduction of the
universal palivizumab prophylaxis program for DS children in Japan. As a result, we identified a total of
152 RSV-related LRTIs in 147 children hospitalized with DS. With time-series analysis, we did not observe
a significant change in both level (-1.07, P = .11) and slope (0.26 per 12 months, P = .30), before and after
2013. In summary, the expansion of the palivizumab prophylaxis program to all children with DS in Japan
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was not associated with a reduction in RSV-related hospitalization in these children.

Respiratory syncytial virus (RSV) is one of the most common
respiratory pathogens in young children worldwide.'
Palivizumab - passive immunization for RSV - is thus far the
only pharmacological measure for preventing severe RSV dis-
ease. The standard indication of palivizumab is a high-risk
condition in young children such as prematurity, congenital
heart disease, and chronic lung disease.? In Japan, palivizumab
was licensed in 2002 for those standard indications.

In addition to standard indications, Down syndrome (DS) is an
independent risk factor for severe RSV infection, with a six-fold
higher risk of hospitalization in children with DS - including both
children with and without congenital heart defects — as compared
with children without DS.> In August 2013, Japan introduced
a new expanded program of palivizumab prophylaxis for children
with DS aged <24 months, such that they could receive insurance-
covered palivizumab even when they lack the standard indication
and other medical problems.” Starting in 2013, in Japan up to 90%
of DS children with various RSV risk levels receive palivizumab
prophylaxis.” Previously, using mixed-effects logistic regression
models and multivariate analysis of the commercial claims data-
base in Japan demonstrated a statistically significant decrease in
RSV-related hospital admissions, but neither RSV infection nor
mortality was associated with the expanded palivizumab prophy-
laxis program. This study aimed to assess whether this expanded
program reduced hospitalization due to RSV-related lower
respiratory infection (LRTI) using a sophisticated statistical tech-
nique - interrupted time-series (ITS) analysis.

Before conducting the study, we obtained the approval from
the Institutional Review Board of Kyoto University, with the
approved number of R0878-2.

This study used an inpatient database provided by Medical
Data Vision (MDV) Co., Ltd. (Tokyo, Japan). The details of the
MDV database are described elsewhere.® In brief, MDV col-
lected inpatient data, including patient characteristics (e.g., sex
and age), diagnosis (according to International Statistical
Classification of Diseases and Related Health Problems, 10th
revision [ICD-10] codes), dates of admission, outcome at dis-
charge, procedures, and medications, from hospitals providing
acute care in Japan. For 2015, the MDV database included
13 million records of inpatients of all ages from 230 hospitals.
The size of the MDV database has increased over time because
of the increased number of hospitals submitting data to MDV
(https://www.mdv.co.jp/press/2020/detail_1339.html. [in
Japanese]). The MDV database does not indicate whether
a child received palivizumab prophylaxis.

From the MDYV database, data from children with DS who
were hospitalized for RSV-related LRTI from April 2010 to
January 2019 were extracted. Only children aged <24 months
in September each year were eligible because this is the
approved indication of palivizumab immunoprophylaxis for
children with DS. For identification of DS and RSV-related
LRTI, we relied on ICD10 codes: Q90 for DS and J121, J201,
and J205 for RSV-related LRTI.

ITS is a quasi-experimental design suited to evaluate public
health interventions at a population level rather than at the
individual patient level.” In the ITS analysis, we modeled both
the level and slope change to evaluate whether the baseline num-
ber and the trend changed, respectively, before and after the
implementation of expanded palivizumab use in children with
DS. We applied the analysis while accounting for seasonality and
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the MDYV database size in each year; for the latter adjustment, we
used a total number of all-cause hospitalizations among children
aged <2 years in the database each year as a proxy of the MDV
database size. The Poisson distribution was used for the analysis,
and we confirmed that there was no overdispersion by model
checking.

All analyses were performed with the R statistical software
package, version 3.61 (https://cran.r-project.org/). A p-value
<0.05 indicated statistical significance.

Of all approximately 810,000 inpatient records among children
aged <2 years, we identified a total of 152 RSV-related LRTI
hospitalizations in 147 children with DS (Table 1). Of 147 children,
23.1% had >one standard indication making them eligible for
palivizumab prophylaxis. We found six cases requiring respiratory
support with their median age of 4.5 months (interquartile range:

Table 1. Demographic and clinical features of the patients (n = 147).
Variable

Sex (male)
Age (median, IQR)
Standard indication

64.6% (95/147)
18 (9-25) months

CHD 21.8% (32/147)
Premature birth 1.4% (2/147)
CLD 6.8% (11/147)

23.1% (34/147)
IQR: interquartile range, CHD: congenital heart disease, CLD: chronic lung disease.

Any of the above
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1.25-7.25 months). No deceased cases were reported in 152
admissions.

The ITS analysis revealed a nonsignificant change in both
level (-1.07, 95% confidence interval: —2.37 to 0.23, P = .11)
and slope (0.26 per 12 months, 95% confidence interval: —0.23
to 0.75, P = .30) before and after August 2013 (Figure 1).

We quantified the impact of the expanded palivizumab
program for children with DS who lacked the standard indica-
tion. By ITS analysis, there was no clear evidence that the
universal palivizumab prophylaxis program reduced LRTI-
related hospitalization due to RSV in children with DS.

Children with DS are also at risk of respiratory diseases due
to pathogens other than RSV. The causes are multifactorial,
including anomalies in upper and lower respiratory organs,
immune dysregulations, and hypotonia prone to respiratory
distress.” Although palivizumab has been approved for chil-
dren with the standard indications, because of these multiple
risk factors, it is not guaranteed whether passive immunization
against RSV by palivizumab is effective as well for children
with DS.”

Because the mean age of children hospitalized with RSV who
did have DS is significantly older than the age of those without
DS, the American Academy of Pediatrics guideline issued in
2014 does not recommend palivizumab immunoprophylaxis for
children with DS unless they have a qualified standard
indication.”> Thereafter, some observational studies were
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Figure 1. Interrupted time series with level and slope change. Dot: crude number of hospitalized casesCurve: predicted trend of hospitalized cases accounting for
seasonality; Solid line: observed linear trend; Dotted line: hypothetical trend without intervention; Dashed line: level change before and after the intervention.
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published, consistently reporting the effectiveness of palivizu-
mab for children with DS.'"*"" However, in these studies, the
comparator group comprised children without DS receiving
palivizumab for other risks or untreated DSchildren in different
countries with different healthcare systems. The interpretation
of such comparisons is rather complicated, leaving uncertainty
regarding the effectiveness of a universal palivizumab prophy-
laxis program for children with DS'%""2.

There are three possible reasons that we failed to detect the
effectiveness of the new palivizumab policy. First, approxi-
mately 40-50% of children with DS have a standard indication,
such as congenital heart disease. Accordingly, the residual
effect of the expanded program could be marginal. Second,
the sample size was small (n = 152), although our study cap-
tured, thus far, the largest cohort of hospitalized patients with
DS and RSV-related LRTIs. Study power calculations are diffi-
cult in ITS analyses,” and thus, a power analysis was not
conducted in this study. Last, DS is a well-established risk for
severe RSV disease, and care providers could lower the thresh-
old for hospitalization even when the patient was the recipient
of palivizumab. If this occurred, such a practice would have
biased the program effect (i.e., preventing hospitalization)
toward the null.

Here, we mention two limitations of the study design. First,
it is unknown whether each hospitalized case received palivi-
zumab before hospitalization. However, according to another
report, the adherence for palivizumab was generally high
among children with indication.” Second, the accuracy of
ICD-10 coding practice for DS or RSV disease has not been
validated in most databases in Japan, including the MDV
database. There is no reason, however, that we assume that
the coding practice differed before and after the implementa-
tion of expanded palivizumab prophylaxis for children with
DS. Finally, access to healthcare services and thresholds for
hospitalization can differ among countries; thus, generalizabil-
ity to other settings is unknown.

Palivizumab is highly costly and is considered as cost-
effective only when it is indicated to the children with the
highest risk, rather than high-risk."> Given that also in mind,
this study implicates that prospective evidence is essential for
evaluating the effectiveness of a universal palivizumab program
for children with DS without a standard indication in areas
where such new programs are under consideration. Ideally,
a randomized controlled trial should be conducted, but the
practical issue is the sample size; 896 participants would be
needed to show a 50% relative risk reduction.'* In such
a situation, an adaptive trial design might be helpful to reduce
the sample size required."” If this is not feasible, the laboratory
confirmation of RSV infection is a minimal requirement in the
prospective observational studies, as experienced in the case of
cystic fibrosis, another condition at risk for severe RSV disease
but not included in the standard indication."

In summary, our ITS analysis did not find that in Japan there
was a population-level benefit in terms of reduced hospitaliza-
tions of an expanded program of palivizumab prophylaxis for
children with DS without a standard indication. Since access to
healthcare services and thresholds for hospitalization can differ
among countries, the generalizability of this conclusion to set-
tings other than Japan is unknown. Prospective studies are
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warranted in areas where such new programs are under con-
sideration for public health policy that efficiently works.
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