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Respiratory syncytial virus (RSV) is among the last viruses to cause
major, predictable worldwide outbreaks of disease and for which no
vaccine or broadly effective antiviral drug is available. Annually in the
United States, RSV accounts for ~125 000 hospitalizations, 2.1 million
outpatient visits to a pediatrician’s office or an emergency de-
partment, and 250 deaths among children in the first years of life." In
addition to the burden of acute disease caused by RSV, severe lower
respiratory tract infection early in life is associated with recurrent
wheezing during the first decade of life.* The unresolved issue of the
association between severe viral respiratory illness early in life and
subsequent wheezing remains one of the more perplexing issues in
pediatrics. Numerous studies have documented that infants hospi-
talized with viral lower airway disease (especially after rhinovirus or
RSV infection) are more likely to experience recurrent wheezing in
contrast to infants who do not experience severe bronchiolitis. ™
Association of a susceptibility locus on chromosome 17g21, rhinovirus
infection in early childhood, and wheezing indicates the existence of
a complex interaction between a genetic predisposition and envi-
ronmental factors.* The unresolved question is whether a severe viral
respiratory infection early in life alters normal lung development in
a way that predisposes to subsequent wheezing or whether certain
infants have a preexisting aberration of the immune response or of
airway function that predisposes to both severe bronchiolitis and
recurrent wheezing.6 If viral lower respiratory tract infections have
a causal association with recurrent wheezing, prevention of infection
should reduce the incidence of wheezing. If severe bronchiolitis
simply identifies an infant who is predisposed to recurrent wheezing
from a number of causes, prevention of RSV infection will have little
or no impact on subsequent wheezing.

An industry-sponsored report by Yoshihara et al in this issue of Pedi-
atrics provides some insight into this issue.” The results of this non-
randomized, observational study from Japan compared the incidence of
wheezing between 349 preterm infants who received palivizumab
prophylaxis in the first 6 months of life with 95 infants who did not
receive prophylaxis. The primary end point of the study was physician-
diagnosed wheezing during a 3-year follow-up. Twenty-two of 345
infants (6.4%) who received immunoprophylaxis experienced wheezing,
whereas 18 of 95 infants (18.9%) who did not receive prophylaxis de-
veloped recurrent wheezing (P << .001) during the 3-year follow-up
period. No difference in hospitalization due to respiratory disease be-
tween the 2 groups was found. Concerns with this study design are the
lack of randomization and blinding and the absence of standardized
enrollment criteria at the 52 participating sites, each of which may
have lead to enroliment bias. Nonetheless, the results are consistent
with the possibility that avoidance of early RSV infection among
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preterm infants decreases the in-
cidence of wheezing in the first few
years of life.

A second industry-sponsored trial
conducted in the Netherlands ad-
dressed the issue of prophylaxis with
palivizumab and recurrent wheezing
using a different study design. This
double-blind, placebo-controlled trial
enrolled 429 otherwise healthy late-
preterm infants.® Participating in-
fants received monthly prophylaxis
with palivizumab or placebo, and the
primary end point was parent re-
corded wheezing during the first year
of life. During the first year of life,
children in the placebo group experi-
enced 2309 days with wheezing of
a total 51726 patient days (4.5%),
whereas those in the palivizumab
group had 930 days of wheezing out of
93075 patient days (1.8%; P = .01).
This represents an absolute 2.7 fewer
days of wheezing per 100 patient days
(17.5 wheezing days/1000 days vs 44.6
wheezing days/1000 days = 27.1 fewer
wheezing days/1000 days) among infants
who received monthly palivizumab in
contrast to those who did not receive
prophylaxis.

These trials offer preliminary evidence
that reduction of RSV lower respiratory
tract infection early in life by the use of
monthly palivizumab prophylaxis may
reduce wheezing episodes in the first,
second, or third year of life. It should be
noted that in the trial by Yoshihara et al,
the reduction in children with recurrent
wheezing was modest, from 189 chil-
dren per 1000 days in the untreated
arm to 64 children per 1000 days
among recipients of monthly pro-
phylaxis over a 3-ear period.” This
equates to 125 fewer children with
recurrent wheezing per 1000 children
receiving prophylaxis, or 12.5 fewer
children with an episode of wheezing
per 100 children per year over 3 years.

The critical question regarding
palivizumab prophylaxis has not changed
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since this humanized monoclonal anti-
body was licensed by the Food and
Drug Administration in June 1998.°
Palivizumab is easily administered,
well tolerated, and moderately effec-
tive in reducing RSV hospitalization
rates, as robustly demonstrated in
2 randomized, blinded, placebo con-
trolled trials conducted from 1996—
1997 (IMpact-RSV trial) and from
1998-2002 (cardiac trial)."®'" The piv-
otal IMpact-RSV trial demonstrated an
overall drop in RSV hospitalization
rates from 10.6% in the placebo arm to
4.8% among high-risk infants who re-
ceived palivizumab prophylaxis, a mod-
est absolute reduction of 5.8%, although
statistically significant (P < .001).'° The
cardiac trial evaluated the safety and
efficacy of palivizumab in 1287 children
with hemodynamically significant con-
genital heart disease and demonstrated
a reduction in RSV hospitalization from
9.7% in the control arm to 5.3% among
palivizumab recipients.'’ The absolute
reduction in RSV hospitalization in this
trial was statistically significant at 4.4%
(P < .003). The results from the recent
studies of wheezing outcomes con-
ducted in Japan and the Netherlands
suggest that in addition to this ~5%
absolute reduction in RSV hospitaliza-
tion rates, a small reduction in epi-
sodes of recurrent wheezing also may
be achieved with palivizumab pro-
phylaxis.”® The results from both stud-
ies regarding a reduction in wheezing
reach statistical significance, but are
the results of sufficient clinical signifi-
cance to justify the cost of prophylaxis?

The cost-effectiveness of this expensive
intervention remains controversial and
depends on several base case assump-
tions including baseline RSV hospitali-
zation rates among different groups of
children at high risk, the reduction in
RSV hospitalization rates among re-
cipients of prophylaxis in different risk
groups in this second decade of the
21st century (which are likely to be

lower than RSV hospitalization rates
during the 1990s when the IMpact-RSV
trial was conducted), the cost of
hospitalization (amount saved by avoid-
ing hospitalization), the threshold crite-
ria for hospitalization of a child with
bronchiolitis (which differs from country
to country and even from pediatrician to
pediatrician), the number of monthly
doses administered, the weight of an
infant who receives prophylaxis, varia-
tion in the severity of the RSV season,
and the acquisition cost of palivizumab.
No difference in mortality rates between
control groups and prophylaxis recipi-
ents has been found in any clinical trial,
so this important driver of cost-saving
(life-years gained) cannot be included
in a cost-effectiveness analysis. An
analysis of the Kids’ Inpatient Database
regarding bronchiolitis admissions
noted that the overall hospitalization
rate for all-cause bronchiolitis has de-
clined in the United States by a sta-
tistically significant 17% between
2000 and 2009." As the primary end
point (RSV hospitalization) becomes
less common among infants who do
not receive prophylaxis, the cost of
prophylaxis to prevent 1 hospitaliza-
tion increases.

A number of cost-effectiveness ana-
lyses have been published regarding
palivizumab prophylaxis with dra-
matically different conclusions.'®"
Cost-analyses sponsored by the manu-
facturer generally show cost neutrality
or even cost saving."®'® Among inde-
pendently conducted cost analyses, the
cost of prophylaxis with palivizumab is
generally found to far exceed the
economic benefit of hospital avoid-
ance, even among infants at highest
risk.>'""?° For the highest-risk infants
(those born at 23—32 weeks’ gestation
and who required at least 28 days of
supplemental oxygen in the NICU), the
number needed to treat to prevent 1
hospitalization in the IMpact-RSV trial
was 85.° For all other infants in the
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trial, the number needed to treat to
prevent 1 RSV hospitalization ranged
from 19 to 170.% The average whole-
sale cost of 100-mg vial of palivizumab
is $2962 (June 2013). At a monthly
dose of 15 mg/kg, assuming no wast-
age, the per-dose cost of palivizumab
is 15 mg/kg X $2962/100mg X 4.8 kg
(the mean weight of infants in IMpact-
RSV trial) = $2133/dose. If 5 monthly
doses are administered, the total di-
rect cost for palivizumab per infant for
a single season is $10 665. Assuming
a conservative number of 19 infants
need prophylaxis to avoid 1 RSV hos-
pitalization, the acquisition cost at the
present time to avoid 1 hospitalization
is $202635 (19 infants X $10665;
Table 1). This figure will be modified by
manufacturer’s rebates, the number of
monthly doses administered, and a
number of other factors such as ad-
ministration fees, reduction in out-
patient visits among palivizumab
recipients, and perhaps a reduction
in episodes of wheezing. The mean
charge for 1 RSV hospitalization is
$8530, based on >325000 patient dis-
charges with bronchiolitis in the United
States between 2000 and 2009." Thus,
in the United States, the acquisition
cost of palivizumab is $202 635 to save
$8530 in hospitalization cost. Sensitivity
analyses show that even with variation
in assumptions, the cost of prophylaxis
far exceeds a saving from reduced
hospitalization rates.'”*

Future studies may confirm or refute
a statistically significant reduction in
the number of episodes of recurrent
wheezing among recipients of pro-
phylaxis. At that time, the cost savings
from fewer episodes of recurrent
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TABLE 1 Cost and Savings per Patient for Palivizumab Prophylaxis Considering Only the
Acquisition Cost of 5 Doses of Palivizumab
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Average wholesale cost of 100-mg vial of palivizumab vial
Palivizumab monthly cost per dose for infant with mean wt of

4.8 kg

Palivizumab cost for 5 monthly doses (1 RSV season)

for 1 infant

Palivizumab cost to prevent 1 bronchiolitis hospitalization®

Mean cost of 1 bronchiolitis hospitalization

$2962 —
$2133 —

$10 665 —

=$202 635 —
— $8530

—, not applicable.

? For all infants except highest-risk infants born after 23 to 32 weeks’ gestation who spend =1 month in the NICU.
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