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Abstract

Infants with Down syndrome (DS) face an increased risk of respiratory tract infections. Recent studies describe DS as indepen-
dent risk factor for a complicated clinical course in infants with respiratory syncytial virus (RSV) infection. The prospective
observational German Synagis™ Registry comprises data from 249 children below 25 months of age with DS and palivizumab
prophylaxis 2009-2016 (1191 administrations; mean 4.8 per patient and season). The median gestational age and the birth weight
in patients without and with DS were 31 versus 37 weeks (P <0.001) and 1590 versus 2750 g, respectively (P < 0.001). Patients
with DS significantly more often had congenital heart disease (CHD), siblings in kindergarten or school, treatment with oxygen at
home, immunodeficiency, and neuromuscular impairment. The RSV-related hospitalization rate in patients with DS was 1.20%;
the hospitalization rate in patients without DS was 0.71%.

Conclusion: Data from 249 children with DS receiving palivizumab prophylaxis in seven consecutive RSV seasons (2009—
2016) in Germany reveal important differences between patients with and without DS concerning the main indication for
palivizumab use and additional risk factors. Bearing in mind the limitations of an uncontrolled postmarketing observational
study, the results confirm the field effectiveness of palivizumab prophylaxis in this special population.

What is Known:

* Recent studies describe the Down syndrome as independent risk factor for a complicated clinical course in infants with RSV infection.

What is New:

» Compared with other infants receiving palivizumab prophylaxis, patients with Down syndrome significantly more often had congenital heart disease,
siblings in kindergarten or school, treatment with oxygen at home, immunodeficiency, and neuromuscular impairment.

* In infants with palivizumab prophylaxis breakthrough, RSV-related hospitalization rates were not significantly higher in those with Down syndrome.
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Abbreviations eCRF electronic case report form
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RSV respiratory syncytial virus
RSVHR respiratory syncytial virus hospitalization rate

RTI respiratory tract infection
SAE serious adverse event

Introduction

Children with Down syndrome (DS; trisomy 21), the most
common chromosomal abnormality in live-born neonates,
have an increased incidence of respiratory tract infection
(RTI) during the first 24 months of life [20]. This is due to
anatomical, physiological, or functional abnormalities of the
respiratory system and impairments of the humoral and cellu-
lar immune response. Children with DS are more prone to
infections with viral pathogens [1, 12, 16, 19, 22]. Preterm
infants with DS have an increased risk of bronchopulmonary
dysplasia (BPD; also known as chronic lung disease of pre-
maturity [CLD]) [2]. During the first 2 years of life, RTI rep-
resent the most common reason for hospitalization in children
with DS, and lower respiratory tract infection (LRTI) in in-
fants and young children with DS can cause persistent pulmo-
nary hypertension. Approximately one half of all children
with DS have congenital heart disease (CHD); in 10% of these
children, cardio-surgical interventions are needed to correct or
alleviate CHD [8].

Respiratory syncytial virus (RSV) is one of the most rele-
vant viral pathogens responsible for RTIs in neonates, infants,
and toddlers <24 months [7]. A number of recent publications
argued that DS is an independent risk factor for complicated
RSV infection, even in children without prematurity or hemo-
dynamically significant CHD [1, 9-12, 18, 27-29]. Bloemers
etal. [1] have shown a significantly higher hospitalization rate
during RSV infection in children with DS (9.9 vs. 0.7%). Even
in children with DS and no other risk factors, such as prema-
turity or CHD [5, 6, 25], the RSV-related hospitalization rate
(RSVHR) was 7.6% (relative risk [RR], 12.6 vs. healthy con-
trols). Kristensen et al. [10] identified additional risk factors
for RSV-related hospitalizations in Danish children with CHD
in multivariate analysis. Megged et al. [12] confirmed the
results of Bloemers et al. [1] in a cohort study in Israel. The
RSVHR of 18% (n=41/222) in children with DS was high
compared with studies performed in other high-risk popula-
tions, and 49% of the RSV-related hospitalizations in children
with DS took place in children > 12 months.

The current recommendations for palivizumab' use in the
USA (AAP 2014) and in Germany [4, 5] cite DS as an addi-
tional risk factor for a complicated course of RSV infection[5],
such as day care attendance, older siblings, exposure to tobac-
co smoke at home, or crowded homes. The German

! Synagis®; formerly licensed by Abbot Laboratories Limited, UK, now li-
censed by Medimmune/AbbVie®).
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Synagis™ Registry was created in 2002 as a postmarketing
observational study (PMOS) [21]; the analysis presented here
focuses on the results from this registry in children with DS
compared with children without DS 2009-2016.

Materials and methods

This PMOS was conducted using a prospective, single-arm,
multicenter design in Germany according to protocol dated
April 2006. Infants and toddlers, who received > 1 dose of
palivizumab according to the local product label and the cur-
rent recommendations for palivizumab use in Germany [4, 5],
were eligible for participation. Each patient included in this
study was to be observed during his/her first palivizumab
treatment (2009-2016, between September 1 and June 30 dur-
ing the corresponding RSV season). The corresponding data
were documented in a protected Internet-based data entry sys-
tem (electronic case report form (eCRF); MedSurv GmbH,
Friedrich-Ebert-Str. 1, D-61130 Nidderau, Germany) by par-
ticipating physicians. Baseline documentations included
socio-demographic factors, perinatal history, and previously
known risk factors for a complicated RSV infection.

In this analysis, we excluded patients who received
palivizumab in > 1 consecutive RSV seasons (n=982).
Furthermore, we included only children below 25 months of
age at the start of immunization.

Settings

Primary care pediatricians from hospital outpatient facilities
and neonatologists from inpatient facilities were invited to
participate in this PMOS and enroll patients at their discretion.
No additional diagnostic or monitoring procedures were ap-
plied, other than those which would ordinarily be applied in
the course of the individual therapeutic strategy. Only data that
were part of routine medical care were collected. The prescrip-
tion of palivizumab was clearly separated from the decision to
include the patient in this PMOS. The attending neonatologist
(inpatients) or primary care pediatrician (outpatients) was re-
sponsible for administering prophylaxis with palivizumab ac-
cording to approved standards of administration and monitor-
ing. All therapeutic decisions, including decisions for hospi-
talization, RSV testing, or monitoring subjects at a pediatric
intensive care unit, were at the discretion of the attending
physicians. Participation in the registry did not influence any
decision regarding medical treatment.

Palivizumab dose
The recommended dose of palivizumab is 15 mg/kg of body

weight, given once a month during anticipated periods of RSV
risk in the community. Where possible, the first dose should
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be administered before the beginning of the RSV season. The
majority of experience with palivizumab is with five injec-
tions during one season. Data, although limited, are available
for > 5 injections; therefore, the benefit in terms of protection
>5 doses has not been established.

Hospitalization due to RSV infection

On any occurrence of a hospitalization, the attending physi-
cian completed a separate RSV hospitalization form.
Information in the eCRF about the hospitalization based on
this report. Diagnostic testing for RSV infection in infants and
children hospitalized despite palivizumab prophylaxis is of
particular importance to allocate the hospitalization to the cat-
egories “RSV-related” or “Not RSV-related” and to identify
palivizumab failures (RSV-related hospitalization during
palivizumab prophylaxis) [24]. Nasal swabs to detect or ex-
clude an RSV infection were not consistently performed on
admission in all subjects included in this registry who were
hospitalized with a RTI during the observation period. To
minimize the risk of allocation bias concerning the most im-
portant outcome parameter (RSV-related hospitalization), we
requested the documenting physician to confirm that the hos-
pitalization was related to a microbiologically confirmed RSV
infection and to add > 1 clinical RSV-related diagnosis (e.g.,
RSV-bronchiolitis).

Reporting of severe adverse events

According to good clinical practice, the participating physi-
cians consented to follow legal regulations and report serious
adverse events (SAEs) in case of any adverse event or reaction
that requires inpatient hospitalization or prolongation of
existing hospitalization, results in persistent or significant dis-
ability/incapacity, or requires medical intervention to prevent
one of the other outcomes listed above. If the physician doc-
umented a hospitalization in the eCRF, the Internet-based data
entry system automatically executed an alert to complete and
send a SAE report form to the pharmacovigilance department
of AbbVie.

Statistics

Statistical analyses were conducted using means of IBM-
SPSS™ version 23 (IBM, Armonk, New York, USA).
Quantitative data (e.g., birth weight) were analyzed using
the statistical parameters mean, standard deviation (SD), min-
imum, low (25), median (50), upper (75), and maximum quar-
tile (100). Qualitative data (e.g., sex) were presented using
means of absolute and relative frequencies. The calculation
of percentages was based on the valid data per parameter,
excluding patients with missing values for each of the param-
eters to be analyzed (“valid data analysis™). Accordingly, this

resulted in different sample sizes. In general, description of
results within the report was based on the valid data analysis.
Comparisons of quantitative and categorical data between pa-
tients with and without DS were conducted using the Mann-
Whitney U test and Fisher exact test, respectively. P values
were two sided and subject to a significance level of < 0.05.
We did not correct for the issue of multiple testing due to the
exploratory nature of the study.

Results

Number of evaluable patients with DS
and palivizumab administration schedule

Between September 1, 2009, and May 31, 2016 (7 consecu-
tive RSV seasons), a total of 63,572 immunizations were doc-
umented for 12,729 evaluable patients, with an average of 5.0
immunizations per patient per season. Table 1 shows the num-
ber and proportion of patients with DS (n = 249).

Descriptive data of the evaluable patient population
with DS

Most patients were male (without DS, 55%; with DS, 53%).
The median gestational age at birth and the median birth
weight in patients without and with DS was 31 versus
37 weeks (P<0.001) and 1590 versus 2750 g, respectively
(P<0.001). The median age at first palivizumab administra-
tion was 3.2 and 3.4 months in patients without and with DS,
respectively (P =0.071). Table 2 shows the distribution of risk
factors for a complicated clinical course of RSV infection in
patients without and with DS. Patients with versus without DS
had significantly more often CHD and cyanotic CHD, siblings
in kindergarten or school, treatment with oxygen at home,
immunodeficiency, and neuromuscular impairment.

Main indication for palivizumab

Figure 1a, b shows the main indications for palivizumab in
patients without and with DS as indicated by the documenting
physician in the eCRF. In this registry, CHD was the main
indication for palivizumab in 64% of all children with DS
(vs. 12% in those without DS). In contrast to patients without
DS, in which premature birth comprised 75% of all main
indications for palivizumab, this was the case in only 19%
of the patients with DS.

Number of palivizumab administrations
and administrations per patient

A total of 62,381 immunizations were documented for the
12,480 evaluable patients without DS, with an average of

@ Springer
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Table 1 Number and proportion of patients with DS in seven consecutive RSV seasons (2009-2016)

Seven consecutive RSV Only patients included in the registry for the first RSV season*

seasons

All Patients without Down syndrome Patients with Down syndrome Proportion of included patients with
(trisomy 21) (trisomy 21) DS (%)

2009-2010 2133 2108 25 12

20102011 1812 1787 25 1.4

20112012 1911 1870 41 2.1

2012-2013 1926 1888 38 2.0

2013-2014 1759 1720 39 22

2014-2015 1602 1555 47 29

2015-2016 1586 1552 34 2.1

2009-2016 12,729 12,480 249 2.0

Italic is only used to point out that these values are cumulative results

DS Down syndrome, RSV respiratory syncytial virus

*n =48 patients with DS were included again during a second RSV season (excluded in this analysis)

5.0 immunizations per patient per season; 45.4% of the sub-
jects without DS received > 5 monthly injections (7 = 5669).
In patients with DS, 1191 immunizations were documented,
with an average of 4.78 immunizations per patient per season

(P=0.102). One hundred four infants with DS (41.8%) re-
ceived >5 monthly injections (P =0.275). Figure 2 shows
the cumulative monthly distribution of palivizumab
administrations.

Table 2  Risk factors for complicated RSV infection in patients without and with Down syndrome

Risk factors Patients without DS Patients with DS Fisher exact test (two sided)
N n % N n in % P value
Premature birth (<36 weeks) 12,480 10,716 85.9 249 68 273 <0.001
Multiple births 11,651 3774 324 218 19 8.7 <0.001
Siblings in kindergarten or school 10,535 4760 452 232 139 59.9 <0.001
Congenital heart disease 12,296 3219 26.2 248 211 85.1 <0.001
Smoking in the family 6209 2007 323 123 30 24.4 0.064
Family history of asthma 10,389 1121 10.8 200 7 35 <0.001
Family history of atopy 10,407 2018 194 199 21 10.6 0.001
Chronic lung disease” 12,180 2313 19.0 242 33 13.6 0.038
Chronic lung disease therapy " 12,060 1773 14.7 231 30 13.0 0.512
Treatment with oxygen at home 12,251 739 6.0 239 24 10.0 0.019
Immunodeficiency 12,040 145 12 231 26 11.3 <0.001
Cyanotic congenital heart disease 12,130 728 6.0 233 56 24.0 <0.001
Neuromuscular impairment 8255 717 8.7 180 69 383 <0.001
Serious neuromuscular disease 8212 401 49 181 27 14.9 <0.001
Neuromuscular impairment positive® 11,956 1091 9.1 229 90 39.3 <0.001
Attending day care 12,148 350 2.9 241 11 4.6 0.121
Crowded living condition 10,373 2546 24.5 202 46 22.8 0.620
Breastfeeding <2 months 11,198 5695 50.9 219 99 45.2 0.102

N is the total number of patients with informative data about the corresponding risk factor in the CRF; n is the number of patients in which the
corresponding risk factor is marked as positive by the documenting physician

DS Down syndrome, RSV respiratory syncytial virus

* Chronic lung disease of prematurity is synonymous to “bronchopulmonary dysplasia”

T Therapy with steroids or bronchodilators directed against chronic lung disease during the previous 6 months

*Neuromuscular impairment positive or serious neuromuscular disease positive

@ Springer
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Fig. 1 a Main indication for
palivizumab in 249 children with
Down syndrome (2009-2016). b
Main indications for palivizumab
in 12,480 children without Down
syndrome (2009-2016)

Premature birth (29-35 weeks)
Premature birth (<28 weeks)
m Hemodynamically significant CHD
M Bronchopulmonary dysplasia

M Other reason

Premature birth (29-35 weeks)
Premature birth (<28 weeks)

® Hemodynamically significant CHD

M Bronchopulmonary dysplasia

\ 53%

H Other reason

zz%/

Parenteral adherence and location of the first 93.5, 5.5, and 1.0%, respectively. In patients with DS, the

palivizumab administration

corresponding values were 95.1, 3.7, and 1.2%. In patients
without DS, prophylaxis began in the hospital in 24.6% of

Parental adherence to the passive immunization schedule in  the evaluable population (12,480 infants). The corresponding
patients without DS was rated as good, satisfying, and bad for ~ rate in patients with DS (n =249) was 22.1% (P =0.030).

Fig. 2 Monthly distribution of
palivizumab administrations in
249 children with Down
syndrome (2009-2016)

Count

250
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Outcome hospitalization and RSV-related
hospitalization

During the observation period, we observed 92 RSV-related
hospitalizations in 87 patients. The RSV-related hospitaliza-
tion rate in patients with DS was 3/249 (1.20%). The hospi-
talization rate in patients without DS was 89/12480 (0.71%).
Table 3 shows different risk factors in patients with > 1 RSV-
related hospitalization (univariate analysis; 2009-2016). In
this palivizumab registry, DS was no longer a significant risk
factor for RSV-related hospitalization. Conversely, premature
birth and neuromuscular impairment still had a significant
impact on RSVRH despite palivizumab administration.

Clinical course of hospitalizations in patients with DS

The clinical diagnoses in the three children with DS and RSV-
related hospitalization were bronchiolitis (z = 1) and pneumo-
nia (n =2). Two of three patients with DS RSV-related hospi-
talization received oxygen because of the infection and inten-
sive care monitoring (for 48 h); one of these children was
mechanically ventilated for 24 h. No deaths related to RSV
infection were reported.

Serious adverse events

In total (referring to 63,572 palivizumab immunizations), par-
ticipating physicians reported 668 SAEs from 2009 to 2016
(105 SAEs/10,000 palivizumab administrations). Of these, 28
SAEs were reported in 15 patients with DS (235 SAEs/10,000
palivizumab administrations). Excluding RSV-related hospi-
talizations, most SAEs (n=20) were due to RTIs leading to
hospitalization without detection of RSV in respiratory sam-
ples. No SAE was causally related to the use of palivizumab.
Two patients with DS died during the observation period (un-
related to RSV infection or to palivizumab prophylaxis).

Discussion

This report from a prospective observational registry in
Germany adds further information to our current knowledge
about patients with DS receiving palivizumab prophylaxis.
Patients with DS receiving palivizumab significantly differ
from patients without DS concerning the main indication for
palivizumab use, the presence of additional risk factors (in
particular CHD and premature birth, birth weight, and gesta-
tional age at birth). In line with data from other studies, our
data confirm the effectiveness of palivizumab in patients with
DS, with a low RSV-related hospitalization rate (1.2%) [1, 10,
12, 20, 23, 28, 29]. DS was no longer a significant risk factor
for RSV-related hospitalization in patients receiving
palivizumab. The higher (crude, not related to palivizumab)
incidence rate of SAEs in patients with DS (235 vs. 105
SAEs/10,000 palivizumab administrations) underscores the
vulnerability of the DS population, in particular in terms of
hospitalization due to RTI (20/28 SAEs, excluding RSV-
related hospitalizations; 71%). Our data did not elucidate
any safety concerns related to palivizumab in patients with
DS.

The main limitation of PMOS, such as the German
Synagis™ Registry and other registries for palivizumab use
(recently reviewed by Paes et al. [14]), is the missing control
group. In this regard, we cannot comment on the RSVHR in
children with or without DS who did not receive palivizumab
during the observation period. Changes in the health system,
such as preventative education initiatives targeted at parents/
caregivers (e.g., concerning day care attendance of high-risk
children, smoking at home), variability in RSV epidemiology,
and hospital admission, may have decreased the RSVHRs in
recent years.

In Germany, palivizumab administration is guided by rec-
ommendations of pediatric scientific societies [4, 5], but not
supported by a comprehensive active national program to
identify eligible patients and to ensure adherence to the

Table 3  Univariate analysis of different risk factors in patients with > 1 RSV-related hospitalization (2009—2016)
Patients with RSV-related hospitalization
Yes No Univariate logistic regression
Number % 95% CI (Blyth-Still-Casella) ~ Number % Pvalue Oddsratio 95% CI
Down syndrome No 84 0.67% 0.54% 0.83% 12364  993% 0316 1.810 0.568 5.765
Yes 3 1.21% 0.33% 3.44% 244 98.8%
Premature birth ~ 29-35 weeks 35 0.48% 0.34% 0.67% 7221 99.5% <0.001 2.382 1.511  3.757
<29 weeks 40 1.14% 0.83% 1.54% 3464  98.9%
NMI No 67 0.61% 0.47% 0.77% 10918  99.4%  0.003  2.265 1.309 3.921
Yes 16 1.37% 0.83% 2.17% 1151 98.6%
CHD No 63 0.69% 0.53% 0.88% 9033  993% 0950 1.015 0.633  1.627
Yes 24 0.70% 0.45% 1.04% 3390 993%

CHD congenital heart disease, CI confidence interval, NMI neuromuscular impairment, RSV respiratory syncytial virus
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recommended administration schedule [15, 26]. In addition,
not all infants and children who received palivizumab during
the observational period are included into the German
Synagis™ Registry.

Further studies on RSV-related hospitalizations
in children with DS

The working group of Paes et al. coordinates the Canadian
registry of palivizumab (CARESS), a prospective, observa-
tional database that documents the utilization, compliance,
and health outcomes of children who receive RSV prophylax-
is with palivizumab in hospital and community settings in
Canada [3, 13, 15, 17, 18, 27]. Referring to data from 2006
to 2012, Paes et al. compared the results of children with
standard indications for palivizumab (group 1, n = 4880) with
patients who had received palivizumab due to special indica-
tions (group 2; n =952) [17]. Twenty percent of the children in
the special indications group had DS. Children from group 2
had higher rates of breakthrough RSV infections (hospitaliza-
tion due to confirmed RSV infection during palivizumab use,
2.35 vs. 1.40%; P=0.062). Zachariah et al. [29] studied the
RSVHR of children with DS (n = 630) and found a RSVHR of
13.5% (N = 85). Interestingly, 50 of 85 children had no other
risk factors than DS. This study confirms the higher risk of
RSV-related hospitalization in children with DS (odds ratio,
3.5;95% CI, 3.10-4.12; DS with additional risk factors, 5.99;
95% Cl, 5.38-6.68). Stagliano et al. [23] performed a retro-
spective cohort study of children enrolled in the US
Uniformed Services Health Database, including 633,200 chil-
dren. Children with DS had a RSVHR of 9.6 versus 2.8% in
children without DS. In the multivariate adjusted analysis, DS
(adjusted hazard ratio (aHR), 3.46; 95% CI, 2.75-4.37) was
more strongly associated with RSVHR than any other risk
factor, except immunodeficiency (aHR, 5.06; 95% CI, 4.05—
6.32). Sanchez-Luna et al. [20] included 93 infants up to 1 year
of age with DS and 68 matched controls without DS in a
multicenter epidemiologic study in Spain. The hospitalization
rate for all acute RTI and the RSVHRs were significantly
higher in the DS cohort (44.1 vs. 7.7%; P<0.0001 and 9.7
vs. 1.5%; P=0.03).

RSV-related hospitalizations in children with DS
during palivizumab prophylaxis

Our literature search identified two studies explicitly
discussing RSVHRs in children with DS while receiving
palivizumab prophylaxis. Paes et al. [18] from the CARESS
Registry performed a subgroup analysis (data from 2006 to
2012; n=13,310 enrolled children; DS, n =600 [4.5%]).
RSVHR was 1.53% (DS), 1.45% (standard indications), and
2.27% (other special indications).

According to the results of Yi et al. [27], palivizumab ad-
ministration during the first 2 years of life in children with DS
led to a significant reduction of the RSV-related hospitaliza-
tion risk (RSVHR in children with DS 1.5% with and 9.9%
without palivizumab prophylaxis; incidence rate ratio, IRR,
3.6; 95% CI, 1.52-8.67).

The studies discussed herein consistently show an in-
creased risk of RSV-related hospitalization in children with
DS (9.9-19.5% [1, 9]) and confirm DS as an independent risk
factor for a complicated course in RSV infection. Under the
assumption that palivizumab may cause a 50% relative risk
reduction of RSVHR, Yi et al. [27] calculated the necessary
number of children with DS in a prospectively randomized
study to be at least 896. This equates to all children with DS
born in Germany annually. One has to keep in mind that many
children with DS qualify for palivizumab prophylaxis follow-
ing standard indications. Due to ethical reasons, these children
would not be eligible for randomization in the placebo group
of a randomized study.

Conclusion

The German Synagis™ Registry, comprising data from 249
children with DS receiving palivizumab prophylaxis (2009—
2016), describes important differences between patients with
and without DS concerning the main indication for
palivizumab and additional risk factors for a complicated
RSV infection. Bearing in mind the limitations of an uncon-
trolled PMOS, the results confirm the field effectiveness of
palivizumab prophylaxis in this population.
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