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Abstract

Background and Objectives

Opsoclonus-myoclonus syndrome (OMS) is a rare autoimmune disorder associated with
neuroblastoma in children, although idiopathic and postinfectious etiologies are present in
children and adults. Small cohort studies in homogenous populations have revealed elevated
rates of autoimmunity in family members of patients with OMS, although no differentiation
between paraneoplastic and nonparaneoplastic forms has been performed. The objective of this
study was to investigate the prevalence of autoimmune disease in first-degree relatives of
pediatric patients with paraneoplastic and nonparaneoplastic OMS.

Methods

A single-center cohort study of consecutively evaluated children with OMS was performed.
Parents of patients were prospectively administered surveys on familial autoimmune disease.
Rates of autoimmune disease in first-degree relatives of pediatric patients with OMS were
compared using Fisher exact t test and XZ analysis: (1) between those with and without a
paraneoplastic cause and (2) between healthy and disease (pediatric multiple sclerosis [MS])
controls from the United States Pediatric MS Network.

Results

Thirty-five patients (18 paraneoplastic, median age at onset 19.0 months; 17 idiopathic, median
age at onset 25.0 months) and 68 first-degree relatives (median age 41.9 years) were enrolled.
One patient developed systemic lupus erythematosus 7 years after OMS onset. Paraneoplastic
OMS was associated with a 50% rate of autoimmune disease in a first-degree relative compared
with 29% in idiopathic OMS (p = 0.31). The rate of first-degree relative autoimmune disease
per OMS case (14/3S, 40%) was higher than healthy controls (86/709, 12%; p < 0.001) and
children with pediatric MS (101/495, 20%; p = 0.007).

Discussion

In a cohort of pediatric patients with OMS, there were elevated rates of first-degree relative
autoimmune disease, with no difference in rates observed between paraneoplastic and idio-
pathic etiologies, suggesting an autoimmune genetic contribution to the development of OMS
in children.
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Glossary

OMS = opsoclonus-myoclonus syndrome; BCH = Boston Children’s Hospital; DTaP = diphtheria, tetanus, pertussis; IQR =
interquartile range; MMR = measles, mumps, rubella; MS = multiple sclerosis; NPMSC = Network of Pediatric MS Centers.

Opsoclonus-myoclonus syndrome (OMS) is a rare autoim-
mune disorder characterized by the triad of involuntary rapid
eye movements, myoclonus, and ataxia." Roughly 50% of cases
in children are paraneoplastic (neuroblastoma, ganglioneuro-
blastoma, and ganglioneuroma), whereas the remainder are
infection associated or idiopathic."” Based on CSF findings,
pathologic studies, and response to immunosuppressive ther-
apy, OMS is considered to be an autoimmune disorder.

One approach to understanding the underlying pathogenic
mechanisms in autoimmune disorders is to examine whether
there are associated comorbid personal and familial autoim-
mune diseases. One European study reported autoimmune
disease in 15.8% of parents of children with OMS compared
with 2% of control parents.’ This finding has not been
assessed in other OMS populations, nor have there been
comparisons of autoimmune family histories between patients
with and without a paraneoplastic etiology.

This study sought to investigate the prevalence of autoimmune
diseases in first-degree relatives of pediatric patients with OMS
and to compare the rate (1) between those with and without a
paraneoplastic cause and (2) to the comparable rates in healthy
and disease (pediatric multiple sclerosis [MS]) controls.

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

This study was approved by the Institutional Review Board
(IRB) at Boston Children’s Hospital (BCH). Following ap-
proval, all patients with OMS who were subsequently seen in the
senior author’s (M.P.G.) clinic were offered enrollment between
April 2018 and March 2019 (dates of first and last enrollment).
Consent, and where appropriate assent (ages 7-17 years), was
obtained for study participation.

Data Collection

Clinical information for patients was abstracted retrospectively
using a predetermined case report form through chart review of
institutional and outside medical records when available
(eAppendix 1, links.Ilww.com/NXI/A577). CSF data collected
included white blood cell count (range 0-5 cells/ mm3) with
differential and oligoclonal banding (abnormal if present).
First-degree relative was defined as a biologic parent or sibling.
Family autoimmune disease was collected prospectively by
administering a survey with highly prevalent autoimmune dis-
eases listed to parents of patients (eAppendix 2, links.lww.com/
NXI/AS78). The same survey had been used in an IRB-
approved study of familial autoimmune disease in pediatric MS
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in the Network of Pediatric MS Centers (NPMSC) with data
collected prospectively in a longitudinal cohort at 18 centers
(including BCH) enrolled from May 2011 to July 2017.

Statistical Analysis

Mean and median values were calculated for all continuous
variables, and frequency (expressed as a percentage of the
total population) was calculated for noncontinuous variables.
For continuous variables, Welch ¢ tests and Mann-Whitney U
tests were used to compare means. Interquartile ranges were
calculated for continuous variables. The Fisher exact test was
used to compare prevalence of autoimmune disease between
patients with paraneoplastic and idiopathic OMS. The rate of
first-degree relative autoimmune disease on a case level in the
OMS cohort was compared using x” analysis to the same rates
found in patients with pediatric MS and autoimmune disease-
free controls in the NPMSC study. For a sensitivity analysis,
we also used the BCH-specific data for comparison. Age at
onset of first-degree relative autoimmune disease was com-
pared between the OMS cohort and comparator groups using
a Mann-Whitney U test. A nominal p value of <0.05 was
considered statistically significant for each statistical test.

Data Availability
Deidentified data, statistical analysis, and study documents will be
available on request to qualified researchers pending IRB approval.

Results

Thirty-five patients and 68 first-degree relatives (biological
parents) were enrolled. Two parents (of different patients)
were not available. No siblings were reported to have auto-
immune disease (n = 43, median age 3.8 years [interquartile
range [IQR]: 2.5-7.4]). Demographic and clinical data are
reported in Table 1. The median follow-up time for individ-
uals with OMS was 8.11 years (IQR: 2.8-11.5 years). Eigh-
teen patients had paraneoplastic OMS (median age at onset
19.0 months, IQR 11.7-24.0 months), and 17 patients had
nonparaneoplastic OMS (median onset 25.0 months, IQR
20-72.5 months) (p =0.019 for age at onset). All tumors were
of neural crest cell origin, with neuroblastoma being the most
common (55%). There were no significant differences be-
tween groups with regard to preceding infection, CSF white
blood cell number, or presence of CSF oligoclonal bands
(Table 1). All patients vaccinated within 4 weeks of symptom
onset (n = 4) were diagnosed with nonparaneoplastic OMS,
although the specific vaccine(s) administered was different in
each case (diphtheria, tetanus, pertussis [DTaP], Prevnar 13/
Hepatitis A, DTaP/measles, mumps, rubella [MMR]/Hae-
mophilus, and MMR/varicella zoster virus [VZV]).
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Table 1 Demographics and Clinical Features

All OMS NPMSC NPMSC BCH p Value
Paraneoplastic Nonparaneoplastic cohort cases BCH cases controls controls (paraneoplastic
(n=18) (n=17) (n=35) (n = 495) (n =36) (n=709) (n=77) vsidiopathic)
Mean age at diagnosis 23.4mo 36.1 mo 29.6 mo 171.7 mo 163.1 mo — — 0.128
Median age at diagnosis 19.0 mo 25.0 mo (20.0-41.0) 22.0 mo 181.6 mo 175.2 mo — — 0.019
(IQR) (11.7-24.0) (17.0-33.0) (158.9-198.7) (139.8-198.5)
Sex (n female, % female) 12 (67%) 8 (47%) 20 (57%) 320 (65%) 19 (53%) 419 (59%) 50 (65%) 0.314
Race/ethnicity n =493 n =708 0.994
Caucasian 15 (83%) 16 (94%) 31(88%) 311 (64%) 25 (69%) 438 (62%) 40 (52%)
African American 1(6%) 0 (0%) 1 (3%) 85 (17%) 6 (17%) 106 (15%) 12 (16%)
Asian 1(6%) 1(6%) 2 (6%) 20 (4%) 1 (3%) 48 (7%) 9 (12%)
Hispanic (Caucasian) 2 (12%) 3 (18%) 5 (14%) 92 (19%) 4(11%) 99 (14%) 5 (6%)
Native Hawaiian/ 1(6%) 0 (0%) 1 (3%) 2 (0.4%) 0 (0%) 0 (0%) 0 (0%)
Islander
Tumor
Neuroblastoma 10 (55%) — — — — — —
Ganglioneuroblastoma 6 (33%) — — — — — —
Ganglioneuroma 3(17%) — — — — — —
Infection within 4 wk of 9 (50%) 10 (59%) 19 (54%) — — — — 0.738
OMS onset
Vaccination? within 4 wk 0 (0%) 4 (24%) 4 (11%) — — — — 0.046
of OMS onset
CSF white blood cell 20.4 18.1 19.2 — — — — 0.309
mean
CSF white blood cell 3.0 (2-10.5) 8.0 (2-30.3) 4.0 — — — — 1.000
median (IQR) (2-22.0)
Lymphocytic 9/9 (100%) 11/12 (92%) 20/21 — — — — 1.000
predominance (>50%) (95%)
Oligoclonal bands 4/10 (40%) 5/11 (45%) 9/19 (47%) — — — — 1.000
Monophasic course 3(17%) 9 (53%) 12(34%) — — — — 0.035
Relapsing course 15 (83%) 8 (47%) 23 (66%) — — — —

Abbreviations: BCH = Boston Children’s Hospital; MS = multiple sclerosis; NPMSC = Network of Pediatric MS Centers; OMS = opsoclonus-myoclonus syndrome.

Bold text indicates p < 0.05.

?Vaccines were DTaP, Prevnar 13, DTaP/MMR/Haemophilus, and MMR/VZV; Hep A, 1 singular administration in each patient as noted.

Paraneoplastic OMS had a rate of 50% of autoimmune disease
in a first-degree relative compared with 29% in nonparaneo-
plastic OMS (x* [1, N = 34] = 1.54, p = 0.31).

Patient and family autoimmune diseases are presented in
Table 2. One patient in our cohort developed systemic lupus
erythematosus 7 years after nonparaneoplastic OMS di-
agnosis and treatment. Fourteen patients (40%) had at least 1
first-degree family member with an autoimmune disease, ac-
counting for 21% of all parents with children with OMS.
Compared with previously published data,® this cohort had a
similar rate of familial autoimmune disease (13/82, 15.2%; x>
[1, N = 149] = 0.56, p = 0.4S). The most common
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autoimmune diseases among first-degree relatives were thy-
roid disease (n = 8/68, 12%), followed by type 1 diabetes and
inflammatory bowel disease (n = 3/68, 4% and n = 2/68, 3%,
respectively). The majority (n = 12/14, 86%) of first-degree
relatives with autoimmune disease were female (x* [1,N = 67]
=579, p = 0.016).

The rate of first-degree relative autoimmune disease was
significantly higher in the OMS cohort (n = 14/35, 40%)
compared with the same rate in the pediatric MS (n =101/
495, 20%) (x* [1, N = 530] = 7.39, p = 0.007) and healthy
control cohorts (n = 86/709, 12%) (x* [1, N = 734] = 22.27,
p < 0.001) (Figure). The comparison did not change
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Table 2 Autoimmune Diseases in Cohort vs NPMSC MS and Healthy Controls

E?sttlsr; First-degree relative NPMSC MS cases BCH MS cases NPMSC healthy BCH healthy
Autoimmune disease (n=35) history® (n = 68) (n =495) (n =36) controls (n =709) controls (n =77)
Autoimmune thyroid disease 0 8 (12%) 38 (8%) 5 (14%) 36 (5%) 5 (6%)

Hashimoto thyroiditis — 5(7.3%) 11 (2%) 1 (3%) 14 (2%) 2 (3%)

Graves disease — 0 9 (2%) 1(3%) 5 (1%) 1 (1%)

Not further specified — 3 (4.4%) 18 (4%) 3 (8%) 17 %) 2 (3%)
Rheumatoid arthritis 0 0 16 (3%) 1 (3%) 9 (1%) 1(1%)
Systemic lupus 1 0 (0%) 7 (1%) 0 (0%) 5 (1%) 0 (0%)
erythematosus
Insulin-dependent diabetes 0 3 (4%) 9 (2%) 0 (0%) 4 (0.5%) 0 (0%)
mellitus (type 1)

Inflammatory bowel disease 0 2 (3%) 11 (2%) 0 (0%) 12 (2%) 3 (4%)
Psoriasis 0 0 12 (2%) 1 (3%) 20 (3%) 1 (1%)
Other® 0 3 (4%) 16 (3%) 1 (3%) 0 (0%) 0 (0%)
Median age at onset (y) 10 30 33 44 35 34

Total per cases (n, % [M:F]) 1,3(0:1) 14, 40 (2:12) 101, 20 (36:65) 8,22 (5:3) 86, 12 (39:47) 11,14 (4:7)

Abbreviations: BCH = Boston Children’s Hospital; MS = multiple sclerosis; NPMSC = Network of Pediatric MS Centers.
2 Includes biological parents and biologic siblings; some parents had more than 1 autoimmune disease.
b Other first-degree autoimmune history includes autoimmune hepatitis, alopecia, and vitiligo.

significantly when using BCH site-specific level for pediatric
MS (n = 8/36, 22%) and healthy controls (n = 11/77, 14%).

Age at onset for autoimmune disease in first-degree relatives
in the OMS cohort was 30 years and was significantly younger
compared with the age at onset (34 years) in the combined
group of first-degree relatives with autoimmune disease in the
pediatric MS and healthy control cohorts (p < 0.001, 95% CI:
5.49-6.51). Sixty-four percent of first-degree relatives had
onset before birth of the proband with OMS.

Discussion

This study identified high rates of familial autoimmune disease in
patients with both paraneoplastic and nonparaneoplastic OMS.
When analyzed on a per-parent basis to allow for comparison,
the rate of autoimmune disease in our study (14/68, 21%) was
similar to a prior study in OMS (13/82, 15.8%, p = 045).2

Our study adds to the growing literature that the paraneo-
plastic and nonparaneoplastic forms of OMS are more similar

Figure Prevalence of Autoimmune Disease by Cohort
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than different.> We identified no difference in rates of familial
autoimmune disease between paraneoplastic and non-
paraneoplastic forms of OMS. One proposed hypothesis to
explain nonparaneoplastic cases is that the host immune re-
sponse eliminated a previous neural crest cell tumor, which
therefore would not be detected at OMS onset. From this
perspective, high rates of familial autoimmune disease suggest
that the antitumor immune response in OMS may be driven
by variants in genes involved in autoimmune disease. The
oncologic outcome of neuroblastoma is significantly better in
children with OMS compared with those without OMS.
Further understanding of specific genetic variants that con-
tribute to OMS expression in neuroblastoma may provide a
window into harnessing the salutary effects of the immune
system response to neuroblastoma more generally.

An alternative hypothesis is that there are different triggers in
nonparaneoplastic compared with paraneoplastic cases, with
infections being commonly reported. However, rates of pre-
ceding infection did not differ between the paraneoplastic and
nonparaneoplastic subgroups in our study. This finding, along
with high rates of familial autoimmune disease in both sub-
groups, suggests that the expression of OMS may be driven
more by genetic susceptibility than the specific antigenic
trigger.

Our cohort also captured a higher rate of autoimmune disease
in first degree than in pediatric MS and healthy controls We
also report the post-OMS development of systemic lupus
erythematosus in a patient. These results are of even greater
importance in the context of the younger age at onset for
OMS, allowing for less time for parental development of au-
toimmune disease. The majority of parents had onset of their
autoimmune disorder before the birth of the proband with
OMS. There are emerging data on the role of maternal im-
mune activation contributing to the development of both
autoimmune disease and neuropsychiatric disease in off-
spring. Whether this plays a role in OMS requires further
research.*

Our results can be viewed within the context of existing lit-
erature demonstrating the role of genetic susceptibility in a
variety of autoimmune diseases in children.>® One prior study
showed higher rates of the HLA-DRB1*01 allele in children
with OMS (with or without neuroblastoma) compared with
controls.® Further studies using modern genetic techniques
such as whole-genome sequencing assessing a wider array of
genes may identify additional genes involved in the de-
velopment of OMS. The variety of autoimmune disease
captured in this study supports the theory that multiple genes
and related immune pathways may be at play.9’10

This study is not without limitation. Our sample size was
comparable to other studies in OMS, but nonetheless small, in
part owing to the rarity of OMS. Recall bias cannot be ex-
cluded in familial reporting of autoimmune diseases, which
potentially confounds our data. Diagnoses in relatives were
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not verified by direct review of their medical records. Pro-
bands in this study had prolonged follow-up (median: 8.11
years), although given that the majority of autoimmune dis-
eases present in early adulthood, it is possible that the rate of
autoimmune disease reported in them and their siblings may
be underestimated. Controls could not have an autoimmune
disorder, which may have decreased the rate of parental au-
toimmune disease; however, this restriction did not apply to
the pediatric patients with MS. We did not include a group of
children with neuroblastoma without OMS, which would be
an important topic for future work. Finally, the reporter
(mother vs father) of family history of autoimmune disease
was not recorded in this study and may potentially affect the
quality of data reported.

In a cohort of pediatric patients with OMS, elevated rates of
first-degree autoimmune disease exist without significant
differences in rates between paraneoplastic and nonparaneo-
plastic forms. These data suggest that genetic predisposition
may be more important than the triggering antigen in the
pathogenesis of OMS. Further genetic interrogation in this
population is warranted.
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