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Immunologic and Clinical Responses to Rituximab in a Child With
Opsoclonus-Myoclonus Syndrome

Michael R. Pranzatelli, MD*‡; Elizabeth D. Tate, FNP-C, MN*; Anna L. Travelstead, BS, MT(ASCP)§;
and Darryl Longee, MD�

ABSTRACT. Opsoclonus-myoclonus syndrome (OMS)
is an autoimmune disorder with serious neurodevelop-
mental morbidity and limited treatment options. We
treated a toddler with moderately severe OMS with rit-
uximab, a monoclonal anti-B cell antibody. The patient’s
clinical response was documented on videotape and
scored with the OMS Evaluation Scale. Cerebrospinal
fluid lymphocyte subsets were evaluated by flow-cyto-
metric immunophenotyping, with a comprehensive
panel of monoclonal antibodies. Eradication of cerebro-
spinal fluid B cells, which previously were expanded,
was associated with dramatic clinical improvement.
There also were secondary changes in other lymphocyte
subsets that might be relevant to the clinical response
and lack of serious infections. In addition to clarifying
the immune response to B-cell depletion, these data re-
veal a promising new therapy for OMS that warrants a
phase I clinical trial. Pediatrics 2005;115:e115–e119. URL:
www.pediatrics.org/cgi/doi/10.1542/peds.2004-0845; neu-
roblastoma, Kinsbourne syndrome, dancing eyes syn-
drome, paraneoplastic disorder, cerebrospinal fluid lym-
phocyte immunophenotyping.

ABBREVIATIONS. OMS, opsoclonus-myoclonus syndrome; CSF,
cerebrospinal fluid; NK, natural killer; IVIg, intravenously admin-
istered immunoglobulin; Ig, immunoglobulin.

Rituximab (Rituxan), a monoclonal antibody di-
rected against B cells, binds to the CD20 anti-
gen on the surface of mature B cells, which it

targets for apoptosis and immune system-mediated
destruction.1 Rituximab was approved by the US
Food and Drug Administration in 1997 to treat B-cell
non-Hodgkin’s lymphomas2 but has been used off-
label for the treatment of several types of autoim-
mune disorders among children and adults, such as
autoimmune hemolytic anemia,3 idiopathic autoim-
mune thrombocytopenia,4 rheumatoid arthritis,5 lu-
pus,6 autoimmune neuropathy,7 and Wegener’s
granulomatosis.8

Rituximab seems ideal for the study and treatment

of childhood opsoclonus-myoclonus syndrome
(OMS), a serious neurologic disorder in need of more
effective therapy.9 OMS is purported to be humor-
ally mediated, and antibodies to diverse autoanti-
gens have been described.10,11 Removal of autoanti-
bodies through plasmapheresis at the toddler stage,
when OMS usually develops, is not feasible techni-
cally. If pathogenic B-cell perpetrators could be re-
moved, however, then perhaps the same result could
be achieved. Also, B cells can function as antigen-
presenting cells to T cells,12 and their removal might
thus be strategic. Recently, we demonstrated an in-
creased percentage of B cells in the cerebrospinal
fluid (CSF) of children with OMS, and CSF B-cell
expansion proved to be a reliable biomarker of dis-
ease activity.13 We also found that rituximab, when
added to conventional immunotherapy for 6 chil-
dren with OMS, reduced the number of B cells in the
CSF, with clinical improvement.14

We evaluated a child with moderately severe OMS
for whom the percentage of B cells in the CSF was
elevated. In consideration of the use of rituximab as
monotherapy, there were several unknown factors.
Would therapy result in sufficient clinical improve-
ment? Would it still remove CSF B cells and, if so,
would there be compensatory changes in other CSF
lymphocyte subsets? Here we report on the clinical
and immunologic effects of rituximab for that child.

CASE REPORT
When first evaluated at the National Pediatric Myoclonus Cen-

ter, the child was 30 months of age. She was healthy until the age
of 24 months, when she experienced various respiratory infec-
tions, including otitis media, bronchitis, and pneumonia, which
were treated with azithromycin and erythromycin. Then the pa-
tient began to stumble and display balance problems and irrita-
bility. Soon she lost her ability to feed, sit, or walk. Muscle jerks
were evident during sleep, and the patient slept for only short
periods. She experienced rage attacks 4 or 5 times each day.

Several weeks later, after the appearance of trembling and
jerking eyes, a diagnosis of OMS was made. Head magnetic res-
onance imaging and electroencephalographic findings were nor-
mal. The serum neuron-specific enolase concentration was mildly
elevated at 11.1 �g/L (normal: 3.7–8.9 �g/L), but a search for a
neuroblastoma through magnetic resonance imaging of the chest,
abdomen, and pelvis and urine catecholamine screening yielded
negative results.

At 25 months of age, the patient was treated with intravenously
administered immunoglobulin (IVIg) (1 g/kg) for each of 2 con-
secutive days. The mother reported that the patient responded to
the treatment but it was not continued. Later, oral prednisone
treatment was attempted, but the child refused the medication
regardless of how it was presented. No other therapy was admin-
istered.

In the subsequent months, the patient exhibited staring epi-
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sodes not associated with convulsive movements and she drooled.
Her behavior remained problematic, although she no longer ex-
perienced rage attacks. She still did not speak in sentences, and
she was unable to run. Her jerkiness was worse when she at-
tempted to move and during illnesses. She was unusually sensi-
tive to bright lights.

The developmental history before the onset of OMS was unre-
markable. The patient sat at 6 to 7 months of age, crawled at 5 to
6 months, rolled over at 3 months, stood independently at 9
months, walked at 9 months, ran at 18 months, and was beginning
to speak in sentences at 24 months. She was almost fully toilet
trained.

In an examination, the patient’s head circumference (49.2 cm,
60th percentile), weight (12.7 kg, 25th percentile), and height (36
inches, 30th percentile) were age-appropriate. Her vital signs were
unremarkable. The patient was an extremely shy little girl with
obvious neurologic abnormalities. She appeared to see and hear
well, but she was not socially appropriate and spoke only a few
single words, such as “no” and “mama,” and her few attempts to
form a 2-word phrase could not be understood. Opsoclonus, stra-
bismus, and sialorrhea without other cranial nerve abnormalities
were observed. The child exhibited opsoclonus and distal upper-
extremity myoclonus, as well as ataxia. Her ability to perform
fine-motor tasks was less impaired than was her gait, which was
severely abnormal. She could pull herself to a standing position
from a sitting position on the floor; however, she could not take
steps independently. When continuously held by the arms in a
standing position, she stood on her toes and took a few staggering
steps. Her base was quite wide. Deep tendon reflexes were nor-
mal, and no clonus or pathologic reflexes were noted. Muscle
strength and tone were normal.

The child was in need of immunotherapy, but her mother
preferred to avoid treatment with corticotropin, the most effective
agent. Therefore, a practical alternative was needed. After consid-
ering chemotherapy with cyclophosphamide, which we have not
found to be effective in achieving neurologic remission, and “ste-
roid-sparers” such as azathioprine, which we deemed insufficient
for the severity of disease, we chose rituximab. Parental consent
for this institutional review board-approved immunophenotyping
study was obtained.

The results of routine CSF studies were normal. The leukocyte
count was 2 cells per mm3. The protein concentration was 53
mg/dL, and the glucose concentration was 25 mg/dL. The elec-
trophoretically determined protein distribution was normal. The
immunoglobulin (Ig) G synthesis rate was �0.01 mg per 24 hours.
Oligoclonal bands were not detected.

METHODS

Videotape Scoring
The child was videotaped before and after treatment. A trained

observer who was blinded with respect to treatment status rated
motor impairment with the OMS evaluation scale, a published
12-item scale indicating increasing neurologic severity or impair-
ment.15 The total score was calculated as the sum of subscores,
with a score of 36 indicating maximal abnormality.

Flow Cytometry
CSF and blood samples were obtained before and after treat-

ment, as described previously.16 Flow cytometry was performed
with published methods.16,17 Our data for neurologic control sub-
jects without immunologic disorders were used for compari-
son.13,16 Because the relative and absolute sizes of the blood lym-
phocyte pool change with time,18 we referred to data for the age
range most applicable to our patient. Rituximab can interfere with
anti-CD20 binding; therefore, CD19 was the principal B-cell
marker we used to assess the outcome.

Rituximab Treatment
Rituximab (Genentech, Inc, South San Francisco, CA; IDEC

Pharmaceuticals Co, San Diego, CA; 375 mg/m2) was adminis-
tered through intravenous infusion once each week for 4 consec-
utive weeks. The dosage was the same as the Food and Drug
Administration-approved dosage for the treatment of lymphoma.2
The child was pretreated with acetaminophen and diphenhydra-
mine.

RESULTS

Clinical Response to Rituximab Monotherapy
The earliest sign of clinical improvement occurred

1 week after the initial rituximab treatment. The child
appeared less tremulous and calmer. By the fourth
infusion, the consensus was that the patient was
faring much better and seemed happier, “more fo-
cused,” and “more stable.”

Three months after completion of rituximab ther-
apy (4 months after the first infusion), the patient’s
mother reported that the child “got her personality
back.” She showed improvement in multiple areas,
such as better sleep, less drooling, and no rage at-
tacks, and her “eyes were straight.” The child was
starting to form short sentences and followed com-
mands, and her mother was considering a preschool
for her. The physical therapist thought that the pa-
tient had made “tremendous progress physically,”
being able to negotiate standard stairs with one hand
on the rail, to jump independently, to step over ob-
jects in her pathway, and to kick a ball forward.
There had been 2 upper-respiratory tract infections,
for which the child was treated with azithromycin.

In the examination video (published as supporting
information on the Pediatrics Web site), the child was
alert and attentive. She could reach for objects with
either hand. She was able to stack vertically 2 or 3
small wooden blocks. She demonstrated intermittent
right esotropia but no opsoclonus. Occasional sialor-
rhea was noted. The patient was able to sit without
support, walk (with a tendency to be up on her toes),
and run (with a wide base). Although the patient was
slightly unsteady at times, she did not fall. Her
speech remained limited to a few single words, and
she did not separate well from her mother.

The child’s motor performance on the OMS eval-
uation scale (Table 1) indicated improved station and
gait, fewer fine-motor difficulties, and elimination of
opsoclonus. The total score decreased by 42%, which
represented almost 1 severity category (Fig 1).

B-Cell Response to Rituximab
By 3 months after rituximab treatment, CSF CD19�

and CD5� B cells were depleted (Fig 1). The CSF
CD5� B-cell subset was still absent at 9 months, and
CD19� B cells had returned to approximately one
third of their pretreatment value, within the normal
range (�2%). In blood, B cells were depleted at 3
months. By 9 to 12 months, the percentage of B cells
in peripheral blood had returned to the baseline
value.

Secondary Responses of Other Lymphocytes
There were also changes in other lymphocyte sub-

sets in CSF (Table 2). The CD4� T cell/CD8� T cell
ratio, which is characteristically low in OMS, was 1.3
before rituximab treatment and 0.7 after rituximab
treatment, compared with 3.8 � 0.7 in control sam-
ples. Although there was an increase in the percent-
age of helper/inducer T cells, it was more than
matched by an increase in the percentage of cytotox-
ic/suppressor T cells, so that the ratio did not im-
prove.
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The percentage of “unconventional” (��) CSF T
cells, which was fourfold above normal values ini-
tially, decreased into the control range after ritux-
imab treatment. In contrast, there was a 1.4-fold in-
crease in the percentage of activated T cells above the
already elevated pretreatment percentage. The T-cell
maturation status changed from a memory pheno-

type to a more naive phenotype, as exemplified by an
increase in the CD45RA� cell/CD45RO� cell ratio
from 0.03 to 1.1, compared with 0.46 in control sam-
ples. Changes in the percentages of natural killer
(NK) and NK-like T cells were small, and percent-
ages were close to control values both before and
after treatment.

The ratio of CSF helper/inducer T cells that were
positive for antiinflammatory/inflammatory (inter-
leukin-4/interferon-�) intracellular cytokines, which
is normally 2.6% � 1.0%, was 1.1% before treatment
and 2.4% after treatment. Although the intracellular
cytokine levels decreased after treatment, they were
already low.

In blood, there were transient increases in the per-
centages of all cell types by 3 months after rituximab
treatment (data not shown). The largest changes (4-
fold) were for activated T cells (either HLA-DR� or
CD25�) and NK cells (1.3-fold). For other cell types,
the increases ranged from 32 to 59%, except for NK-
like T cells and �� T cells, with increases of 9 to 16%.
At 9 and 12 months, however, the percentages had
returned to pretreatment values.

Igs
There was no change in CSF IgG levels (Table 3). In

serum, there was a 5% reduction in the IgG level and
a 69% decrease in the IgM level, which brought IgM
levels to the lower limit of the reference range. IgA
levels increased by 44% but remained well within the
reference range.

Subsequent Course
At the age of 38 months, the patient continued to

experience frequent persistent upper-respiratory
tract illnesses, as she had before treatment. Because
we thought these might be slowing her progress, we
administered IVIg (1 g/kg). The patient did not ex-
hibit dramatic neurologic improvement after IVIg
treatment, but she has not had a problem with infec-
tions.

At the age of 42 months, the patient was faring
very well, climbing, jumping, walking and running;
she had recently been toilet trained. Her mother de-
nied any behavior problems except that the child was
“bossy.” At home, the child spoke in 4- or 5-word

Fig 1. Effects of rituximab on CSF B cells and severity of OMS.
Three months after completion of rituximab infusions, CSF and
blood B cells, including the CD5� subset, were depleted and the
total score decreased from the upper limit of moderate to the
upper limit of mild categories. Even at 9 months, the percentages
of CSF B cells remained in the normal range when percentages in
blood had normalized. For comparison, the cell percentage (mean
� SEM) in controls (n � 18) was 0.85 � 0.20 (range: 0–2.26) for
CD19� B cells and 0.23 � 0.13 (range: 0–2.0) for CD5� B cells.
Clinical severity was classified as mild if the total score was 0 to
12, moderate if the score was 13 to 24, and severe if the score was
25 to 36.

TABLE 1. Effects of Rituximab on Motor Performance on the OMS Evaluation Scale

Scale Item Before
Treatment

After
Treatment,

3 mo

After
Treatment,

9 mo

1. Walking, side-to-side imbalance 3 2 0
2. Walking, front-to-back imbalance 3 2 0
3. Walking, wide base 3 2 0
4. Instability while standing (feet apart) 3 2 0
5. Difficulty achieving standing position 3 2 0
6. Truncal instability while sitting 2 1 0
7. Targeting difficulty 1 1 0
8. Difficulty grasping with one hand 0 0 0
9. Difficulty with pincer grasp 2 0 0

10. Abnormal eye movements while tracking (fixation) 0 0 0
11. Abnormal eye movements while resting 1 0 0
12. Speech abnormality (dysarthria) 3 2 2

Each item was scored from videotapes, with a Likert scale of 0 to 3 (0 � normal, 1 � mild, 2 �
moderate, 3 � severe).
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sentences, and her mother said that �50% of the
speech would be understandable to strangers. In an
examination, the child was able to pick up objects
and was very steady. She stacked 7 of 7 small
wooden blocks and sat without support. She walked
to her mother at a normal pace, with no ataxia. All of
these changes were reflected in an additional large
decrease in the total score to near normal. The patient
remained very shy and reluctant to speak.

At 53 months of age, ie, �18 months after ritux-
imab treatment, the patient exhibits no motor deficits
except for mild/moderate dysarthria. IVIg treatment
is being gradually discontinued. No relapses have
occurred.

In blood, the relative sizes of blood lymphocyte
subsets reverted to pretreatment values. In CSF, the
percentage of the helper/inducer T-cell pool contin-
ued to increase toward normal values, and the per-
centage of �� T cells remained at one half the in-
creased pretreatment value. The percentage of
activated T cells decreased to the baseline value,
which was still elevated, and the percentage of cyto-
toxic/suppressor T cells remained high. The cyto-
kine ratio continued to favor the presumably antiin-
flammatory T helper type 2 profile.

DISCUSSION
For our patient, rituximab monotherapy was asso-

ciated with marked clinical improvement without
the need for corticotropin or corticosteroids, which in
our experience is extraordinary. No child with dis-
ease of equal severity exhibits spontaneous improve-
ment.19,20 Others have reported poor outcomes for
moderate and severe OMS,21,22 and the relapse rate

with conventional treatment is 68%.20 Our patient
has experienced no relapses.

Striking clinical improvement was correlated with
elimination of CSF B cells, which were expanded
before treatment. We showed previously that B-cell
expansion in OMS is a reliable biomarker of disease
activity.13 This type of response supports the hypoth-
esis that there is a humoral component to the patho-
physiologic processes of OMS.23 The capacity of rit-
uximab to destroy CSF B cells might be attributable
to interruption of bidirectional B-cell trafficking24 be-
tween the circulation and the brain. B cells might
have been targeted when they egressed, or perhaps
enough rituximab crossed the blood-brain barrier to
kill the cells in the CSF.

The eventual return of B cells to the blood and CSF
did not induce a relapse. The explanation we pro-
pose is that CSF B cells were no longer expanded,
instead falling within the control range. We showed
previously that blood B cell levels are not correlated
with neurologic severity; therefore, a return to pre-
treatment levels should not matter as long as the CSF
levels remain normal. It is also possible that patho-
genic B-cell clones were eradicated and tolerance
ensued, but this hypothesis would require a different
technique for evaluation.

To our surprise, however (because no data were
available previously), removal of B cells had a cas-
cade effect on other CSF lymphocyte subsets. Most of
these changes, principally T-cell responses, would be
expected to be clinically favorable. We previously
demonstrated that the percentage of �� T cells (un-
conventional T cells) in CSF is also increased in OMS,
and this expansion is correlated with OMS severity.16

For our patient, the percentage of CSF �� T cells
decreased into the normal range after treatment with
rituximab. This could have had a beneficial clinical
effect if �� T cells promote inflammation.16 Interpre-
tation of the increase in cytotoxic/suppressor T cells
depends on whether the cells were acting in their
cytotoxic or suppressor capacity. Although the per-
centage of activated T cells returned to pretreatment
values, rituximab does not address increased T-cell
activation.

In retrospect, compensatory changes in non—B-

TABLE 2. Effects of Rituximab on the Percentages of Other CSF Lymphocyte Subsets

Cell Type CD Marker % of CSF Lymphocytes (% Change)

Before
Treatment

After Treatment,
3 mo

Control

Conventional (��) T cell CD3� 83 90 (�6.5) 87 � 2.9
Helper/inducer T cell CD3�CD4� 22 34 (�57) 62 � 3.8
Cytotoxic/suppressor T cell CD3�CD8� 16 47 (�186) 21 � 2.2
Activated T cell CD3�HLA-DR� 29 42 (�44) 13 � 1.1
Activated T cell (interleukin-2 receptor) CD3�CD25� 3.2 2.1 (�34) 2.6 � 0.8
Naı̈ve T cell CD3�CD45RA� 14 47 (�227) 22 � 4.8
Memory T cell CD3�CD45RO� 32 42 (�32) 47 � 4.4
NK-like T cell CD3�CD16/56� 2.1 1.4 (�33) 2.2 � 0.5
NK cell CD3�CD16/56� 6.3 5.2 (�17) 4.6 � 1.0
Unconventional (��) T cell T cell receptor �� 20 4.5 (�78) 4.9 � 1.1
T-helper 1 cytokine (Th1) Interferon-� 8.2 0.9 (�89) 2.0 � 0.7
T-helper 2 cytokine (Th2) Interleukin-4 8.7 2.1 (�76) 5.1 � 1.6

Control values are from our published CSF data for pediatric neurologic control subjects without immunologic disorders (n � 18) and
from unpublished cytokine data (n � 5). Percentage changes, compared with pretreatment values, are given in parentheses.

TABLE 3. Effects of Rituximab Monotherapy on CSF and
Blood Ig Levels

Source Class Ig, mg/dL

Before
Treatment

After Treatment,
3 mo

Reference
Range

CSF IgG 1.1 1.0 0.5–6.1
IgM 0.04 0.06 �0.09

Blood IgG 584 553 441–1135
IgM 156 49 47–200
IgA 45 65 22–159
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cell lymphocytes are probably to be expected, given
the impact of removing such an important cell type.
In the circulation, increases in the relative sizes of the
T-cell and NK cell pools might have helped prevent
the occurrence of a major infection, but serum Ig
levels did not decrease into the abnormal range.
These changes are unlikely to be attributable to ran-
dom variation, because we noted that the immuno-
phenotype of healthy individuals remains stable un-
less immunotherapy is administered. This is a case
report, however, and a formal study is needed for
confirmation.

Lack of serum Ig depletion is perhaps counterin-
tuitive in the presence of B-cell elimination and sug-
gests the argument that the clinical effect of ritux-
imab is not humorally mediated. However, given the
circulating IgM autoantibodies noted in OMS,25 it
would be unwise to discount completely the de-
crease in serum IgM levels for this patient. IgG levels
were not reduced in CSF or blood, possibly because
of the longer half-life of IgG. If the clinical effect of
rituximab is not antibody related, then it may be
attributable to removal of B cells as antigen-present-
ing cells.12

These data could shed light on why there was not
a complete clinical response at a time when CSF B
cells were depleted. Perhaps pathogenic Igs were still
present in sufficient quantities or there were still B
cells in the brain. Alternatively, the finding might not
have anything to do with Igs or B cells, reflecting
instead the T-cell component of OMS, which was
untreated, or brain injury caused by delayed treat-
ment. Presently, these are only speculations that re-
quire additional study.

IVIg might have contributed to clinical improve-
ment in the latter part of the assessment period,
when it was introduced. However, it usually does
not alter the CSF immunophenotype.13,16 We do
think it helped stabilize the child’s condition by fa-
cilitating her recovery from various minor upper-
respiratory tract illnesses. IVIg was compatible with
rituximab therapy.

Clinicians need to be aware of potential problems
with rituximab. It is genetically engineered from mu-
rine cells, the proteins of which can cause hypersen-
sitivity.2 We observed none of the possible infusion-
related symptoms, such as fever, chills, nausea,
hives, fatigue, headache, or itching, probably be-
cause of our pretreatments. We also did not encoun-
ter rare but more serious hypersensitivity reactions
such as hypotension, bronchospasm, or angioedema.
Although very long-term data for children are lack-
ing, B-cell recovery starts �6 months after the com-
pletion of treatment and typically normalizes by 12
months, and serum Ig levels usually remain normal
or slightly reduced.1 Immunoreactivity to rituximab
is uncommon.

CONCLUSIONS
We noted a promising clinical response in OMS

with a monoclonal antibody that eradicates CSF B
cells. The transient secondary changes in non–B-cell
CSF lymphocyte subsets are of unclear clinical sig-

nificance. There is sufficient promise to warrant a
phase I clinical trial of rituximab, for which a com-
prehensive panel of lymphocyte markers should be
used.
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