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Abstract
Anti-Hu syndrome is a rare autoantibody associated paraneoplastic
disease of the central and peripheral nervous system resulting in a variety of
neurological symptoms. In pediatric patients it is described in the context of
(ganglio) neuroblastoma associated Opsoclonus-Myoclonus Syndrome (OMS)
and other paraneoplastic syndromes. The timely diagnosis of paraneoplastic
autoimmunity in childhood is hampered by its rarity as well as by the diversity
of clinical symptoms that may occur. We report a 4-year-old boy with
gastrointestinal disorder and neurological symptoms due to neuroblastomaassociated anti-Hu syndrome. The patient stabilized under a multimodal
oncologic, immunosuppressive and antiepileptic treatment regimen. Treatment
of neuroblastoma was individually modified and especially the specific antiGD2 post-consolidation therapy was substituted by oral cyclophosphamide
maintenance therapy in order not to aggravate autoimmune encephalitis. At the
age of 8 years, the boy has been in ongoing complete oncologic remission for
two years after end of relapse treatment. However, he suffers from neurologic
symptoms like focal epilepsy and late sequelae of the oncologic disease.
This case shows that treatment of paraneoplastic anti-Hu syndrome is
challenging, encephalitis may persist long after oncologic remission and may
lead to developmental delay and a variety of physical sequelae.
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Introduction
Anti-Hu syndrome is a rare paraneoplastic disease of the central
and peripheral nervous system with detection of antineuronal
nuclear autoantibodies against Hu antigens (anti-Hu Ab). Anti-Hu
Abs, also termed ANNA-1 (Anti-Neuronal Nuclear Antibody-1),
recognize different neuronal nuclear RNA-binding domains (Hu
antigens) encoding for proteins regulating messenger RNA and
neuronal differentiation of the central and peripheral nervous system
[1,2]. Tumor cells outside the nervous system may also express Hu
antigens [3] and trigger immune response with cross-reacting antiHu Abs and lymphocytes. This results in a variety of paraneoplastic
neurological syndromes presenting with encephalomyelitis, sensory
neuropathy, chronic gastrointestinal pseudoobstruction, cerebellar
degeneration and limbic encephalitis [4]. Anti-Hu syndrome in
adults is predominantly associated with small cell lung carcinoma
[5] and neurological symptoms often precede tumor diagnosis.
In pediatric patients anti-Hu Abs are described in the context of
(ganglio) neuroblastoma derived Opsoclonus-Myoclonus Syndrome
(OMS) [6] and other paraneoplastic syndromes [7,8].
We report a pediatric patient with paraneoplastic intestinal
pseudoobstruction and encephalitis due to anti-Hu syndrome
associated with neuroblastoma.

Case Presentation
A four-year-old boy was presented with an 18 months history of
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failure to thrive, abdominal pain, diarrhea and vomiting after foodintake. In addition, gait ataxia, loss of upright walk and posture,
paresthesia of lower extremities, dizziness and adynamia as well
as intermittent opsoclonus characterized by conjugated choatic
eye movements which had been observed by his parents for the
last year, supporting the diagnosis of Opsoclonus-MyoclonusSyndrome (OMS). Diagnostic work-up revealed a paralytic ileus with
distended duodenum due to a right-sided prevertebral mass at the
gastric output, measuring 30mm. Metaiodobenzylguanidine (MIBG)
scintigraphy was negative, Fluorodeoxyglucose Positron Emission
Tomography Computed Tomography (FDG-PET-CT) showed only
very low uptake of FDG, serum Neurone Specific Enolase (NSE)
was 22.3µg/l and urine catecholamine metabolites were negative.
Histologically, a poorly differentiated neuroblastoma (according
to the INPC, International Neuroblastoma Pathology Committee)
[9], was confirmed (no amplification of MYCN, no deletion of
chromosome 1p, no bone marrow involvement). Clinically, feeding
via Percutaneous Enteral Gastrostomy (PEG) and jejunostomy (PEJ)
was commenced.
Oncologic treatment was initiated according to the GPOHNB2004 protocol, intermediate risk. During the first weeks of
treatment, the patient developed epileptic seizures progressing to
status epilepticus during episodes of septic fever. Cranial Magnetic
Resonance Imaging (MRI) was normal, but laboratory workup
pointed at anti-Hu associated encephalitis (serum anti-Hu Ab titer
1:3,200; Cerebrospinal Fluid (CSF): intrathecal immunoglobulin
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Figure 1: Anti-Hu titres and oncologic (upper part) as well as
immunosuppressive (lower part) systemic and intrathecal treatment. Partial
regression lines are given for anti-HU titres.

synthesis, no pleocytosis). Four weeks later, anti-Hu Ab were detected
in the CSF as well (titre 1:10). Electroencephalography (EEG) showed
absence of sleep graphoelements and right-sided frontotemporal
focal slowing. Anticonvulsive treatment with levetiracetam and
oxcarbazepine was initiated. Immunosuppressive treatment was
started with intravenous dexamethasone pulses (20mg/m2/day on
days 1-3). After one N6- and two N5-cycles, the tumor was resected
and chemotherapy was terminated due to post-hoc down staging
to initial stage 2 (International Neuroblastoma Staging System,
INSS, [10]). Treatment of the anti-Hu syndrome was continued
with intravenous dexamethasone pulse therapies at three- to fourweekly intervals. In addition, Prednisolone (PDN) was administered
intrathecally (10mg/dose) and Rituximab was given four times
intravenously (375mg/m2) and once intrathecally (2mg/dose). Gait
ataxia and paresthesia improved and PEG/PEJ tube could be removed
due to sufficient oral food intake. Serum anti-Hu Ab titres decreased
to 1:100 and CSF titer dropped from 1:10 to 1:2 within eight months,
however, never became negative (Figure 1). Interestingly, intrathecal
Rituximab seemed to have a pronounced effect.
One year after initial diagnosis of neuroblastoma, walking
difficulties, adynamia and dysarthria reoccurred and led to the
diagnosis of neuroblastoma relapse at the interaortocaval level. Bone
marrow showed positivity of GD2 (glycolipid disialoganglioside
2) positive cells (0.01%), leading to INSS stage 4 disease. Partial
resection of the poorly differentiated neuroblastoma was performed
and salvage therapy was initiated according the GPOH-NB2004
protocol, high risk arm [11], since response to N5/N6-cylces had been
observed in first-line treatment. After three N5- and three N6-cycles,
high dose chemotherapy Melphalan Etoposide Carboplatin (MEC)
with autologous stem cell rescue (ABSCT) was performed, followed
by complete surgical resection of the tumor and extracorporale
protone beam irradiation of the former tumor region (36Gy in 20
fractions of 1.8Gy). Due to ongoing anti-Hu syndrome, we did not
start post-consolidation state-of-the-art intravenous immunotherapy
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Figure 2: Anti-Hu titres and clinical symptoms during treatment. Titres and
clinical symptom scores are shown relative to the initial value at first evaluation.
The first value given was arbitrarily set to 1 (100%) and all following values
are calculated in relation to their corresponding initial values. A symptom
score of 0 corresponds to best mood, no aggressiveness, normal speech,
normal posture of the head and normal gait, as estimated by the patient’s
parents. In order not to overload the figure, we chose partial regression lines
to show the development of clinical symptoms.

targeting GD2, but decided for oral maintenance chemotherapy with
six N7 cycles (oral cyclophosphamide) [12]. In the further course, a
dose reduction to two-third of cyclophosphamide became necessary
due to bone marrow toxicity.
Intrathecal PDN treatment for the anti-Hu syndrome was
continued during oncologic treatment and terminated as soon as oral
cyclophosphamide was started.
The patient’s parents documented the intensity of residual
paraneoplastic symptoms using a scale from 0 (normal/no
symptoms) to 10 (severe symptoms). Symptom categories were
mood, aggressiveness, speech/articulation, head posture, gait,
abdominal complaints and bowel movements (Figure 1). Serum
and CSF anti-Hu antibody titres during first-line treatment did not
correlate with neurologic symptoms, however, they did during relapse
treatment (Figure 2). Neurological and gastrointestinal symptoms
improved with a combination of oncologic, immunosuppressive
and antiepileptic medication (Figure 1) and serum anti-Hu antibody
titres were negative after ABSCT and final tumor resection (Figure
2). Interestingly, dysarthria and ataxia improved within 2-3 weeks
after every intrathecal treatment, however, especially intrathecal PDN
was accompanied by untypically aggressive behaviour lasting for 1-2
weeks.
Almost two years after completion of relapse neuroblastoma
therapy, the eight-year-old boy remains in complete oncologic
remission. He receives levetiracetam and lacosamide for focal epilepsy
with break-through seizures during febrile infections. Additional
neurological symptoms with changing intensity are ataxia, reduced
peripheral reflexes and sensoneurinal hearing loss. Furthermore,
he developed secondary Fanconi´s syndrome, chronic diarrhea due
to pancreatic insufficiency and thoracic scoliosis. In addition, he
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shows infection related fatigue. Due to secondary immunodeficiency
following Rituximab (low IgG levels, normal CD19+ cells) he
receives monthly immunoglobulin substitution. The patient shows
developmental delay and visits a specialized school with focus on
motor development.

therapy for autoimmune encephalitis while maintaining anti-tumour
effect. Immune reconstitution after ABSCT may have helped to
eradicate the autoreactive lymphocyte clones and led to immune
recalibration in the lymphocyte repertoire as has been described for
other autoimmune diseases, e.g. multiple sclerosis [26].

EEG currently shows persisting abnormal activity, predominantly
in the right frontotemporal area. Two years and nine months after first
neurologic symptoms of anti-Hu syndrome, cranial MRI revealed a
both sided oblong enhancement of the external capsula without
accumulation of contrast. This has been described in the context of
anti-Hu syndrome.

Almost two years after completion of second-line neuroblastoma
treatment the patient remains in complete remission. Late sequelae
include treatment refractory focal epilepsy, ataxia, scoliosis and
persistent diarrhea which, however, benefits from substitution of
pancreatic enzymes. In addition, the patient suffers from gross-motor
problems, intermittent fatigue, and developmental delay necessitating
attendance of a specialized school.

Discussion/Conclusion
Gastrointestinal dysmotility in the context of anti-Hu
syndrome presumably occurs due to lymphocytic infiltration [13].
Pathogenetically, anti-Hu antibody-induced loss of ganglion cells
within the myenteric plexus is discussed [8]. Clinical symptoms
indicating paraneoplastic anti-Hu autoimmunity may vary and often
precede the diagnosis of oncologic disease [8,14,15]. In our patient,
gastrointestinal disorder was misinterpreted, neurological symptoms
were not recognized and diagnosis of neuroblastoma was delayed.
The timely diagnosis of paraneoplastic autoimmunity in childhood
is hampered by its rarity and by the diversity of clinical symptoms.
Apart from the neurological and gastrointestinal symptoms seen in
our patient, additional neurologic disorders like sensory neuropathy,
limbic or brainstem encephalitis, cerebellar degeneration or myelitis
may first hint at paraneoplastic anti-Hu syndrome [4]. Until today,
prognosis of anti-Hu syndrome remains critical with respect to long
term sequelae including physical and neuropsychological symptoms
[16,17].
Treatment of the oncologic disease is of major importance for the
treatment of paraneoplastic syndromes [5]. However, treatment of
OMS may successfully be supported by intravenous glucocorticoids
[18,19] and autoimmune encephalitis may benefit from intrathecal
glucocorticoids [20]. In case of non-response, immunosuppression
may be intensified by Cyclophosphamide [20] or Rituximab
[16,21,22]. The capability of Rituximab to cross the blood brain
barrier is poor, however, its safety after intrathecal administration is
acceptable [23,24], especially if administered over a few minutes with
a maximum dose of 10mg dissolved in sodium-chloride 0.9% [25].
Side effects, nevertheless, include seizures, papilledema, cauda equine
syndrome and encephalitis [24], all of which were not observed in
our patient.
Overall, our patient clinically stabilized under a multimodal
treatment including oncologic, immunosuppressive and antiepileptic
therapy. Intravenous application of dexamethasone clinically did
not sufficiently suppress autoinflammation, leading to escalation
of immunosuppressive treatment using systemic and intrathecal
Rituximab plus intrathecal PDN.
Serum and CSF anti-Hu antibody titres remained positive after
completion of first-line treatment for neuroblastoma. During relapse
treatment, anti-Hu antibodies became negative within one month
after ABSCT with MEC conditioning and definite surgery. Usually
applied immunotherapy with anti-GD2 antibodies was substituted
by oral Cyclophophamide aiming at continuing immunosuppressive
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This case shows that treatment of paraneoplastic anti-Hu
syndrome is challenging, antibody titres do not correlate with clinical
symptoms, encephalitis may last long after oncologic remission
and may lead to neuropsychological late sequelae. A standard
medical treatment is urgently needed to improve neurological and
neuropsychological outcome of these patients.
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