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ABSTRACT:

INTRODUCTION: Neuroblastoma is a malignant tumor primarily affecting infants.
Originating from embryonic cells of the sympathetic nervous system, NB commonly arises in
the adrenal glands, followed by the abdomen, mediastinum, head, and neck. Clinical
presentation varies depending on the tumor's location. General symptoms, if present, include
fatigue, weight loss, and fever. The paraneoplastic syndrome refers to symptoms and
disorders associated with malignant tumors but not directly caused by the tumor itself or its
metastases. Opsoclonus-myoclonus syndrome and diarthea are the most common
paraneoplastic syndromes linked to neuroblastoma.

REVIEW METHODS: The article was conducted using PubMed and Google Scholar data
concerning paraneoplastic syndromes associated with neuroblastoma.

THE STATE OF KNOWLEDGE: Opsoclonus-myoclonus syndrome is a neurological
paraneoplastic syndrome that presents itself with characteristic eye movement disorder, short,
involuntary, irregular twitches or spasms occurring in a muscle, sleep disturbance, and
changes in behavior. Diarrhea resulting in hypokalemia may be also present as a
paraneoplastic syndrome associated with neuroblastoma. Cushing’s syndrome is a rare
condition in childhood, but it also may be linked to neuroblastoma.

CONCLUSIONS: Neuroblastoma is one of the most common childhood cancers,
Paraneoplastic syndromes associated with neuroblastoma are rare conditions. Diagnosing
chronic diarrhea, OMS, and Cushing's syndrome should always lead to the exclusion of
neuroblastoma. Heightened awareness among pediatricians regarding PNS could result in
faster diagnosis, timely treatment commencement, and ultimately enhance patient prognosis.

Keywords: neuroblastoma; paraneoplastic syndrome; opsoclonus-myoclonus syndrome,
paraneoplastic diarrhea; paraneoplastic Cushing’s syndrome

1. INTRODUCTION:

Neuroblastoma (NB) is a malignant tumor that typically affects babies. About 90% of cases
are identified by age 5, and the average age of diagnosis ranges from 1 to 2 years old.
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Neuroblastoma is a solid tumor originating from the embryonic cells of the sympathetic
nervous system. The most frequent location is one of the adrenal glands. Furthermore, the
tumor develops in the abdomen, followed by the mediastinum, the head, and the neck. [1, 2, 3]
Clinical presentation mostly depends on its location. Neuroblastoma located in the
retroperitoneum usually does not give any specific symptoms but typically manifests as a
solid indolent mass in the abdomen identified by parents or during routine medical
examination. Thoracic tumors can be asymptomatic and may be detected on chest radiographs.
Cervical neuroblastoma may lead to Horner syndrome. General symptoms, if they occur,
include fatigue, weight loss, and unexplained fever. [4]

The term paraneoplastic syndrome refers to a set of symptoms and disorders occurring in
patients with malignant tumors, but they are not directly caused by the tumor itself or its
metastases. [5]

The most common paraneoplastic syndromes (PS) associated with neuroblastoma are the
opsoclonus-myoclonus syndrome (OMS) and the diarrhea. These two conditions have
different pathogeneses. OMS arises from an immune response to the tumor, resulting in
damage to brain structures. Diarrhea is caused by the tumor secreting enormous amounts of
VIP (vasoactive intestinal peptide). [5, 6] On rare occasion, neuroblastoma can cause
paraneoplastic Cushing's syndrome. [7]

2. REVIEW METHODS

This article compiles data from publications available on PubMed and Google Scholar and
focuses on paraneoplastic syndromes associated with childhood neuroblastoma.
3. THE STATE OF KNOWLEDGE

3.1 Opsoclonus-myoclonus syndrome (OMS)

Opsoclonus-myoclonus syndrome (OMS) or the dancing eye syndrome is a paraneoplastic
neurological syndrome (PNS). Although it is a rare condition, it is the most common PS
associated with neuroblastoma. PNS is believed to develop due to an immune reaction
targeting antigens or epitopes found in both tumor cells and healthy cells in the central
nervous system. [8] The exact mechanism of pathogenesis of OMS remains unclear, but it
appears that the immune mechanism is the most likely cause. [5]. In addition, the cause of the
OMS may also be infectious including Streptococcus, Mycoplasma, adenovirus, EBV, HIV,
and dengue virus, among others. [9] Approximately 70% of patients may experience
paraneoplastic neurological syndrome 1 to 5 years before the diagnosis of cancer. [10, 11].
OMS classically presents with characteristic eye movement disorder (opsoclonus), where eyes
move rapidly and in multidirectional directions, involuntary and irregular twitches or spasms
occurring in a muscle, or muscle group (myoclonus). Often these symptoms are followed by
sleep disturbance and changes in behavior such as irritability. [9, 12] OMS is more commonly
seen in children, and it is worth noticing that although about 50% of kids with this condition
are diagnosed with neuroblastoma, only about 2% of children with neuroblastoma develop
OMS. [13, 14] However, neuroblastoma associated with OMS typically has a better prognosis
than OMS-unrelated cases due to its low malignancy. [11]

Various treatment approaches are used for OMS, yet none have consistently demonstrated
complete resolution of all symptoms. [15] While the most effective treatment for OMS
remains uncertain, immunotherapy, such as adrenocorticotropic hormone (ACTH) or
corticosteroids, plasmapheresis, intravenous immunoglobulin (IVIg), and rituximab or
cyclophosphamide, is frequently employed. [13, 16] If this condition is associated with
neuroblastoma, the surgical resection of the tumor may lead to symptom resolution. However,
studies [17,18] showed that simply removing the tumor in patients with NB is not enough to
alleviate OMS. In general, a combination of different therapies is commonly used in treating
opsoclonus-myoclonus syndrome. [19] An early diagnosis and treatment correlate with an
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improved prognosis and a decreased likelihood of neurological or neuropsychiatric
complications. [20]

Long-term outcomes following OMS in children have shown that patients typically achieve
relatively good recovery, albeit incompletely in terms of motor function. [21, 22] However,
cognitive, and behavioral deficits are often observed, which can significantly impact
functioning. Ataxia, apraxia, coordination deficits, and tremors are frequently observed, but
they typically do not significantly affect daily functioning. Cognitive deficits may include
intellectual impairment, learning difficulties, attention deficits, language expression
impairments, spatial function impairments, and behavioral disturbances, even in children with
normal intelligence quotients. [23] The risk of poorer cognitive outcomes in OMS is
associated with delayed treatment, younger age at symptom onset, and severe clinical
presentations.

Differential diagnosis for OMS is challenging, but it should provide for acute cerebellar ataxia,
acute infections like meningoencephalitis, and toxins or drug intoxication (e.g. lithium,
cocaine, amitriptyline). [24] The diagnostic process is based on the clinical picture, which
includes detailed objective and subjective examinations and tests that exclude other diseases
like blood, urine, and CSF examinations and brain CT or MRI. For OMS, no abnormalities
are characteristic in the above tests.

If a patient is diagnosed with OMS, neuroblastoma should always be eliminated. If the tumors
reach a sufficient size, they can be diagnosed using chest or abdominal CT, MRI, or
ultrasound. However, if these tests yield negative results, the next most effective approach for
detecting hidden NB is whole-body metaiodobenzylguanidine (MIBG) scintigraphy. [25]
Three clinical cases described as OMS associated with neuroblastoma will be presented.

S. Galgano et al. described the case [26] of a 21-month-old girl, born at full term, who was
admitted to a pediatric neurology clinic due to persistent ataxia, which had begun nine months
earlier. Initially, she was diagnosed with acute cerebellar ataxia. According to the parents, her
symptoms persisted, and she failed to fully recover. Although she regained the ability to walk
at the age of 15 months, her gait remained unsteady, accompanied by intermittent jerks, and
she experienced erratic eye movements multiple times a day. Physical examination revealed
the absence of deep tendon reflexes, an unsteady wide-based gait, mild hypotonia, and
difficulties with grasping objects. Initial brain imaging, EEG, and laboratory tests showed no
abnormalities, except for elevated levels of urine vanillylmandelic acid. The suspicion of
neuroblastoma and opsoclonus-myoclonus syndrome was raised. A CT scan of the chest,
abdomen, and pelvis revealed a tumor surrounding the superior mesenteric artery in the
pancreas. The diagnosis was confirmed using MIBG imaging.

The case presented by B. H Chang et al. [27] involves a previously healthy 2.5-year-old girl
who was diagnosed with acute ataxia and nystagmus following a flu-like infection. Over the
next month, she experienced alternating symptoms of dizziness, clumsiness, and nystagmus.
During the physical examination, she appeared irritable, with notable opsoclonus and
myoclonus, ataxia, and slightly increased muscle tone. Opsoclonus-myoclonus syndrome was
diagnosed, and she underwent an extensive evaluation for neuroblastoma. Imaging studies did
not reveal the presence of a tumor, and laboratory tests showed no abnormalities. Idiopathic
OMS was diagnosed, and treatment with steroids and benzodiazepines was initiated. However,
improvement was minimal after several weeks of prednisone therapy. Treatment was changed
to adrenocorticotrophic hormone (ACTH), resulting in significant improvement, but her
condition worsened after discontinuation of the medication. Once again started treatment with
ACTH which led to a psychotic episode. The medication was discontinued. Treatment with
several courses of intravenous immunoglobulin (IVIg) provided only slight improvement. Ten
months after symptom onset, the patient was re-evaluated for neuroblastoma, but imaging

studies again showed no tumor presence. Rituximab (RTX), IVIg, and ACTH were initiated,
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resulting in an excellent response. Twenty months after the initial presentation and 4 months
after starting rituximab, a CT scan of the abdomen revealed the presence of a tumor in the left
adrenal gland. MIBG and biopsy confirmed the presence of neuroblastoma. The girl had no
new symptoms, and her OMS was well controlled.

J. B Abreu et al. detailed the case [28] of a 9-year-old girl with OMS and learning disabilities.
At the age of 2, the patient exhibited symptoms of opsoclonus and myoclonus after
metoclopramide therapy. She was treated with IVIG and steroids, but ataxia and tremors
persisted. At the age of 5, the patient presented with dystonia of the upper limbs and mild
ataxia. Propranolol was initiated, resulting in an improvement of the girl's overall condition.
At 7 years of age, she experienced nocturnal enuresis. Abdominal ultrasound revealed a mass
in the right upper quadrant of the abdomen. MRI and MIBG were performed, leading to the
diagnosis of neuroblastoma, which was surgically removed.

3.2 DIARRHEA

Neuroblastomas that secrete vasoactive intestinal peptide (VIP) classically develop intractable
secretory diarrhea with resultant dehydration and hypokalemia. [6] Studies suggest that less
than 1% of all neuroblastoma tumors exhibit signs of VIP secretion. [29] Consequently,
diarrhea as the sole initial symptom of NB is seldom encountered. In contrast, postoperative
diarrhea may occur following the surgical removal of a neuroblastoma.

The vasoactive intestinal peptide is part of a group of polypeptides that function similarly to
other hormones like pituitary adenylate cyclase-activating polypeptide (PACAP), secretin,
and glucagon. [30] Its main role is being a neurotransmitter and neuromodulator, released
from nerve terminals with a paracrine effect. [31] VIP is also found in cells derived from the
neural crest, such as pancreatic islet cells. Like numerous hormones, VIP is first synthesized
as a precursor before being enzymatically cleaved into its active form. VIP receptors belong
to the G protein-coupled receptor family, with two main types: VPAC1 and VPAC2. [32]
When VIP binds to these receptors, it increases intracellular cyclic adenosine monophosphate
concentration, activating mechanisms responsible for its effects. VIP is mainly found in both
the peripheral and central nervous systems, but it is also present in other organs such as the
gastrointestinal tract, respiratory tract, and pancreas. [33, 34] VIP receptors are abundant in
the gastrointestinal tract and central nervous system. Its effects on various gastrointestinal
tissues include epithelial secretion and absorption in the mucosa of the gastrointestinal tract
and bile ducts, smooth muscle relaxation including the lower esophageal sphincter and colon,
promotion of growth in certain tumors like gastric cancer, and anti-inflammatory activity. [35]
While VIP itself does not disturb intestinal motility, it contributes to diarrhea primarily
through its secretory activity. Chronic diarrhea in childhood is a common issue and can result
from various gastrointestinal disorders. It stems from four primary pathophysiological
mechanisms: osmotic, secretory, dysmotility-related, and inflammatory diarrhea, often
overlapping. True secretory diarrhea, which persists during extended fasting, is relatively rare.
A low stool osmotic gap indicates secretory diarrhea, while high stool osmolarity and
cessation of diarrhea after eliminating meal triggers are characteristic of osmotic diarrhea.
Inflammatory diarrhea presents with feces containing blood, mucus, and bacteria. Diarrhea
linked with dysmotility, like toddler diarrhea, poses diagnostic challenges and often requires
the exclusion of other causes. [36, 37] Usually, a long time passes between the onset of
diarrhea and the diagnosis of the tumor. This is confirmed by the results of Bourdeaut's
retrospective study [38] on children with neuroblastoma. In Han's retrospective analysis, the
duration between the onset of diarrhea and the diagnosis varied from 4 to 12 months. [39]
Treating diarrhea associated with NB is challenging. First and foremost, hydration must be
maintained. The potassium deficiency should be corrected. Prolonged diarrhea leads to severe
metabolic disturbances. Surgical treatment should be considered as the first line of treatment.

5



[38] Typically, after tumor removal, diarrhea resolves immediately. Patients, especially 1-3
old, with chronic diarrhea should undergo thorough precise examinations to rule out
neuroblastoma. Elevated VIP level and hypokalemia are characteristic abnormalities. [39]

M El Shafie et al. described the case of a 2-year-old girl [6] who was admitted to the hospital
due to diarrhea lasting for 5 months. The stools were watery and explosive. Dietary
management had no effect. Physical examination revealed no abnormalities. Laboratory tests
were normal except for significant hypokalemia at 1.5 mEq/l, the presence of metabolites of
catecholamines in urine, and markedly elevated VIP levels in serum. Imaging studies revealed
a tumor in the right adrenal gland. Surgical treatment was initiated. Histopathological
examination of the tissue showed a typical neuroblastoma. The tumor contained a very high
level of VIP. The postoperative period was uneventful, with normal stools. Laboratory tests
normalized.

The case described by P. K Gera et al. involve an 18-month-old girl [40] who was admitted
with explosive diarrhea lasting for 6 weeks, unresponsive to treatment. On examination, her
abdomen was distended with no palpable masses. Upper endoscopy and colonoscopy were
performed to rule out celiac disease and Hirschsprung's disease. Abdominal ultrasound
revealed a large mass in the right adrenal gland. Laboratory tests showed hypokalemia (2.5
mEq/1), significantly elevated serum VIP levels, and increased catecholamine metabolites in
urine. A laparotomy was performed, and the tumor was excised. Immediately after surgery,
the diarrhea resolved, and laboratory parameters normalized. Histopathological examination
confirmed the presence of neuroblastoma.

The case described by B. Gesundheit et al.[41] concerns a 19-month-old girl, previously
healthy, who developed persistent diarrhea, ataxia, and clumsiness. Infantile diarrhea, lactose
intolerance, food allergy, and infectious causes were ruled out. At 27 months of age, she was
admitted to the hospital after a flu-like infection, as her neurological condition worsened.
Physical examination revealed ataxia, and decreased muscle tone, but no nystagmus was
observed. Parents reported changes in behavior, irritability, and regression in psychomotor
development. Urine testing for catecholamine metabolites showed elevated levels. Imaging
studies revealed a lesion in the right adrenal gland. The tumor was surgically removed, and
histopathological examination confirmed neuroblastoma. After the surgery, the diarrhea
resolved immediately, and there was no detectable elevation in catecholamine metabolites in
the urine, but the ataxia persisted. Partial improvement occurred after four courses of IVIg
therapy.

3.3 CUSHING’S SYNDROME

Cushing’s syndrome (CS) is a rare disorder in childhood. [42] CS is a clinical condition
characterized by elevated levels of glucocorticoids in the bloodstream, stemming from either
internal production or external intake. In most children, the onset of Cushing's syndrome is
gradual. [43, 44] The primary symptom observed is weight gain, often accompanied by a lack
of height growth. Additional common issues reported in children include facial redness,
headaches, high blood pressure, excessive hair growth, glucose intolerance, kidney stones,
bone fractures, menstrual irregularities, and delayed sexual maturation. During puberty,
affected adolescents may exhibit signs of masculinization. [45] Skin-related symptoms such
as acne, purple stretch marks, bruising, fungal infections, darkened skin patches, and
accumulation of fat in certain areas like the temples and collarbones are also frequently
observed. However, compared to adult patients with Cushing's syndrome, children are less
likely to experience sleep disturbances, muscle weakness, memory problems, and the
presence of skin stretch marks before the age of 5—7 years old. [42]

CS can be categorized into two groups based on the underlying causes: those independent of
adrenocorticotrophic hormone (ACTH) and those dependent on ACTH. [46] The most
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common cause of ACTH-independent CS in the children population is exogenous steroid
administration due to other conditions. ACTH-dependent CS most commonly is caused by
tumors like hyperfunctioning adrenal adenoma or carcinoma. Rarer causes are bilateral
macronodular adrenal hyperplasia (BAMH), primary pigmented nodular adrenocortical
disease (PPNAD), and McCune Albright syndrome. [47] The diagnosis of Cushing's
syndrome should begin with confirmation of hypercortisolism by conducting a 24-hour urine
cortisol test and late-night salivary cortisol test. If cortisol levels in these tests are elevated,
investigations to determine the cause of hypercortisolism should be initiated. A
dexamethasone suppression test (DST) should be performed. Subsequently, imaging studies
such as pituitary MRI or adrenal CT should be conducted. [48] The treatment of Cushing's
syndrome depends on the underlying cause and is not the subject of this article.

In the literature, several described clinical cases depict Cushing's syndrome or ectopic ACTH
syndrome as a PS associated with neuroblastoma.

M Espinasse-Holder et al. [7] described a case report of a four-month-old infant who was
diagnosed with NB. The patient was the firstborn to healthy parents. Initially, the child
showed symptoms including hyperthermia, diarrhea, vomiting, acne, tachycardia, and high
blood pressure, accompanied by a mass under the left ribcage. Until the age of three months,
the infant’s development was typical in both somatic and psychomotor aspects. Diagnostic
imaging, including abdominal sonography and tomography, revealed a significant tumor in
the left adrenal gland. Biochemical analyses indicated a slight increase in urinary dopamine
levels but normal levels of vanillylmandelic and homovanillic acids. Tests also showed
disrupted adrenal function, evidenced by high cortisol levels, a disrupted daily rhythm of
cortisol secretion, and elevated levels of free cortisol in the urine, though levels of adrenal
androgens like DHEA and D4-androstenedione remained within normal ranges. The low but
normal plasma ACTH values, combined with the presence of an adrenal mass and symptoms
of excessive cortisol, initially suggested an adrenal cortical tumor, leading to the surgical
removal of the tumor and the adjacent kidney. However, subsequent pathological examination
confirmed the presence of a typical neuroblastoma.

The case described by T Normann et al. [49] involved a 12-month-old boy who was the third
child of healthy parents. From a young age, he was overweight but had a normal fat
distribution. He developed normally both mentally and physically and was in good health
until he reached 11 months old. However, over the following month, his condition altered
significantly. He experienced rapid weight gain, and excessive thirst, and became easily
irritated. On admission at 12 months old, he weighed 11.9 kg, placing him in the 97th
percentile for his age, and his height was 75 cm, which was the average for his age group. He
exhibited characteristic features including a round face, severe plethora, and significant fat
accumulation around his torso. He also had pronounced hirsutism, though there were no skin
striations or acne present. His external genitals appeared normal except for the presence of
pubic hair. A mass could be felt in the right upper quadrant of his abdomen. Initially, his
systolic blood pressure was increased. Radiological analysis showed widespread osteoporosis
and delayed bone age assessed at about 8 months. Clinical signs were indicative of Cushing’s
syndrome, and the presence of a mass in the right adrenal area suggested an adrenocortical
tumor. His health worsened rapidly, necessitating surgical intervention with concurrent
steroid treatment. During surgery, two tumors were discovered. The histopathological analysis
indicated that both tumors were encased and displayed surfaces with mottled yellow, grey,
and hemorrhagic features. Microscopically, both tumors exhibited poorly differentiated tissue
organized into irregular lobules and pseudorosettes, with fine fibrous strands separating them.
The cells appeared small, with round or oval nuclei that were hyperchromatic and contained
several mitotic figures. The predominant histological pattern strongly resembled

neuroblastomas.
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These case reports suggest that an adrenal mass linked to Cushing syndrome in a child may
not always indicate an adrenocortical tumor. It is advisable to conduct preoperative
assessments of plasma ACTH and POMC at the time of diagnosis to distinguish potential
paraneoplastic Cushing syndrome from an adrenocortical tumor. Consequently, the optimal
approach to management may vary.
4. CONCLUSIONS
In summary, neuroblastoma is one of the most common childhood cancers, especially in
patients under 5 years of age. It is a malignant tumor that usually does not present with
characteristic symptoms. Paraneoplastic syndromes associated with neuroblastoma have been
described in the literature. Although these are not common conditions, they should be
considered in the differential diagnosis. Opsoclonus-myoclonus syndrome (OMS) and chronic
diarrhea with hypokalemia are the two most common paraneoplastic syndromes associated
with neuroblastoma. Their diagnosis is based on clinical presentation. When any of these
syndromes are recognized in a patient, the coexistence of a tumor, especially neuroblastoma,
should always be excluded. The diagnostic process should begin with a thorough physical
examination, followed by imaging studies, with abdominal ultrasound being the first-line
investigation. The confirming test for the presence of neuroblastoma is MIBG scintigraphy.
Additionally, levels of catecholamine metabolites in urine should be measured. If a patient
suffers from chronic diarrhea with hypokalemia, serum VIP levels should be determined.
Delayed diagnosis leads to unfavorable prognosis. The treatment of OMS relies on combined
multi-agent therapy. Diarrhea typically resolves immediately after tumor removal. Another
very rare paraneoplastic syndrome described in the literature that may accompany
neuroblastoma is Cushing's syndrome. When CS symptoms occur in a child, various
conditions should be considered - exogenous steroids, a secreting tumor, BAMH, PPNAD, or
McCune-Albright syndrome. It is important to remember that an adrenal tumor leading to CS
may also be neuroblastoma, and diagnostic workup should be pursued in this direction.
Diagnosing paraneoplastic syndromes is a clinical challenge and typically relies on excluding
other potential causes of presenting symptoms. Increased awareness among pediatricians
about PNS may lead to quicker diagnosis, prompt initiation of treatment, and ultimately
improved patient prognosis.
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