Peripheral Neuropathy Associated with Dinutuximab in Neuroblastoma Patients | Encyclopedia.pub

Peripheral Neuropathy Associated with
Dinutuximab in Neuroblastoma Patients

Subjects: Oncology
Contributor: Antonio Ruggiero

Neuroblastoma is the most common extracranial solid tumor of childhood, with a median age at diagnosis of 17
months. Its incidence is 10.2 cases per million children aged <15 years. Neuroblastoma arises in tissues of the
sympathetic nervous system, mostly in the adrenal medulla or paraspinal ganglia. It appears as a mass in the
abdomen, pelvis, neck, or chest, with about half of the patients having metastatic disease at diagnosis. The
presence of metastatic diseases over the age of 12 or 18 months and aggressive biological features (e.g., MYCN
oncogene amplification) define high-risk neuroblastoma. The prognosis for such patients is poor, with a long-term
survival rate of only 40%.

dinutuximab neuropathic pain peripheral neuropathy neuroblastoma pediatric cancer

molecular mechanisms treatment

| 1. Dinutuximab Induced Neuropathic Pain

Neuropathic pain affects from 33% to 88% of pediatric patients undergoing dinutuximab infusion. Pain usually
manifests as allodynia, which involves various regions of the body, especially the abdomen, extremities, back, and
chest, and then spreads peripherally to the ankles and feet IZIEBIAIBIE Anti-GD2 induced pain is characterized by

mechanical allodynia without thermal hyperalgesia 4.

It usually begins within an hour from the start of dinutuximab beta infusion and is limited to the time of
administration of this drug, ending shortly after the termination of the infusion; it usually occurs during the first
infusion of the drug and decreases after each course [&l. A retrospective study on 26 patients affected by high-risk
neuroblastoma who received dinutuximab based immunotherapy concluded that grade >3 (of a 1 to 5 scale) pain

occurs in about 88% of patients during immunotherapy course 1, but in 42% of patients during course 5 I,

GD2-induced neuropathic pain is mediated by the reactivity of the antibody with the GD2 antigen on the surface of
peripheral nerve fibers, particularly C-fibers [Z. The inability of GD2 antibodies to cross the blood brain barrier

implicates the involvement of the peripheral nervous system [,

The pain-inducing mechanism is unclear. It probably involves the same immune response by ADCC and CDC
elicited for treatment; the antigen—anti-GD2-antibody complex on the GD2-expressing nerve fibers is thought to be

the first trigger for pain (Figure 1a—c).
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Figure 1. Mechanisms of action of dinutuximab beta. GD2 is expressed on (a) nociceptive fiber, (d) motor and
sensory fibers, and (g) neuroblastoma cell membrane. The complex antigen—anti-GD2-antibody is formed on the
surface of (b) nociceptive fiber, (e) motor and sensory fibers, and (h) neuroblastoma cell membrane. The complex
antigen GD2-antibody activates the antibody-dependent cellular cytotoxicity and the complement-dependent cyto-
toxicity, which cause (c) neuropathic pain on nociceptive fiber, (f) peripheral neuropathy on motor and sensory
fibers, and (i) apoptosis of neuroblastoma cell. IL-2 acts on Natural Killer (NK) cells and granulocyte-macrophage

colony-stimulating factor (GM-CSF) on monocytes and granulocytes to enhance the immunological response.

Antibodies and immune cell products from the antibody—antigen response generate ectopic activity in axons, which
results in hyperalgesia and spontaneous pain £,

It is possible that patients who benefit from dinutuximab treatment are those with a high percentage of
neuroblastoma cells that are GD2 positive [29. Nevertheless, not all patients with progressive neuroblastoma will
have high expression of GD2 on tumor cells 11, Thus, such patients may have toxicity with no benefit from
dinutuximab. Furthermore, the selective pressure of dinutuximab therapy may result in decreased GD2 expression,
which has already been observed with targeting CD20 on lymphoma with rituximab, targeting CD19 on leukemia
with CAR-T cells, and with antibodies to EGF in breast cancer [12][13][14]

Prevention and Treatment

Because of the high frequency of neuropathic pain during dinutuximab beta infusion, various strategies of
prevention and treatment have been evaluated.
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First, a continuous 10-day infusion appeared more tolerable than the discontinuous 5-day infusions on consecutive
days. Mueller et al. compared data from 53 patients with high-risk neuroblastoma who received continuous 10-day
infusions of dinutuximab beta with those of 226 patients from the study by Yu et al. who received discontinuous
once-daily infusions of dinutuximab on 4 consecutive days 3 The incidence of treatment-related adverse
events was lower with the continuous infusion than with the once-daily infusion; particularly, the incidence of
neuropathic pain decreased from 51.8% of patients under once-daily infusion to 37.7% of patients under

continuous infusion.

Furthermore, as one of the mechanisms of generation of neuropathic pain seems to be the complement activation
at the GD2-expressing nerve fibers level 18], humanized anti-GD2 antibodies (hu14.18K322A) have been shown to
resolve pain more rapidly, through reduction of complement activation, even though opioid requirements were not
reduced 7. Moreover, initial data show some complete responses in the treatment of recurrent or refractory
neuroblastoma, but a randomized trial is needed to determine if the elimination of complement binding may

maintain anti-GD2 activity in addition to decreasing neuropathic pain 18291,

Aggressive pain control is such a priority that the U.S. Food and Drug Administration recommends permanent

discontinuation of dinutuximab in patients with severe pain that is uncontrollable by analgesic therapy.

Because neuropathic pain usually occurs at the beginning of the treatment, its onset can be predicted and
premedication with analgesics should be administered. Triple therapy with gabapentin, non-opioid analgesics, and
opioids is recommended for pain treatment & (Figure 2). Three days prior to dinutuximab beta infusion, oral
gabapentin administration should be started at the dose of 10 mg/kg/day. The next day, the dose is increased to 10
mg/kg for two daily administrations and the next day to 10 mg/kg for three daily administrations (the maximum
single dose of gabapentin must not exceed 300 mg). Gabapentin reverses the tactile allodynia that follows anti-
GD2 administration; its administration should be continued as long as required by the patient and be tapered off up

to suspension after weaning off intravenous morphine infusion £,
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Figure 2. Neuropathic pain management during continuous dinutuximab beta infusion. Gabapentin administration
is started three days prior to dinutuximab beta infusion and increased up to 10 mg/kg for three daily
administrations. After a bolus, morphine is commenced just before dinutuximab beta infusion and continued as a
24 h intravenous infusion (0.03 mg/kg/h). Following reduction of its infusion rate, morphine is stopped 4 h after the
end of dinutuximab beta infusion. If neuropathic pain persist after the intravenous morphine weaning off, oral

morphine sulphate or tramadol can be administered on demand.

Non-opioid analgesics such as paracetamol or ibuprofen should be used during the treatment.
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The use of opioids for the duration of antibody therapy given as continuous infusion over 10 days is essential for
pain control, with higher opioid doses given in the first infusion day and course than in subsequent days and
courses. Morphine should be commenced 2 h before dinutuximab beta infusion with a bolus of 0.02—0.05 mg/kg.
Subsequently, continuous intravenous morphine infusion should be started at a dosing rate of 0.03 mg/kg/h and
continued during all dinutuximab beta infusion. In response to patient’s pain perception, it may be necessary to
increase the infusion rate or, on the other hand, it could be possible to wean off morphine over 5 days,
progressively decreasing its dosing rate. If continuous morphine infusion is required for more than 5 days,

treatment should be gradually reduced by 20% per day after the last day of dinutuximab beta infusion.

In the case of neuropathic pain persisting after the intravenous morphine is weaned off, oral morphine sulphate

(0.2—0.4 mg/kg every 4—6 h) or tramadol (for moderate neuro-pathic pain) can be administered on demand.

For subsequent courses, analgesic therapy at the highest dose of opioid required for adequate pain control during

the prior course should be considered at the start and then modulated according to the severity of pain 29,

Other analgesic regimens were experimented but, to our knowledge, the previous is the best strategy for
prevention and treatment of dinutuximab beta-related neuropathic pain. Opioid transdermal delivery system has not

been utilized as it is not adjustable on the basis of patients’ variable pain intensity [21122],

The concurrent administration of low-dose lidocaine has been shown to reduce opioid consumption in
neuroblastoma patients treated with immunotherapy, but it determined a very high incidence of vomiting and may
not be appropriate in the ward setting &. Gorges and colleagues studied the use of dexmedetomidine and
hydromorphone to manage the pain associated with anti-GD2 infusion. They reported adverse effects such as
hypotension, hypoxemia, and bradycardia in 30%, 8%, and 4% of treatment days, respectively (23, Bertolizio et al.
retrospectively analyzed the efficacy of a multimodal regimen with gabapentin, ketamine, and morphine for
preventing and treating neuropathic pain during dinutuximab therapy 24, Even if the addition of ketamine to opioids
is known to decrease morphine consumption and pain, this study showed higher morphine consumption and a
lower incidence of moderate and severe pain with fewer adverse effects in comparison with data by Georges et al.;

this may be due to avoidance of dexmedetomidine [23123],

| 2. Dinutuximab Induced Peripheral Neuropathy

Peripheral neuropathy of any kind results from a partial loss of innervation and it can also lead to chronic pain.
Neuropathy is due to a physical, metabolic, or chemical injury of axons that determines a disconnection of nerve

branches from their terminals.

In a normal pathway, these injuries lead to Wallerian degeneration and apoptosis. Then, dedifferentiation of
resident Schwann cells and the infiltration of systemic immune cells open the way for axonal regeneration and
nerve repair. If the balance between degeneration and regeneration is interrupted, chronic pain may begin 28127
(Figure 1d—f).
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Peripheral neuropathy is a common side effect of chemotherapeutic agents, such as oxaliplatin and vincristine,
through different mechanisms. Oxaliplatin accumulates in dorsal root ganglion neurons and causes functional
changes in nerve excitability to undergo severe neuropathy [28l. Vincristine determines a compromission of
microtubule function and axonal transport with mitochondrial toxicity 2239, Another pathway observed in the
chemotherapeutic drugs neurotoxicity is the stimulation of NK cells by upregulation of stress related proteins in

tumor and/or downregulation of inhibitory self-ligands on the target cell surface B1321[33],

Peripheral neuropathy is a rare side effect of dinutuximab beta administration; it can be severe with a prevalence of
between 2 and 6% of patients 4. Ladenstein et al. reported seven patients with grade 3 and 4 toxicities, the most
frequent being paresthesia or deficits in motor function; one patients with tetraparesis improved over time, but did
not recover completely B4 Mody et al. described one patient treated with irinotecan, temozolomide, and
dinutuximab that presented with grade 3 peripheral motor neuropathy started on day 6 of cycle 6. He suffered a
bilateral lower extremity weakness and was unable to walk independently for 4 weeks, but completely recovered
after 2 weeks 32l One patient with grade 3 peripheral motoneuropathy was reported by Mueller et al., while

another patient with peripheral neurotoxicity, which did not resolve completely, was seen by Blom et al. [4I15],

The mechanisms of anti-GD2 neurotoxicity remain unclear. It is certain that anti-GD2 antibodies bind the GD2
antigen localized on the cell membrane of axons of peripheral nerves and affect its function in vivo B8137],
Subsequently, activated by anti-GD2 antibodies via ADCC, NK cells seem to have a potential pathogenic role by
forming an immunological synapse with the axon of a sensory neuron and thus releasing ions and proteases into

the target neuron; this would lead to axon microtubule destabilization and axon degeneration 8],

A sensorimotor polyneuropathy associated with demyelination and a mononuclear infiltrate in both endoneurial and
perivascular space of sural nerve was documented in adults after treatment of metastatic melanomas with an anti-

GD2 monoclonal antibody 89,

A study of Yuki et al. tried to clarify what causes the neurotoxicity of anti-GD2 monoclonal antibody. They showed
that anti-GD2 reacts with the peripheral nerve myelin and assumed that this binding causes antibody-dependent
cell mediated and complement-dependent demyelination, resulting in the development of sensorimotor

demyelinating polyneuropathy 22,

As anti-GD2 modified to reduce complement activation determined the reduction but not the elimination of side
effects on peripheral nervous system in a rat model, other mechanisms are probably involved, such as an immune-

mediated inflammation 288N However, the complete mechanism needs to be clarified.

Treatment

If dinutuximab beta infusion determines motor or sensory peripheral neuropathy that lasts for more than 4 days, a
non-inflammatory cause should be considered and excluded, as it could be expression of neuroblastoma

progression, infection, metabolic syndrome, and concomitant medication.
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Exams like magnetic resonance and motor and sensory electromyography studies should be conducted.

To the best of our knowledge, there are no studies that specifically address the treatment of dinutuximab induced
peripheral neuropathy. In patients with grade 2 neuropathy, dinutuximab beta infusion should be interrupted, to be
resumed only after neurologic symptoms resolve. Infusion must be discontinued if subjects present any objective
prolonged weakness possibly as a result of dinutuximab beta administration B4l |f symptoms do not improve
after a few days, steroid therapy should be considered.
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