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Abstract: Leukoencephalopathy in the setting of multiple myeloma (MM) is a rare demyelinating condition, with few reported cases 
in literature. Daratumumab is a CD38 targeted monoclonal antibody that has been widely used for the management of MM. In the 
absence of central nervous system (CNS) disease, many medication-induced leukoencephalopathy cases reported with MM, including 
daratumumab-induced, are associated with progressive multifocal leukoencephalopathy (PML) and John Cunningham (JC) virus. 
Currently, there are no reported cases of daratumumab-induced leukoencephalopathy among patients without CNS involvement or 
PML. We discuss 2 patients who developed leukoencephalopathy while receiving daratumumab-based therapy without evidence of 
PML or CNS disease. Both patients had baseline MRIs without significant white matter changes before daratumumab-based therapy. 
Patients began experiencing neurological deficits about 6 to 8 months after daratumumab-based therapy initiation. One patient passed 
away before being assessed for improvement of symptoms with daratumumab cessation. The second patient had some stabilization of 
symptoms after cessation; however, the leukoencephalopathy remained irreversible. As the class of anti-CD38 monoclonal antibodies 
expands in MM therapy, we highlight a potential treatment complication and the importance of detecting leukoencephalopathy early 
among patients receiving anti-CD38 therapy. We recommend vigilant monitoring of any new or worsening neurological symptoms to 
avoid serious complications of irreversible leukoencephalopathy. 
Keywords: anti-CD38, monoclonal antibody, neurotoxicity, plasma cell disorder, white matter changes, daratumumab, 
leukoencephalopathy, case report

Background
Leukoencephalopathy is a clinical condition associated with functional decline in neuronal capabilities secondary to 
structural alterations in cerebral white matter, which are induced by changes to the myelin. There are many different 
types of leukoencephalopathy, which can result from genetic mutations; can be acquired via vascular injury, infections, 
inflammatory processes, nutritional deficiencies, traumatic events, or neoplastic disease; or can be caused by toxicity/ 
adverse effects from medications.1,2 In the setting of multiple myeloma (MM), leukoencephalopathy is rare and has been 
predominantly documented secondary to central nervous system (CNS) disease, paraneoplastic syndrome, infectious 
processes, genetic conditions, and medication use.3–6

Leukoencephalopathy—primarily John Cunningham (JC) virus–associated progressive multifocal leukoencephalopathy 
(PML)—has been reported in association with monoclonal antibody treatment.7 Daratumumab is a human monoclonal 
antibody that targets CD38, a cell surface glycoprotein that is highly expressed on myeloma cells. Daratumumab induces 
cell death through various mechanisms, including direct cytotoxicity, indirect death via complement-dependent cytotoxicity, 
antibody-dependent cellular phagocytosis, and antibody-dependent cytotoxicity.8 To our knowledge, PML cases compose the 
only prior reports of daratumumab-associated leukoencephalopathy.9,10 Here, we describe 2 patients who developed 
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leukoencephalopathy, without evidence of PML or CNS involvement, while receiving daratumumab-based therapy for 
relapsed and refractory MM.

Case Series
Case Report 1
A 65-year-old right-handed woman was diagnosed with IgG κ MM in 2002. Her treatment began in 2012, and she 
received multiple lines of therapy, including lenalidomide, bortezomib, and dexamethasone (RVd) followed by high-dose 
melphalan and peripheral blood autologous stem cell transplant (HDM-ASCT). She had mild peripheral neuropathy from 
chemotherapy, and because of progressive disease, she began receiving lenalidomide and dexamethasone (Rd) by late 
2014. She developed a pulmonary embolism in 2016 and was prescribed warfarin therapy, which was eventually 
switched to aspirin. She continued to receive lenalidomide and dexamethasone until 2019.

In March 2019, after biochemical disease progression, ixazomib was added to her chemotherapy regimen. She 
remained neurologically intact but developed intractable headaches, which prompted a brain magnetic resonance imaging 
(MRI) scan. The MRI showed microvascular ischemic changes and a small subdural hematoma, without any other 
abnormalities (Figure 1A). Because of intolerable side effects of vomiting and disease progression, she was prescribed 
daratumumab, pomalidomide, and dexamethasone (DPd) in April 2019. In October 2019, the pomalidomide dose was 
decreased because of cytopenia. The RBC morphology was normal and lactate dehydrogenase (LDH) level was 142 U/L. 
By December 2019, within 8 months of treatment initiation, her family noted mild cognitive changes, including short- 
term memory loss and difficulty with executive functioning and planning. During this time, the patient was prescribed 0.4 
gm/kg monthly intravenous immunoglobulin (IVIG) for recurrent infections. By February 2020, her symptoms 

Figure 1 MRI brain results for Case 1 and 2 pre- and post-daratumumab therapy. (A) Case 1: Brain MRI taken 1 month prior to initiation of daratumumab. Note the thin 
subdural hematoma and mild ischemic changes. (B) Case 1: Brain MRI taken 13 months after initiation of daratumumab showed abnormal T2 signal seen in bilateral frontal 
regions and right temporal lobe, with microvascular ischemic and resolved hematoma. (C) Case 2: Baseline brain MRI without contrast taken 34 months prior to initiation of 
daratumumab showed mild microvascular ischemic changes. (D) Case 2: Brain MRI taken 9 months after initiating daratumumab showed mild interval increases in 
ventriculomegaly and extensive bilateral confluent foci of increased T2-FLAIR changes within the cerebral white matter.
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progressed into a more severe encephalopathy, with right upper extremity weakness and right hemibody neglect. In 
April 2020, a brain MRI showed patchy FLAIR changes in posterior periventricular and subcortical white matter 
bilaterally, with mild restricted diffusion.

A lumbar puncture (LP) on May 5, 2020, showed an elevated myelin basic protein (MBP) level of 16.2 ng/mL 
(normal value <4 ng/mL), which was concerning for active demyelination; the LP results were otherwise unremarkable. 
Cerebrospinal fluid (CSF) was negative for plasma cells; lactate dehydrogenase (LDH) levels were within normal limits; 
and JC virus, tested via polymerase chain reaction, was not detected. The patient’s encephalopathy continued to rapidly 
worsen, with right facial droop, word-finding difficulties, pseudobulbar affect, and dysphagia. A repeat MRI brain 
performed on May 18, 2020, showed worsening T2-FLAIR changes in bilateral frontal regions (left greater than right) 
and the right temporal lobe, with low–level enhancement in some of these areas and microvascular ischemic changes; the 
hematoma that was seen at baseline had resolved (Figure 1B). Upon examination, the patient was disoriented, 
intermittently followed simple commands, and was able to read. She could name and repeat but was not able to write, 
and she had significant difficulty with delayed word recall (ie, 0/4 words in 2 minutes). She also had acalculia, agraphia, 
and apraxia. She had right hemibody neglect and left upper extremity dysmetria, with symmetric hyperreflexia in all 
upper and lower extremities.

A repeat LP on May 28, 2020 was still negative for malignancy and showed a continued elevated MBP level of 13.7 
ng/mL. She had an elevated serum factor VIII level of 277% (normal value, 50%–150%) and was evaluated for a cerebral 
vascular accident; however, MRI findings did not indicate a stroke. During this time, she was still receiving DPd therapy 
and IVIG (0.4 gm/kg) monthly, with an overall partial response. However, because of worsening clinical status and 
progressive white matter changes seen via imaging, the decision was made on June 9, 2020, to halt the DPd regimen and 
increase the IVIG to 1 gm/kg monthly. No further responses to the treatment change were able to be assessed, as the 
patient passed away on June 18, 2020, and a postmortem evaluation was not performed. The patient was not tested for 
COVID-19.

Case Report 2
A 56-year-old right-handed man was diagnosed with IgG κ MM in 2011 and received multiple lines of therapy, including 
RVd, followed by HDM-ASCT in October 2012. The patient continued to receive maintenance lenalidomide and 
dexamethasone from 2012 to 2016. Because of vertigo, a brain MRI was performed in April 2016 (Figure 1C); mild 
microvascular ischemic changes were seen, but the results were otherwise unremarkable. After disease progression in late 
2016, he was prescribed ixazomib, pomalidomide, and dexamethasone (IPd). He discontinued treatment in 
November 2018 because of intolerability related to fatigue, dizziness, and peripheral neuropathy that persisted even 
after multiple dose reductions. In February 2019, the patient’s disease progressed, and he was prescribed daratumumab, 
lenalidomide, and dexamethasone (DRd).

In August 2019, within 6 months of starting DRd, he presented with a significant decline in functional status: he 
required a wheelchair to ambulate and had profound dysphagia. The lenalidomide dose had been reduced because of 
cytopenia, dizziness, and fatigue, and it was discontinued by August 2019. The patient continued to receive monthly 
daratumumab as a monotherapy while he experienced significant cognitive decline (ie, Montreal Cognitive Assessment 
[MoCA] score of 24/30) and diffuse hyperreflexia. A brain MRI was performed in November 2019 (Figure 1D) and 
showed mild interval increases in ventriculomegaly and extensive bilateral confluent foci of increased T2-FLAIR 
changes within the cerebral white matter, with some microvascular ischemic changes.

An LP revealed an elevated opening pressure of 21 cm H2O, with lymphocytic pleocytosis (7 nucleated cells, with 
91% lymphocytes), elevated protein level (101 mg/dL), elevated number of oligoclonal bands (5), and elevated MBP 
level (6.79 ng/mL). CSF was negative for evidence of plasma cells; paraneoplastic laboratory results were negative; LDH 
was slightly elevated at 289 U/L (upper normal limit 225 U/L); and JC virus, tested via polymerase chain reaction, was 
not detected. The patient had some improvement in his gait and cognition that lasted for 24 hours after the LP, and 
a diagnosis of hydrocephalus was considered at that time. He was prescribed 1 gm/kg of IVIG for 2 days in 
January 2020, and daratumumab was discontinued in February 2020. On February 25, 2020, he had a slight improvement 
in MoCA score from 24/30 to 26/30, and a brain MRI showed stable T2-FLAIR changes. Because of the patient’s 
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ventriculomegaly, elevated opening pressure, and improvement after high-volume lumbar puncture, 
a ventriculoperitoneal shunt was placed in March 2020. The patient was also given a trial of rituximab therapy, but it 
did not improve his symptoms further. For his MM treatment, he was prescribed venetoclax and dexamethasone in 
April 2020. By June 2020, he had worsening gait, balance, and cognition, and he was began receiving monthly IVIG 1 
gm/kg. A COVID-19 test performed in July 2020 was negative.

A repeat LP performed in September 2020 was negative for malignancy and showed resolution of oligoclonal bands; 
however, the MBP level remained elevated at 6.59 ng/mL. After MM progression in December 2020, he began receiving 
low-dose cyclophosphamide and prednisone. This treatment was later discontinued because of worsening neurological 
symptoms and gastrointestinal intolerability to chemotherapy. IVIG was also discontinued at this time, as the patient 
considered entering hospice care. In May 2021, the patient decided to resume treatment and began receiving elotuzumab, 
pomalidomide, and solumedrol. Of note, a coagulopathy panel was performed on May 24, 2021, and he was found to 
have an elevated factor VIII level of 269%. Currently, the patient’s cognition has stabilized; however, he continues to 
experience progressive lower extremity weakness and fatigue, and he still requires use of a wheelchair. Unfortunately, his 
multiple myeloma has progressed, and he is not tolerating any further treatment. He was placed in hospice care for 
palliative management.

Discussion
The presentation of leukoencephalopathy with demyelinating processes among patients with MM who are receiving 
active treatment generally prompts a differential diagnosis that includes meningoencephalitis, malignant CNS involve-
ment, PML, posterior reversible encephalopathy syndrome (PRES), genetic leukodystrophy, and chemotherapy-induced 
leukoencephalopathy.4–6,11–13 For the patients in our series, we ruled out infection and malignant cerebral involvement 
because of negative CSF results throughout their courses of therapy. A summary of the cases is presented in Table 1 with 
patient timelines in Figure 2.

Table 1 Clinical Summary

Characteristics Case 1 Case 2

Past therapies Lenalidomide + bortezomib + dexamethasone (2012); HDM-ASCT 

(November 2012); Lenalidomide + dexamethasone (2014–2019); 

Ixazomib + lenalidomide + dexamethasone (2019)

Lenalidomide + bortezomib + dexamethasone 

(2011–2012); HDM-ASCT (October 2012); 

Lenalidomide + dexamethasone (2012–2016); 
Ixazomib + pomalidomide + dexamethasone 

(2016–2018)

Therapy at the 
time of 
encephalopathy

Daratumumab + pomalidomide + dexamethasone; low-dose 

intravenous immunoglobulin

Daratumumab + lenalidomide + dexamethasone

Onset of rapid 
neurological 
decline

8 months after initiation of daratumumab 6 months after initiation of daratumumab

Clinical features Cognitive changes, word finding difficulties; dysphagia; diffuse 
pathological reflexes; pseudobulbar affect; right facial droop; right 

upper extremity weakness; right hemi-body neglect; apraxia; 

acalculia; agraphia; and dysmetria in left upper extremity

Cognitive changes; dysphagia; diffuse pathological 
reflexes; gait disturbances; lower extremity 

weakness; and required a wheelchair.

MRI brain results 
post 
daratumumab

Abnormal T2 signal seen in bilateral frontal regions (left greater than 

right) and right temporal lobe; some low-level enhancement in some 
of these areas; microvascular ischemic changes

Mild interval increases in ventriculomegaly and 

extensive bilateral confluent foci of increased 
T2-FLAIR changes within the cerebral white 

matter; microvascular ischemic changes

(Continued)
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In Case 1, 8 months after initiation of daratumumab, the patient was noted to have mild cognitive changes, including 
short-term memory loss and difficulty with executive functioning and planning. Two months after initial neurologic 
presentation, she developed severe cognitive impairment, with right upper extremity weakness and right hemi-body 

Table 1 (Continued). 

Characteristics Case 1 Case 2

Abnormal labs Elevated serum factor VIII level of 277% Elevated serum factor VIII level of 269%

LP results Elevated myelin basic protein; negative JCV Elevated myelin basic protein; negative JCV; 
positive oligoclonal bands; lymphocytic pleocytosis 

with elevated protein

Effect of 
discontinuation of 
daratumumab

Unable to assess (patient died) Stabilization in cognition; MoCA score improved 

from 24 to 26; stable gait; dysphagia

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HDM-ASCT, high-dose melphalan with autologous stem cell transplant; JCV, John Cunningham (JC) virus; LP, 
lumbar puncture; MoCA, Montreal Cognitive Assessment; MRI, magnetic resonance imaging; T2-FLAIR, T2-weighted-Fluid-Attenuated Inversion Recovery.

Case 1 Timeline:

2012
•RVd; HDM-ASCT
•Mild peripheral neuropathy 

2014-
2019

•Rd
•PE in 2016

Mar 
2019

•IRd (Ixazomib added)
•Intractable headaches, vomiting
•MRI showed microvascular ischemic changes and a small subdural hematoma 

April 
2019

•DPd (Daratumumab initiated)

Oct 
2019

•Pomalidomide dose reduced

Dec 
2019

•Mild cognitive changes, including short-term memory loss and difficulty with executive functioning and planning
•IVIG 400mg/kg initiated for recurrent infections

Feb 
2020

•Severe encephalopathy, with right upper extremity weakness and right hemibody neglect

April 
2020

•MRI showed patchy FLAIR changes in posterior periventricular and subcortical white matter bilaterally, with mild restricted 
diffusion

May 
2020 

•Right facial droop, word-finding difficulties, pseudobulbar affect, and dysphagia
•MRI - worsening T2-FLAIR changes in bilateral frontal regions (left greater than right) and the right temporal lobe

9th June 
2020

•DPd discontinued
•IVIG increased to 1000mg/kg

18th June 
2020

•Patient passed away

Figure 2 Continued.
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Case 2 Timeline: 

2012
•RVd; HDM-ASCT 

2012-
2016

•Maintenance Rd
•Symptoms for vertigo (MRI shows mild ischemic changes)

2016-
2018

•IPd
•fatigue, dizziness, neuropathy despite dose reductions  

Feb 
2019

•DRd (Daratumumab initiated)

Aug 
2019

•Lenalidomide discontinued 
•Continues on Daratumumab monotherapy
•significant functional and cognitive decline; dysphagia, requiring wheelchair, hyperreflexia 

Nov 
2019

•MRI - mild interval increases in ventriculomegaly and extensive bilateral confluent foci of increased T2-FLAIR changes within the 
cerebral white matter

Dec 
2019

•LP performed which improved gait slightly for 24 hours 

Jan 
2020

•IVIG 1000mg/kg x 2 days

Feb 
2020

•Daratumumab discontinued
•MRI - stable T2-FLAIR changes

Mar 
2020

•Ventriculoperitoneal shunt placed
•Rituximab 375mg/m2 x 1 dose (no further improvement) 

April 
2020

•Venetoclax/Dexamethasone started for MM treatment

June 
2020

•Worsening gait, balance, and cognition
•Monthly IVIG 1000mg/kg 

Dec 
2020

•Low-dose cyclophosphamide and prednisone

Jan 
2021

•Treatment discontinued due to intolerability
•Patient decided hospice

May 2021-
Dec 2021

•Patient resumed treatment with Elotuzumab, pomalidomide, methylprednisolone 

Jan 
2022

•Treatment discontinued due to failure to thrive, difficult quality of life
•Increased weakness, and neurological decline
•Patient re-enrolled in hospice 

Figure 2 Patient case timelines. Patient Case 1 and 2 timelines.
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neglect. Two months after that, her brain MRI showed patchy FLAIR changes in posterior periventricular and subcortical 
white matter bilaterally, with mild restricted diffusion. Her CSF studies showed an elevated myelin basic protein (MBP) 
level of 16.2 ng/mL (normal value <4 ng/mL). In Case 2, within 6 months of starting daratumumab, the patient became 
wheelchair-bound and had profound dysphagia with progressive cognitive decline. Nine months after initiation of 
daratumumab (Figure 1D), a brain MRI showed mild interval increases in ventriculomegaly and extensive bilateral 
confluent foci of increased T2-FLAIR changes within the cerebral white matter. For both patients, elevated CSF MBP 
levels and MRI findings of progressive leukoencephalopathy seen after daratumumab therapy were indicative of active 
demyelination.

We sought to determine whether the etiology for leukoencephalopathy was related to treatment. Both patients were 
receiving combination therapy with an anti-CD38 monoclonal antibody, an immunomodulatory drug (IMiD), and 
a steroid when symptoms began. There have been IMiD-associated PML and PRES cases reported in the literature; 
however, both patients’ negative JC virus PCR assays and lack of evidence of PRES on MRIs suggested that these 
diseases were not present. Case reports of IMiD-related neurotoxicity have been published for both lenalidomide and 
pomalidomide.23–27 Peripheral neuropathy is a commonly reported adverse effect for IMiDs, but central neurotoxicity, 
including ataxia, amnesia, aphasia, and reversible comas, are rare, with only a few cases reported.28 Notably, both of our 
patients were receiving IMiDs for many years during their previous therapies without significant central neurotoxicity 
and specifically without any white matter degenerative changes, as was seen in both baseline MRIs.

Having mainly ruled out IMiDs, we next evaluated whether anti-CD38 monoclonal antibodies may have been 
associated with leukoencephalopathy for these cases. In addition to being expressed on plasma cells, CD38 is expressed 
in the CNS, including, but not limited to, neurons, astrocytes, and microglial cells.14–20 Despite being a monoclonal 
antibody, daratumumab has the potential to cross the blood-brain barrier;21 once in the CNS, daratumumab can 
potentially induce demyelination by suppressing CD38.22 For both of our patients, elevated MBP levels and MRI 
findings of leukoencephalopathy seen after daratumumab therapy were indicative of active demyelination. Currently, 
PML is the only neurotoxicity associated with daratumumab in published case reports.9,10 PML is a demyelinating 
condition caused by the JC virus; radiographically, it is asymmetric and well-demarcated.29 For our report, leukoence-
phalopathy was asymmetric in Case 1 and symmetric in Case 2. However, neither of the patients were positive for JC 
virus, indicating that these cases were unlikely to be related to PML. The symmetry seen in Case 2 was similar to whole- 
brain radiation–related leukoencephalopathy.30

To assess the likelihood of daratumumab’s association with leukoencephalopathy in these cases, the Naranjo Adverse 
Drug Reaction (NADR) assessment, which evaluates a medication as possibly, probably, or definitively related to a clinical 
event, was used.31 The NADR score was 7 out of 13 for Case 1 and 6 out of 13 for Case 2, and both of these scores 
correspond to a probable adverse drug reaction. A NADR score of 9 or above would have been considered definitive; 
however, there were some NADR categories we were unable to assess. Neither patient had their dose increased or re- 
administered, so it is unknown whether they may have had a more severe reaction in this context. Daratumumab was the only 
anti-CD38 medication that these patients were exposed to, so we could not assess whether a similar reaction was seen with 
other agents in the same class. The NADR assessment was also performed for the IMiDs, which had a score of 1 for both 
patients; this denotes a possible adverse drug reaction. It is important to note that the patient in Case 1 had their 
pomalidomide dose reduced because of cytopenia and the patient in Case 2 had lenalidomide discontinued because of 
intolerability; however, neurological symptoms continued to progress for both patients. The patients in Cases 1 and 2 also 
received lenalidomide during previous therapies for 5 and 4 years, respectively, without developing leukoencephalopathy.

Since the initial approval of daratumumab by the Federal Drug Administration (FDA) for patients with previously 
treated MM in 2015, its use has rapidly expanded to many other indications, including first-line therapy.32–34 The anti- 
CD38 monoclonal antibody class has also expanded, with the addition of the subcutaneous product daratumumab- 
hyaluronidase and the recent approval of isatuximab in 2020.35,36 With these approvals, we are likely to see more patients 
receiving anti-CD38 therapy for MM.

There is a need to further identify risks of cognitive impairment or neurodegenerative changes among patients with 
MM without CNS involvement who are being treated with anti-CD38 therapies. Both patients in our series had mild 
small vessel disease prior to daratumumab initiation, which could have increased their risk of post-therapeutic 
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complications. Though most metabolic treatment–induced leukoencephalopathy cases reported in literature are reversi-
ble, both of our patients had irreversible encephalopathy.11

Based on our observations, it would be prudent to recognize any central neurotoxicity, leukoencephalopathy, or 
hydrocephalus that may occur while patients are receiving anti-CD38–based therapy. If a patient develops any new 
neurological deficits such as cognitive impairment, ataxia, aphasia, dysphasia, or profound peripheral neuropathy, we 
recommend withholding anti-CD38 therapy until the patient is evaluated with at least an LP and MRI by neurologists/ 
neuro-oncologists. If the brain MRI scan shows significant leukoencephalopathy and CSF shows elevated MBP and 
protein, concerns should be raised for active demyelination. Pharmaceutical intervention with 1 gm/kg of IVIG monthly 
can also be considered to improve or stabilize neurologic deficits.

As with any observational study, there are confounding factors to consider. Concurrent medications, vascular risk 
factors, or autoimmune conditions could have contributed to our patients’ leukoencephalopathy. Both patients had 
elevated factor VIII levels and microvascular ischemic changes, and the patient in Case 1 had a history of thromboem-
bolic events and a baseline hematoma that could have contributed to her decline being more rapid than that of the patient 
from Case 2. The patient from Case 2 had mild gait disturbances prior to daratumumab-based therapy; however, his 
baseline MRI was negative for active demyelination. His symptoms initially stabilized after the cessation of daratumu-
mab, placement of the ventriculoperitoneal shunt, and initiation of IVIG therapy; however, the demyelination was 
irreversible, and the patient continued to have progressive symptoms. The positive oligoclonal bands and lymphocytic 
pleocytosis could be indicative of an underlining autoimmune disorder or encephalitis. Rituximab is a CD20 monoclonal 
antibody that causes depletion of B cells and is used in managing autoimmune conditions; when the patient from Case 2 
was given a trial of rituximab, there was no further improvement or resolution of symptoms.37

Conclusion
In conclusion, to the best of our knowledge, these are the first cases of leukoencephalopathy reported among patients 
without a PML diagnosis who are receiving daratumumab-based therapy. Patients with MM, who may have preexisting 
peripheral neuropathy, should be further tested if they exhibit worsening neurological symptoms. Diagnostic MRIs and 
LPs with a neurology consult are recommended for patients exhibiting central neurotoxicity while receiving CD38-based 
chemotherapy. There is a need to further study possible risks associated with this drug class as its use continues to expand 
in MM treatment.

Abbreviations
CNS, central nervous system; CSF, cerebrospinal fluid; DRd, daratumumab, lenalidomide, and dexamethasone; DPd, 
daratumumab, pomalidomide, and dexamethasone; HDM-ASCT, high-dose melphalan and peripheral blood autologous 
stem cell transplant; IVIG, intravenous immunoglobulin; IPd, ixazomib, pomalidomide, and dexamethasone; JC, John 
Cunningham (virus); LDH, lactate dehydrogenase; Rd, lenalidomide and dexamethasone; RVd, lenalidomide, bortezo-
mib, dexamethasone; LP, lumbar puncture; MM, multiple myeloma; MBP, myelin basic protein; PML, progressive 
multifocal leukoencephalopathy; T2-FLAIR, T2 fluid-attenuated inversion recovery.
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