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Abstract. We conducted a small, open-label, pilot study of daratumumab to explore target engagement, safety, and poten-
tial efficacy in patients with mild to moderate Alzheimer’s disease. Daratumumab SC 1800 mg was given subcutaneously
weekly for 8 weeks, then every 2 weeks for 16 weeks. Flow cytometry to measure the CD38+ proportion of CD8 + CD4-
T cells and cognitive assessments were performed at baseline, day 176, and day 246. Daratumumab significantly reduced
CD38 + CDS8 + CD4- T cells after 24 weeks and this effect persisted 11 weeks thereafter. There was no hematological toxicity
or unexpected adverse events. Responder analysis showed no improvement on cognitive outcome measures.
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INTRODUCTION related metabolic decline.>? CD38 levels increase
with age and correlate with NAD decline.* In CD38

Daratumumab is a human IgG1 kappa mono- knockout mice, tissue levels of NAD are signifi-
clonal antibody that targets CD38, a multi-functional cantly increased.> When CD38 knockout mice were
enzyme that hydrolyzes nicotinamide adenine din- crossed with APPswePS1AE9 transgenic mice, they
ucleotide (NAD) and is involved in cell signaling.' showed significant reductions in amyloid-B (AR)
NAD is a co-enzyme found in all living cells. NAD plaque load and soluble A levels, and this correlated
levels decrease during aging and are involved in age- with improved spatial learning.® CD38 expression on

CDS8 + T cells, indicative of activation, is significantly
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trols, and activated T cells are capable of trafficking
into the brain and exerting cytotoxic effects.” CD38
has been implicated in brain neurodegeneration and
neuroinflammation.3? CD38 affects regulation of
the amount and function of activated microglia,
with important consequences for injury and repair
processes in the brain.!® Cerebrospinal fluid lev-
els of microRNAs that reduce CD38 expression are
significantly decreased in AD patients compared
to age-matched controls.!! CD38 immunoreactivity
localizes to the perikarya and dendrites of many neu-
rons within the human brain, suggesting that CD38 is
involved in signal transduction.'?> CD38 immunore-
activity in intracellular neurofibrillary tangles and
neuropil threads has been observed on AD brain post-
mortem pathology.!? CD38 inhibitor intervention has
been shown to restore the level of NAD+ in the hip-
pocampus and cortex of APP/PS1 mice, alleviate the
disorder of energy metabolism, enhance the effect
of Ibal+ microglia in clearing senile plaque deposits,
reduce the neuroinflammatory response, and improve
the learning and memory ability of APP/PS1 mice.'*
Accordingly, CD38 may be a novel target for AD
treatment.

Daratumumab and hyaluronidase-fihj is FDA-
approved for the treatment of multiple myeloma and
light chain (AL) amyloidosis. Daratumumab is able
to cross the blood-brain barrier,!> and has broad-
ranging immunomodulatory effects on non-plasma
cells that express CD38.'%17 We conducted a small,
open-label, phase 2a pilot study of daratumumab to
explore target engagement, safety and tolerability,
and potential efficacy signal in patients with mild to
moderate AD.

MATERIALS AND METHODS

This was a single-site open-label study enrolling
subjects > 55 to < 85 years of age with a diagnosis of
probable AD dementia according to NIA-AA crite-
ria, MMSE score > 15 and < 26, confirmed amyloid
positive by PET scan.

Eligible subjects were treated with daratumumab
SC 1800 mg (daratumumab 1800 mg with rHuPH20
30,000 units) subcutaneous infusion (15 mL over
approximately 3 to 5 min) once weekly for 8 weeks
followed by daratumumab SC 1800 mg every 2 weeks
for 16 weeks. To minimize the risk of post-injection
reactions, subjects were premedicated with mon-
telukast 10 mg orally 1 to 3 h prior to the first dose
of daratumumab, diphenhydramine 25 mg orally 1

to 3h prior to each dose, acetaminophen 1000 mg
orally 1 to 3 h prior to each dose, and dexamethasone
20 mg orally 1 to 3 h prior to the first 3 doses, 10 mg
orally 1 to 3 h prior to all subsequent doses, and 4 mg
daily orally the day after each dose. To prevent her-
pes zoster reactivation, patients were also treated with
oral acyclovir 400 mg daily beginning the day after
the first dose and continuing until 12 weeks after the
final dose.

Cognitive outcome measures [11-item
Alzheimer’s Disease Assessment Scale-cognitive
subscale (ADAS-Cog 11), 12-item version (ADAS-
Cog 12), Mini-Mental State Examination (MMSE),
Clinical Dementia Rating Scale Sum of Boxes
(CDR-SB), and AD Composite Score (ADCOMS)]
were assessed at screening, day 85 (midpoint), day
176 (end of treatment), and day 246 (11 weeks
post-treatment). Responder analysis was used
to determine the number of subjects who were
improved or unchanged from baseline on any of
these cognitive measures following treatment. Flow
cytometry to measure the CD38+ proportion of
CD8 + CD4- T cells was performed at baseline, day
176, and day 246. Fresh peripheral whole blood sam-
ples in EDTA tubes were surface stained using the
following combinations of fluorochrome-conjugated
antibodies: anti-CD45 PerCP, anti-CD3 PE, anti-
CDS8 APC, and anti-CD4 V450 (BD Biosciences),
and anti-CD38 FITC (provided by Janssen Scientific
Affairs). Red blood cells were then lysed with BD
FACS Lysing Solution and washed with stain buffer.
Cells were resuspended in 1% formaldehyde. Single
fluorochrome stained antibody capture beads were
used to correct for spectral overlap. All samples were
acquired on a FACSCanto II flow cytometer (BD
Biosciences) and analyzed with FCS Express V3
(De Novo Software). Repeated measures ANOVA
was utilized to evaluate the pattern of change over
time.

This clinical trial was conducted in accordance
with International Conference on Harmonisation
Good Clinical Practice guidelines and the Declaration
of Helsinki. Written informed consent was provided
by all subjects or by their legally authorized represen-
tatives with subject assent. Subjects and their study
partners were not compensated.

RESULTS

A total of 16 subjects were screened. There were 6
screen failures and 1 subject who withdrew consent
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Fig. 1. The CD38+ proportion of CD8 + CD4- T cells at baseline,
day 176 (end of treatment), and day 246 (11 weeks post-treatment).
Repeated measures ANOVA F, 13=8.61, p<0.005.

prior to treatment, leaving 9 subjects who received
at least one dose of study medication. Those sub-
jects included 4 men and 5 women; 6 non-Hispanic
White, 2 Asian, 1 Hispanic; mean age 67.3 years at
study entry; and mean baseline MMSE score 22.2.
One subject had a serious adverse effect while on
treatment (hospitalization for COVID-19 pneumo-
nia). Two subjects experienced mild post-injection
reactions consisting of urticaria that responded to
diphenhydramine and hydrocortisone, and did not
recur with subsequent injections. One subject had
onset of a rash 4 days after a daratumumab injec-
tion, and a few hours after having received I'V iodine
contrast. There was no incidence of anemia, leuko-
cytopenia, or thrombocytopenia.

One subject withdrew consent after 3 treatment
visits, 1 subject was withdrawn by the investigator
after having missed 7 consecutive visits due to the
COVID pandemic, and 1 subject was withdrawn due
to a possibly related adverse event (rash), leaving 6
evaluable subjects who completed treatment. Daratu-
mumab significantly reduced the CD38+ proportion
of CD8 +CD4- T cells after 24 weeks of treatment
and this effect persisted 11 weeks thereafter (repeated
measures ANOVA F; 13=8.61, p<0.005) (Fig. 1).
On responder analysis, no subjects showed improve-
ment with treatment on any of the cognitive outcome
measures. Mean progression from screening to day
176 was 3.7 on ADAS-Cog 11, 4.3 on ADAS-Cog
12, 3.8 on MMSE, 1.2 on CDR-SB, and 0.13 on
ADCOMS.

DISCUSSION

Daratumumab showed evidence of target engage-
ment as manifested by robust and persistent reduction
in the CD38+ proportion of CD8 +CD4- T cells. It
was generally safe and well-tolerated in this study
population, with no evidence of hematological toxi-
city and no unexpected adverse events. In this small
pilot study, there was no signal of clinical improve-
ment based on responder analysis. Limitations of this
study include the small sample size and open-label
design. The duration of treatment was only 24 weeks,
and the dose of daratumumab was not increased above
the standard dose used in the treatment of patients
with multiple myeloma, for whom considerations
of hematological toxicity and tumor lysis syndrome
could be dose-limiting. Furthermore, our study pop-
ulation consisted of patients with mild to moderate
AD dementia, rather than earlier stages of disease.

Conclusions

In this limited pilot study, daratumumab signifi-
cantly and persistently reduced the CD38+ proportion
of CD8 + CD4- T cells in patients with mild to moder-
ate AD and appeared to be safe and well-tolerated in
this study population. Future studies would be needed
to ascertain whether CD38 may prove to be a viable
target for AD treatment.
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