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Cognitive Vitality Reports® are reports written by neuroscientists at the Alzheimer’s Drug
Discovery Foundation (ADDF). These scientific reports include analysis of drugs, drugs-in-
development, drug targets, supplements, nutraceuticals, food/drink, non-pharmacologic
interventions, and risk factors. Neuroscientists evaluate the potential benefit (or harm) for
brain health, as well as for age-related health concerns that can affect brain health (e.g.,
cardiovascular diseases, cancers, diabetes/metabolic syndrome). In addition, these reports
include evaluation of safety data, from clinical trials if available, and from preclinical models.

Pexidartinib (PLX3397)

Evidence Summary
Potentially beneficial adjunct to cancer therapy. May either exacerbate or ameliorate brain injury by

depleting microglia depending on the inflammatory microenvironment.

Neuroprotective Benefit: Has potential to both exacerbate acute neural injury and prevent
neuronal damage associated with chronic microglia-associated inflammation. Effects are

context dependent.

Aging and related health concerns: May be useful as an adjunct to potentiate antitumor
responses to immunotherapy in some cancers, but has minimal benefits as a monotherapy.

Safety: Side effects of long-term microglial depletion in humans have not been established.
Has potential to cause liver toxicity at high doses.
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What is it? Pexidartinib (PLX3397) is an orally available, CNS permeable, selective tyrosine kinase
inhibitor that preferentially targets the macrophage colony stimulating factor-1 receptor (CSF-1R), but
also inhibits closely related family members c-Kit and FLT3 [1]. CSF-1R is primarily expressed on
monocytes and signaling through this receptor regulates the proliferation, survival, and function of a
subset of myeloid cells including macrophages, microglia, osteoclasts, and mast cells. Depending on the
dosage, pexidartinib can either deplete macrophages/microglia or modify their function and possibly
their polarization. Pexidartinib was developed by Plexxikon Inc., and has primarily been tested for use
in various types of cancer. It has shown benefits for treating Tenosynovial giant cell tumors, but has
been largely unsuccessful as a monotherapy for other types of cancer, and is now being tested as an
adjunct therapy.

Neuroprotective Benefit: Has potential to both exacerbate acute neural injury and prevent neuronal
damage associated with chronic microglia-associated inflammation. Effects are context dependent.

Types of evidence:

1 Several laboratory studies

Human research to suggest prevention of dementia, prevention of decline, or improved cognitive
function? None

Chronically reduced CSF-1R signaling, due to CSF-1R haploinsufficiency leads to a form of dementia
called adult-onset leukoencephalopathy with axonal spheroids and pigmented glia (ALSP) which
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involves aberrant microglial distribution and white matter degeneration [2; 3]. Since CSF-1R signaling is
important during brain development [4], it is unclear whether the pathology is related to a
neurodevelopmental defect or impaired CSF-1R signaling during adulthood. Preclinical studies support
a role for microglia in myelin maintenance and the homeostasis of oligodendrocyte progenitors in
adulthood [5], suggesting that chronic microglial depletion could accelerate white matter damage or
inhibit repair.

Human research to suggest benefits to patients with dementia: None

Mechanisms of action for neuroprotection identified from laboratory and clinical research:

Neurogenerative disease: Potential mixed benefit/harm (context dependent)

Due to the pleiotropic functions of both microglia and CSF-1R signaling, the inhibition of CSF-1R or
depletion of microglia could either be beneficial by reducing neuroinflammation and protecting
synapses, or could accelerate neural damage through the loss of neurotrophic support and induction of
reactive astrogliosis [1] . Effects are highly dependent on the brain microenvironment, which vary
based on the mechanism of neuropathology and the stage of the disease.

Alzheimer’s disease: Potential mixed benefit (chronic phase, rodents)

The expression of CSF-1 and CSF-1R has been found to be increased in the brain tissue of people with
Alzheimer’s disease (AD) [6], which is hypothesized to contribute to the augmented and aberrant
chronic inflammatory microglial activation typically seen in this patient population. Additionally, there
is evidence that CSF-1R dynamics may change over the course of the disease, as AD patients were
found to have significantly higher levels of CSF-1in their cerebrospinal fluid (CSF) than those with mild
cognitive impairment (MCI) (441.5 + 188.6 vs 319.9 + 71.6 pg/ml; p=0.003) [7]. The differences highlight
the changing roles for microglia over the course of disease, and how the timing and nature of any
microglial-targeted intervention is likely to be a critical aspect to its potential efficacy.
Furthermore, genetic studies have found no genetic association between various CSF-1 SNPs and AD
incidence [8], suggesting that the dysregulation of CSF-1R signaling may be a downstream effect, rather
than a primary cause of neuropathology.

Cognitive enhancing benefits have been demonstrated for both recombinant CSF-1 and CSF-1R
inhibitors in various rodent AD models [1]. While primarily expressed on microglia, CSF-1R has been
shown to be expressed on a small subset (1-2%) of neurons in the hippocampus and cortex. Expression
levels increase in response to neuronal injury. CSF-1R ligands (CSF-1 and IL-34) can enhance neuronal
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survival through the activation of neuronal CSF-1R. Therefore, augmenting neuronal CSF-1R signaling
could be neuroprotective. Meanwhile, activation of CSF-1R on microglia could contribute to
pathological chronic neuroinflammation, thus CSF-1R inhibition has also been shown to be
neuroprotective by protecting against inflammation-associated neuronal loss. While microglia do
exhibit some neuroprotective functions, the microglia in AD patients appear to be dysfunctional, thus
it is hypothesized that depleting them may be beneficial [g]. In the 5XFAD (amyloid pathology), 3xTg,
and Tg4510 (tau overexpressing) models, microglial depletion (80-90%) or reduction (30%) with
PLX3397 starting before or after the onset of pathology, offered minor cognitive benefits on some
memory tasks, and reduced microglial association with plaques, but generally had no effect on Aor tau
pathology [10; 11; 12; 13]. However, microglial depletion with PLX3397 reduced the transmission of tau in
an AAV-mediated rapid tau propagation model [14]. In this model, tau transmission between neurons in
different regions of the hippocampus was mediated through microglia derived exosomes.

Parkinson’s disease: Potential harm (acute phase, rodents)

Pretreatment with PLX3397 (40mg/kg daily by oral gavage for 21 days) depleted microglia in mice by
approximately 9o%. The microglia depletion prior to MPTP induced dopaminergic cell damage
exacerbated MPTP mediated toxicity [15]. It worsened motor deficits, and enhanced inflammation by
promoting the infiltration of leukocytes (CD4* and CD8* T cells) and augmenting local inflammatory
responses by astrocytes. This work supports the finding of other studies that microglial depletion is
detrimental during acute neural injury, but does not indicate whether it may be beneficial in a chronic
phase, as has been demonstrated with other neurodegenerative disease models.

Amyotrophic lateral sclerosis: Potential harm/mixed (etiology dependent, rodents)

Patients with sporadic ALS have less spinal microglia than those with the familial SOD1 driven disease,
which may explain the disparate effects of CSF-1R inhibitors in different models of the disease. In the
classic SOD®* familial mouse model, use of the selective CSF-1R inhibitor, GW2580, reduced microglial
proliferation, attenuated motor neuron death, and extended survival [16]. In contrast, in a mouse model
of sporadic ALS (rNLS8) involving prominent hTDP-43 mediated pathology, microglial activity was
necessary for the clearance of neuronal TDP-43, and microglial depletion with PLX3397 (1000 mg/kg)
resulted in worse motor function [17]. The discrepancy may also be related to the differential effects of
the two CSF-1R inhibitors in terms of timing and potency. GW2580 primarily affected proliferation, only
leading to a 30% reduction in microglial number, which was restricted to the chronic phase, whereas
PLX3397 produced a substantial depletion of microglia starting in the acute phase.
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Stroke: Potential mixed benefit/harm (context dependent, rodents)

Modulation of microglial numbers and/or function has been shown to either ameliorate or
exacerbate neural injury in various stroke models. In stroke patients, there is an increase in the level
of pro-inflammatory (IL-1b*) microglia in the brain 24 hours after intracerebral hemorrhage. In a mouse
model of intracerebral hemorrhage, pre-treatment with PLX3397 (40 mg/kg by oral gavage for 21 days)
reduced microglia by 90%, reduced neuroinflammation, prevented brain edema, and attenuated
neurological deficits [18]. However, the same pretreatment regimen augmented the production of
inflammatory mediators, leukocyte infiltration, stroke severity, and worsened neurological deficits in
an ischemic stroke model, middle cerebral artery occlusion (MCAOQ) [19]. These studies suggest that the
effects of microglial modulation therapy could greatly vary from patient to patient, but it is unclear
whether these studies are even relevant to humans, who likely would not receive treatment until after
stroke onset.

Radiation protection: Potential benefit (rodents)

Microglial activation has been implicated in the induction of cognitive function-related side effects of
cancer treatments, such as radiation therapy. Mice treated with PLX3397 (1.2 mg per day) while
undergoing whole brain irradiation (IRR 3.3 Gy) were spared from radiation induced monocyte
accumulation, declines in synaptic spine density, and cognitive deficits [20]. In a hippocampal-
dependent novel object recognition task, PLX3397 treated mice performed similarly to non-radiated
sham controls (sham =30.34 + 5.67 %; PLX IRR = 27.37 + 4.50 %; p > 0.05; control IRR =1.145 + 4.24 %;

p < 0.05). Since PLX3397 treatment has also been shown to potentiate the antitumor response to
radiation therapy in preclinical models [21], it may be useful in boosting the benefit-to-side effect
profile in cancer treatment.

APQOE4 interactions: Unknown

Aging and related health concerns: May be useful as an adjunct to potentiate antitumor responses
to immunotherapy in some cancers, but has minimal benefits as a monotherapy.

Types of evidence:

1 4 RCTs (Cancer: Phase 1/2, 3 for TGCT, Phase 2 for glioblastoma, Phase 1b for solid tumors)
1 1case report (TGCT)
1 Numerous laboratory studies
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Cancer: Potential benefit

Immunosuppressive (M2-like) tumor associated macrophages are linked with poor outcome in various
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