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Neuroinflammation is increasingly recognized as a biologically relevant component of neurodegenerative disease, yet its in vivo
imaging remains difficult to interpret. This narrative update synthesizes original imaging studies published between January 1,
2020, and May 17, 2026, and examines how positron emission tomography (PET), magnetic resonance imaging (MRI), and hy-
brid or multimodal approaches characterize glial and neurovascular processes. The most extensive human evidence is available
for Alzheimer’s disease, in which translocator protein (TSPO) PET has been associated with tau burden, amyloid-p deposition,
Braak-like propagation, cognitive decline, network dysfunction, and genotype-dependent disease biology. In frontotemporal
dementia, progressive supranuclear palsy, corticobasal syndrome, dementia with Lewy bodies, Parkinson’s disease, and multi-
ple system atrophy, evidence is more limited and heterogeneous; nevertheless, selected studies support mechanistic phenotyp-
ing, prognostic enrichment, and, in multiple system atrophy, formal differential-diagnostic testing. Emerging targets include
monoamine oxidase-B, colony-stimulating factor 1 receptor, P2X7 receptor, and acetate metabolism, whereas fluorodeoxyglu-
cose (FDG) PET, diffusion MRI, quantitative susceptibility mapping, and blood-brain barrier imaging provide complementary
metabolic, microstructural, and neurovascular information. Neuroinflammation imaging should therefore be interpreted as a
collection of target-specific, stage-dependent biological readouts rather than as a unitary measure of inflammation. Because most
studies report associations, colocalization, or prognostic models rather than diagnostic accuracy, sensitivity and specificity are
discussed only when explicitly evaluated in the original study. Current evidence supports neuroinflammation imaging primarily
for mechanistic investigation, patient stratification, and trial enrichment rather than routine clinical deployment.
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Introduction This narrative update covers original imaging studies
published from January 1, 2020, through May 17, 2026. A
structured search was used to improve transparency, but the
article was not designed as a systematic review or meta-
analysis. Its purpose is to synthesize and critically appraise
recent evidence, identify the settings in which quantitative
diagnostic or prognostic performance has been evaluated,

and clarify the interpretive limits of each imaging approach.

Neuroinflammation has become a major focus of neu-
rodegenerative disease imaging because comparable bur-
dens of amyloid-p, tau, a-synuclein-related pathology, vas-
cular injury, or cortical atrophy may be associated with
markedly different rates of progression and clinical pheno-
types. Neuroinflammation, however, is not a single mea-
surable process. Current imaging markers capture par-
tially overlapping biological phenomena: translocator pro-
tein (TSPO) positron emission tomography (PET) reflects a
mixed signal from glial and non-glial sources; monoamine

Search Strategy and Scope of the Review

oxidase-B (MAO-B) PET is more closely related to re-
active astrogliosis but remains incompletely cell-specific;
P2X7 receptor and colony-stimulating factor 1 receptor
(CSFIR) PET may provide readouts more directly related
to microglial biology but remain exploratory; and magnetic
resonance imaging (MRI) markers characterize tissue mi-
crostructure, permeability, susceptibility, or network dys-
function rather than glial activation itself.

A structured literature search was conducted to im-
prove transparency while preserving the narrative scope
of the article. Scopus was the primary bibliographic
database, and PubMed/MEDLINE was used to verify can-
didate records, abstracts, and bibliographic details. The
final search was performed on May 17, 2026. The core
query combined disease terms, inflammatory targets, and
imaging modalities using variants of: (neuroinflamm* OR
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+ MAO-B / acetate PET: astrocyte-related

indirect tissue or metabolic markers

4 )
Cellular / molecular state Imaging readout
+ Homeostatic and disease-associated * TSPO PET: mixed glial and non-glial
microglial states signal
* Pro-inflammatory signaling and * P2X7 and CSF1R PET:
microglial proliferation b microglia-oriented targets
+ Reactive astrocytosis and
neurovascular dysfunction markers
+ FDG, diffusion MRI, QSM, BBB MRI:
. J/ .

-
Main interpretive output

* Mechanistic stratification and
disease-stage biology

¢ Prognostic enrichment when
longitudinal outcome is tested

A 4

« Diagnostic support only when
classification is explicitly evaluated

-
Why results can conflict

* The same tracer may capture different cell populations
or activation states.

« Inflammatory signals may be protective,
compensatory, or detrimental depending on disease
stage.

« Genotype, kinetic modeling, reference regions, and
co-pathology alter quantitative estimates.

4 N\
How evidence should be used

* Report sensitivity and specificity only when the original
study tested diagnostic accuracy.

* Use associative and prognostic language for most
PET/MRI studies.

+ Integrate imaging with clinical phenotype, fluid
biomarkers, MRI, and longitudinal follow-up.

Practical conclusion for this narrative update

Neuroinflammation imaging is currently strongest for mechanistic interpretation and trial stratification. It is not yet a stand-alone
diagnostic test except in specific studies that directly evaluated classification performance.

Fig. 1. Cellular targets, imaging readouts, and interpretive use of neuroinflammation imaging. Created by the author using Python

3.11.8 (Python Software Foundation, Wilmington, DE, USA) and Pillow 9.2.0 (Pillow contributors; open-source software).

microglia* OR astrocyt* OR astrogliosis OR TSPO OR
MAO-B OR P2X7 OR CSFIR OR “blood-brain barrier”
OR QSM OR “free water”) AND (PET OR “positron emis-
sion tomography” OR MRI OR fMRI OR “diffusion MRI”
OR FDG) AND (Alzheimer* OR “mild cognitive impair-
ment” OR Parkinson* OR “Lewy body” OR “frontotem-
poral dementia” OR “progressive supranuclear palsy” OR
“corticobasal syndrome” OR “multiple system atrophy” OR
ALS), limited to publications dated from January 1, 2020,
through May 17, 2026.

Eligible publications were original English-language
articles published between January 1, 2020, and May 17,
2026; human in vivo imaging studies or translational stud-
ies with direct imaging relevance; studies of neurodegen-
erative diseases or clearly defined prodromal or genetic-
risk groups; and studies evaluating imaging modalities
or biomarkers relevant to microglial activation, reactive
astrogliosis, neurovascular dysfunction, or inflammation-
associated tissue changes. Review articles, book chap-
ters, editorials, guidelines, web pages, conference abstracts
without full data, papers without imaging data, and stud-
ies focused primarily on non-neurodegenerative inflamma-
tory disorders were excluded unless they were required to
interpret tracer biology. Screening proceeded through title
and abstract assessment, followed by full-text evaluation of
studies central to the synthesis. The relationship among cel-
lular targets, imaging readouts, and their principal interpre-
tive uses is summarized in Fig. 1.

Imaging Targets and Glial Phenotypes

Divergent findings across imaging modalities and dis-
eases are partly explained by the biology of the cellular tar-
gets. Microglia do not constitute a uniform proinflamma-
tory population. They continuously survey the tissue envi-
ronment and respond to amyloid-f, tau, a-synuclein, vas-
cular injury, neuronal stress, and peripheral immune sig-
nals by adopting functional states associated with phagocy-
tosis, synaptic remodeling, antigen presentation, cytokine
signaling, trophic support, or tissue injury. Consequently,
an increased inflammatory imaging signal may represent a
harmful process, a compensatory response, or a mixture of
both, depending on disease stage and anatomical context.

TSPO PET remains the most widely used approach,
but TSPO expression is neither microglia-specific nor
restricted to a single activation state.  Associations
of [11C]PBR28 with cerebrospinal fluid (CSF) solu-
ble TREM2, regional TREM2 gene-expression patterns,
amyloid-B, tau, and cognition support its biological rele-
vance in Alzheimer’s disease [1]; however, the signal does
not identify whether the predominant microglial state is
protective, proinflammatory, or phagocytic. By contrast,
P2X7 receptor imaging is intended to capture a more proin-
flammatory microglial component, whereas CSF1R imag-
ing is oriented toward microglial density and proliferation.
Early Parkinson’s disease studies using [11C]SMW139 and
[11C]CPPC illustrate both the potential and the current
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limitations of this phenotyping strategy [2,3]. Astrocyte-
oriented approaches, including MAO-B and acetate PET,
interrogate a different component of the inflammatory re-
sponse and should not be interpreted as measures of mi-
croglial activation [4,5,6,7,8,9].

This distinction has practical consequences. Differ-
ences among molecular PET, FDG PET, and MRI should
not automatically be interpreted as technical inconsistency;
they may reflect different cell populations, disease stages,
and tissue compartments. The same disorder may therefore
show elevated TSPO binding without a robust clinical cor-
relation, FDG hypometabolism in degenerating cortex, and
diffusion or susceptibility changes on MRI that primarily
reflect tissue injury rather than cellular activation.

Interpretive Framework

An initial distinction is required between diagnostic
accuracy and biological association. Most neuroinflam-
mation imaging studies were not designed as diagnostic-
accuracy studies. Instead, they quantify regional tracer up-
take, relate it to pathology, cognition, or disease progres-
sion, and test whether the signal contributes information
beyond established biomarkers. Sensitivity and specificity
should therefore be reported only when diagnostic classifi-
cation was explicitly evaluated in the original study.

A second distinction concerns target specificity. First-
generation TSPO ligands such as [11C]PK 11195 have rel-
atively low signal-to-noise ratios but are less affected by
the rs6971 binding-affinity polymorphism than second-
generation ligands. Second-generation ligands such as
[11C]PBR28 and [18F]DPA-714 provide higher signal but
require 1s6971 genotyping or explicit modeling of binding-
affinity status. Non-TSPO targets may improve cellular
phenotyping, but they introduce separate requirements for
biological and kinetic validation. Metabolic and MRI mea-
sures should be interpreted as complementary indicators of
tissue state rather than as direct measurements of neuroin-
flammation.

Alzheimer’s Disease: Strongest Evidence, but
Stage-Dependent Interpretation

The Alzheimer’s disease literature provides the most
extensive quantitative and longitudinal evidence. Mul-
timodal studies have related TSPO PET to tau burden,
amyloid-p deposition, cognitive decline, network dysfunc-
tion, APOE genotype, neuropsychiatric symptoms, and
transcriptomic patterns. The most informative studies ex-
tend beyond case-control comparisons by testing whether
glial imaging contributes information beyond amyloid, tau,
and atrophy.

Malpetti and colleagues [10] used tau PET,
[11C]PK11195 PET, and MRI to predict longitudinal
cognitive decline across the Alzheimer’s disease clinical
spectrum. Posterior tau and anterior temporal neuroinflam-
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mation remained in the final prognostic model, whereas
the MRI atrophy component was not retained; the adjusted
R? was 0.418. Ewers and colleagues [11] reported that
higher CSF soluble TREM2 and higher baseline TSPO
signal in a mouse model were associated with slower
amyloid-p accumulation. This observation counters a
uniformly deleterious interpretation of neuroinflammation.
Pascoal and colleagues [1] studied 130 high-affinity TSPO
binders and found that [11C]PBR28 correlated with CSF
soluble TREM2, amyloid PET, and tau PET; the combined
presence of amyloid, tau, and microglial abnormalities was
strongly associated with cognitive impairment.

Other Alzheimer’s disease studies refine this inter-
pretation. Wang and colleagues [12] linked baseline
[11C]PK11195 uptake to amyloidosis and subsequent cog-
nitive decline in a small longitudinal cohort. Zhang and col-
leagues [13] integrated [18F]DPA-714 PET with amyloid
PET and peripheral transcriptomics and reported associa-
tions with amyloid burden, Mini-Mental State Examination
(MMSE), Montreal Cognitive Assessment (MoCA), Clini-
cal Dementia Rating (CDR), medial temporal atrophy, and
CD200 expression. Gouilly and colleagues [14] found het-
erogeneous inflammatory PET profiles in early Alzheimer’s
disease and no straightforward association with cognition
after correction for multiple comparisons. Appleton and
colleagues [15] reported strong inflammation-tau colocal-
ization in early-onset mild cognitive impairment (MCI),
with a mean within-participant correlation of 0.63 + 0.24.

Longitudinal and early-stage studies are particularly
informative. Ismail and colleagues [16] followed partic-
ipants with MCI using serial amyloid and neuroinflam-
mation PET and identified different trajectories according
to amyloid and tau status, supporting a stage-dependent
rather than monotonic inflammatory model. Tondo and
colleagues [17] combined [18F]FDG and [11C]PK11195
PET in early-onset Alzheimer’s disease and found a sig-
nificant association between local hypometabolism and mi-
croglial activation (r = 0.667, p = 0.018). Toppala and
colleagues [18] found an association between amyloid and
[11C]PBR28 in amyloid-negative older adults but not after
amyloid positivity, suggesting an early disease window in
which microglial PET may be most informative.

Genetic, behavioral, and spatial studies further
broaden the interpretation. Ferrari-Souza and colleagues
[19] identified APOE e4-associated microglial activation
in early Braak regions independently of amyloid and tau.
Schaffer Aguzzoli and colleagues [20] linked neuropsy-
chiatric symptom severity, particularly irritability, to mi-
croglial activation across the Alzheimer’s disease con-
tinuum. Rossano and colleagues [21] reported associa-
tions among TSPO PET, amyloid, middle- and late-Braak
tau, and cognition within a disease-progression model.
Sanchez-Rodriguez and colleagues [22] linked inflamma-
tory transcriptomic mechanisms to the combined effects of
amyloid and tau on neuronal activity. Additional studies
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Table 1. Key Alzheimer’s disease studies and their principal interpretive contributions.

Study Cohort/design Principal result
Malpetti et al., 2020 [10] AD/MCI;  longitudinal ~ multimodal Posterior tau and anterior temporal PK11195 predicted
PET/MRI ACE-R decline; adjusted R? = 0.418.

Ewers et al., 2020 [11]

Pascoal et al., 2021 [1] 130 high-affinity TSPO binders

Wang et al., 2022 [12]
Zhang et al., 2024 [13]
Gouilly et al., 2023 [14] 29 early AD patients
Appletonetal.,2025[15] Early-onset MCI
Ismail et al., 2020 [16] 43 MCI, serial PET
Tondo et al., 2020 [17] 12 early-onset AD
Toppala et al., 2021 [18] 54 older adults without dementia
Ferrari-Souza et al., 2023
[19]

Schaffer Aguzzoli et al.,
2023 [20]

118 high-affinity binders

109 participants

300 participants; CSF and amyloid PET

24 participants; longitudinal cognition

85 participants; PET and transcriptomics

Higher soluble TREM2 was associated with slower amy-
loid PET accumulation (p = 0.010).

PBR28 correlated with amyloid and tau; the combined ab-
normality was strongly associated with cognitive impair-
ment.

Whole-cortex PK11195 predicted PACC decline (estimate
-1.09, p=0.03).

DPA-714 correlated with amyloid, cognition, CDR, MTA,
and CD200 expression.

Corrected analyses did not support a straightforward rela-
tionship between cognition and SUVR.

Inflammation-tau colocalization exceeded inflammation-
amyloid colocalization.

Inflammatory trajectories differed by amyloid and tau
stage, supporting stage dependence.

FDG hypometabolism correlated with PK11195 signal in
interaction regions (r = 0.667).

Amyloid-PBR28 association present in amyloid-negative
but not amyloid-positive participants.

APOE &4 was associated with medial temporal PBR28 in-
dependently of amyloid and tau.

NPI-Q severity and irritability associated with microglial

activation.

AD, Alzheimer’s disease; MCI, mild cognitive impairment; PET, positron emission tomography; MRI, magnetic resonance imaging;
ACE-R, Addenbrooke’s Cognitive Examination—Revised; CSF, cerebrospinal fluid; TSPO, 18-kDa translocator protein; TREM2,
triggering receptor expressed on myeloid cells 2; PACC, Preclinical Alzheimer Cognitive Composite; CDR, Clinical Dementia Rating;

MTA, medial temporal atrophy; SUVR, standardized uptake value ratio; FDG, fluorodeoxyglucose; APOE &4, apolipoprotein E &4

allele; NPI-Q, Neuropsychiatric Inventory Questionnaire.

related olfactory impairment to tau pathology and neuroin-
flammation [23], examined the spatial relationships among
amyloid deposition, gray-matter volume, and neuroinflam-
mation [24], and used magnetic resonance spectroscopic
imaging (MRSI)/PET to relate microglial activation to neu-
ronal health [25].

In Alzheimer’s disease, the strongest evidence sup-
ports neuroinflammation imaging for mechanistic stratifi-
cation and prognosis rather than routine diagnosis. TSPO
PET is most informative when interpreted alongside amy-
loid, tau, genotype, cognition, and longitudinal outcome.
Its principal limitation is biological specificity: a disease-
related TSPO signal does not define the underlying mi-
croglial phenotype. Negative and heterogeneous findings
in early disease argue against using a single uptake thresh-
old or isolated regional value for clinical staging. Rep-
resentative Alzheimer’s disease studies and their principal
interpretive contributions are summarized in Table 1 (Ref.
[1,10,11,12,13,14,15,16,17,18,19,20]).

Network and Functional Imaging

Network-level studies shift the focus from regional
uptake to systems biology. Rauchmann and colleagues
[26] evaluated amyloid-positive early Alzheimer’s disease
and controls using [18F]GE-180 PET, resting-state func-
tional MRI, and diffusion MRI; TSPO standardized uptake
value ratios were higher in Alzheimer’s disease, and in-
terregional TSPO covariance preferentially followed func-
tional connectivity. Canario and colleagues [27] combined
[11C]PiB, [11C]PK11195, and task-based functional MRI
in patients with Alzheimer’s disease and controls; posterior
cingulate PK11195 binding was higher in patients and cor-
related with task-related activity. Leng and colleagues [28]
found that [11C]PBR28 uptake was independently associ-
ated with lower structural-network integrity and lower local
efficiency after adjustment for amyloid burden and cortical
thickness.

Functional and network studies support a contribu-
tion of neuroinflammation to systems-level dysfunction in
Alzheimer’s disease. Their principal value is mechanistic
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rather than diagnostic. Sample sizes remain modest, and
task-based functional MRI, resting-state functional MRI,
and structural-network measures should not be treated as
interchangeable endpoints.

Frontotemporal Dementia, Four-Repeat
Tauopathies, and the ALS/FTD Spectrum

In frontotemporal dementia (FTD), clinical and
molecular heterogeneity limits the utility of any single in-
flammatory marker. Bevan-Jones and colleagues [29] re-
ported colocalization of [11C]PK 11195 and [18F]AV-1451
across the FTD spectrum and showed that inflammatory to-
pography contributed to syndrome-level classification. In
a prognostic FTD study, left frontal [11C]PK11195 bind-
ing potential predicted subsequent decline on the Adden-
brooke’s Cognitive Examination-Revised (estimate —0.70,
p = 0.01435; false-discovery-rate-adjusted p = 0.0287),
whereas gray-matter volume was not retained as a compa-
rable predictor [30]. These findings support prognostic en-
richment but not molecular diagnosis.

The four-repeat tauopathy literature provides more di-
rect evidence for topographic classification. Palleis and col-
leagues [31] reported increased [18F]GE-180 TSPO signal
in corticobasal syndrome (CBS) and progressive supranu-
clear palsy (PSP), with subcortical involvement in both
disorders and additional motor and supplementary-motor
cortical signal in CBS; a multiregion classifier identified
CBS and PSP with sensitivities of 80% and 79%, re-
spectively, at 92% specificity. In a subsequent amyloid-
negative CBS cohort, tau PET and plasma neurofilament
light predicted faster progression, whereas higher global
TSPO PET was associated with slower progression [32].
This inverse association should be interpreted as evidence
of stage-dependent biology rather than a uniformly protec-
tive inflammatory effect.

The amyotrophic lateral sclerosis (ALS)/FTD spec-
trum further illustrates why metabolic and molecular in-
flammatory signals should be distinguished. Tondo and
colleagues [33] identified [11C]PK11195 abnormalities
in SOD1 mutation carriers, including asymptomatic and
symptomatic participants. Zanovello and colleagues [34]
found that brainstem FDG hypermetabolism in ALS/FTD
was associated with shorter survival. Metabolic hyperac-
tivity is therefore relevant to the review, but it should not
be interpreted as a specific molecular marker of neuroin-
flammation.

In FTD and related tauopathies, neuroinflammation
imaging is most useful for mechanistic phenotyping and
prognostic enrichment. Formal classification has been ex-
plored in selected CBS and PSP cohorts, but broad diag-
nostic use is not supported. The principal limitations are
molecular heterogeneity, mixed tau and TDP-43 pathology,
off-target tau-tracer binding, and small samples.
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Lewy Body Disease, Parkinson’s Disease, and
Multiple System Atrophy

In dementia with Lewy bodies, Nicastro and col-
leagues [35] combined [11C]PK11195 PET with diffusion
and structural MRI in 19 patients with probable demen-
tia with Lewy bodies and 20 controls. Patients showed
widespread gray-matter and diffusion abnormalities, yet
higher parietal PK11195 binding was associated with rel-
atively preserved white-matter diffusion measures and bet-
ter cognition. This finding cautions against assuming that
a stronger inflammatory signal invariably indicates tissue
injury.

Findings in Parkinson’s disease are heterogeneous.
Lavisse and colleagues [36] reported higher [18F]DPA-
714 binding in the midbrain, frontal cortex, and contralat-
eral putamen, but no robust correlation with motor sever-
ity or dopamine-transporter loss. Yacoubian and colleagues
[37] found higher [18F]DPA-714 binding in the putamen,
thalamus, substantia nigra, and several cortical regions in
untreated de novo Parkinson’s disease, together with sys-
temic immune differences. Mullin and colleagues [38] re-
ported increased nigral [11C]PK 11195 binding in GBA mu-
tation carriers without Parkinson’s disease, whereas Far-
men and colleagues [39] related monocyte markers to nigral
PK 11195 binding and putaminal [18F]DOPA uptake in iso-
lated rapid eye movement sleep behavior disorder. These
data support early immune involvement but do not estab-
lish a validated diagnostic threshold. Additional pilot stud-
ies evaluated [ 18F]NOS as a marker of oxidative inflamma-
tory signaling and the interaction between neuroinflamma-
tion and amyloid-f in Parkinson’s disease-related cognitive
decline [40,41].

The clearest formal diagnostic-accuracy study com-
pared multiple system atrophy (MSA) with Parkinson’s dis-
ease using [11C]PBR28 PET and machine learning [42].
Visual majority reading distinguished MSA from Parkin-
son’s disease with 100% specificity and 83% sensitivity;
machine learning based on normalized volume of distribu-
tion increased sensitivity to 96% while maintaining 100%
specificity. These estimates are appropriate to report be-
cause classification was a prespecified study objective, but
they should not be generalized to other diseases, tracers, or
analytic pipelines.

In synucleinopathies, neuroinflammation imaging is
biologically informative but inconsistent. MSA versus
Parkinson’s disease represents the clearest diagnostic ap-
plication in the current evidence base. In Parkinson’s dis-
ease and dementia with Lewy bodies, the evidence is more
relevant to mechanism, prodromal biology, and risk strat-
ification than to diagnosis. Key limitations include small
cohorts, variation in disease stage, inconsistent handling of
binding-affinity genotype, and weak or inconsistent associ-
ations with motor and cognitive severity.
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Non-TSPO Targets and Astrocyte-Oriented
Imaging

Non-TSPO PET targets have progressed from tracer
development to early human studies. Mills and colleagues
[2] investigated [11C]CPPC as a CSF1R-targeted marker in
early Parkinson’s disease; postmortem data showed colo-
calization of CSF1R with IBA1-positive cells, and selected
in vivo regional measures correlated with motor disability,
although the PET cohort was small. Rikken and colleagues
[3] reported increased [11C]SMW 139 P2X7 binding in the
putamen and whole cortex in Parkinson’s disease, but no
significant association with Movement Disorder Society-
Unified Parkinson’s Disease Rating Scale part III scores or
disease duration. Together, these studies illustrate the po-
tential of alternative targets to resolve different components
of microglial biology, while also demonstrating the need for
direct cellular validation, larger cohorts, and standardized
kinetic analysis.

Astrocyte-related imaging provides a necessary com-
plement to microglial imaging. [18F]SMBT-1 studies sup-
port the feasibility of MAO-B PET for reactive astroglio-
sis, although MAO-B is not specific to astrocytes [4,5,6].
Ballweg and colleagues [7] evaluated [18F]F-DED PET
in an Alzheimer’s disease mouse model and a pilot hu-
man cohort; in mice, the signal correlated with MAO-B
and glial fibrillary acidic protein immunohistochemistry
and preceded TSPO and amyloid PET changes. Jaisa-
Aad and colleagues [8] provided neuropathological evi-
dence that MAO-B is informative but not a pure marker
of reactive astrogliosis. Nam and colleagues [9] used
[11C]acetate and FDG PET to investigate astrocyte-neuron
interactions, while plasma glial fibrillary acidic protein
and [18F]SMBT-1 studies support complementary blood-
imaging approaches [43]. A multitracer study further em-
phasized the heterogeneity of reactive astrogliosis [44], and
kinetic modeling work defined requirements for quantita-
tive interpretation of [ 18F]SMBT-1 in the human brain [45].

Emerging targets may improve glial phenotyping, but
none is yet a fully validated clinical biomarker. CSFIR and
P2X7 PET remain early human approaches to microglial
phenotyping. MAO-B, acetate, and glial fibrillary acidic
protein-related methods address astrocytic responses, but
their interpretation remains dependent on brain region, dis-
ease stage, and analytic method.

MRI and Metabolic Imaging: Indirect but
Scalable Information

MRI markers are attractive because they are nonin-
vasive, repeatable, and widely available, but they do not
measure glial activation directly. Free-water diffusion,
cortical diffusivity, quantitative susceptibility mapping
(QSM), perivascular spaces, blood-brain barrier (BBB)
water exchange, and CSF markers of BBB dysfunc-
tion characterize microstructural, vascular, or susceptibil-

ity changes that may overlap with inflammatory biology
[46,47,48,49,50,51,52,53,54,55,56]. Autopsy-linked diffu-
sion and susceptibility studies are especially valuable be-
cause they connect imaging measurements to tissue-level
pathology rather than to clinical diagnosis alone [47,51].

FDG PET should be treated as a metabolic comparator
rather than as a primary inflammatory biomarker. Tondo
and colleagues [17] demonstrated a relationship between
microglial activation and hypometabolism in early-onset
Alzheimer’s disease, and Nam and colleagues [9] reported
inverse acetate-FDG relationships in Alzheimer’s disease-
related regions. Conversely, focal or regional FDG hyper-
metabolism may occur in inflammatory, immune-mediated,
epileptogenic, or reparative processes. FDG uptake there-
fore requires interpretation in conjunction with MRI, the
clinical phenotype, electroencephalography when relevant,
and longitudinal follow-up.

MRI and FDG PET extend the clinical reach of
neuroinflammation research, but they are less biologi-
cally specific than molecular PET. Their principal role
is to contextualize tissue injury, neurovascular dys-
function, and metabolic-neuronal relationships.  They
should not be presented as direct cellular measure-
ments of neuroinflammation. Representative MRI and
metabolic surrogate studies are summarized in Table 2 (Ref.
[46,47,48,49,50,51,52,53,55]).

Negative and Conflicting Evidence

A separate synthesis of negative and conflicting evi-
dence is essential because this field is vulnerable to over-
statement. In Alzheimer’s disease, Gouilly and colleagues
[14] found no straightforward corrected association be-
tween early-disease TSPO PET and cognition. Ismail and
colleagues [16] reported declining cortical inflammation
in high-amyloid MCI despite increasing amyloid, whereas
other subgroups showed positive amyloid-inflammation or
tau-inflammation relationships. Toppala and colleagues
[18] observed an amyloid-PBR28 association in amyloid-
negative but not amyloid-positive older adults. Collec-
tively, these findings support a stage-dependent inflamma-
tory trajectory rather than a single linear model.

Conflicting observations are equally important in non-
Alzheimer disorders. In dementia with Lewy bodies, higher
PK11195 binding was associated with relative preservation
of white matter and cognition [35]. In Parkinson’s disease,
Lavisse and colleagues [36] and Yacoubian and colleagues
[37] reported increased regional TSPO binding, but clinical
correlations were inconsistent. Rikken and colleagues [3]
found increased P2X7 binding without an association with
disease severity or duration. In CBS, higher TSPO signal
was associated with slower, rather than faster, progression
in one cohort [32]. These findings are integral to the inter-
pretation and should not be treated as isolated exceptions.

Neuroinflammation imaging should therefore be inter-
preted as stage-, target-, and disease-dependent. Divergent
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Table 2. MRI and metabolic surrogate markers relevant to neuroinflammation.

Study
Nakaya et al., 2022 [46]

Modality/setting
Free-water diffusion; THK5351/PiB PET

Interpretive contribution

Free water was associated with tau/neuroinflammation-
related PET signal and cognition.

Torso et al., 2023 [47] Autopsy-linked cortical diffusion Diffusion measures associated with Thal phase, Braak

stage, ADNC, and locus coeruleus hypopigmentation.

Preis et al., 2024 [48] BBB dysfunction imaging BBB dysfunction associated with AD pathology, cognition,

and inflammatory markers.
Yang et al., 2025 [49] QSM and transcriptomics Iron-sensitive QSM patterns were linked to genes enriched
for metal-ion transport and expressed in microglia and glu-
tamatergic neurons.

Hosseini et al., 2026 [50] QSM and inflammatory biomarkers Alzheimer’s disease-related QSM changes correlated with

immune biomarkers rather than with amyloid or tau alone.

Wang et al., 2023 [51] QSM/R2* and postmortem SNc pathology  Susceptibility measures were associated with glial density

and tau burden, but not neuronal density.
Padrela et al., 2026 [52]  Multi-echo ASL BBB water exchange Tex lower in SCD and MCI; not associated with amyloid
after adjustment.
Sumra et al., 2025 [53] Free-water diffusion across disorders Free-water features predicted plasma GFAP more strongly
than NfL.
Barisano et al., 2025 [55] PVS and white matter lesion MRI Automated multicenter measures were associated with de-

mentia risk and accelerated atrophy.

ADNC, Alzheimer’s disease neuropathologic change; BBB, blood-brain barrier; QSM, quantitative susceptibility mapping; SNc,
substantia nigra pars compacta; ASL, arterial spin labeling; GFAP, glial fibrillary acidic protein; NfL, neurofilament light chain;
PVS, perivascular spaces.

Table 3. Disease-level conclusions and current clinical readiness.

Disease field Strongest current use  Main evidence Greatest limitation Clinical readiness
Alzheimer’s disease ~ Mechanistic and Longitudinal and multimodal Target specificity; stage- Research stratification
prognostic PET evidence linking TSPO dependent and heteroge- and trial enrichment; not
to tau, amyloid, cognition, and neous signal routine diagnosis
networks
FTD, PSP, and CBS  Mechanistic and Frontal PK11195 predicts decline Molecular heterogeneity, Potential trial enrich-
prognostic; limited in FTD; four-repeat tauopathy off-target tau PET, and ment; selected differen-
diagnostic use in classifiers show discrimination small samples tial support only
classifiers
DLB/PD Mechanistic and pro- Regional =~ TSPO/P2X7/CSFIR Weak clinical corre- Research use; not a stan-
dromal biology abnormalities and prodromal lations; disease-stage dalone diagnostic tool
immune associations variability
MSA versus Parkin- Diagnostic dis- PBR28 visual reading and ma- Requires external valida- Most plausible near-term
son’s disease crimination in one chine learning yielded sensitivity tion and harmonized ki- diagnostic application
PET/ML study and specificity estimates netic pipelines
Astrogliosis and Complementary MAO-B/acetate PET and diffu- Indirect or incompletely Useful adjuncts for
MRI phenotyping sion, QSM, and BBB measures cell-specific measures mechanism and longitu-

extend biological characterization

dinal monitoring

results do not necessarily represent failures of reproducibil- Disease-Level Synthesis and Clinical Readiness
ity; they may reflect differences in cellular state, disease
phase, tracer kinetics, reference-region selection, genotype,

or co-pathology.

The strongest current applications, principal limita-
tions, and present level of clinical readiness for each disease
field are summarized in Table 3.
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Table 4. Diagnostic and prognostic performance reported in selected original studies.

Question

Method

Reported performance/association

Interpretive implication

MSA versus Parkinson’s
disease [42]
MSA versus Parkinson’s
disease [42]

MSA-C versus MSA-P
[42]
CBS/PSP detection [31]

AD cognitive prognosis
[10]

AD network dysfunction
[28]

Parkinson’s disease non-
TSPO PET [2,3]

Visual PET majority read

Machine learning using
normalized VT

Visual majority read

Multiregion classifier

Multimodal PET regres-

sion

PBR28 PET plus DTI/rs-
fMRI

CSF1R and P2X7 PET

Specificity 100%; sensitivity 83%; Cohen
kappa 0.72
Specificity 100%; sensitivity 96%; Cohen
kappa 0.92

Specificity 91%; sensitivity 74%; Cohen
kappa 0.65

CBS sensitivity, 80%; PSP sensitivity,
79%; specificity, 92%

Adjusted R? = 0.418; posterior tau, p =
0.025; anterior temporal PK11195, p
0.017

PBR28 associated with structural integrity
(B = —0.375) and local efficiency (B = —
0.468)

Regional CSF1R measures correlated with

motor disability; P2X7 showed putaminal

and cortical group effects

Diagnostic accuracy was explic-

itly tested.
Highest  discriminative  per-
formance among the included
studies.
Subtype  discrimination = was

weaker than MSA vs PD.
Promising, but independent vali-
dation is required.

Prognostic association model, not

diagnostic accuracy.

Biological association rather than
classification.

Exploratory cohorts; no validated
diagnostic thresholds.

Diagnostic and Prognostic Performance

Most contemporary neuroinflammation imaging stud-
ies evaluate biological association or prediction rather than
diagnostic accuracy. The clearest diagnostic-performance
study in the present evidence base is the use of [ IC]PBR28
PET and machine learning to distinguish MSA from Parkin-
son’s disease [42]. In Alzheimer’s disease, FTD, PSP,
and Parkinson’s disease, current evidence more strongly
supports prognostic enrichment or biological stratification
than routine diagnostic use. Selected diagnostic and prog-
nostic performance data are summarized in Table 4 (Ref.
[2,3,10,28,31,42]).

Clinical and Research Implications

The immediate clinical role of neuroinflammation
imaging remains limited. Amyloid PET, tau PET, FDG
PET, and structural MRI have more clearly established
positions in dementia practice. TSPO, MAO-B, CSFIR,
P2X7, QSM, and BBB imaging are better regarded as tools
for research phenotyping, trial enrichment, and mecha-
nistic stratification. Their most plausible role is not to
replace established diagnostic biomarkers, but to iden-
tify biologically active disease stages and patient sub-
groups in which immune-modulating, astrocyte-targeted, or
microglia-targeted interventions may be most informative.

Future studies should prioritize longitudinal designs,
head-to-head tracer comparisons, standardized reporting of
genotype and kinetic models, and validation against fluid
biomarkers, histopathology, and complementary imaging
whenever possible. Effect sizes, uncertainty estimates, and
diagnostic-performance measures should be reported only
when supported by the study design.

Conclusion

Original imaging studies published between January
1, 2020, and May 17, 2026, show that neuroinflammation
is closely linked to neurodegenerative pathology, partic-
ularly in Alzheimer’s disease, where microglial PET sig-
nals relate to tau propagation, amyloid-B deposition, net-
work dysfunction, genotype, and cognitive decline. Ev-
idence in FTD, PSP, CBS, dementia with Lewy bodies,
Parkinson’s disease, and MSA extends the biological rel-
evance of glial imaging beyond Alzheimer’s disease, al-
though the strength and consistency of evidence vary by
disorder. Emerging targets such as MAO-B, CSF1R, P2X7,
acetate metabolism, and MRI-based tissue markers may fa-
cilitate more specific glial and neurovascular phenotyping.

Neuroinflammation imaging is not yet ready for broad
clinical deployment as a standalone diagnostic tool. Its
present value is greatest when interpreted quantitatively
within a multimodal framework. Sensitivity and speci-
ficity should be reported only for studies that directly eval-
uated diagnostic performance; for most of the available evi-
dence, the appropriate concepts are association, colocaliza-
tion, prediction, stage-specific biology, and patient stratifi-
cation.
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