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Abstract
Objective
To determine whether virally suppressed HIV neuropathogenesis, a chronic neuro-
inflammatory state, promotes abnormal brain amyloid deposition.

Methods
A total of 10 men with virally suppressedHIV-associated neurocognitive disorder (HAND), aged
46–68 years, underwent 11C-labeled Pittsburgh compound B PET. Data from the Australian
Imaging, Biomarkers and Lifestyle (AIBL), including 39 cognitively normal individuals (aged
60–74 years), 7 individuals with mild cognitive impairment (MCI) (aged 64–71 years), and 11
individuals with Alzheimer disease (AD) (aged 55–74 years), were used as reference. Apart from
more women, the AIBL cohort was demographically comparable with the HIV sample. Also, the
AIBL PET data did not differ by sex. Cerebellum standardized uptake value ratio amyloid values
within 22 regions of interest were estimated. In the HIV sample, apolipoprotein E (APOE) was
available in 80%, CSF biomarkers in 60%, and 8–10 years of long-term health outcomes in 100%.

Results
HAND and the AIBL group with no cognitive deficits had similar amyloid deposition, which
was lower than that in both the MCI and AD groups. At the individual level, one HAND case
showed high amyloid deposition consistent with AD. This case also had a CSF-AD–like profile
and an E4/E4 for APOE. Clinically, this case declined over 18 years with mild HAND
symptoms first, followed by progressive memory decline 8–9 years after the study PET, then
progression to severe dementia within 2–3 years, and lived a further 6 years. Another HAND
case showed increased amyloid deposition restricted to the hippocampi. Two other HAND
cases showed abnormally decreased amyloid in subcortical areas.

Conclusions
Relative to cognitively normal older controls, brain amyloid burden does not differ in virally
suppressed HAND at the group level. However, individual analyses show that abnormally high
and low amyloid burden occur.
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The neuropathogenesis of HIV is commonly characterized by
chronic neuroinflammation in people living with HIV in-
fection (PLHIV) who are aging and virally suppressed on
combination antiretroviral treatment (cART).1 Both age and
HIV-associated chronic inflammation may be associated with
a higher risk of developing neurodegenerative disease such as
Alzheimer disease (AD),1 especially as PLHIV are entering
age where dementia starts to rise in the general population.2

AD and other forms of dementia and predementia syndromes
are often characterized by abnormal deposition of cortical
amyloid.3,4 This neuropathologic process may be used as
a way to identify aging PLHIV at risk of dementia and may
represent one of the endpoints of HIV-related chronic neu-
roinflammation. One of the most efficient detection methods
for brain amyloid deposition in the living brain is the β-am-
yloid radioligand 11C-labeled Pittsburgh compound B (11C-
PiB) positron emission tomography (PET).5 To date, there is
no clear evidence that middle-aged PLHIV are more at risk of
developing AD than their HIV-negative (HIV−) counterparts.
In particular, it remains unclear whether HIV leads to AD or
to an AD-like neurodegeneration for the following reasons.

Evidence from the literature remains limited and inconsistent.
Achim et al.6 studied 40–65-year-old HIV+ participants
using the molecular imaging probe 2-(1-{6-[(2-[F-18]fluo-
roethyl)(methyl) amino]-2-naphthyl} ethylidene)malononitrile
(FDDNP)-PET and found increased binding of β-amyloid and
tau protein aggregates in the posterior cingulate gyrus and the
parietotemporal areas in three cases with mild neurocognitive
disorder (MND). Furthermore, immunohistochemistry of the
neocortex, subcortical white matter, and basal ganglia in HIV+
patients on cART found that 34 of 35 of these cases had intra-
neuronal deposition of β-amyloid. Tau and α-synuclein were also
abundant with the distribution following axonal tracts. APOE
genotyping, themajor genetic AD risk factor, was not performed,
and there were no concomitant neurocognitive data. Another
study by Ances et al.7 that included 10 cognitively unimpaired
HIV+ individuals (mean age 52 years, age range 46–58 years,
50%men) did not show an overall increased amyloid deposition
using 11C-PiB/PET compared with 20 HIV− controls (age
range 41–53 years, 80% men). This was despite 4 of 10 partic-
ipants having low CSF amyloid beta (Aβ) 42 levels. The same
research group led by Ances et al.8 also found no significant
evidence of pathologic amyloid deposition with 11C-PiB/PET
when compared with HIV− community age-comparable con-
trols (88% men) in 5 HIV-associated neurocognitive disorder

(HAND) cases (82% men) and 11 cognitively unimpaired
HIV+ patients (100%men) aged in their 40s. The HIV+ groups
had a significantly lower amyloid deposition than 11 AD cases
aged in their 70s (55% men). APOE genotyping was conducted
in >90% of theHIV+ participants, and 45%–50% has at least one
APOE 4 allele, but this was not associated with increased amy-
loid deposition. Analyses of CSF-ADmarkers were conducted in
77% of the HIV+ sample, with 5 HIV+ participants found to
have low CSF-Aβ42 levels (<500 pg/mL). CSF-Aβ42 levels
were not found to be associated with increased amyloid de-
position. A larger study of 26 HIV+ adults aged 26–67 years old,
reported as part of a review, found no difference in 11C-PiB PET
amyloid deposition andCSF-Aβ42 levels between theHIV+ and
the HIV− patients aged 32–62 years old.9 This study did not
provide APOE genotyping, and levels of cognitive performance
were not reported. Finally, a case study of an HIV-infected
(HIV+) 71-year-old man with an undetectable plasma viral load
found a combined diagnosis of HAND and probable AD.10 This
was based on a multidisciplinary examination including neuro-
psychological testing, brain imaging, CSF-AD markers, fluo-
rodeoxyglucose PET, and florbetaben PET.

Overall, 11C-PiB PET was the most commonly used method
for detecting brain amyloid deposition. All studies conducted
have focused on middle-aged PLHIV, mostly without HAND.
All studies but one9 reported that most patients were on
cART, although the degree of viral suppression was variable or
not clearly reported. This represents a major caveat because
detectable viral load has been found to be associated with
increased Aβ-plaque in the hippocampus in a recent National
NeuroAIDS Tissue Consortium (NNTC) analysis.11 APOE
genotyping was conducted in only one study.8 While APOE4
status has been associated with HAND in some studies12,13

this has not always been replicated,14 although this result may
be influenced by cohorts that included PLHIV of relatively
young age, who were not virally suppressed and clinically
stable.14 Nevertheless, APOE4 status is a major risk factor for
AD and other dementias14 and, thus, remains relevant in aging
PLHIV cohorts that could be at higher risk of coincidental
AD. Also, APOE4 is a strong modulator of 11C-PiB PET data.
In a cohort of 497 cognitively normal (NL) middle- and older
aged participants with 11C-PiB PET,15 a greater proportion of
APOE4 carriers developed amyloid-β pathology, at an earlier
age, and with faster amyloid-β accumulation. Furthermore,
a recent and large neuropathologic study from the NNTC
showed that APOE4 and age were strong independent

Glossary
AAL = Automated Anatomical Labeling; Aβ = amyloid beta; AD = Alzheimer disease; AIBL = Australian Imaging, Biomarkers
and Lifestyle; ANI = asymptomatic neurocognitive impairment; APOE = apolipoprotein E; 11C-PiB = 11C-labeled Pittsburgh
compound B; cART = combination antiretroviral therapy; HAD = HIV-associated dementia; HAND = HIV-associated
neurocognitive disorder; MCI = mild cognitive impairment; MND = mild neurocognitive disorder; MSK = Memorial Sloan
Kettering; NNTC = National NeuroAIDS Tissue Consortium; PLHIV = people living with HIV infection; PSP = progressive
supranuclear palsy; PVE = partial volume effect; ROI = region of interest; SUVR = standardized uptake value ratio.
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predictors of the deposition of 4G8-Aβ plaques in the frontal
neocortex, evident in 29% of a selected sample.

11C-PiB PET has high affinity and selectivity for fibrillar Αβ in
plaques and extracellular amyloid deposits.5 It may thus lead to
lower binding in PLHIV and patients with HAND for whom
plaques have been found to be more often diffuse and
intracellular.16–18 However, these neuropathologic findings were
derived from cohorts that included relatively young patients,
active AIDS, as well as many without full viral control and
sometimes significant alcohol and drug use comorbidity.17–19 In
addition, the detection of abnormal amyloid deposition in the
oldest PLHIV with HAND using 11C-PiB PET is important, as
AD may be coincidental. On the other hand, the diffuse type of
plaques may only reflect the early phase of the disease.

This study aimed to compare brain amyloid deposition
quantified by 11C-PiB PET in 10 formally diagnosed HAND
cases who were part of the Australian HIV and Aging Cohort.
HAND cases were screened for hepatitis C infection, non-
HIV neurologic conditions, alcohol and drug use to minimize
non–HIV-related neuroinflammation, and other forms of
brain pathology.20 These were compared with 39 NL cases, 7
cases with mild cognitive impairment (MCI), and 11 AD
cases aged 55–74 years old, all from the Australian Imaging,
Biomarkers and Lifestyle (AIBL) cohort.5,21 Because of the
relatively small sample size and heterogeneous pattern of
amyloid deposition in the HIV+ group, we also conducted
a series of case analyses. Finally, we collected long-term health
outcomes 8–10 years after the end of the PET data collection
to determine dementia progression.

Methods
The University of New South Wales, St. Vincent’s Hospital,
and Austin Health Human Research Ethics Committees ap-
proved this research protocol (HREC/08/096). Informed
written consent or the guardian consent when appropriate
was obtained from all participants.

Participants
Ten HIV+ men formally diagnosed with HAND (table 1)
were enrolled in a study to quantify brain amyloid deposition
using the β-amyloid radioligand 11C-PiB as part of the Aus-
tralian HIV and Brain Aging Cohort Study between 2009 and
2011. The inclusion/exclusion criteria have been described in
detail previously.22 All were on cART with undetectable
plasma and CSF viral load (<50 copies/mL). Seven of 10
underwent a lumbar puncture and blood tests to determine
CSF-AD markers and HIV markers, respectively, and 8 of 10
had APOE genotyping. All HAND cases underwent neuro-
psychological testing, and a high-resolution T1-weightedMRI
scan was obtained for each person; these methods have been
reported in detail elsewhere.13,22,23 Five cases had mild
HAND, including 4 cases with asymptomatic neurocognitive
impairment (ANI) and 1 case with MND. The 5 other cases

had HIV-associated dementia (HAD) along its clinical spec-
trum (Memorial Sloan Kettering [MSK] scale24), including 1
case with mild HAD (MSK1), 2 with moderate HAD
(MSK2), and 2 with severe HAD (MSK3). Note that on the
MSK scale, MND is classified as MSK1.

AIBL data
A request was made to access the summed digital imaging and
communications in medicine PET AIBL data on August 28,
2018, at aibl.csiro.au/research/support/ and was approved on
August 30, 2018. These data were collected by the AIBL study
group following a published protocol.25 The AIBL study
methodology has also been reported previously.5,21 AIBL sub-
jects aged between 55 and 74 years with a PET scanning pro-
tocol closest to that of the HIV+ sample were retained (that is
PET scan with a duration of 1,200 seconds: 57/103). De-
mographic and clinical characteristics of the retained AIBL co-
hort are presented in table 1. The AIBL sample has comparable
demographics with the HIV sample except for more women,
which is typical of an elderly cohort, because women have
a higher survival rate and are more represented in AD cases21;
HIV in Australia remains most prevalent in men who have sex
with men.22 It is important that there was no significant dif-
ferences between sexes in the AIBL PET data (t test p values
>0.50). Although HIV infection was not formally diagnosed in
those controls, the AIBL exclusion criteria were stringent and
included a wide range of neurologic, psychiatric, and medical
conditions in addition to laboratory test abnormalities.5,21 Evi-
dence of immune compromise would therefore have been
detected. Furthermore, the age and demographics of this cohort
limits the risk of HIV infection because older age and late di-
agnosis are more common in non–Australian-born people.26

See examples of AIBL PET data in figure e-1 and e-3, links.lww.
com/NXI/A248, in supplemental material.

PET data acquisition in the HIV+ sample
All PET scanning took place at the AustinHealth PETCentre in
Melbourne (VIC, Australia). Patients were flown from Sydney
and back, with their carer as appropriate. They were requested
to fast for at least 6 hours before scanning. PET scans for the
β-amyloid radioligand 11C-PiB were acquired using a Philips
Allegro PET camera with a resolution of 5.0 × 5.0 × 6.5 mm3

(x y z). A transmission scan was performed for attenuation
correction. PET images were reconstructed using a 3D row
action maximum likelihood algorithm with a voxel size of 2.0 ×
2.0 × 2.0 mm3 (x y z). Summed images from the 40- to 70-
minute time frame were used in each study. Each participant
received 370-MBq 11C-PiB IV over 1 minute. A 30-minute
acquisition (6 × 5-minute frames) in a 3D mode starting 40
minutes after injection of 11C-PiB was performed (total PET
scan duration of 1,800 ms).

PET processing and analyses in HIV and
AIBL data
All imaging data sets were processed using the PETPVE12
toolbox27 for SPM12 (v6906; Wellcome Trust Centre for
Neuroimaging, London, UK; fil.ion.ucl.ac.uk/spm) in Matlab
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r2012b (Mathworks Inc., Sherborn, MA), which has im-
proved functions to handle amyloid PET partial volume
effects (PVEs) compared with previous versions. First, all T1-
weighted images were segmented and skull stripped using
default parameters. Second, all PET images were coregistered
to their associated T1 images using the toolbox’s default
parameters. PVE correction was performed using the Mul̈ler-

Gar̈tner method,28 and the intensity of the PVE-corrected
PET images was normalized to the average intensity of all
cerebellar regions (cerebellum standardized uptake value ratio
[SUVRc]) from the Automated Anatomical Labeling (AAL)
atlas.29 The inverse deformation parameters from the seg-
mentation step were used to transform all AAL regions from
theMontreal Neurological Institute to native space, separately

Table 1 Demographic and clinical characteristics of the study samples

HIV+ AIBL NL AIBL MCI AIBL AD

N 10 39 7 11

Age, y (range) 55.5 (46–68) 68 (60–74) 69 (64–71) 67 (55–74)

Male (%) 100 49 57 55

Education, y (range) 15 (8–19) — — —

Urban dwelling MSM (%) 100 — — —

HIV duration, y (range) 13.8 (9.2–29.7) — — —

Ethnicity (% white ESB) 100 — —

Current cART duration, mo (range) 18.5 (6–120) — — —

Nadir CD4 count, cells/mL (range) 203 (11–350) — — —

Current CD4 count, cells/mL (range) 488 (210–1,008) — — —

Current CD8 count, cells/mL (range) 1,074 (420–1914) — — —

Predicted WAIS-III VIQ (range) 109.6 (84.6–121.1) — — —

GDS (range) 1.7 (0.6–4.7) — — —

Mini State Mental Examination (range) — 30 (26–30) 27 (24–30) 22 (6–28)

Clinical Dementia Rating (range) — 0 (0–0.5) 0.5 0.5 (0.5–3)

ANI, MND (count) 4, 1 — — —

HAD: MSK1, 2, 3 (count) 1, 2, 2 — — —

Historical AIDS (%) 70 — — —

Plasma HIV RNA undetectable (<50 copies/mL) (%) 100 — — —

CSF HIV RNA undetectable CSF (<50 copies/mL) (%) 100 — — —

Median CSF Aβ-42, pg/mL (range) 525.2 (142.5–663.3) — — —

Median CSF t-tau, pg/mL (range) 207.5 (73.6–538.5) — — —

Median CSF p-tau, pg/mL (range) 61.9 (22.6–115.9) — — —

CSF-AD profile, % (count) 43 (3/7) — — —

APOE («3/«2)/«4, % (count) 37.5 (3/8) 28.2 (11/39) 28.5 (2/7) 40 (4/10)

APOE «4/«4, % (count) 25 (2/8) 5.1 (2/39) 28.5 (2/7) 40 (4/10)

Abbreviations: AD = Alzheimer disease; AIBL = Australian Imaging, Biomarkers and Lifestyle; ANI = asymptomatic neurocognitive impairment; ESB = English-
speaking background; GDS = global deficit score; HAD = HIV-associated dementia; MCI = mild cognitive impairment; MND = mild neurocognitive disorder;
MSM = men who have sex with men; NL = cognitively normal; VIQ = WAIS-III Verbal IQ.
The AIBL is an Australian cohort that has recruitedwell-educated participants of white and English-Speaking background similar to that of the HIV cohort (see
references 5 and 21 for further details).
Continuous data are presented as median and (range), unless otherwise specified. Percentage values provided for categorical data.
AIDS classification based on the Centers for Disease Control and Prevention (CDC) 1993 HIV disease staging system.
n = 7 HIV+ participants consented to lumbar puncture for CSF analysis.
n = 8 HIV+ participants were genotyped for APOE.
CSF-AD profiles are based onour publication13 andwere (1) t-tau >350 andAβ1-42 <530 pg/mL; (2) p-tau >60 and Aβ1-42 <530 pg/mL; and (3) t-tau >350 pg/mL
and Aβ1-42/p-tau <6.5.
Memorial Sloan Kettering (MSK) scale.24 Note that the MSK1 = MND as per Frascati criteria.
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for all participants. Finally, SUVRc values were extracted for
each region of the AAL atlas in native space. To reduce the total
number of regions of interest (ROIs), the 116 regions from the
AAL atlas were arranged based on a previous atlas nomencla-
ture29 and averaged out to result in 22 final ROIs. Twenty-six
regions related to the cerebellum and the vermis were used as
the cerebellum reference. The remaining 90 regions were col-
lapsed into the 22 ROIs. The algorithm used to collapse these
regions was developed by M.S.K., neuroanatomist (see sup-
plementary file table e-5, links.lww.com/NXI/A248).

Statistical analyses

Amyloid uptake and deposition distributions in the
HIV+ sample
Two HIV cases had abnormal 11C-PiB uptake (figure e-4,
links.lww.com/NXI/A248) in which the PiB uptake was
higher in the skull and some parts of the white matter com-
pared with cortical regions. These were subsequently ex-
cluded based on the recommendation of the Austin PET
team. As a result, 8 HIV cases were considered in the fol-
lowing analyses. The SUVRc data were not normally dis-
tributed for any of the study groups. Therefore, all analyses
were based on nonparametric statistics.

Group analyses
Study groups (HIV, NL, MCI, and AD) were compared using
the Kruskal-Wallis test followed by the Steel-Dwass method
to compare all pairs. There were no covariates entered in the
analyses. Although the sex ratio did not significantly differ in
the AIBL data (p > 0.50, and showed a slightly wider variance
when women were included, table 2), the analyses were re-
peated excluding only the female participants in the AIBL NL
group (N = 19) compared with the HIV sample, to account
for a residual effect of sex. Owing to the limited sample size,
this was not performed in the MCI (male = 4) and AD (male
= 6) groups. These statistical analyses were conducted using
the statistical package JMP 13 (SAS Institute Inc).

Case analyses
Case 2, on visual inspection, clearly exhibited high amyloid
deposition across the entire brain. To quantify how significant
the amyloid deposition was in this case, we ran case analysis
statistics using the program Singlims_ES.exe30–32 against the
AD, MCI, and NL groups (AIBL women included).

Case 1 had increased amyloid deposition in the hippocampus
on visual inspection. Based on this, a single-case analysis was
run for this ROI against the AD, MCI, and NL groups. Two
other cases (cases 3 and 5) had a noticeable decrease in am-
yloid deposition across the basal ganglia. To quantify any
significant differences, case statistics were run for these 2 cases
for the cingulum, caudate, pallidum, putamen, and thalamus
against the AD, MCI, and NL groups.

Long-term clinical outcomes in the HIV+ sample
We collected long-term clinical information from medical
records located at St. Vincent’s Hospital (Sydney, NSW,

Australia) and by contacting the participant's primary physi-
cians. This allowed determination as to which patients had
progressive dementia and other relevant comorbid conditions
8–10 years after the PET data collection.

Data availability
The HIV sample data are available on the UNSW Australia
repository: ros.unsw.edu.au/ (search by author “Cysique” and
title of the current study). The AIBL data are available upon
request to the AIBL group at aibl.csiro.au.

Results
Group analyses
The HIV group did not differ statistically from the entire
AIBL NL group on any comparisons. The HIV group showed
a statistically lower amyloid deposition than the entire MCI
group in the caudate and pallidum nuclei. Furthermore, the
HIV group obtained a statistically lower amyloid deposition
than the entire AD group in all regions, except for the hip-
pocampi, amygdala, temporal pole, and thalamus. On all
ROIs, the AD groups exhibited higher amyloid deposition
than the NL group. The MCI group obtained higher amyloid
deposition than the NL group on all regions, except for the
thalami, hippocampi, occipital, parietal, and superior temporal
regions (table 2 and figure 1). The analyses including only
male participants produced similar results (table 2). Although
because of a slightly more restricted variance in the AIBL NL
male subgroup, we found a significantly lower amyloid de-
position in the HIV sample in the medial frontal and superior
parietal cortex.

Case analyses
On individual inspection, case 2 (aged 66 years) had high
amyloid deposition consistent with AD (whole-brain SUVRc

= 2.83) (figures 1 and 2). On quantitative single-case analysis,
case 2 showed a significantly increased deposition compared
with the NL group, but no difference when compared with the
MCI and AD cases. When including only men in the analyses,
significant differences were again found between case 2 and
the NL and AD groups, but not compared with the MCI
group. These results are compiled in table 3, and individual
11C-PiB PET images are provided (figure 2) and show that
case 2 had the highest amyloid deposition compared with all
the other groups. As described in table 3, case 2 was APOE e4
homozygous with a CSF profile, based on standard cutoff
values, consistent with AD. A detailed clinical history and
neuropsychological profile for case 2 is presented in table 2. It
shows a mix of mild and moderate impairment in cognitive
domains affected by HIV-related brain injury (attention/
working memory and speed of information processing), but
not for motor functions. The memory profile was consistent
with probable AD with moderate to severe impairment.

Case 1 (aged 62 years) had elevated amyloid deposition in
both hippocampi (table e-1, links.lww.com/NXI/A248).
Single-case analysis showed that there was no significant
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increase in deposition compared with the MCI and AD
groups, but there was a trend compared with the NL group
(p = 0.06; table 2 and figure 2). This individual was also
APOE e4 homozygous; however, CSF biomarkers were
not consistent with an AD profile (CSF Aβ-42 = 168.21
pg/mL; t-tau = 132.18 pg/mL; and p-tau = 36.23 pg/mL).
Neuropsychological deficits included mildly impaired
speed of information processing and working memory and
moderately impaired motor functions with preserved
verbal fluency and memory.

Case analysis statistics, as well as demographic, neuro-
psychological, HIV, CSF, and APOE data for case 3 (aged
52 years) and case 5 (aged 54 years) are presented in table
e-2, links.lww.com/NXI/A248, and e-3, links.lww.com/
NXI/A248, respectively, and in figure 2. There was a sig-
nificant decrease in amyloid deposition for both cases in all
areas tested (range p < 0.04–p < 0.0001), except for the
cingulum and putamen when compared with the NL group
(p = 0.15–0.07). Furthermore, case 5 was identified as
having an AD-like CSF profile. Both were cases with se-
vere HAD.

Long-term follow-up
The 2 patients who originally had clinically severe HAD
(MSK3) and 1 who had clinically moderate HAD (MSK2)

and had normal amyloid died because of other comorbidities
(see table e-4, links.lww.com/NXI/A248). Case 2 who had
clinically moderate HAD + AD (MSK2) and significantly
elevated amyloid also died after progression to severe de-
mentia. Case 1 who had ANI, with elevated amyloid in the
hippocampi, developed a progressive supranuclear palsy
(PSP)-like illness, which has remained static. Case 1 also
showedmicroinfarcts and hyperintensities of the white matter
consistent with vascular injury on MRI and evidence of cog-
nitive decline reaching an MND (MSK1) diagnosis within 3
years after study. Other cases, which had normal amyloid,
included 1 ANI case (case 9), who did not progress clinically
according to their physicians and are currently living in-
dependently. Case 6, who had MND (MSK1) at entry, has
been cognitively stable despite a series of cancers, which have
been successfully treated. Case 7, who had clinically mild
HAD (MSK1) at entry, has been mostly stable except for
progressing peripheral neuropathy. Of the 10 cases, 2 cases
(cases 8 and 10) showed abnormal PiB PET uptake (figure
e-4, links.lww.com/NXI/A248). Case 8 had ANI at entry that
progressed clinically displaying worsening mood changes and
behavioral problems with subsequent cognitive decline con-
sistent with MND (MSK1). Case 10 also progressed clinically
by reporting increasing cognitive difficulties in line withMND
(MSK1). These 2 cases have not reached the HAD stage and
still live independently.

Figure 1 PiB SUVRc in the 22 ROIs in the study samples and individually in the HAND cases

The HIV+ group data are represented by the black line, the AIBL NL group data are represented by the blue line, the AIBL MCI group is represented by the
yellow line, and the AIBL ADgroup is represented by the red line.Mean and SEwere provided for all 22 brain regions and total brain SUVRc. Individual HIV data
were also represented by the green line, with the case who had amyloid deposition in line with AD in a bolded green line. AD = Alzheimer disease; AIBL =
Australian Imaging, Biomarkers and Lifestyle; HAND = HIV-associated neurocognitive disorder; MCI = mild cognitive impairment; NL = cognitively normal;
ROI = region of interest; SUVRc = standardized uptake value ratio with reference to the cerebellum.
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Discussion
Consistent with previous studies,7–9 there was no statistical
difference in amyloid deposition between the HIV group and
NL cases (combining men and women) from the AIBL.
However, the NL cases, as part of the AIBL study, were older
than those in previous referenced studies. When repeating the
analyses with only NL male participants from the AIBL, we
found abnormally low amyloid deposition in the HIV group in
the medial frontal and superior parietal cortex. This indicates
that HIV may be associated with abnormally low amyloid
deposition when compared with an older NL cohort. Our
study has a small HIV sample size, yet it was a data-rich

sample composed of well-characterized HIV+ cases aged 55.5
(46–68) years old, with formally diagnosed HAND, long-
term HIV disease clinical stability, viral suppression, and low
neurologic and psychiatric confounds. Critically, the sample
had long-term follow-up of the participants over years (table
e-4, links.lww.com/NXI/A248). This is unique compared
with previous HIV PET studies. The small HIV sample size
was amenable to a case analysis strategy, which showed ab-
normal increases of amyloid deposition in 2 HAND cases.

Case 2 had an overall deposition of amyloid consistent with AD
supported on single-case analysis. The typical AD-like CSF
profile and progressive cognitive impairment with a mixed

Table 2 Comparisons of amyloid deposition on the study groups

ROI HIV+ AIBL NL AIBL NL male AIBL MCI AIBL AD p1 p2
p < 0.05 on
Steel-Dwass

Total 1.04 (0.12) 1.08 (0.22) 1.08 (0.13) 2.17 (0.70) 2.40 (0.43) <0.0001 0.37 d, e, f

Central region 0.95 (0.07) 1.01 (0.16) 1.00 (0.14) 1.78 (0.84) 1.91 (0.37) <0.0001 0.22 d, f

Lateral frontal 0.92 (0.04) 0.99 (0.30) 1.00 (0.17) 2.44 (0.86) 2.73 (0.42) <0.0001 0.11 d, e, f

Medial frontal 0.87 (0.09) 1.02 (0.29) 1.03 (0.31) 2.25 (0.79) 2.49 (0.35) <0.0001 <0.05 d, e, f

Orbitofrontal 1.13 (0.27) 1.14 (0.21) 1.13 (0.20) 2.71 (0.53) 2.92 (0.53) <0.0001 0.87 d, e, f

Superior temporal 0.96 (0.08) 1.02 (0.17) 1.03 (0.16) 2.19 (0.91) 2.36 (0.68) <0.0001 0.46 d, f

Middle temporal 1.05 (0.13) 1.11 (1.16) 1.10 (0.15) 2.64 (1.04) 2.84 (0.72) <0.0001 0.20 d, e, f

Inferior temporal 1.15 (0.14) 1.18 (0.21) 1.19 (0.19) 2.36 (0.82) 2.51 (0.64) <0.0001 0.87 d, e, f

Superior parietal 0.77 (0.14) 0.91 (0.30) 0.99 (0.23) 2.36 (1.65) 2.32 (0.52) 0.0001 0.04 d, f

Inferior parietal 0.87 (0.11) 1.02 (0.26) 1.04 (0.12) 2.62 (1.34) 2.62 (0.54) <0.0001 0.02 d, f

Precuneus 0.98 (0.05) 1.10 (0.28) 1.12 (0.20) 2.66 (1.16) 2.69 (0.49) <0.0001 0.10 d, e, f

Lateral occipital 1.07 (0.15) 1.12 (0.28) 1.07 (0.19) 1.95 (0.86) 1.88 (0.60) <0.0001 0.15 d, f

Medial inferior occipital 1.09 (0.11) 1.11 (0.16) 1.11 (0.21) 1.55 (0.63) 1.65 (0.39) <0.0001 1.0 d, f

Temporal pole 1.03 (0.03) 1.05 (0.14) 1.06 (0.18) 1.69 (0.45) 2.24 (0.71) <0.0001 0.79 e, f

Cingulum 1.14 (0.17) 1.22 (0.21) 1.23 (0.19) 2.42 (0.78) 2.71 (0.27) <0.0001 0.15 d, e, f

Hippocampi 1.34 (0.21) 1.32 (0.14) 1.32 (0.16) 1.42 (0.24) 1.31 (0.25) 0.07 0.63 f

Parahippocampi 1.14 (0.07) 1.14 (0.10) 1.13 (0.09) 1.25 (0.23) 1.36 (0.20) 0.0008 0.67 e, f

Insula 1.10 (0.13) 1.18 (0.26) 1.16 (0.16) 2.14 (0.38) 2.28 (0.62) <0.0001 0.91 d, e, f

Amygdala 1.14 (0.11) 1.15 (0.09) 1.15 (0.08) 1.50 (0.25) 1.65 (0.40) <0.0001 0.67 e, f

Caudate 1.10 (0.48) 0.99 (0.30) 0.95 (0.33) 1.66 (0.53) 1.37 (0.59) <0.0001 0.59 b, d, e, f

Putamen 1.21 (0.26) 1.19 (0.25) 1.15 (0.15) 2.33 (0.40) 2.56 (0.46) <0.0001 0.42 d, e, f

Pallidum 1.31 (0.49) 1.15 (0.33) 1.13 (0.28) 2.02 (0.25) 2.07 (0.73) <0.0001 0.25 b, d, e, f

Thalamus 1.24 (0.44) 1.11 (0.23) 1.11 (0.25) 1.35 (0.34) 1.22 (0.37) 0.03 0.25 f

Abbreviations: AD = Alzheimer disease; AIBL = Australian Imaging, Biomarkers and Lifestyle; MCI = mild cognitive impairment; NL = cognitively normal; ROI =
region of interest; SUVRc = standardized uptake value ratio with reference to the cerebellum.
SUVRc values presented as median (IQR).
p1 is the overall p value extracted from the Kruskal-Wallis tests.
p2 is the Wilcoxon p value for the comparison between the HIV sample and male NL from AIBL.
p < 0.05 on the all pairs, Steel-Dwassmethodmultiple comparisons: (a) NL vs HIV; (b)MCI vsHIV; (c) MCI vs AD; (d) HIV vs AD; (e) NL vsMCI; and (f) NL vs AD; ns =
not significant at p < 0.05 on all comparisons.
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Table 3 Case 2with a probable AD andMND neuropsychological profile concomitant to the PET examination and clinical
history

Demographic and clinical data

Age, y 66

Education, y 18

HIV duration, y 24.6

Current cART duration, mo 21

Nadir CD4 count, cells/mL 18

Current CD4 count, cells/mL 210

Current CD8 count, cells/mL 882

Predicted WAIS-III VIQ 121.1

GDS 1.25

Historical AIDS Yes

CSF Aβ-42 142.5

CSF t-tau 328

CSF p-tau 71.7

CSF-AD–like profile Yes

APOE e4/e4

Total SUVRc vs NL <0.0001 (3.60) (2.77–4.52)a

Total SUVRc vs MCI 0.11 (1.31) (0.30–2.45)

Total SUVRc vs AD 0.07 (1.60) (0.72–2.60)

Total SUVRc vs NL (males only) 0.002 (3.30) (2.12–4.57)a

Total SUVRc vs MCI (males only) 0.10 (1.58) (0.08–3.40)

Total SUVRc vs AD (males only) 0.04 (2.18) (0.71–3.96)a

Neuropsychological data

Cognitive domains Degree of cognitive impairment

Attention/working Mild impairment

Speed of information processing Mild impairment

Mental flexibility Mild to moderate impairment

Verbal learning Mild to moderate impairment

Verbal active retrieval Moderate to severe impairment

Verbal memory retention Moderate to severe impairment

Verbal fluency Within normal range

Motor Within normal range

Abbreviations: AD = Alzheimer disease; GDS = global deficit score; HAND = HIV-associated neurocognitive disorder; MCI = mild cognitive impairment; MND =
mild neurocognitive disorder; NL = cognitively normal; SUVRc = cerebellum standardized uptake value ratio; VIQ = WAIS-III Verbal IQ.
Case statistics reported as 1-tailed p value (t value) (confidence interval).
The reported neuropsychological data were normed against local normative data.22

This case has been in the clinical care of Sydney St. Vincent’s Hospital HIV clinics formore than 25 years. His cognitive declinewas documented across 18 years
through standard neurologic (CSF, blood, andMRI/MRS examinations) and neuropsychological examinations at the neurology department. In 2001, this case
was diagnosed with mild HAND in which symptoms remained stable for the next 10 years (mild learning and mild mental flexibility impairment). His
premorbid abilities were in the superior range. His progressive memory decline started 8–9 years after his initial HAND diagnosis (;1 year ahead of the PET)
as shown in the table above. At this time, he showed no apraxia, no agnosia, and no reasoning deficits (data from a standard clinical neuropsychological
assessment performed during this period), in addition to no language and nomotor deficits for the research examination as shown in the table. It is not until
the PET examination that AD was suspected. Within 2–3 years, he progressed to severe dementia; this started with a decline in attention/working memory,
speed processing, and further learning/memory decline. He lived for 6 years at this stage.
a p < 0.05.
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picture of typical AD and HAND deficits supported a probable
dominant AD diagnosis. It is important that case 2 was APOE
E4 homozygous and was the second oldest participant in the
sample (66 years of age). This is consistent with potential
coexistence of HAND and AD in an advanced HIV+ patient, as
previously described.10 From an AD prevalence perspective, it
is logical that some HIV+ patients will develop AD based on
genetic and other predisposing factors. It is, however, not clear
whether the start of neurodegeneration may be earlier because
of HIV. It is also uncertain whether amyloid deposition may
have a faster deposition rate,33 although this is certainly possible
given that this case had the highest amount of amyloid de-
position across all our comparisons. Also, we noted that the
cognitive profile was unusual compared with HAND (sparing
of motor functions and long-term stability of psychomotor
speed) and AD profiles (restricted memory deficits with no
agnosia, apraxia, or language deficits except toward the end
stage).34 From a clinical perspective, it has been argued that
HAND and AD can be distinguished to some degree.2 How-
ever, an extensive test battery with the inclusion of agnosia,
apraxia, and language would be needed in addition to the usual
cognitive domains assessed in HAND to better address this

question. It has been noted that 11C-PiB PET, which has high
affinity and selectivity for fibrillar Αβ in plaques and extracel-
lular amyloid deposits,5 may lead to lower binding in PLHIV
and patients withHAND for whomplaques have been found to
bemore often diffuse and intracellular.16–18 In this study, case 2
shows that such an interpretation may not be correct in aging
PLHIV with a possible coincidental AD pathology and profile.

A role for HIV in the dysregulation of brain amyloid is bi-
ologically plausible. Hypotheses include recent research into
the antimicrobial activity of amyloid35,36 in which increased
amyloid may reflect a long-term response to the presence of
HIV infection in the brain (potentially in brain cellular res-
ervoirs). Supporting this, Bourgade et al.37,38 suggest that
β-amyloid can inhibit herpes simplex virus 1 and is associated
with overproduction of amyloid more generally in infection-
related neurologic diseases.

Although case 1 showed no statistical overall increase in amy-
loid deposition, a trend toward abnormal binding in the hip-
pocampus was observed. The CSF biomarker profile was also
not consistent with an AD-like profile. Recent literature on AD

Figure 2 Raw PiB PET data in the 8 HIV-associated neurocognitive disorder cases

Raw PiB PET data are presented in the 8 HIV cases. Case 2 is the case with high amyloid deposition. Case 1 is the case with a trend for higher hippocampi
binding comparedwith the Australian Imaging, Biomarkers and Lifestyle NL group. Cases 3 and 5were the cases with the lowest amyloid deposition across all
groups. Note that case example for the NL, MCI, and Alzheimer disease groups is presented in supplemental material in figures e-1, e-2, and e-3, respectively,
links.lww.com/NXI/A248. MCI = mild cognitive impairment; NL = cognitively normal.
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suggests that, even subthreshold increases in amyloid levels can
result in memory deficits, and in some cases it is the rate of
amyloid accumulation, rather than the overall amyloid level,
that more accurately predicts worsening memory.39,40 How-
ever, case 1 had a PSP-like illness, the pathologic underpinning
of which in the context of HIV is unknown at present. None-
theless, it is interesting that he was homozygous for APOE E4.
There is evidence that progression into a PSP-like illness is
associated with a homozygous APOE E4 genotype.41

In this study, 2 of the 3 cases (cases 3 and 5) with severe HAD
(pre-cART) who survived on cART showed low amyloid de-
position. These cases were the most vulnerable and died within
8–10 years of the study’s long-term outcomes collection. All
were younger than 65 years with long HIV duration (>25
years). Cases 3 and 5 exhibited major subcortical atrophy,
consistent with severe HIV-related brain injury.42–45 This level
of subcortical atrophy potentially biased the measurement of
amyloid in the basal ganglia. Nevertheless, there is at least 1
plausible mechanism for the abnormally low level of amyloid.
Microglia and astrocytes primed by HIV may play important
roles in engulfing and purging Aβ plaques from the brain.46 In
severe HAD with a disrupted blood-brain barrier, amyloid
clearance may be enhanced in some individuals. Also, in treated
PLHIV, amyloid clearance may occur through HIV-1 Tat
priming and activation of microglia.47 Case 5 had a CSF bio-
marker profile that supported AD (T-tau >350 Ab42/P-tau
<6.5), but the PET scan did not confirm increased amyloid
deposition suggesting caution in the clinical use of CSF for AD
diagnosis in patients with HIV, especially those with HAND.
Finally, we cannot exclude that in these younger cases, the
plaques may have been diffuse rather than fibrillar, and this may
have contributed to a lower 11C-PiB PET signal.16–18

Although our study does not provide statistical evidence of an
overall increase in amyloid in PLHIV with HAND, it highlights
the importance of interindividual variations in patients with
chronic HIV and HAND and the need to focus the research on
favorable and unfavorable phenotypic and/or biotypic clus-
ters.48 In this small sample, we were able to detect cases with
high, focused (albeit trending) and very low brain amyloid. Such
complex phenotypes if already apparent in a pilot study suggest
a need to focus on long-term individual phenotypic analyses.
Future longitudinal studies monitoring amyloid deposition as
PLHIV age are crucial in understanding the relationship be-
tween abnormal amyloid levels and HAND as well as other
comorbidities. It is noteworthy that all the HIV+ patients in this
study also had a large number of medical comorbidities (See
table e-4). How exactly such comorbidities played a role in their
amyloid pattern and then clinical progression or lack thereof
remains to be fully elucidated. Althoughwe used a PETprotocol
that retained the individual neuroanatomy, it would be impor-
tant that larger studies use a multimodal imaging strategy be-
cause abnormal brain aging in HIV can be detected by using
volumetric MRI.49

Our study had some limitations. The controls used in this
study were obtained from AIBL and included a mix of male
and female participants differing from theHIV+ sample whowere
all men. The sex difference had a minimal effect on the cases with
AD + HAD, when specifically investigated. We also had missing
data for the APOE genotyping and CSF profiles and recognize
this, just as for previous studies have, as a limitation. Although 50%
of the HAND cases had HAD as per Frascati criteria at study
entry, it is important to note that theMSK clinical staging waswell
represented as well as those with mild HAND as per Frascati
criteria. Finally, our pilot sample size and case series analyses yield
indicative rather than definitive findings. It remains unclear why 2
HAND cases had no cortical amyloid uptake. Despite a thorough
search, we could not find reports of similar issues in the HIV or
non-HIV literature. There was no PET scan technical issue
reported by the Austin Health PET Centre examiners.

In conclusion, relative to NL older controls, brain amyloid
burden does not differ in virally suppressed HAND at the
group level. However, individual analyses show that abnor-
mally high and low amyloid burden occur. These results in-
dicate that focus on individual phenotypes in longitudinal
analyses in the HIV-aging cohort is needed.
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