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Background. Synaptic injury is a pathological hallmark of neurological impairment in people living with human immunode-
ficiency virus (HIV, PLWH), a common complication despite viral suppression with antiretroviral therapy (ART). Measurement of 
synaptic density in living humans may allow better understanding of HIV neuropathogenesis and provide a dynamic biomarker for 
therapeutic studies. We applied novel synaptic vesical protein 2A (SV2A) positron emission tomographic (PET) imaging to investi-
gate synaptic density in the frontostriatalthalamic region in PLWH and HIV-uninfected participants.

Methods. In this cross-sectional pilot study,13 older male PLWH on ART underwent magnetic resonance imaging (MRI) and 
PET scanning with the SV2A ligand [11C]UCB-J with partial volume correction and had neurocognitive assessments. SV2A binding 
potential (BPND) in the frontostriatalthalamic circuit was compared to 13 age-matched HIV-uninfected participants and assessed 
with respect to neurocognitive performance in PLWH.

Results. PLWH had 14% lower frontostriatalthalamic SV2A synaptic density compared to HIV-uninfected (PLWH: mean [SD], 
3.93 [0.80]; HIV-uninfected: 4.59 [0.43]; P = .02, effect size 1.02). Differences were observed in widespread additional regions in 
exploratory analyses. Higher frontostriatalthalamic SV2A BPND associated with better grooved pegboard performance, a measure of 
motor coordination, in PLWH (r = 0.61, P = .03).

Conclusions. In a pilot study, SV2A PET imaging reveals reduced synaptic density in older male PLWH on ART compared to 
HIV-uninfected in the frontostriatalthalamic circuit and other cortical areas. Larger studies controlling for factors in addition to age 
are needed to determine whether differences are attributable to HIV or comorbidities in PLWH. SV2A imaging is a promising bio-
marker for studies of neuropathogenesis and therapeutic interventions in HIV.
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Despite the widespread use of antiretroviral therapy (ART), 15% 
to 50% of the 38 million people living with human immunode-
ficiency virus (HIV, PLWH) are affected by some form of neu-
rological impairment [1, 2]. Current diagnostic tools, including 
neuropsychological testing and patient-reported functional status, 
do not discriminate well between the various etiological bases of 
neurological impairment in PLWH, including impairments due 
to aging or comorbid conditions. Despite much research into the 

underlying neuropathogenesis of HIV and the development of 
neurological impairments, there are currently no clear biological 
measures that define etiologic subtypes [3]. This notable lack of 
biomarkers sensitive to neurocognitive impairment in HIV im-
pedes the ability to effectively understand the causes for and de-
velop treatments for neurocognitive dysfunction in PLWH.

Postmortem studies have revealed synaptodendritic injury 
as a hallmark neuropathological feature of neurocognitive im-
pairment in PLWH in the ART era, but tools to measure the 
specific loss of synaptic density have not been widely available 
[4–6]. Although regional cerebral atrophy, white matter struc-
tural abnormalities, and disruptions in functional connec-
tivity are common features of central nervous system (CNS) 
disease in HIV that suggest a loss of synaptic density, they are 
highly variable and nonspecific [1, 7–9]. Structural magnetic 
resonance imaging (MRI) studies in PLWH have found evi-
dence for involvement of many brain regions, most consist-
ently in the frontal cortex, striatum, and thalamus; however, 
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volume in these regions do not clearly correlate with neu-
rological dysfunction in PLWH on ART [10, 11]. Disrupted 
frontostriatal functional connectivity has also been shown in 
functional MRI studies [12–14], consistent with early patho-
logical studies demonstrating regional vulnerability to HIV in 
the dorsal striatum, mid frontal cortex, thalamus, and hippo-
campus [5, 15–17]. Although these regions have consistently 
been implicated in studies using different methodologies, 
measures that are more specific and discriminatory than volu-
metric analyses are required to understand and intervene with 
the underlying substrate of neurologic dysfunction in HIV.

The recent development of the [11C]UCB-J radioligand has 
made noninvasive in vivo estimates of synaptic density pos-
sible. [11C]UCB-J binds to the synaptic vesicle glycoprotein 2A 
(SV2A), which is ubiquitously present in presynaptic nerve ter-
minals throughout the brain [18]. SV2A concentration meas-
ured by high-resolution positron emission tomography (PET) 
imaging effectively reflects the density of nerve terminals, and 
therefore synaptic density, and has been validated as a measure of 
synaptic density in prior studies [19]. We capitalized on the avail-
ability of this new biomarker to apply the understanding gained 
by preclinical and autopsy studies in a pilot study investigating 
synaptic density in living humans with HIV on stable ART. We 
chose the frontostriatalthalamic circuit, an established func-
tional circuit [20], as our primary region of interest (ROI) 
based on neuropathological and MRI studies demonstrating 
regional synaptodendritic injury, brain atrophy, and functional 
impairment [5, 15–17]. In addition, we hypothesized that loss 
of synaptic connections in these regions affects neurocognitive 
function in PLWH despite ART. Therefore, as a secondary anal-
ysis, we examined associations between synaptic density in the 
frontostriatalthalamic circuit and neurocognitive assessments.

METHODS

Participants

Male adults with HIV were recruited from the HIV Reservoirs 
and Comorbidities study, an established research protocol for 
neurological studies in PLWH and HIV-uninfected compar-
ison participants at Yale University, between 2019 and 2020. 
HIV-uninfected participants who had previously completed 
identical imaging studies in other PET protocols were selected 
from the Yale PET Center database to achieve adequate sex- 
and age-matching [21]. HIV participants were required to have 
documented viral suppression (plasma HIV RNA < 20 copies/
mL) on ART for at least 1 year. Exclusion criteria included ac-
tive substance use disorder and current or past clinically sig-
nificant neurological illness. Urine toxicology and standardized 
inventories for alcohol and substance use disorders were used 
to exclude participants with substance use disorders [22, 23]. 
Blood and cerebrospinal fluid (CSF) studies were collected as 
previously described [24]. Interviews were conducted to record 

ART regimens and historical CD4 nadir. The Yale University 
Human Investigation Committee and the Radioactive Drug 
Research Committee approved the study. All participants pro-
vided written informed consent before inclusion in the study.

MRI Imaging

All participants underwent structural MRI scanning on a 
3-Tesla Siemens Prisma scanner. A  3-dimensional magneti-
zation prepared rapid acquisition gradient echo T1-weighted 
sequence was used to exclude participants with anatomical ab-
normalities and for coregistration with PET images to define 
ROIs. Volumetric segmentation was performed with FreeSurfer 
6.0 (Massachusetts General Hospital) image analysis suite 
[25–27]. FreeSurfer segmented the individual whole head into 
109 ROIs. FreeSurfer partially failed on 2 participants due to 
abnormal intensity in white matter; FreeSurfer failed in the cau-
date for one of these participants and was redrawn manually. 
Other mislocated ROIs from those participants were excluded 
from further analysis.

PET Imaging

Each participant received a [11C]UCB-J PET scan on the High 
Resolution Research Tomograph (Siemens) for 60 minutes. 
Before the scan commenced, an arterial line was placed so that 
the metabolite-corrected arterial input function could be ac-
quired. All PET imaging was performed according to previously 
described procedures [28].

PET Image Analysis

To control for the contributions of atrophy to the PET outcome 
measures, Iterative Yang partial volume correction (PVC) was 
performed on dynamic PET data using FreeSurfer ROIs (see 
Supplementary Materials) [29]. Regional volumes were calcu-
lated in cortical ROIs delineated by FreeSurfer.

The primary outcome measure was the binding potential 
(BPND), a measure of specific binding only and the preferred out-
come measure in PET studies, calculated for each ROI using the 
centrum semiovale as the reference region. Arterial data were not 
available for one HIV participant, so we applied the simplified ref-
erence tissue model 2 (SRTM2) to estimate regional BPND values 
for all participants (see Supplementary Materials) [30]. For par-
ticipants with arterial blood sampling, the 1-tissue compartment 
(1TC) model was applied to compute the volume of distribution 
(VT) and BPND was derived (BPND = VT ROI / VT reference – 1). The cen-
trum semiovale has been validated as a reference region as it is 
nearly devoid of SV2A [19, 31].To generate group averaged PET 
images, the nonlinear registration was used to transform BPND par-
ametric images to automated anatomical labeling template space.

Neuropsychological Assessment

HIV participants completed a 12 domain neuropsycholog-
ical battery developed to assess cognitive domains affected 
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by HIV, as previously described [24]. Z-scores were deter-
mined based on normative values from published studies, 
or the test developers’ normative data, with participants 
matched for age and education, and where possible, gender 
and race.

Statistical Analysis

Group differences in SV2A-specific binding (BPND) in the 
primary brain region (frontostriatalthalamic circuit) were 
assessed using a 2-tailed, independent-samples t test with 
P < .05 as a threshold for statistical significance. Multiple 
regression models were conducted to evaluate the relation-
ship between BPND and HIV status, adjusting for individual 
potential confounders including age, education, and race, 
as well as for all three covariates together. In a secondary 
exploratory analysis, a multivariate analysis of variance 
was conducted to compare SV2A binding in multiple ROIs 

between the 2 groups. The relationship between BPND and 
neurocognitive performance in the HIV group was assessed 
using Pearson correlations. Statistical analysis and proced-
ures were performed using JMP version 15 (SAS) and SPSS 
v26 (IBM).

RESULTS

Participants

Thirteen male adults with virologically suppressed HIV com-
pleted the study. Comparison imaging data from thirteen male 
HIV-uninfected participants were selected from the Yale PET 
Center database based on age and, when possible, race/eth-
nicity. Demographic and HIV-specific characteristics are shown 
in Table 1. HIV-uninfected participants included a smaller pro-
portion of non-White participants (77% of the HIV group,31% 
of the HIV-uninfected group) and were somewhat more highly 
educated (mean [SD] 13.4 [2.5] years in HIV participants, 15.1 

Table 1. Demographics and Clinical Characteristics of Participants

HIV (n = 13) HIV-uninfected Participants (n = 13) P valuea

Demographic characteristic    

 Male sex, no. (%) 13 (100) 13 (100) N/A

 Age, mean (SD), y 59.8 (5.1) 57.3 (6.8) .29

 Non-White race, no. (%) 10 (77) 4 (31) .02

 Hispanic, no. (%) 2 (15) 0 (0) .14

 BMI, mean (SD), kg/m2 28.9 (5.5) 29.2 (3.1) .87

 Education, mean (SD), yb 13.4 (2.5) 15.1 (1.7) .06

 History of SUD, no. (%) 8 (62) N/A N/A

 History of AUD, no. (%) 5 (38) N/A N/A

 Smoking    

  Current, no. (%) 5 (38) N/A N/A

  Former, no. (%) 4 (31) N/A N/A

HIV-specific characteristic    

 CD4+ T cells, median (IQR), cells/μL 689 (504, 865)   

 CD4+/CD8+ ratio, mean (SD) 1.01 (0.44)   

 CD4+ nadir, median (IQR), cells/μLc 188 (83, 448)   

 Plasma HIV RNA < 20 copies/mL, no. (%) 11 (85)   

 CSF HIV RNA < 20 copies/mL, no. (%)d 9 (75)   

 CSF white blood cells, mean (SD), cells/μLd 3.8 (3.6)   

 CSF protein, mean (SD), mg/dLd 41 (20)   

 CSF:blood albumin ratio, mean (SD)d 5.8 (3.7)   

 Duration of HIV infection, mean (SD), y 23 (16, 28)   

 Duration of ART, median (IQR), y 22 (12, 25)   

 Current NRTI, no. (%) 13 (100)   

 Current NNRTI, no. (%) 4 (31)   

 Current integrase inhibitor, no. (%) 8 (62)   

 Current PI, no. (%) 1 (8)   

 Current pharmacokinetic enhancer, no. (%) 2 (15)   

Abbreviations: ART, antiretroviral therapy; AUD, alcohol use disorder; BMI, body mass index; CSF, cerebrospinal fluid; IQR, interquartile range; HIV, human immunodeficiency virus; IQR, 
interquartile range; N/A, not applicable; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; SUD, substance use 
disorder.
aP values are Student t test (continuous variables) or χ 2 test (categorical variables).
bn = 11 for the HIV-uninfected participants.
cNadir CD4 count was unavailable for 5 participants.
dOne participant did not have a lumbar puncture.
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[1.7] years of education in the HIV-uninfected group) but were 
well matched on age.

Group Differences in Synaptic Density in the Frontostriatalthalamic Circuit

HIV participants exhibited significantly lower synaptic density, as 
defined by [11C]UCB-J SRTM2-derived BPND measurement, in the 
frontostriatalthalamic circuit, our primary ROI, compared with 
HIV-uninfected participants. After PVC, frontostriatalthalamic 
circuit BPND was 14% lower in HIV participants (3.93 [0.80]; 
4.59 [0.43]; P = .02) with a large effect size (Cohen’s d = 1.02) 
(Figure 1A, Supplementary Table 1). This result was largely un-
changed when using 1TC-derived BPND or using a weighted av-
erage to calculate frontostriatalthalamic BPND (Supplementary 
Tables 2–4). Frontostriatalthalamic volume was similar in both 
groups (Supplementary Table 5). A significant group difference 
remained in the frontostriatalthalamic circuit after the addition of 
age (P = .03), education (P = .03), or race (P = .03) as a covariate, 
and effect sizes remained large in magnitude (Cohen’s d range: 
0.94–0.99). Group differences did not remain significant when 
adjusting for age, education, and race together (P = .08).

Group Differences in Synaptic Density in Secondary HIV-Related Brain 
Regions and Whole Brain

Exploratory analyses of additional ROIs that have previously 
been implicated in neurological impairment in PLWH were 
performed as well. Widespread differences in synaptic den-
sity in HIV participants as compared to HIV-uninfected par-
ticipants were observed, most notably in cortical regions 
(Figure 1C, Supplementary Table 1), despite similar volumes 
(Supplementary Table 5). These comparisons were not cor-
rected for multiple comparisons due to the exploratory nature 
of these analyses in the pilot study. All but one brain region ex-
hibited lower BPND after PVC in HIV participants (percent dif-
ference range: 4–22%). We found significantly lower synaptic 
density in cortical (14.9%), subcortical (11.5%), and whole gray 
(13.7%) composites (Figure 1B).

Among cortical regions, there was significantly lower syn-
aptic density in HIV participants in the parietal (5.54 [1.49]; 
6.77 [0.90]; P = .02), occipital (4.94 [1.16]; 6.04 [0.83]; P = .01), 
and frontal (5.22 [1.28]; 6.08 [0.67]; P = .045) cortices. We ob-
served significantly lower BPND in the parahippocampal gyrus 

Figure 1. Regional mean SV2A binding potential (BPND) after partial volume correction in the (A) frontostriatalthalamic circuit, (B) composite whole gray matter, cortical, and 
subcortical regions, and (C) all individual secondary regions of interest by group. * P < .05. Error bars represent 95% confidence intervals. Individual data points are shown in 
panels (A) and (B). C, Exploratory analyses that were not corrected for multiple comparisons. Abbreviation: HIV, human immunodeficiency virus.
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and temporal pole (both temporal cortex), insula, and pos-
terior cingulate. Subcortical regions with lower BPND in HIV 
participants included the thalamus, hippocampus, striatum, 
and caudate. Figure 2 illustrates regional and widespread 
differences in synaptic density in PLWH compared to HIV-
uninfected participants using mean group parametric images 
of BPND values.

Associations Between Synaptic Density and Neurocognitive Function 
in PLWH

Relative to normative population data, PLWH performed below 
average in all but 2 of the 18 neurocognitive tests (Supplementary 
Table 6). A global average of z-scores for all tests was calculated 
for each participant. The mean global average z-score for our 

sample was 1 standard deviation below the normative average 
(−1.0 [0.8]), indicating impairment in this group.

We assessed for correlations between synaptic density in the 
frontostriatalthalamic circuit and neurocognitive performance 
in HIV participants (Figure 3). Significant associations were 
observed between grooved pegboard performance, a measure 
of motor and executive function, and frontostriatalthalamic 
BPND (nondominant: r = 0.61, P = .03; dominant: r = 0.54, 
P = .06). Better performance on the grooved pegboard was 
also associated with greater hippocampal BPND (nondominant: 
r = 0.60, P = .03; dominant: r = 0.59, P = .03). There was a 
trend toward a significant association between Trail Making 
Test Part A performance, a measure of processing speed, and 
frontostriatalthalamic (r = 0.54, P = .06) and hippocampal 
(r = 0.51, P = .08) BPND.

Associations Between Synaptic Density and Demographic and Clinical 
Measures in PLWH

There was no association between age and frontostriatalthalamic 
BPND among HIV participants. No other associations were ob-
served in a correlation analysis of the relationship between 
frontostriatalthalamic synaptic density and other demographic 
and clinical measures reported in Table 1, including duration of 
HIV infection and CD4 nadir.

DISCUSSION

In this pilot study, we evaluated synaptic density in PLWH 
using in vivo SV2A PET imaging. Until now, assessment of syn-
aptic density in HIV has been limited to investigations using 
postmortem brain tissue. To our knowledge, this is the first 
study to provide in vivo evidence of significantly lower syn-
aptic density in PLWH in the frontostriatalthalamic circuit, an 
area consistently implicated in structural and functional MRI 
studies of neurocognitive dysfunction in PLWH. Exploratory 

Figure 2. Whole brain is shown in averaged group SV2A binding potential (BPND) 
parametric images for HIV-uninfected participants (left) and HIV (middle) partici-
pants. Magnetic resonance imaging template (right) for reference. Color scale 
denotes BPND. Abbreviations: HIV, human immunodeficiency virus; MRI, magnetic 
resonance imaging.

Figure 3. Association between BPND in the frontostriatalthalamic circuit and neuropsychological test scores. Correlations were computed using Pearson’s r. Abbreviation: 
BP, binding potential.
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analyses, uncorrected for multiple comparisons, hint at more 
widespread loss of synaptic density in PLWH. Furthermore, in 
this small study, lower frontostriatalthalamic BPND was associ-
ated with poorer performance on a standardized measure of 
motor and executive function. This study provides compelling 
initial evidence that SV2A PET imaging as a research modality 
can measure in vivo differences in synaptic density in PLWH. 
Findings of this study provide additional evidence that the 
frontostriatalthalamic circuit may be implicated in the neuro-
pathology of HIV.

Although SV2A PET imaging is a recent development, it 
has already been used to study synaptic density in Alzheimer’s 
disease [32], depression [33], post-traumatic stress disorder 
(PTSD) [33], Parkinson’s disease (PD) [34], schizophrenia 
[35], and epilepsy [36]. Among other notable findings, one 
study found large reductions in synaptic density in the sei-
zure onset zone (SOZ) relative to the contralateral side, pro-
viding a biomarker for accurately identifying the SOZ in the 
presurgical evaluation of these patients. In PD, lower synaptic 
density was observed at earlier stages of PD than previously 
known. Collectively, these studies have led to novel insights 
in our understanding of the pathogenesis of these disorders 
and have already demonstrated utility as biomarkers for treat-
ment monitoring and disease progression. Notable associations 
with cognitive function testing have been identified in these 
studies as well. In the current study, we applied this tool to iden-
tify synaptic density as a potential biomarker associated with 
neurocognitive impairment in PLWH.

The etiology of CNS dysfunction in people with well-treated 
HIV is likely multifactorial [37]. Contributing factors for CNS 
dysfunction in PLWH include legacy effects from CNS damage 
during initial HIV infection [38], ongoing neuroinflammation 
and immune activation [39], ART toxicities [40], HIV es-
cape and persistence [41], lifestyle factors, noninfectious 
comorbidities [42], accelerated aging [43], and mental health 
disorders. A challenge to better understanding neurocognitive 
impairment in HIV is separating out key confounders (ie, mood 
disorders, polypharmacy, substance use) that are common in 
PLWH [44] from disease-related factors that contribute to brain 
injury [45]. This has been particularly difficult due to the ab-
sence of a sensitive measure of brain pathology.

Synaptodendritic injury, a known feature of neurocognitive 
dysfunction in PLWH, is associated with severity of cognitive 
injury, with some studies indicating this correlation is stronger 
than other classic pathologic markers of HIV encephalitis, such 
as microglial nodules and multinucleated giant cells [46, 47]. 
There are several proposed mechanisms of synaptic degener-
ation in HIV, including an inflammatory milieu generated by 
proliferating immune cells, toxic impact of viral proteins, viral 
replication, and exposure to methamphetamines and opiates 
[46, 48–50]. Understanding of synaptodendritic injury and 

other pathological changes in the brain during HIV infection 
has been limited by lack of appropriate research modalities.

In this study, we found a large magnitude reduction in 
synaptic density in PLWH after correction for cerebral at-
rophy despite long-term ART compared with age-matched 
HIV-uninfected participants. Lower synaptic density in the 
frontostriatalthalamic pathway is consistent with findings of at-
rophy in structural MRI studies of PLWH [10, 11] as well as 
functional MRI studies demonstrating compromised connec-
tivity in this circuit and associations with cognitive impairment 
[12–14]. This was detected despite the relatively small sample 
and withstood correction for age and brain atrophy, indicating 
the potential for SV2A PET imaging as a useful marker of syn-
aptic density in PLWH. Furthermore, even in this small pilot 
study a significant association was observed between synaptic 
density in the frontostriatalthalamic circuit and performance 
on the grooved pegboard test, a measure of motor integration 
and executive function [51]. Frontostriatal circuits, along with 
their connections to the thalamus, are known to mediate motor 
and oculomotor function [52], both of which are important 
in the grooved pegboard test. In HIV, there is evidence that 
basal ganglia gray matter (ie, striatum) atrophy is associated 
with motor dysfunction [53]. There is further evidence of the 
association between abnormal frontostriatal connectivity and 
motor and executive dysfunction from studies in PD and schiz-
ophrenia [54–56].

Results of this initial study highlight the need for future in-
vestigations. Our ongoing longitudinal SV2A study will fur-
ther elucidate interactions between synaptic loss due to aging 
with loss due to HIV, including a potential accelerated loss of 
synaptic density in adults aging with HIV [57]. Furthermore, 
combining longitudinal SV2A imaging of synaptic density with 
translocator protein PET imaging of microglia and cerebro-
spinal fluid measures of immune activation will determine the 
extent to which neuroinflammation impacts synaptic density 
and neurocognitive function. SV2A PET imaging may also be 
useful in elucidating the etiology of CNS injury and cognitive 
impairment in other acute and chronic viral infections that im-
pact the brain.

Limitations

This pilot study was designed to detect overall group differences 
between PLWH and age- and sex-matched historical controls; 
larger studies with prospectively enrolled controls matched for 
additional clinical and demographic factors are needed to de-
termine the contribution of HIV disease versus comorbidities 
in PLWH to our findings. There was a significant difference 
in the racial composition of each group; however, we have 
no plausible biological reason to expect a difference in syn-
aptic density due to race alone, and the group difference re-
mained significant when race was used as a covariate. Further, 
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frontostriatalthalamic BPND was not associated with race in our 
cohort, and there is no published evidence that synaptic den-
sity in HIV is associated with race, nor have there been studies 
showing a relationship between synaptic density and race more 
generally. Drug abuse is known to cause synaptodendritic 
changes, and although there were no associations between syn-
aptic density and history of substance or alcohol abuse among 
HIV participants, we were not able to account for these vari-
ables in our comparative analyses as this data was not available 
from the HIV-uninfected group.

Similarly, studies with larger samples are needed to fur-
ther investigate associations between synaptic density and 
neurocognitive performance, as well as associations with 
other HIV-associated lab and clinical parameters, such as 
CD4 nadir and duration of HIV infection, which were not 
observed in this small study. Finally, our sample was older 
and entirely male, limiting generalizability. Although a ho-
mogeneous cohort is an advantage for this analysis given the 
small sample size, future studies should focus on recruiting 
more diverse samples, including women and younger indi-
viduals [21].

CONCLUSION

We used novel PET imaging of SV2A to assess synaptic den-
sity in a cohort of older male, virologically suppressed HIV 
participants and demographically similar HIV-uninfected 
participants, demonstrating lower synaptic density in the 
frontostriatalthalamic circuit, among other brain regions, in 
the HIV group. The detection of synaptodendritic injury in-
dependent of brain atrophy in PLWH with viral suppression, 
in association with reduced neurocognitive function, sug-
gests a potentially reversible neuropathology in some PLWH. 
These pilot observations raise questions regarding the eti-
ology of the differences observed between the 2 groups, which 
need to be determined in larger studies examining mechan-
isms underlying synaptic density in diverse populations of 
PLWH. This method provides promise as a valuable in vivo 
molecular biomarker of CNS dysfunction in HIV, which may 
affect up to half of the 38 million PLWH worldwide, as well 
as an outcome measure for trials of disease-modifying ther-
apies in this population.
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