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Abstract Human immune deficiency virus (HIV) is a leading
cause of death. It attacks the immune system, thereby render-
ing the infected host susceptible to many HIV-associated in-
fections, malignancies and neurocognitive disorders. The al-
tered immune system affects the way the human host responds
to disease, resulting in atypical presentation of these disorders.
This presents a diagnostic challenge and the clinician must use
all diagnostic avenues available to diagnose and manage these
conditions. The advent of highly active antiretroviral therapy
(HAART) has markedly reduced the mortality associated with
HIV infection but has also brought in its wake problems asso-
ciated with adverse effects or drug interaction and may even
modulate some of the HIV-associated disorders to the detri-
ment of the infected human host. Nuclear medicine techniques
allow non-invasive visualisation of tissues in the body. By
using this principle, pathophysiology in the body can be
targeted and the treatment of diseases can be monitored.
Being a functional imaging modality, it is able to detect dis-
eases at the molecular level, and thus it has increased our
understanding of the immunological changes in the infected
host at different stages of the HIV infection. It also detects
pathological changes much earlier than conventional imaging
based on anatomical changes. This is important in the
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immunocompromised host as in some of the associated disor-
ders a delay in diagnosis may have dire consequences.
Nuclear medicine has played a huge role in the management
of many HIV-associated disorders in the past and continues to
help in the diagnosis, prognosis, staging, monitoring and
assessing the response to treatment of many HIV-associated
disorders. As our understanding of the molecular basis of dis-
ease increases nuclear medicine is poised to play an even
greater role. In this review we highlight the functional basis
of'the clinicopathological correlation of HIV from a metabolic
view and discuss how the use of nuclear medicine techniques,
with particular emphasis of F-18 fluorodeoxyglucose, may
have impact in the setting of HIV. We also provide an over-
view of the role of nuclear medicine techniques in the man-
agement of HIV-associated disorders.

Keywords FDG PET - Nuclear medicine - HIV-associated
malignancies - HIV-associated infections - HIV-associated
neurocognitive disease - HAART

Introduction

Human immune deficiency virus (HIV) is a leading cause
of death worldwide. As of December 2014, an estimated
36.9 million people were living with the infection; in
2014, 2 million were newly infected and 1.2 million died
[1, 2]. HIV is a lentevirus that affects the human immune
system [3]. It causes immune suppression that becomes
more profound as the disease progresses. The immune
suppression renders the infected patient susceptible to
many opportunistic infections, malignant processes and
disorders of other systems in the human body. The oppor-
tunistic diseases that develop in these immune suppressed
patients may have different presentations compared to the
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same diseases in persons with an intact immune system.
This may result in diagnostic challenges for the clinician.
This situation makes it imperative to understand the use
and limitations of all the diagnostic options (including
nuclear medicine) available to the clinician to make a
rapid and accurate diagnosis, staging, prognosis and as-
sess response to therapy of HIV infection itself or the
associated diseases.

The advent of highly active antiretroviral therapy
(HAART) has had a remarkable impact on HIV presen-
tation and management [4, 5]. It has changed what was
once a progressive and almost fatal disease to a chronic
infection. This has also had an impact on the way disease
manifests in HIV patients, which further complicates an
already challenging situation. On the one hand, HAART
has caused a decline in incidence of AIDS-defining ma-
lignancies such as Kaposi sarcoma. On the other hand,
there has been an increase in malignancy as the patients
live longer and histology types have changed. The
HAART itself is also not without problems. HAART is
taken for long periods (usually for the rest of life) and
the patients are exposed to various adverse effects. Also,
drug interactions with treatment for other comorbid con-
ditions frequently present in this population. In some
HIV-associated disorders, the toxicity has been postulat-
ed to be a contributing factor of some of the disorders
seen in HIV patients, such as HIV-associated
neurocognitive deficits (HAND) [5].

Historical Perspective of Nuclear Medicine and HIV

Nuclear medicine has played a role in the management
of HIV and AIDS in the past. Imaging with Gallium-67
(°’Ga) citrate has long been known to detect some
opportunistic infections, such as Prneumocystis
pneumonia, when plain radiographs were normal. The
use of thallium-201 (*°'T1) and ®’Ga citrate concurrent-
ly to distinguish non-Hodgkin’s lymphoma, Kaposi sar-
coma and an infective process has been invaluable to
clinicians as all these diseases could have similar clin-
ical presentation but the management is very different
and could be rapidly fatal if not rapidly and accurately
diagnosed and managed appropriately [6]. These dis-
eases usually involve sites where tissue diagnosis is
difficult or even dangerous (due to underlying immune
suppression and invasiveness of procedure for getting
tissue) such as the brain or lung. Nuclear medicine was
found helpful in making rapid and appropriate clinical
decisions without subjecting these patients to invasive
procedures. In many cases response to therapy could
also be monitored.

@ Springer

Advances in Nuclear Medicine and HIV

Recent advances in nuclear medicine and the development of
hybrid cameras with integrated functional and anatomical im-
aging has extended the role of nuclear medicine in HIV fur-
ther. Positron emission tomography integrated with computed
tomography (PET/CT) is able to correlate the anatomic and
pathophysiological process of the immune system to provide a
non-invasive way of assessing the immune status of HIV-
infected patients. This has not only improved our understand-
ing of the disease but also had an effect on managing the
disease and the associated opportunistic infection or malig-
nancies. Nuclear medicine techniques are also very helpful
in providing alternative diagnosis by directing the site of bi-
opsy. In malignancies, nuclear medicine is able to detect,
stage, monitor therapy, assess for recurrence and provide
prognosis of the malignancy. In infection, the role of nuclear
medicine continues to expand and new nuclear medicine tech-
niques are used [7]. Nuclear medicine procedures are in gen-
eral sensitive but may suffer from lack of specificity. For ex-
ample, in an HIV patient where a nuclear scan is used to
evaluate the patient for malignancy, false-positive results
may occur, since positive lymph nodes may also be the result
of inflammation or a benign reaction due to HIV.

Pathophysiology and Natural History of HIV

HIV gains entry into the human host by crossing mucosal
surfaces to gain access to the blood [8]. In the circulation,
HIV binds to resting CD4 T-lymphocytes, causing them to
home from the blood into the lymph nodes. In the lymph
nodes, the infected CD4 lymphocytes are induced into apo-
ptosis. The clinical manifestation of this pathological process
is the development of a generalised peripheral and clinically
discernible lymphadenopathy that may involve lymph nodes
in unusual sites such as the epitroclear nodes in the early and
midstage of the disease. These nodes eventually become clin-
ically impalpable as they undergo involution due to atrophy in
the latter stages of the disease. The activation of resting T-
lymphocytes is an energy-dependent process, in which the
lymphocytes switch to glycolysis and increase the glucose
uptake by about 20-fold over 24 h [5]. This increase enables
the process to be visualised by nuclear medicine imaging tech-
niques such as '®F-fluorodeoxyglucose (FDG)-PET or FDG-
PET/CT. This has helped in the interpretation of FDG-PET
scans in the setting of HIV and has assisted in the management
of HIV and other comorbid conditions (Table 1). In the tissues,
HIV is taken up by macrophages and dendritic cells that ex-
press CD4. In the tissues, HIV virus may remain quiescent in
sanctuary sites such as the brain or testes, escaping the im-
mune defences mounted by the host. This usually occurs in the
midstage phase of the disease after an initial acute phase
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where the patient now has no symptoms and the viral loads in
the blood remain relatively stable. This stage is referred to as
chronic infection or the patient is said to be a non-progressor.
Eventually host immunity would fail as the peripheral CD4
lymphocyte count drops to a critical level and viral replication
is no longer kept in check but rapidly increases. At this stage,
the patient becomes symptomatic as immunity further drops
and the patient is said to have developed acquired immune
deficiency syndrome (AIDS), where certain AIDS-defining
symptoms and diseases, such as AIDS-defining malignancies
or infections or severe weight loss, manifest.

Laboratory Indicators for Monitoring HIV

As HIV infection progresses there is a decline in the circulat-
ing CD4 T-lymphocyte count, which is a measure of the host’s
immunity. After immunological failure that manifests by a
decline in the CD4 count, the viral load that has been held in
check at a fixed level (balance viral replication and viral elim-
ination) by the host begins to increase. The relative increase in
viral replication results in an increase of the viral count in the
blood and this can be measured by different methods. These
measurements of CD4 count and viral load are used to deter-
mine stage of infection and guides HAART. The stage also
determines the opportunistic disorders the patient is likely to
encounter. This natural progression of disease has been
interrupted and changed by HAART, bringing in its wake
new diagnostic challenges for the clinician.

Imaging and HIV

Imaging has played a major role in the management of dis-
eases that the HIV-infected person may present. A good his-
tory, clinical examination and appropriate laboratory tests are
important to settle the definitive diagnosis. Anatomical imag-
ing such as CT scan or magnetic resonance imaging (MRI) is
important when opportunistic diseases cause anatomical
changes like oedema, abscesses or space-occupying lesions.
However, in some situations, such as early in HAND and most
other disorders, the physiological changes usually precede
anatomical changes and nuclear medicine may be helpful in
diagnosing these disorders at a much early stage than anatom-
ically based imaging modalities.

Metabolic Imaging for HIV

Nuclear medicine, by virtue of the fact that it is functional
imaging, is able to provide non-invasive information on un-
derlying tissue at the molecular level. The available radiophar-
maceuticals have played and continue to play a vital role in the

@ Springer

management of HIV infection and associated diseases. The
development of new tracers and repurposing of already
existing tracers will no doubt contribute immensely to the
management of HIV and associated disorders. We will now
review the current and present role of nuclear medicine in HIV
and discuss some potential future uses of nuclear medicine
techniques in patients with HIV infection.

FDG Uptake in Lymphoid Tissue in Relation
to the Stage and Immunovirological State of HIV

Several investigators have examined the relation between
FDG uptake in lymph nodes and the pattern of distribution
of the lymph nodes, the magnitude of the uptake and the
relationship with circulating CD4 T-lymphocytes and the viral
load (Table 1).

In preclinical setting investigators used living rhesus
monkeys that were infected with Simian immunodeficien-
cy virus. The pattern of lymph nodes was noted and re-
lated to the stage of the infection (early, midstage or late).
The intensity and number of lymph nodes activated at
each stage was noted. The activated lymph nodes were
confirmed to be the site of viral replication by in situ
hybridisation studies. In summary, the findings of the pre-
clinical studies were as follows:

—  There was widespread lymph tissue activation in mon-
keys affected with the virus when compared with the
uninfected controls.

—  There was a clear pattern of distribution depending on the
stage of the disease.

— In the ecarly stage there was activation of the axillary,
cervical and mediastinal lymph nodes; in the midstage
there was a generalised peripheral activation of lymph
nodes; in the terminal stages of infection there was the
activation of lymph nodes around the colon involving the
mediastinal and the ileocecal nodes [5, 9, 10].

—  Fewer tissues had high FDG uptake at the terminal stage
of the disease compared to the midstage, which indirectly
supports tissue apoptosis after activation of lymphoid
tissue.

— At the site of FDG uptake it was also noted that the in-
creased uptake preceded fulminant tissue activation [9,
10].

After preclinical studies, human studies were conducted to
assess the distribution and activation of lymphoid tissue.
Other investigators looked at the correlation of peripheral
CD4 counts and viral load with FDG scan. It was evaluated
whether there was a history of AIDS, or the effect of viral
replication or suppression in various patient groups, including
recently seroconverted patients, non-progressors (i.e.
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asymptomatic patients with stable viral loads), HAART naive
HIV infected patients or those taking HAART or who had just
discontinued HAART effected the uptake pattern on FDG-
PET scan as a measure of lymphoid activation [11, 12,
14-16, 19].

In humans, the different pattern of distribution of lymph
nodes at different stages of infection was found to be similar
to the distribution described in preclinical studies (with lesser
involvement of the mediastinal nodes in humans). In both
preclinical and, particularly, clinical studies, the lymph nodes
were found to be engaged in a predictable sequence, suggest-
ing that a diffusible factor from host or viral origin is respon-
sible for changes in lymph nodes. This represents a potential
target for drugs against disease progression [11, 12]. One
study investigated the ability of PET to measure the magni-
tude of lymph node activation in newly infected asymptomatic
patients and chronic infected non-progressor, i.e. asymptom-
atic patients with stable viral load. FDG uptake in these HIV
infected groups was compared to controls that were not infect-
ed with HIV but received licensed killed influenza vaccines.
They found that in both early and chronic HIV disease, node
activation was greater in the cervical and axillary chain of
nodes than inguinal and iliac chain of lymph nodes [12].
Again in yet another study, the FDG signal was found to
correlate with the viral load and correlate inversely with the
CD4 count [16]. Other studies compared patients at different
stages of immune suppression who were either on HAART or
not or had recently stopped HAART. It was concluded that
healthy infected HIV patients with suppressed viral loads had
no FDG nodal uptake, whereas viremic patients with early or
advanced disease had nodal uptake [16].

Splenic uptake, significantly higher than the liver, was
also found in viremic patients but not in those with sup-
pressed viral load [14, 19]. The splenic uptake may be
due to massive stimulation of B cells in the spleen [5].
In another study, the level of viral replication in HAART-
naive subjects determined the distribution of lymph node
uptake on FDG-PET imaging. Patients with lower levels
of replication showed uptake in the upper torso, whilst
patients with higher levels (above 100,000 copies /ml)
showed more inguinal uptake [15]. FDG-PET thus consti-
tutes a non-invasive imaging marker for disease state and
can be considered a marker of disease.

As a consequence, in the clinical setting, when
performing FDG-PET on a patient with HIV for a condi-
tion that causes lymph node uptake the scan results must
always be interpreted together with the immune and viro-
logical data. When patient parameters would favour high
FDG uptake due to HIV disease one cannot reliably dif-
ferentiate between nodal uptake due to HIV or to another
underlying disease.

In HIV-infected patients treated with HAART metabol-
ic uptake in the thymus has been shown to be a non-

invasive marker of thymic output. Patients without thymic
uptake showed a poor CD4 recovery after initiation of
HAART [13, 17, 18]. In adults and particularly when
infected with HIV virus, the thymus is inactive due to
involution of the thymus and the destruction of CD4 T-
lymphocytes by the virus. The FDG activity observed in
thymus of some HIV adult patients following the initiation
of HAART was found to correlate with the regeneration of
peripheral CD4 T-lymphocyte and T-lymphocyte from the
emigrants from thymus as a result of thymopoiesis.
Thymopoeisis can be assessed by quantification of recent
thymic emigrants, T-cell receptor excision levels and T-
cell receptor repertoire diversity [5, 20]. Thymopoiesis is
an energy-dependent process that results in the restoration
of the depleted T cells in a manner similar to resumption
of erythropoiesis by fat marrow following severe anaemia.
The restoration is incomplete and may not result in the
restoration of the full repertoire of T cells lost particularly
in chronic infection. The utilisation of glucose is
visualised as thymic FDG uptake. In the clinical setting
this thymic uptake can be erroneously interpreted as ante-
rior mediastinal disease.

Nuclear Medicine and Malignancies Associated
with HIV

HIV infection, and other disorders associated with cell-
mediated immunity predispose the patients to carcinogen-
esis, and malignancy occurs more frequently in this cir-
cumstance [21]. In immune-compromised patients, a com-
mon feature is the tendency for malignancies to occur at a
younger age, involving unexpected sites (Fig. 1), with
higher tumour grades and at follow-up often an unusual
clinical course can be found when compared to individ-
uals with intact immune systems [22, 23]. In HIV infec-
tion, malignancies can be classified as AIDS-defining
cancers (ADCs) that include cervical cancer, Kaposi sar-
coma and non-Hodgkin’s lymphoma [22, 24]. These can-
cers have declined significantly since the advent of
HAART. On the other hand, non-AIDS-defining cancers
(NADCs) such as anal cancer, hepatocellular carcinoma,
lung cancer (Fig. 2) and colorectal cancer have emerged
as a major fraction of overall cancer burden [25, 26]. It
has been found that the CD4 count is strongly correlated
with the risk of death in both ADC and NADC [26].

Non-AIDS-Defining Cancers
NADC are a very heterogeneous group of cancers of increas-

ing importance [5]. In HIV the outcome of these cancer types
is poor with rapid progression, high rate of relapse and poor

@ Springer



132

Nucl Med Mol Imaging (2017) 51:127-139

Fig. 1 Sagittal CT, FDG-PET and fused images of a 37-year-old woman
with HIV seropositive serum. She was referred for restaging of cervical
adenocarcinoma. CT was non-conclusive about recurrence or residual
disease. PET demonstrated metabolically active disease in the pelvis
and the presence of a pelvic lymph node. In addition, metabolically active

response to treatment [24]. Factors that influence the develop-
ment of NADC include HIV infection, chronic immune sup-
pression and coinfection with other oncogenes such as hepa-
titis C for hepatocellular carcinoma or human papilloma virus
for anal cancer [23, 27, 28]. Two factors associated with the
prevention of both ADC and NADC are CD4 lymphocyte
count of more than 500/ml and an undetectable viral load

disease noted in the umbilical region due to uptake in the umbilicus
associated to peritoneal carcinomatois (atypical finding). This finding
was confirmed by biopsy. A follow-up scan 6 months later (not shown)
revealed a rapidly progressive disease

[29, 30]. The role of FDG PET is similar to that in uninfected
patients [5].

Hodgkin’s Lymphoma

Hodgkin’s lymphoma is an NADC with increased incidence
in HIV patients and an incidence of approximately 9-18 % in

Fig.2 Maximum intensity projection, transverse CT (lung and soft tissue
setting), FDG-PET and fused images of a 32-year-old HIV-positive man
with lung cancer for staging. Chest CT demonstrated an irregular mass in
the right lung. At the time of the scan his CD4 was 69/ml but viral load

@ Springer

was not available. Intense FDG uptake is noted in lungs, mediastinal and
hilar lymph nodes and diffusely in the skeleton consistent with wide-
spread metastasis
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that population [31, 32]. The histological pattern differs from
individuals without HIV with mixed cellularity being the most
common histology amongst HIV patients in contrast to nodu-
lar sclerosis that is the commonest among individuals without
HIV. Lymphocyte depletion occurs more commonly in the
setting of HIV and has the worse prognosis of all the subtypes
of Hodgkin’s lymphoma. In the setting of HIV, extranodal
disease occurs more commonly and is associated with
Epstein—Barr virus. FDG-PET is known to show uptake in
all subtypes [33].

AIDS-Defining Cancers
Cervical Cancer

Cervical cancer is an ADC and is also a human papillo-
mavirus (HPV)-related malignancy [28]. It is the
commonest malignancy in developing countries and the
incidence of HIV amongst patients with cervical cancer
is 20-25 % [30]. In HIV infection cervical cancer patients
present 10—15 years earlier than in non-HIV-infected pa-
tients and they also present with more advanced disease.
Persistent oncogenic HPV infection increases the risk for
development of cervical cancer. HIV infection and low
CD4 counts are major risk factors for cervical cancer.
Trends in HIV-associated cervical cancer have changed
in the HAART era. HAART prolongs survival amongst
women with HIV but does not protect them from devel-
oping cervical cancer [34]. The increasing availability of
HAART is likely to lead to an increase in the incidence of
cervical cancer [5]. Natural progression of the HPV infec-
tion may be related to immune dysfunction as well as HIV
or HPV synergistic mechanism. When HAART is used,
cervical cancer treatments are affected by concomitant
drug toxicity that could potentially limit the benefit of
either HAART or the concomitant chemo-radiotherapy
that is the standard treatment for locally advanced cervical
cancer. FDG-PET has been shown to be effective in the
initial staging, detection of early metastasis and predicting
prognosis in cervical cancer. FDG-PET demonstrates ab-
normal uptake in virtually all patients with active cervical
cancer (Fig. 1). Three-dimensional (3D) volumetric anal-
ysis of tumours with PET has been shown to be of more
clinical significance than clinical stage [35, 36]. Pre-
treatment FDG-PET lymph node status, cervical tumour
(SUV) max and tumour volume combined on a nomogram
have been shown to be a good model for cervical cancer
recurrence, disease-free survival, overall survival, and to
support decision-making [37]. The use of FDG for cervi-
cal cancer in HIV patients is similar to that for non-HIV
patients. Further analysis of data from this subgroup is

needed as pelvic and extra pelvic reactive HIV lymph
nodes may impact therapy decisions.

Non-Hodgkin’s Lymphoma (NHL)

NHL is particularly aggressive in the setting of HIV in-
fection. The incidence of B cell lymphoma is dramatically
increased in HIV-infected patients [31]. Before the advent
of HAART, high-grade immunoblastic NHL was the
commonest histological type, followed by Burkitt’s lym-
phoma and intermediate grade diffuse large B cell lym-
phoma (DLBCL). There has been a drastic decrease in
immunoblastic lymphoma but an increase in DLBCL
and Burkitt’s lymphoma since the introduction of
HAART [32, 38]. Risk factors for NHL in the setting of
HIV are low CD4 count and high viral load [39, 40]. The
risk is significantly increased if the viral load exceeds
100,000 copies /ml and CD4 lymphocyte count drops be-
low 50/ml [40]. Non-Hodgkin’s lymphomas may occur at
any level of CD4 count but Burkitt’s lymphomas are more
frequent in CD4 counts >200/ml, whilst primary central
nervous system (CNS) lymphomas are seen almost exclu-
sively in patients with CD4 counts <50/ml [41-43].

FDG-PET/CT is useful in diagnosing, staging,
restaging and monitoring response to therapy in lym-
phomas in general and in the setting of HIV. The most
common subtypes of NHLs diagnosed are usually
DLBCLs (Fig. 3) and Burkitt’s lymphoma, which are
frequently high grade and involve extranodal disease
(in contrast to endemic Burkitt’s).

In interpretation of scans in patients with lymphoma,
the CD4 count and viral load and patient history must be
carefully considered as reactive nodes of HIV may result
in false-positive findings when patients are being evalu-
ated by FDG-PET. A negative FDG-PET scan for lym-
phoma has a good prognosis. FDG-PET in the context of
HIV may help to guide treatment management and to
prevent long-term toxicity as a result of drug interaction.
It has been used as a daily clinical routine tool in lym-
phomas and replaced °’Ga citrate completely (which was
used a lot in the past) and CT only as the modality of
choice [43, 44].

CNS Lymphoma Verses Opportunistic Infection

Less common types of lymphoma occurring in the setting
of HIV include primary CNS lymphoma, primary effusion
lymphoma and plasmablastic lymphoma [45—47]. One di-
agnostic dilemma frequently encountered by clinicians
when treating HIV patients with CD4 counts less than
50/ml is the patient with the distinction of CNS lympho-
ma from other non-malignant conditions, especially cere-
bral toxoplasmosis. The treatment is very different and
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Fig. 3 Coronal FDG-PET and fusion images of a 41-year-old woman
with HIV infection and diffuse large B-cell lymphoma diagnosed by
biopsy of a large mass in the left axilla. She has been on HAART for
17 months. Her CD4 count was 354 and her viral load less than 50 copies
per ml. The scan shows FDG-avid lymph nodes in the left axilla, hilar,
para-aortic, abdominal and pelvic nodes. There is also pelvic bone
involvement. Lymphadenopathy is due to DLBL and not reactive lymph
nodes of HIV when a scan is interpreted along with immunological
parameters. On follow-up there was rapid progression of disease

outcome disastrous if misdiagnosed. Neither MRI nor CT
can reliably make this distinction in HIV patients [5]. In
the past, nuclear medicine used agents like 2°'TI to help in
this scenario where 2°' Tl would not be taken up by infec-
tion but would be taken up by lymphoma. FDG-PET/CT
has been studied in this scenario and it was found that the
SUV was higher in malignant lesions than in infectious
lesions [46, 48-50]. FDG-PET is also useful in the eval-
uation of CNS lesions and for guiding biopsy.
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Kaposi Sarcoma

This is an ADC associated with human herpes virus 8 (HHV-
8) [51]. HHV-8 is the cause of all HIV-associated and non-
HIV-associated Kaposi sarcoma [52]. Kaposi sarcoma is the
most common malignancy observed in HIV patients [53, 54].
It occurs much earlier than other malignancies. The introduc-
tion of HAART has resulted in a marked reduction in the
incidence of Kaposi sarcoma in HIV [55]. HIV Kaposi sarco-
ma is more aggressive than the non-HIV-associated variant
and lesions often have a different distribution. Visceral in-
volvement is seen in 50 % of cases and is frequently fatal
[56]. FDG-PET was found to be effective in detecting clini-
cally occult Kaposi sarcoma lesions that were difficult to de-
tect with traditional imaging techniques in more advanced
Kaposi sarcoma [57, 58].

Multicentric Castleman Disease

This is a rare lymphoproliferative disorder that is also associ-
ated with HHV-8. In the setting of HIV it is highly aggressive
and frequently lethal [59]. FDG-PET is able to detect abnor-
mal uptake more frequently than CT and can be used to iden-
tify appropriate lesion location for biopsy, staging and moni-
toring lymphoproliferation in HIV associated Castleman dis-
ease [60].

Fever of Unknown Origin (FUQO)

HIV-associated FUO is defined as fever 38.3 °C or higher on
several occasions in a patient with a confirmed positive serol-
ogy for HIV, with the duration of fever for 4 weeks or more for
outpatients or 3 days or more for hospitalised patients [61, 62].
There are several reasons why a patient with HIV can have a
fever. FUO may be due to HIV itself, and it may occur in 40—
90 % of patients with primary HIV infection. Opportunistic
infection, malignancies and febrile drug reactions may also
cause fever [63—65]. Sexually transmitted infections, alcohol
abuse and illicit drug use, which are more frequent in HIV
patients, are also causes of fever [65]. The use of imaging can
reduce time to initiation of treatment in FUO by localising
infection or malignancy, thus identifying correct site of biopsy
or sampling procedure. FDG-PET was found to have an over-
all sensitivity of 92 % and specificity of 94 % in detecting the
cause of FUO, unexplained weight loss or confusion [50]. In a
number of studies, soft-tissue abnormalities of the chest were
visualised before conventional imaging [50, 66]. These soft-
tissue abnormalities include both infections such as
Mycobacteria sp., Streptococcus sp. and Pseudomonas sp.
and malignancies such as lymphoma and Kaposi sarcomas.
In a number of cases, these abnormalities were detected on
FDG-PET before the chest radiograph detected these lesions.
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This is due to the fact that physiological changes underlying
these pathological processes precede the anatomical changes.
Studies have shown that high viral loads do not decrease the
usefulness of FDG-PET/CT in the evaluation of HIV-
associated FUO [67]. FDG-PET/CT has emerged as a valu-
able tool for diagnosis of the cause of FUO (Fig. 4) [66—68].

HIV-Associated Opportunistic Infections

There are several opportunistic infections that occur in
HIV. The most common infection encountered is tubercu-
losis (TB) [5]. The clinical presentation depends on the
extent of immune suppression [69]. TB is known to avidly
take up FDG, however the challenge of distinguishing
reactive HIV nodes from TB has already been addressed
in this review and in literature [5, 69, 70]. Interpretation
of the scan should be made in light of viral load and CD4
count, together with the pattern. Figure 5 shows active TB
complicating HIV. The relationship of the lesion to the
bronchi and lung parenchyma is well appreciated on this
3D volume rendered PET/CT image.

Fungal infections are also one of the common oppor-
tunistic infections encountered in HIV. Fungal infections
are known to bind FDG in both children and adults [71].
The interpretation of the scan again suffers from the non-
specific uptake that reactive HIV nodes may cause and as

Fig. 4 Maximum intensity projection image of a 28-year-old man with
HIV infection presenting with fever of unknown origin and
lymphadenopathy. He had a history of TB over 10 year ago and was
negative for TB at the time of the scan. His CD4 count was 102 and viral
load 189,000 per ml. Other investigations were unremarkable. Scan
shows FDG-avid lymphadenopathy involving the cervical, axillary,
mediastinal, hilar, abdominal and pelvic lymph nodes . There is also
intense splenic uptake more than the liver. This is consistent with reactive
HIV lymphadenopathy and splenic uptake

Fig. 5 Metabolically active tuberculosis with complicating HIV. The
relationship of the lesions to the bronchi and the lung parenchyma are
delineated on this volume-rendered FDG-PET/CT image

in all infection a good clinical history, physical examina-
tions and laboratory finding may assist. In most opportu-
nistic infections, FDG-PET may be helpful in detecting
occult lesions that are not clinically apparent to properly
stage infection. It may also help to guide duration of ther-
apy in situations where the exact duration of treatment
may not be standardised, such as extrapulmonary tubercu-
losis or some fungal infection [69, 71].

White blood cell (WBC) scintigraphy is considered the
“gold standard” for imaging some infections in nuclear
medicine, particularly in bone and soft tissue [72]. It is
likely that this technique would be as effective in
localising infection in HIV patients as in HIV-
seronegative patients. There is an increased risk in trans-
mission of HIV or other infection such as hepatitis C vi-
rus, hence other imaging techniques such as FDG-PET
may be preferred to WBC scintigraphy.

There has been a rekindled interest of gallium-based
radioisotopes particularly with the PET-based radioisotope
gallium-68 [73]. ®’Ga, the equivalent SPECT tracer to
8Ga, was used in the past in different aspects of HIV,
including distinguishing infections from malignancy, di-
agnosing chest infections localising infections and
assessing extent of mycobacterial, Pneumocystis, toxo-
plasmosis and cocciodiodomycosis infections [6, 74].
%8Ga has shown some promise a tracer in investigating
infectious disease both as its citrate salt and when labelled
with other complexes. Triacetylfusarinine C and 1,4,7-
triazacyclononane-1,4,7-triacetic acid ubiquicidin have
been shown to be useful in infection imaging in preclini-
cal studies [73, 75]. ®®Ga citrate is being evaluated to see
whether it will be able to perform as well as its SPECT
counterpart and has already shown promising results in
bone infections [76]. **Ga-PET is likely to play an
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important role in the management of infections in associ-
ation with HIV in the future.

HIV-Associated Neurocognitive Deficit (HAND)
and HIV-Associated Dementia (HAD)

This is a subcortical dementia found in HIV patients which
was previously called AIDS dementia complex [5, 21, 77]. It
is characterised by disturbances in cognition, motor perfor-
mance and movement. Many of these symptoms can be
caused by other conditions common to HIV and these other
conditions are usually treatable [77, 78]. It is, therefore, im-
perative that these conditions are excluded before a diagnosis
of HAND is made. The introduction of HAART has reduced
the incidence of HAND from 7 to 1 % [79]. The severity of the
neurological deficit in patients with HAND also appears to
have been attenuated after introduction of HAART; however,
the prevalence of HAND continues at high rates. Prevalence
has been estimated as 33 % for asymptomatic neurological
impairment, 12 % for minor neurocognitive disorder and
2 % for HIV-associated dementia [80]. Conditions to be ex-
cluded before a diagnosis of HAND is made include CNS
opportunistic infections, neurosyphilis, substance abuse, delir-
um, toxic-metabolic disorder, psychiatric disease and age-
related dementia. A well-documented cognitive decline and
exclusion of the confounding conditions must be performed
before a definite diagnosis is settled. There is no biomarker for
HAND [77]. MRI and CT are the main imaging modalities
used in evaluating neurological disease in HIV patients. In
HAND functional imaging may play an important role be-
cause functional abnormalities precede structural atrophy,
ventricular dilatation or focal CNS lesions. Two major pat-
terns of FDG brain uptake in patients with HAND are
recognised: (1) subcortical hypermetabolism that usually oc-
curs early in disease and appears to be a disease specific mark-
er for early CNS involvement in HAND [81-83]; (2) a non-
specific pattern that correlates with age and cerebral dysfunc-
tion. As the disease progresses there is reduced cerebral up-
take in the cortical and subcortical structures. Some re-
searchers demonstrated that as HIV infection progressed the
relative uptake in the striatum and parietal lobe also increased
[84]. Some authors also found a significant relation between
frontal lobe metabolism and severity of dementia, whilst
others found that frontomesial hypometabolism was associat-
ed with deteriorating motor function [85]. Despite these find-
ings, FDG cannot be recommended for the diagnosis of
HAND and more specific tracers are needed [77].

Other Radiopharmaceuticals and Hand

Some pathogenic similarities exist between HAND and other
neurodegenerative disease, so that other tracers have been
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used to study HAND. ''C Pittsburgh compound (PIB) and
"'C PK11195 compounds, which play a significant role in
assessing abnormal protein accumulation in the brain and
neuro-inflammation, were investigated; however, these were
unable to help in the diagnosis of HAND [84—-87]. SPECT
tracers such as technetium—99m-hexamethylpropylene amine
oxime and iodine-labelled ligands were also not found to be
useful [88-91]. A search is underway for an appropriate li-
gand to image HAND and other neurological changes associ-
ated with HIV.

Lipodystrophy

This is a complication of patients treated with HAART and
may be present in up to 80 % of this population [92].
Lipodystrophy is a chronic progressive syndrome of abdomi-
nal obesity and/or peripheral fat loss, and occurs together with
hyperlipidaemia. Hyperinsulinaemia, increased C-peptide
concentration, insulin resistance and impaired glucose toler-
ance are frequently observed. FDG-PET has been studied as a
tool for monitoring lipodystrophy and to help inform clini-
cians when a particular regime of HAART should be modified
to prevent the metabolic complications of lipodystrophy. The
conclusions of these studies were that FDG-PET was able to
detect lipodystrophy in HIV patients [93—95]. The potential to
use FDG-PET to monitor patients on HAART for
lipodystrophy with the aim of reducing insulin resistance must
be investigated further [96].

Cardiovascular Disease and Arterial Inflammation

People living with HIV have a higher risk for stroke and
myocardial infarction than the general population [91]. The
risk is due to the chronic low-grade inflammation associated
with host response to HIV. FDG-PET has been investigated as
a non-invasive, sensitive, specific and reproducible biological
marker for early atheroma in metabolically active, rupture
prone atherosclerotic plaques [97—100]. The studies had
favourable results. FDG-PET/CT imaging also demonstrated
significant arterial inflammation of the carotid artery in HIV
patients with low Framingham coronary heart risk scores [5,
101-103]. Further research is needed to validate FDG-PET in
for assessing atherosclerosis in HIV patients.

Conclusions and Future Perspectives

Nuclear medicine has had important applications in the
management of HIV and HIV-associated diseases in the
past and even has greater significance in recent times.
The role of nuclear medicine is likely to increase as we
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unravel the molecular basis underlying HIV infection and
associated diseases. In some HIV-associated diseases the
role of nuclear medicine is well established, in others
there are a number of studies confirming its usefulness
but further studies are needed to recommend its use rou-
tinely in clinical practice. In neuro-HIV for example, plans
are well advanced in developing a radioimmunotherapeutic
agent to kill HIV-infected cells in the nervous system. This will
help us understand the pathology in HAND and probably lead
to the development of new therapeutic agents [77]. In the dif-
ferent HIV-associated manifestations, newer and more specific
tracers that are able image and possibly treat disease are likely
to be developed, or old radiotracers may be repurposed to man-
age these diseases. Nuclear medicine as a molecular imaging
modality is a very powerful diagnostic tool in the management
of the global pandemic of HIV infection.
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