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the brain, in the later stages of progressive HIV infection,
patients may also develop a unique condition labeled HIV-
associated neurocognitive disorder (HAND), formerly known

false-positive results.23-25 Various types of inflammatory cells
such as macrophages, lymphocytes, and neutrophil granulo-
cytes as well as fibroblasts avidly take up FDG. On activation,
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as AIDS dementia complex (ADC).6,7

HIV and TB, a “cursed duo,” are a major public health
problem. TB is one of the most virulent opportunistic
infections, and it appears early in the course of the HIV
infection than other opportunistic infections. As it is one of the
first opportunistic infection to appear in HIV-infected people,
TB may be one of the earlier signs of HIV infection.8

The advent of the highly active antiretroviral therapy
(HAART) era has greatly reduced the mortality and incidence
of new diagnoses of AIDS–defining illnesses in individuals
infected with HIV in many countries.9-13 This has led to a
paradigm shift in the management of HIV, from that of a highly
lethal infection to a chronic condition. Consequently, mortality
due to comorbid conditions is becoming more common. In
spite of thewidespread access toHAART, the incidence of death
owing to AIDS–defining illnesses such as TB is still high in some
countries, especially when the infection is diagnosed late.14-16

Therefore, all the interventions should be monitored with
appropriate methods and indicators to constitute an integrated
surveillance system of HIV care. Hence, molecular imaging with
FDG-PET/CT is needed to provide evidence-based data to
optimize quality of care and improve survival.
PET/CT is increasingly utilized for nononcologic indica-

tions. Increased FDG concentration representing increased cell
glycolysis is demonstrated in activated macrophages, lympho-
cytes, and granulocytes as well as neoplastic cells.17,18

FDG-PET detects altered cellular metabolic activity and
demonstrates sensitivity for infection in the setting of lympho-
penia and neutropenia in which clinical manifestations may be
atypical and anatomical abnormality may be diminished and
difficult to detect with radiology.19,20

This added value FDG-PET/CT would enable this modality
to become a reliable tool in this clinical setting. This paper
reviews currently available PET studies performed to either
improve our understanding of the pathogenesis of HIV-1
infection or assess the value of PET imaging in the clinical
decision making of patients with HIV-1 presenting with AIDS-
related opportunistic infections such as TB and malignancies.

Whole-body FDG-PET Findings

in Relation to Immunovirological

Status
Available data suggest that HIV binding to resting CD4
T lymphocytes causes them to home from the blood into
lymph nodes (LNs), and during the homing process, they are
induced into apoptosis only to secondary signals through the
homing receptors.21 The clinical correlate of this pathophysio-
logical process is peripheral generalized lymphadenopathy
with characteristic LN morphology that precedes tissue
involution and ultimately results in loss of superficial LNs in
the later stage of disease.22 Although FDG-PET is reported to
be a sensitive and specific technique in oncologic imaging, it is
well known that inflammatory and infectious lesions can cause
resting lymphocytes switch to glycolysis and increase their
glucose uptake by approximately 20-fold over 24 hours.26,27

LN activation in infectious diseases generates an FDG signal
that can be easily discerned from background activity.28

Several preclinical and clinical studies have evaluated the
ability of FDG-PET as a research tool to identify sites of
increased FDG uptake and presumptive HIV replication.
Scharko et al29 determined whether FDG-PET/CT could

identify activated lymphoid tissues in living rhesus mac-
aques and whether this pattern would reflect the extent of
Simian immunodeficiency virus (SIV) infection. PET images
from SIV-infected animals were distinguishable from unin-
fected controls and revealed a pattern consistent with
widespread lymphoid tissue activation. Significant FDG
accumulation in colon along with mesenteric and ileocecal
LNs was found in SIV infection, especially during terminal
disease stages. Areas of elevated FDG uptake in the PET
images were correlated with productive SIV infection using
in situ hybridization as a test for virus replication. FDG-PET
images of SIV-infected animals correlated sites of virus
replication with high FDG accumulation. Fewer tissues
had high FDG uptake in terminal animals than midstage
animals, and both were clearly distinguishable from unin-
fected animal scans. Wallace et al30 extended this study in
the same animal model to describe lymphoid tissue activa-
tion, using FDG-PET. Within a few days after primary
infection by intravenous, intrarectal, or intravaginal routes,
FDG-PET imaging revealed a distinct pattern of lymphoid
tissue activation centered on axillary, cervical, and media-
stinum LNs. Increased tissue FDG uptake preceded fulmi-
nant virus replication at these sites, suggesting that a
diffusible factor of host or viral origin was responsible for
lymphoid tissue changes.
In humans, Scharko et al31 performed FDG-PET imaging in

15 patients suffering from HIV-1. They observed distinct
lymphoid tissue activation in the head and neck during acute
disease, a generalized pattern of peripheral LN activation at
midstages, and involvement of abdominal LNs during late
disease, suggesting that lymphoid tissues are engaged in a
predictable sequence. Iyengar et al32 investigated the ability of
FDG-PET to measure the magnitude of LN activation in 12
patients recently infected with HIV-1 (o18 months since
seroconversion) and 11 patients with chronic long-termHIV-1
who had stable viremia by real-time polymerase chain reaction
(nonprogressors). All patientswere asymptomatic. The authors
also assessed PET response in 8 HIV-1 uninfected individuals
who had received licensed killed influenza vaccine. A
summed PET signal was derived from nodes with viral
load by linear regression on log-transformed values. Node
activation was more localized after vaccination than after
HIV-1 infection. In early and chronic HIV-1 disease, node
activation was greater in cervical and axillary than in
inguinal and iliac chains and summed PET signal corre-
lated with viremia across a 4-log range. Nonprogressors
had small numbers of persistently active nodes, most of



which were surgically accessible. As shown by our group,
the FDG signal derived from FDG-PET imaging in patients
with HIV not only correlates with viral load but also

early infection group compared with HIV-negative or
suppressed groups; similar findings are confirmed by our
center (Fig. 1). This could reflect massive stimulation
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inversely with CD4 cell count.33 Brust et al34 evaluated
FDG biodistribution visually and quantitatively in
5 groups: HIV-negative individuals, HIV-positive patients
with early infection, HIV-positive patients with advanced
disease, HIV-positive patients with suppressed viral loads,
and HIV-positive patients who stopped HAART. Healthy
HIV-infected patients with suppressed viral loads and HIV-
negative individuals had no or little FDG nodal accumu-
lation or any other hypermetabolic areas, whereas viremic
individuals with early and advanced HIV had increased
FDG in the peripheral nodes, indicating that FDG poten-
tially identifies areas of HIV replication. FDG biodistribu-
tion was similar between early and advanced-stage disease.
Four of 5 patients taken off HAART had negative baseline
scans but developed nodal uptake and increases in viral
loads. Furthermore, Brust et al and Liu showed that splenic
uptake is significantly greater than liver uptake in the
Figure 1 Diffuse FDG-avid lymphadenopathy in the cervical, a
splenic uptake (ie, more than the liver). On a 28-year-old HIV-i
that HIV-1 infection progresses in distinct anatomical steps, wit
during acute disease, a generalized pattern of peripheral lymp
abdominal lymph nodes during late disease, suggesting that lym
of B cells in the spleen by nonreplicating antigenic
material.34,35

More recently, Lucignani et al36 assessed whether HIV-
infected patients can be differentiated on the basis of the
detection of specific locations of viral replication, even in the
presence of an apparently optimal immunovirological response
to HAART and whether FDG-PET findings can be related to
immunovirological variables and AIDS history status. Patients
under study were divided into 5 groups: subgroup A1 (full
responders, n ¼ 8): current HAART treatment, CD4þ T
lymphocytes 4500 mL−1, and viral load o50 copies/mL;
subgroup A2 (full responders, n¼ 5): same criteria as A-1 but
with a history of AIDS; subgroup A3 (immunologic
nonresponders, n ¼ 5): current HAART treatment, viral
load o50 copies/mL, and low CD4þ T lymphocytes
(o200 mL−1); group B (virological nonresponders, n ¼ 2):
current HAART treatment, CD4þ T lymphocytes around
xillary, hilar, abdominal, and pelvic nodes. With intense
nfected patient with lymphadenopathy. This demonstrate
h distinct lymphoid tissue activation in the head and neck
h node activation at the midstages, and involvement of
phoid tissues are engaged in a predictable sequence.



500 mL−1, and viral load 450,000 copies/mL; and group C
(HAART naïve, n ¼ 5): no current or previous HAART
treatment and increased viral load. PET images revealed

is the case in 40%-90% of patients with HIV primoinfection.40

Immunodeficiency in advanced HIV infection puts patients at
high risk for opportunistic infections and malignancies. Drug

AIDS-defining cancers (ADCs), such as Kaposi sarcoma (KS),
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different patterns of FDG uptake. All HAART-treated patients
with either suppressed (o50 copies/mL; group A) or high
viremia (groupB) showed a normal pattern of FDGuptake.On
the contrary, the HAART naïve subjects with high viremia
(group C) displayed multiple foci of increased glucose
metabolism in the LNs. In the HAART-naïve subjects, FDG
uptake, apparently related to viremia level, was observed in the
upper torso mainly in the axillary nodes bilaterally in patients
with viremia below 100,000 copies/mL; in those with viremia
higher than 100,000 copies/mL, FDG uptake was also
observed in the inguinal LNs.36

FDG-PET constitutes an in vivo, noninvasive imaging
technique for disease state and its relation with immunoviro-
logical status indicates that it can be considered a marker of
disease status.

Fever of Unknown Origin (FUO)
Classical FUO is discussed in details in this series. HIV-
associated FUO can be defined as “fever 38.31C or higher on
several occasions, in a patient with a confirmed positive
serology for HIV, with a duration of fever of 4 weeks or more
for outpatients, or 3 days or more for hospitalized patients,
with an uncertain diagnosis after 3 days despite appropriate
investigation, including at least 2 days' incubation of micro-
biological cultures.”37,38

Patients with HIV have an increased risk of fever owing to
multiple factors. Infection with HIV itself can cause fever,39 as
Figure 2 Intense FDG accumulation on both lungs and mediast
accumulation in bone consistent with widespread metastastati
lung cancer present with advanced disease (stage IV) presentin
(CD4 ¼ 69).
treatment for HIV infection and its complications is a well-
known cause of febrile drug reactions.41 Sexually transmitted
diseases, alcohol abuse, and illicit drug use aremore frequent in
patients with HIV than in the general population and may
cause fever.42

As per deliberations in the previous chapter, strategies
for diagnosis and treatment of febrile episodes in patients
with HIV should always involve initial clinical and first
diagnostic investigations. If no diagnosis can be made
after these first diagnostic investigations, PET/CT may be
indicated.43,44 In patients with HIV and FUO, FDG-PET/
CT has emerged as a valuable tool for diagnosis, especially
when CT anatomical landmarks are added to PET find-
ings.45 The usefulness of FDG-PET/CT in FUO in HIV-
positive patients was also validated by Martin et al, and
their findings suggest that HIV viremia does not affect
FDG-PET/CT performance.46

AIDS-Associated Malignancy
non-Hodgkin's lymphoma (NHL), and invasive cervical can-
cer, have significantly declined. On the contrary, non-AIDS-
defining cancers (NADCs), such as Hodgkin's lymphoma
(HL), anal cancer, hepatocellular carcinoma, lung cancer, and
colorectal cancer, have gradually emerged as amajor fraction of
the overall cancer burden.47,48
inal and hilar lymph nodes, and diffusely increased FDG
c disease. This illustrates that HIV-positive patients with
g in younger age group (32 years) with lower CD4 count



In a recent large prospective study, it was found that the
latest CD4 cell count is strongly associated with the risk of
death from both ADC and NADC.48 This finding has been

Cervical Cancer
Cervical cancer remains the commonest malignancy in devel-
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confirmed by a recently published meta-analysis on the
incidence of cancers in HIV/AIDS and transplant recipients,
which revealed the importance of immunosuppression.49

Individual ADCs and related FDG-PET findings are
discussed later.
NADCs are a very heterogeneous group of cancers with

increasing importance in subjects with HIV infection. They
develop in patients that are younger than general population
and their clinical manifestations are usually atypical, with
higher tumor grades, more aggressive clinical behavior and
metastatic disease.50 The outcome is poor, with rapid pro-
gression, high rate of relapse, and poor response to treatment
(Fig. 2). There are several factors that influence their develop-
ment: HIV infection, chronic immunosuppression, and coin-
fection with some oncogenic viruses. The most frequent
NADCs are those associated with human papillomavirus
(HPV) infection (anal cancer), lung cancer, hepatic cancer,
and HL.51,52 Their management is based on 3 essential points:
the treatment of the specific malignancy, the use of ART,
and the prophylaxis and treatment of opportunistic infections.
The 2 factors significantly associated with prevention of
NADCs are a CD4þ lymphocyte count more than 500/
mm52,53 and an undetectable viral load. The role of FDG-
PET/CT in these NADCs is similar to that in non–HIV-infected
patients (Fig. 3).
Figure 3 HIV-positive patients with cervical cancer demonstr
recurrence rates. In this young lady, FDG study revealed a p
peritoneal carcinomatosis. Consistent with Sister Mary Joseph n
rapidly progressive disease (B).
oping countries. The incidence of HIV infection amongst
patients with cervical cancer is approximately 20%-25%.54 In
addition, patients present 10-15 years earlier and with more
advanced-stage disease. Immunosuppression influences
patient performance status, tumor burden, tumor aggressive-
ness, tolerance to therapy, and outcome.55

HIV infection and low CD4þ T-cell count are associated
with an increased risk of persistent oncogenic HPV infection,
the major risk factor for cervical cancer. Trends in HIV-
associated cervical cancer have changed in the HAART era.
Recent molecular pathways suggest that the natural progres-
sion of HPV infection, the causal agent in all cervical cancers,
may be related to immune system dysfunction as well as HIV
or HPV synergistic mechanisms. When highly active retroviral
therapies are used, invasive cervical cancer treatments are
affected by concomitant drug toxicities that could potentially
limit therapeutic benefit of either HAART or, the standard of
care treatment for locally advanced cervical cancer, concom-
itant chemoradiotherapy.
The assessment of response to radiotherapy in cervical has

been hampered by the lack of suitable investigations with
which to assess response.56 The role of FDG-PET/CT in
cervical cancer has been well established. FDG-PET/CT
demonstrates abnormal cervical uptake in virtually all patients
with cervical cancer, and the current state-of-the-art PET
ate more rapidly progressive disease and have higher
athologic uptake located in the umbilicus associated to
odule (A). Follow-up scan after 6 months demonstrated



software allows for the 3-dimensional volumetric analysis of
the tumor, which has been shown to be of more prognostic
significance than clinical stage of disease.55,57 In a recent study

led eventually to the discovery of KS–associated herpesvirus or
human herpes virus-8 (HHV8).6 Infections with HHV8 have
been detected in all forms of KS and deemed the causative

Figure 4 HIV-positive patient with DLBCL for therapy response ormonitoring (after 8 courses of CHOP). Her CD4¼ 354,
viral loado50 (on antiretroviral medication for 17 months). FDG-avid lymphadenopathy in the left axilla region, hilar,
para-aortic, abdominal, and pelvic nodes (A). The follow-up scan ismore intensewith involvement of the pelvic bones and
shows rapidly progressive disease (B).
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byKidd et al, pretreatment FDG-PET LN status, cervical tumor
standardized uptake value (SUV)max, and tumor volume
combined in a nomogram proved a goodmodel for predicting
cervical cancer recurrence free survival, decision support
system, and overall survival. This analysis is used in our center
for prognostication of patients with HIV-positive cervical
cancer.58 And our ongoing experience demonstrates that
FDG-PET/CT is a valuable technique for assessing prognosis,
modifications to the chemoradiotherapeutic regimen, treat-
ment response after the completion of concurrent chemo-
radiation, and suspicious or documented recurrence (Fig. 4).

Kaposi Sarcoma

KS was one of the earliest manifestations of the AIDS epidemic

and the severe morbidity and mortality associated with AIDS-
KS prompted a vigorous research effort into its etiology which
agent of both AIDS-defining and non-AIDS-related KS.59

Infections with HHV and HIV cause the activation of numer-
ous preexistent and virus-specific signal transduction path-
ways.60 The introduction of effective ARTs in the mid-1990s
led to a sharp decrease in the incidence of KS in HIV-infected
subjects in developed countries where such therapies were
widely available.61 A similar trend has been noticed in
developing countries.
FDG-PET/CT was shown to be effective in detecting

clinically occult KS lesions that were difficult to diagnose with
traditional imaging techniques in more advanced stages of
KS.62,63 Visceral involvement predicts survival in patients with
AIDS-associated KS,64 thus accurate staging and identification
ofmore sites with FDG-PET/CT is useful in themanagement of
this patients.
In addition to KS, KS–associated herpesvirus or HHV8

infection is associated with the plasma cell variant of multi-
centric Castleman disease (MCD), a rare lymphoproliferative



disorder. In HIV-infected patients, MCD is highly aggressive
and often lethal.65 Recently, Barker et al66 evaluated the efficacy
of FDG-PET/CT in the diagnosis and monitoring of MCD

evaluation of lymphadenopathy suspected of being lym-
phoma. PET/CT findings were compared with concurrent
clinical, immunologic, and virological data. PET/CT accurately
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activity. Nine patients with histologically confirmed MCD
underwent fused FDG-PET/CT at initial diagnosis, after
relapse, or during remission.66 FDG-PET/CTwas able to detect
abnormal uptake in LNs more frequently than CT-alone-
detected enlargement.66 Scanning with FDG-PET/CT may
therefore be useful in correctly identifying appropriate sites
for biopsy, staging, andmonitoring lymphoproliferation owing
to HIV-associated MCD.

Lymphoma

The Incidence of aggressive B-cell lymphoma is dramatically

Opportunistic Infections from
increased in the HIV-seropositive population.67 Before the
introduction of HAART, high-grade B-cell immunoblastic
lymphomas (BCLs) were themost common histologic subtype
followed by Burkitt lymphoma (BL) and intermediate-grade
diffuse large BCL (DLBCL).67,68 Data since the introduction of
HAART reveal a marked decrease in the incidence of immu-
noblastic lymphomas with an increase in DLBCL and BL.68

Higher viral load and lower CD4 counts are both risk factors
for the development of NHL.69,70 The risk of NHL rises
substantially in patientswithHIV ribonucleic acid levels greater
than 100,000 copies/mL and those with CD4 counts of less
than 50 mL−1.69,71 Systemic lymphomas, however, may occur
at virtually any level of CD4 count, with BL occurring more
frequently in those with CD4 counts greater than
200 mL−1,72,73 and primary central nervous system (CNS)
lymphomas are associated with the most severe immunocom-
promise being seen almost exclusively in those individuals
with CD4 counts less than 50 mL−1.74

HL is a non-AIDS-definingmalignancy that has been shown
to be increased in incidence in the setting ofHIV infection,with
large cohort studies and AIDS-cancer match registry data
demonstrating standardized incidence ratios of approximately
9-18.67,75 In most series of cases, the histologic pattern differs
from the general population in that mixed cellularity is the
most commonly reported pattern rather thannodular sclerosis.
Lymphocyte-depleted histology has also been observed more
often in the setting of HIV infection.

18F-FDG-PET/CT is a valuable imaging technique in the
diagnosis, staging, restaging, and monitoring response to
therapy in HIV-infected patients with lymphoma (Fig. 4).76

The most common subtypes of NHL diagnosed in HIV-
infected individuals are DLBCL and BL. These lymphomas
are usually high grade and often widely disseminated with
frequent involvement of extranodal sites at the time of
diagnosis.76

As described before, patients with HIV-1 are at risk for
lymphoma, making the differential diagnosis between benign
and malignant lymphadenopathy imperative. Goshen et al77

studied 7 patients with HIV-1. Six patients with known NHL
underwent a total of 16 PET/CT scans; 5 of 16 scans were
performed for initial staging and 10 of 16 for evaluating
treatment response and follow-up.Onepatientwas referred for
depicted the extent of lymphoma in 12 of 16 patients' scans
(75%), yet in 4 of 16 (25%) scans increased FDG uptake was
noted in LNs of normal CT appearance (PETþ/CT−). The
highest values ofCD4 cell count and viral loadwere concurrent
with the discrepant PETþ/CT− scans, seen in 4 scans, in
2 patients. The PETþ/CT− findings in both these patients
were observed in neck, axillae, mediastinum, spleen, and
inguinal regions, and sample biopsies of the PET (þ) nodes
consequently proved benign findings in both patients. The
specificity of FDG uptake in LNs in patients with HIV is not
only problematic in ADCs but also in NADCs.78 Finally, Just
et al79 retrospectively studied 13 consecutive HIV-positive
patients with BL who underwent 1 or more PET/CT scans.
In 5 of 5 patients imaged before treatment, PET/CT confirmed
all involved sites detected at conventional workup and
demonstrated additional sites in 4 of 5 patients. LN involve-
ment, which is known to be uncommon in endemic or
sporadic BL, was present in 54% of patients. Additionally, in
3 patients, BL was predominantly located in parotid LNs,
which is also an unusual finding. A negative scan was
encountered in 3 of 10 patients imaged during treatment
and in 1 of 4 patients imaged after treatment completion and
was always associated with lasting complete remission. FDG-
PET/CTmay help guide treatment strategy andminimize long-
term toxicity in lymphoma patients with HIV-1 and had been
used confidently as a management tool in this patient group.80

As suggested by Goshen et al, in the context of discrepant PET/
CT findings, increased viral loads and CD4 levels may imply
benign HIV-related lymphadenopathy.

FDG-PET to Differentiate
Lymphoma in the Brain
The distinction between primary CNS lymphoma and non-
malignant lesions due to opportunistic infections, in partic-
ular cerebral toxoplasmosis, is important as treatment is
different. Cerebral toxoplasmosis can be effectively treated
with medication, whereas primary CNS lymphomas are
treated with radiation therapy and corticosteroids. Neither
CT nor MRI can reliably distinguish CNS infections, such as
toxoplasmosis, from lymphoma in HIV-1-positive patients.
Accordingly, the potential of FDG-PET to noninvasively
differentiate cerebral toxoplasmosis and other infectious
diseases from primary CNS lymphoma has been assessed
by several authors. Hoffman et al81 studied 11 individuals
with AIDS and CNS lesions with FDG-PET. Both qualitative
visual inspection of the PET images as well as semiquanti-
tative analysis indicated that FDG-PETwas able to accurately
differentiate between a lymphoma and a nonmalignant
etiology for the CNS lesions. Similar results were found by
Villringer et al.82 These authors examined 11 patients with
AIDS, 6 with toxoplasmosis, 1 with a tuberculoma, and



4 with a primary CNS lymphoma. The FDG uptake within
the lesion was compared with the uptake in a contralateral
brain area (SUV). In all subjects with cerebral infections

reported on FDG-PET brain findings in demented AIDS
patients as well as in asymptomatic HIV-infected subjects.79-93

In an early imaging study using FDG-PET in 12 patients with
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(toxoplasmosis and tuberculoma), the SUV ratio was sig-
nificantly lower than the SUV ratio in patients with lym-
phoma with no overlap of the uptake values. Heald et al83

studied 18 patients that were divided into 3 groups based on
biopsy results, serology, and response to therapy. Group
1 consisted of 8 patients with infectious lesions (4 with
toxoplasmosis, 2 with neurosyphilis, and 2 with progressive
multifocal leukoencephalopathy). Group 2 consisted of
5 patients with biopsy-proven CNS lymphoma. Group
3 consisted of 5 patients with presumed CNS lymphoma.
Using both a qualitative visual score and a semiquantitative
count ratio comparing the lesion with contralateral brain,
CNS lesions diagnosed as lymphomas had statistically higher
visual scores and count ratios than CNS lesions diagnosed as
infections.
Finally, O'Doherty et al84 showed that in 19 patients who

were on antitoxoplasmosis treatment, FDG-PET scan was
100% sensitive and specific for identifying primary CNS
lymphoma. Hence, FDG-PET is valuable in atypical CNS
lesion detection, not only to differentiate the primary CNS
lymphoma from infections but also to identify the optimal site
for biopsy, and thus reduce the risk of complications by
demonstrating the easiest accessible brain lesion.

PET Imaging With FDG in ADC

HAND, formerly known as ADC, is a subcortical dementia

and Arterial Inflammation
that is characterized by disturbances in cognition, motor
performance, and behavior. Diagnosis of early HAND is
important as many of its symptoms can be caused by other
conditions common to people with HIV or AIDS, many of
which may be treatable.85 There is no diagnostic marker or
combination ofmarkers for HAND. The diagnosis is made in
HIV-positive patients with cognitive impairment after ruling
out confounding conditions (CNS opportunistic infections,
neurosyphilis, substance abuse, delirium, toxic-metabolic
disorders, psychiatric disease, and age-related dementias).
An essential feature in the diagnosis of HAND is the presence
of well-documented cognitive decline and the exclusion of
other neurologic complications of HIV infection, such as
cerebral toxoplasmosis, cryptococcal meningitis, lym-
phoma, and progressive multifocal leukoencephalopathy,
conditions that are characterized by focal or heterogeneous
18F-FDG uptake as opposed to the striatal symmetrical
hypermetabolism observed in early HAND.86 Therefore,
cerebrospinal fluid examination and imaging studies of the
brain are mandatory. Cerebrospinal fluid analysis should
exclude infectious agents other than HIV.
Although the primary imaging methods to enhance diag-

nosis of neurologic complications associated with HIV infec-
tion are MRI and CT, functional imaging may prove to be of
greater value because HAND/ADC causes functional abnor-
malities before structural atrophy, ventricular dilatation, or
focal CNS lesions are visible.87 A number of studies have
dementia, Rottenberg et al94 found relative subcortical hyper-
metabolism in 9 patients in the early stage of AIDS-related
dementia. Disease progression was characterized by reduced
glucose uptake in cortical and subcortical gray matter (Fig 7).
In a follow-up study by the same group, 21 HIV-infected
subjects (11with AIDS)were examined. Twelve had follow-up
scans at 6 months and 4 had a third scan at 12 months.
Principal component analysis of the combined (HIV-infected
and controls) PET data revealed 2 major disease-related
metabolic components: a nospecific indicator of cerebral
dysfunction, which was significantly correlated with age,
cerebral atrophy, and HAND or ADC stage; and the striatum,
which was hypermetabolic and appeared to provide a disease-
specific measure of early CNS involvement.91 Similar findings
were reported by Van Gorp et al who described regional
hypermetabolism in the basal ganglia and the thalamus in 17
subjects with AIDS when compared with 14 seronegative
controls.95 The authors also found a significant relationship
between temporal lobe metabolism and the severity of
dementia. Hinkin et al89 showed that as HIV-associated brain
infection progressed, relative basal ganglia metabolism
increased as well as metabolism in the parietal lobe. Pascal
et al95 found in 10 of 15 asymptomatic HIV-positive patients,
significant asymmetries in FDG uptake which were most
prominent in the frontal regions, whereas MR showed no
abnormalities. Finally, during a motor task, von Giesen et al93

found frontomesial hypometabolism in 9 of 19 nondemented
HIV-infected subjects. The authors indicated that frontomesial
hypometabolism was associated with deteriorating motor
performance.

Cardiovascular Disease (CVD)
People living with HIV have a 2-fold greater risk for experienc-
ing a stroke or myocardial infarction than the general
population.96 Evidence suggests that chronic low-grade
inflammation associated with the host immune response to
HIV infection and ongoing viral replication contributes to
greater CVD risk and the higher incidence of CV events inHIV-
infected adults.97,98

Several groups have pioneered the use of 18F FDG uptake
by proinflammatory macrophages present in the arterial wall
as a noninvasive, sensitive, specific, and reproducible molec-
ular level biomarker for early atheroma formation in meta-
bolically active, rupture-prone atherosclerotic plaques.99-101

Proinflammatory macrophages utilize glucose at a high
rate.100 Similarly carotid 18F-FDG-PET/CT imaging detected
significant vascular inflammation in HIV-infected men and
women with low Framingham coronary heart disease
risk scores, suggesting that this molecular imaging method
is sensitive to early proatherosclerotic processes in a
clinical population suspected of having chronic, low-grade
inflammation-induced CVD.102 This was confirmed by



Subramanian et al.103 Currently there is a paucity of knowl-
edge and more research is needed to examine the potential
role of PET in diagnosis of HIV and CVD.
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FDG-PET Findings in HIV-1-

Infected Patients With

phenomenon, this uptake pattern may be misinterpreted
as diffuse soft tissue inflammation, or even as a technical
fault with attenuation correction. The potential role of

HAART

Figure 5 A coronal image of a patient under highly active antiretroviral
therapy (HAART) showing normal FDG uptake in subcutaneous fat
(A). A coronal image of a patient under HAART with lipodystrophy
with increased FDG uptake in subcutaneous fat (B). The patient with
lipodystrophy had the clinical evidence from physicians' and patient's
reports of fat wasting from the face, buttocks, limbs, and upper trunk,
and accumulation of fat in the abdomen or over the dorsocervical
spine, and no history of anabolic steroids, glucocorticoids, or
immunomodulators within 3 months of assessment.
Lipodystrophy
A chronic and progressive syndrome of lipodystrophy (periph-
eral fat loss or abdominal obesity or both) and hyperlipidemia
has been reported in up to 60%-80% of patients treated with
HAART.104,105 Hyperinsulinemia, increased C-peptide con-
centration, insulin resistance, and impaired glucose tolerance
have been frequently observed. Insulin resistance, as deter-
mined by euglycemic-hyperinsulinemic clamp technique,
reflects defective insulin action observed predominantly in
skeletal muscle and liver. Behrens et al106 determined whole-
body glucose disposal and oxidation by combination of the
euglycemic-hyperinsulinemic clamp technique and indirect
calorimetry in patients receiving HAART with signs of lip-
odystrophy as confirmed by dual energy x-ray absorptiometry.
Muscle glucose uptake of the thighs was measured simulta-
neously by dynamic 2 FDG-PET. Whole-body glucose dis-
posal was significantly reduced in these patients compared
with untreated patients. Analysis of kinetic constants using a
3-compartment model indicated reduced skeletal glucose
uptake caused by significantly impaired glucose transport
and phosphorylation. Skeletal muscle glucose uptake was
reduced by 66% in treated patients and explained 46% and
43% of whole-body glucose disposal in patients on HAART
and therapy-naive patients, respectively. Insulin-stimulated
whole-body oxidative and nonoxidative glucose disposal was
significantly lower in the treated group, as was suppressive
insulin action on lipolysis. Bleeker-Rovers et al107 performed
FDG-PET in 4 HIV-infected patients with early features of
lipodystrophy treated by a stavudine-containing HAART
regimen for a maximum of 3 years, in 4 HIV-infected
patients never treated by HAART (control 1), and in 5
HIV-infected patients without lipodystrophy treated for
a maximum of 3 years by HAART that never included
stavudine; stavudine-based regimens have the highest
incidence of lipoatrophy and switching treatment to
zidovudine or abacavir may reduce lipodystrophy. In
lipodystrophy patients with markedly increased subcuta-
neous 18F-FDG uptake, stavudine was replaced by zido-
vudine, abacavir, or tenofovir and FDG-PET was repeated
3-6 months later. Markedly increased subcutaneous
18F-FDG uptake was found in 3 of 4 HIV-infected
patients with lipodystrophy but in none of HIV-infected
controls without lipodystrophy. Likewise, in our series of
39 patients suffering from HIV, 7 drug-naive patients, 21
nonlipodystrophic patients on HAART, and 11 patients
on HAART suffering from lipodystrophy, quantitatively,
FDG uptake by subcutaneous fat proved significantly
higher in HIV patients under HAART presenting with
lipodystrophy (Fig. 5).108 Without the knowledge of this
FDG-PET in monitoring response to various treatment
options aimed at reducing insulin resistance in lipody-
strophic HIV patients under HAART warrants further
investigation.109 As this may help in modification of
newer HAART and regimens.

Thymic FDG-PET Findings After
The thymus in adults infected with HIV-1 is generally thought
to be inactive, both because of age-related involution and viral
destruction.110 The observed increase in the number of CD4 T
cells after HAARThas been attributed to thymic reactivation by
some authors. However, this issue remains controversial.
Hardy et al111 performed sequential FDG-PET imaging in
patients under HAART therapy. In 1 patient, clear correlations
could be drawn between visible activity within the thymus, as
measured by increased FDG uptake, and regeneration of naïve
CD4 (CD45RA/CD62L) T cells, increased numbers of CD4 T
cells, controlled viremia, and increased numbers of recent
thymic emigrants. A second patient displayed no increase in
peripheral CD4 count and no increase in thymic activity.
Similar findings were confirmed by Tanaskovic et al112 who
found no residual thymic tissue on FDG-PET in some
previously immunodeficient HIV patients responding to ART
that display poor recovery of CD4þ T cells.
Recently, Lelièvre et al have indicated that FDG-PET/

CT in HIV may serve as a new marker for the evaluation



of thymic function in HIV-infected patients. Their
study also showed that thymic function is increased in
HAART-naive HIV patients and relatively impaired

or NHL. Determination of pulmonary tuberculoma activity is
mandatory for optimal treatment strategy.118 As FDG is known
to accumulate in inflammatory cells such as neutrophils and
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in older chronically treated patients arguing for a place
in the treatment of HIV infection of strategies aimed to
restore thymic function. Without knowledge of thymic
reactivation in adults, these studies may be falsely
reported as being positive for disease in the anterior
mediastinum.

Tuberculosis

In HIV/AIDS and TB infection, early identification and

diagnosis of active TB is the key to effective control of the
disease.113 Globally, TB continues to be one of the leading
infectious causes of morbidity andmortality, accounting for an
estimated 9 million cases and 2 million deaths per year.114,115

The effect of the dual HIV and TB epidemics is felt most
severely in developing countries, with recent estimates of dual
infection rising rapidly. HIV-infected patients are at a 20-fold
increased risk of contracting TB when compared with HIV-
noninfected peers.114,116 Therefore, there is an increasing
clinical need for effective imaging for the following:

(1) Early identification and diagnosis of TB (key to effective
control of the disease);

(2) Differentiation between malignancies and TB, which is
P

(3)
ulm
particularly important for solitary pulmonary nodules
Correct identification of extrapulmonary TB and stag-
ing of TB (crucially important to start anti-TB treatment

and coordinate this with ART for HIV);
Follow-up of TB patients (in developing countries,
(4)

multidrug resistant and extensively drug resistant TB
are of serious consequence, and thus monitoring of
therapy is essential).
onary
sing active pulmonary TB is one of themajor challenges
Diagno

in the clinical management of active pulmonary TB. The
conventional diagnostic strategy is based on history, clinical
signs and symptoms, microbiology (sputum smear and
culture), and chest x-ray (CXR). The classical radiographic
findings of pulmonary TB, consisting of upper lobe involve-
ment and cavitations without lymphadenopathy are usually
only found in HIV-infected individuals without severe immu-
nosuppression (CD4 4 200). In those HIV-infected individ-
uals with severe immunsuppression (CD4 o 200), atypical
radiographic pattern is predominant (Mendelson117). This
includes involvement of the middle and lower parts of the
lungs, the lack of cavity formation, presence of lymphaden-
opathy, pleural effusion, and military pattern. Nevertheless, a
number of patients may even present with a normal CXR. The
radiographic appearance can be confused with copathologies
of the lung frequently seen inHIV-infected individuals, such as
Pneumocystis jiroveci pneumonia or nontuberculous myco-
bacterium infections; bacterial, fungal, or viral pneumonia; KS;
activated macrophages at the site of inflammation,119,120 this
enables FDG-PET to be the preferred modality for real-time
assessment of disease activity over CXR, CT, and MRI.
Goo et al121 studied 10 consecutive patients suffering from
histopathologically proved pulmonary TB. Nine of 10 tuber-
culomas showed FDG uptake at PET, and the mean SUVmax

value was 4.2 � 2.2 SD. FDG uptake (range 1.9-3.7) in
lesions adjacent to main abnormalities was demonstrated in
4 patients. The authors concluded that pulmonary tuber-
culoma commonly causes an increase in FDGuptake.Recently,
Kim et al evaluated the potential role of double-phase
acquisition of FDG-PET for the differentiation of active
pulmonary tuberculoma.122 A total of 25 consecutive patients
with pulmonary tuberculoma were enrolled. PET/CT imaging
was performed 60 (range 53-71) and 120minutes (range 109-
131) after injection of 18F-FDG. Early and delayed SUVmax

values as well as %Delta SUVmax values were obtained in all
patients. Active tuberculoma showed statistically significant
higher values in maximal SUVmaxE than those of inactive
tuberculoma (active ¼ 2.3 � 0.75, inactive ¼ 0.79 � 0.15),
SUVmaxD (active ¼ 2.48 � 0.79, inactive ¼ 0.75 � 0.13),
and %Delta SUVmax (active ¼ 8.07% � 7.77%, inactive ¼
-3.83 � 6.59). When SUVmaxE 1.05 was used as the cutoff
point, the sensitivity and specificity were 100% and 100%,
respectively. When SUVmaxD 0.97 was used as the cutoff
value, the sensitivity and specificity were 92.8% and 100%,
respectively. When %Delta SUVmax 6.59 was used as the
cutoff value, the sensitivity and specificity were 71.4% and
100%, respectively. The authors concluded that further
studies are needed to confirm their results and improve
statistical accuracy. In the series presented, 7 of 16 patients
suffered from active lung TB. When compared with the
series by Goo et al121 and Kim et al122, SUVmax values in
lung tuberculoma proved higher [mean values of 8.2 (range:
3.4-21.7) and 11.1 (range: 4.5-27.2), respectively].120 Also,
%Delta SUVmax proved higher in this series when compared
with the findings by Kim et al122 (mean: 35, range:
23-54). From a clinical point of view, the high SUV values
and the SUV increase over time observed are of concern
when considering the specificity of cancer diagnosis in
patients with solitary lung nodules. From a physiopatho-
logical point of view, the uptake of FDG in lung tuber-
culoma as found in our series and those by Goo et al and
Kim et al likely relates to the nature of tuberculous
granuloma. Granulomas are composed mainly of clusters
of macrophages (ie, the hard granuloma). Blood vessels are
usually scanty or completely absent in it and the tissue is
hypoxic or anoxic.123-125 Macrophages adapt to hypoxia
and survive on anaerobic glycolysis.126,127 As a conse-
quence, the increased glycolysis of macrophages may result
in a high SUV of FDG indistinguishable from malignancy.
In some patients, dual-phase 18F-FDG imaging may be

useful to determine whether a site of pulmonary uptake of
18F-FDG is malignant or benign. The general basis of this
theory is that although both pathologies may have an initially



high SUVmax, malignant tissues would have a greater retention
of 18F-FDG between 1 and 2 hours than benign proc-
esses.120,128 However, in these studies there was only 1 patient

Extrapulmonary
Extrapulmonary TB (EPTB) refers to TB outside of the
lungs.131 EPTB has been an AIDS-defining condition, indicat-
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with TB in the noncancer group. The situation is very different
when the benign disease group contains patients with TB. In a
prospective series of 31 patients with suspicious pulmonary
lesions, low washout (eg, a high-retention index for 18F-FDG)
was seen in 60% of the benign lesions including 10 patients
with TB. This was similar to a high-retention index of 62% at
the malignant sites of disease; the inference being that late
imaging and looking at washout rates or retention index of
18F-FDG is not useful.129 This study has been confirmed in a
sub-Saharan population in a group of 30 patients with a high
incidence of TB. The SUVmax in the benign group was higher
than those with cancer,130 which meant that the traditional
SUVmax cutoff of 2.5 was used and the specificity of 18F-FDG
was only 25% for finding cancer. Again, the washout of 18F-
FDG asmeasured by change in SUVmax was almost identical in
the 2 groups especially when TB was compared with cancer. It
would, therefore, seem that the use of washout rates for
18F-FDG is unlikely to be helpful in differentiating TB from
other causes of 18F-FDGuptake in the TB endemic area such as
sub-Saharan population (Fig. 6).
Figure 6 PET/CT slides showing a pulmonary nodule in the l
imaging. These features are indistinguishable for malignancy an
ing clinical stage 4 in adults.132,133

Although EPTB is seen in 15%-20% of immunocompetent
patients with TB, EPTB is seen in more than 50% of HIV-
positive patients with TB; the risk of EPTB and of mycobacte-
rial infection increaseswith advancing immunosuppression.134

The most common site of EPTB involvement is the LNs
followed by pleural effusion and bone and joint involve-
ment.134-136

EPTB presents a difficult diagnostic challenge for a nuclear
physician or radiologist and requires a high index of suspicion,
particularly in high-risk populations.
With regards to musculoskeletal TB, the spine is the most

frequent location and usually the wide range of clinical
presentations results in difficulties and delays in diagnosis
(Fig. 7). To address this poor record, FDG-PET seems to be
superior to both morphologic and conventional nuclear
medicine imaging. PET demonstrate lesion extent, serve as
guide for biopsy with aspiration for culture, assist surgery
planning, and contribute to follow-up.137
eft upper lobe which is 18F-FDG avid on double-phase
d TB; this patient was proven to have TB.



Sathekge et al138 studied the potential effect of dual-phase
FDG-PET vs routine staging in 16 TB patients. In 9 patients, 18
sites of LN involvement were identified on both early and

It is common for patients with low CD4þ counts and TB
coinfection who are treated with ART to develop immune
reconstitution inflammatory syndrome and frequently die

Figure 7 Consecutive transaxial PET/CT slides showing intense 18F-FDG in a patient with TB of the spine and low-grade
18F-FDG uptake in a pleural effusion. FDG-PET/CT provides more accurate assessment of the extent of involvement in
patients suffering from extrapulmonary tuberculosis and thus a useful tool in the assessment of disease activity before
treatment and determining the duration of treatment.
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delayed images. Nine of 18 sites of LN involvement, occurring
in 5 patients, were missed on CT. In 4 of these 5 patients, sites
of LN involvement were the only sites of EPTB identified. Sites
of osseous involvement and joint involvement, respectively,
occurring in 4 and 3 patients, were identified on both CT
and FDG-PET. Thus supporting that FDG-PET/CT can
demonstrate lesion extent, serve as guide for biopsy with
aspiration for culture, assist surgery planning, and contribute
to follow-up.

Therapy Monitoring of TB

In developing countries, multidrug resistant and extensively

drug resistant TB are of serious consequence, and thus
monitoring of therapy is essential. A major attribute of PET
stems from its ability to quantitate 18F-FDG uptake, which
allows the infectious or inflammatory processes to be moni-
tored during the early course of the disease.139 This is especially
true in determining the effectiveness of therapy.
because of this condition. Symptoms include new or worsen-
ing fever, lymphadenopathy, pulmonary, visceral, CNS, or
cutaneous disease, which may be severe and life-threatening
andmust be differentiated fromdisease progression. Published
evidence clearly demonstrates that TB-HIV integration is
essential for improved survival, but the question of when to
start ART during TB treatment is more complex.8 Fortunately,
clinical trial evidence now demonstrates improved survival in
severely immunocompromised TB-HIV coinfected patients
with early HAART initiation from the start of TB treatment,
except in patients with TB meningitis.8 Hence, early detection
and monitoring of treatment is essential.
The treatment of TB can be problematic, the disease itself

may be resistant to standard treatment, and treatment itself is
prolonged with regimens in HIV-positive patients being any-
where from 3-9months. Hospitalization for this period of time
is not possible, so treatment is performed as an outpatient.
However, this raises the problem of compliance, especially if
the patient starts to feel better. The time course of treatment is
empirical and tends to be the maximum needed to treat TB in



Figure 8 FDG-PET/CT performed before (A) and after therapy (B). The pathologic uptake in the left lung andmediastinum
before therapy almost completely disappeared after therapy. This case highlights metabolic response may indicate clinical
response and guide duration of antimicrobial therapy.
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that clinical situation. However, there can be great variation in
the length of the course of treatment required, so an objective
method to monitor treatment is required. Using an animal

in differentiating between an inactive granuloma and a
granuloma in the latent or active stage of infection.142 This
was also proven in separate studies by Tian et al143 and
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model and TB infection model, it has been shown that
quantitative 18F-FDG uptake can be used to monitor the
effectiveness of treatment.115,140 In this study, there was a clear
correlation between the fall in 18F-FDGuptake in the lungs and
successful administration of a bactericidal drug. In contrast,
uptake of 18F-FDG increased when an ineffective drug was
given and in the control group. In humans, data by Demura
et al141 indicate that 18F-FDG-PET could be an important
noninvasive method for the diagnosis of latent and active
disease that enables management of pulmonary mycobacterial
infection as well as for assessment of therapeutic response in
patients with pulmonary mycobacteriosis. This study, how-
ever, predominantly included patients suffering from non-
tuberculous pulmonary mycobacteriosis141 and confirmation
of their findings in TB patients are needed. Park et al142 have
demonstrated that during anti-TB treatment, some bacillus-
negative tuberculomas do not decrease in size or may even
keep growing, making it difficult for physicians to decide
whether to alter treatment regimens. 18F-FDG-PET imaging
may therefore be useful in this situation. If FDG-PET shows
that SUV is increased, it is likely that the tuberculoma is in
active status, and that treatment should be prolonged or the
patient switched to other drugs. If the SUV is decreased, it is
likely that the tuberculoma is responsive to anti-TB treatment,
and current treatment should be continued according to
standard protocols (Fig. 8). PET imaging may also be useful
Figure 9 PET/CT findings in a nonresponder with basins of in
peripheral rim enhancement. This support the fact thatwhen the
enlarge through tissue destructionwith central liquefaction of ca
shown on CT, corresponding to peripheral rim-enhanced cent
Hofmeyr et al.144 Furthermore, patients with malignancy
receiving immunosuppressive therapy are at risk for TB that
may present as asymptomatic extrapulmonary disease.
Although definitive diagnosis and exclusion of active TB
infection by culture and examination of tissue specimens is
always recommended, FDG-PET/CT may contribute to earlier
diagnosis.144 In a study by our group,139 SUVmax of involved
LN basins (both early and delayed) and number of involved
LN basins on pretreatment scans proved significantly higher in
nonresponders than in responders (respective P values were
0.03, 0.04, and 0.002).Using a cutoff of 5 ormore involved LN
basins, responders could be separated from nonresponders
with a sensitivity, specificity, and positive and negative
predictive value of 88%, 81%, 70%, and 93%, respectively.
Using a cutoff of 8.15 for the early SUVmax of LN basins and of
10 for the late SUVmax of LN basins, a comparable sensitivity of
88% came at the cost of a lower specificity: 73% and 67%,
respectively.139 This accuracy tends to be slightly lower on
FDG-PET imaging performed at 4 months posttreatment
instigation. However, at this time interval, a cutoff for SUVmax

values of involved LNs of 4.5 appears to be more performing:
LNs responding to TB treatment could be differentiated from
nonresponding LNs with a sensitivity and specificity of 95%
and 85% (area under the curve: 0.96), respectively.145 As well
as the number of LNs with rim enhancement and low central
attenuation was significantly higher in nonresponders than in
volved lymph nodes displaying central attenuation and
macrophage-activating response isweak, the lesionwould
seousmaterial that contains large numbers of TB bacilli, as
ral low-attenuation nodes.



responders (Fig. 9). All these studies concur that FDG-PET
may be a useful tool in the assessment of latent TB to exclude
active disease before treatment. PET/CT has the potential for

and 2005” surveys (ANRS EN19 andMortavic). J Acquir Immune Defic
Syndr 2008;48:590-598

14. Bonnet F, Lewden C, May T, et al: Opportunistic infections as causes of
death in HIV-infected patients in the HAART era in France. Scand J
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monitoring response to anti-TB treatment. Metabolic response
may indicate clinical response and guide duration of anti-
microbial therapy.

Conclusions

The value of PET applied to the metabolic evaluation of HIV

and TB is increasingly recognized. With FDG-PET-studies
improving our understanding of the pathogenesis of HIV
infection and the value in the clinical decision making of HIV-
infected patients presenting with AIDS-related opportunistic
infections such as TB and malignancies. Knowledge of this
varied spectrum of AIDS-defining illnesses and immunoviro-
logical status is essential when interpreting FDG-PET imaging.
In addition, FDG-PETholds great potential to play a significant
role in the clinical decision making of HIV-1 patients present-
ing with AIDS-related opportunistic infections and malignan-
cies and for to proposing appropriate differential diagnoses,
suggest correlation with laboratory and microbiological assays
or biopsy, and reliably assess therapeutic response.
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