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The use of PET scanning in patients with human immunodeficiency
virus infection and fever of unknown origin, confusion and/or weight
loss was investigated. Methods: Eighty patients were examined
using PET. Fifty-seven patients had half-body scans with ['®F]flu-
orodeoxyglucose (FDG), and 23 patients had brain studies per-
formed with FDG. Fourteen patients also had [''C]methionine stud-
ies (2 chest, 1 abdomen and 11 brain) performed. Results: Thirteen
patients with lymphoma had the extent of the disease clearly
identified in both nodal and extranodal sites. Patients with a variety
of infections (Cryptococcus neoformans, Pseudomonas aeruginosa,
Mycobacterium tuberculosis and Mycobacterium avium intracellu-
lare) had disease localized for appropriate biopsy or sampling
procedures. A half-body FDG-PET scan had a sensitivity of 92%
and a specificity of 94% for localization of focal pathology that
needed treatment. High uptake of FDG (greater than liver) had a
positive predictive value for pathology needing treatment of 95%.
FDG brain studies showed that 16 patients with CD4 T-lymphocyte
counts less than 200 cells/ml had reduced cortical uptake com-
pared with that in basal ganglia. FDG scans were abnormal in all 19
patients with focal space occupying lesions identified by magnetic
resonance scans. The standardized uptake values (SUVs) over
cerebral lesions due to toxoplasma were in the range of 0.14-3.7 (13
patients) and due to lymphoma were in the range of 3.9-8.7 (6
patients). Three more patients with progressive multifocal leukoen-
cephalopathy had SUVs in the range of 1.0-1.5 over the lesions.
Another patient had a low-grade oligodendroglioma (SUV = 2.9).
Carbon-11-methionine uptake also was high in patients with cere-
bral lymphoma but did not add to the discrimination between
toxoplasmosis and lymphoma in these patients obtained with the
FDG scan. Conclusion: In hospitals with access to PET facilities,
FDG scanning allows the rapid evaluation of the whole body,
including the brain, of patients with human immunodeficiency virus
infection, with a report potentially available within 4 hr of injection.
Sites of infection and tumor were identified, and discrimination
between cerebral pathologies was possible.
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Patients with human immunodeficiency virus (HIV) infection
are at risk of developing a variety of infections and tumors that
may generate a fever, without any localizing features, or
nonspecific weight loss, which may lead to classification of the
individual as having acquired immunodeficiency syndrome
(AIDS) (I-3). Accompanying these fevers, there may be
decompensation of mental function or disorientation, which
may or may not be related to focal cerebral pathology. The
patients may have multiple pathologies, with combinations of
infection and tumor leading to their problems. Often the causes
of fever, disorientation and weight loss are readily found upon
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clinical examination, a chest radiograph, blood cultures and
routine biochemical or hematologic analyses. However, imag-
ing is necessary in many cases to direct the clinician to the
probable source of the patients’ symptoms. This direction has
routinely been provided by ®’Ga scanning, particularly if there
are no definite localizing features or the thorax is thought to be
the most likely site for symptoms (4—6). There are pitfalls,
however, of using this tracer. Physiological secretion of gallium
in the bowel makes evaluation of the abdomen difficult (7-9).
The brain is not well-visualized, and the appearances of
persistent generalized lymphadenopathy (PGL) and lymphoma
may be similar. The time taken to complete a study, 2472 hr,
also represents a considerable disadvantage.

Fluorine-18-fluorodeoxyglucose (FDG) PET scanning is now
widely used in the evaluation of patients with tumors (/0) and,
in particular, has been used in the staging of patients with
lymphoma (/7). The use of FDG in the brain has included
defining the grade of tumors (/2,/3) and, in patients with HIV
infection, has allowed the distinction between patients who
have cerebral toxoplasmosis and cerebral lymphoma (/4). The
extent of cerebral tumors has been better defined using
["'C]methionine (MET) (/5), and there has been demonstrable
uptake in a patient with a cerebral abscess (/6). It is possible
that the combination of FDG and MET may further define
cerebral lesions in HIV.

The purpose of this study was to evaluate the possible use of
FDG-PET scanning in HIV-positive patients, in particular, the
distribution in patients with PGL and in those patients with
fever and weight loss, with or without cerebral pathology. The
ability of MET to improve the diagnostic yield in cerebral
imaging was also assessed.

MATERIALS AND METHODS

All HIV-positive patients with a fever and/or confusion or
weight loss, who had no clinical evidence (clinical history, exam-
ination, chest radiograph or oxygen saturation) of Pneumocystis
carinii pneumonia, were studied with a FDG half-body PET scan.
Half-body FDG scans were requested in patients who had a fever,
and the question of lymphoma or focal infection was included in
the differential diagnosis. If a space-occupying abnormality was
identified on magnetic resonance (MR), a combination study of
MET and FDG was requested to assess whether a cerebral tumor
was present rather than another cause. Localized, attenuation-
corrected views of the chest or abdomen were also acquired where
possible, if focal pathology was suggested by symptoms, clinical
examination or other imaging so that semiquantitative information
in the form of standardized uptake values (SUVs) could be
obtained over areas of interest. When cerebral pathology was
suspected either from clinical findings or an initial MR scan, brain
imaging with both MET and FDG was performed. All patients
referred for PET scans were initially started on standard therapy for
toxoplasmosis. The scans were performed within 5 days of admis-
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FIGURE 1. ROI template indicating the
22 ROIs that were placed on summed
planes and averaged to obtain regional
count ratios.

sion and within 5 days of an MR scan. All patients were followed
for a median period of 9 mo or until death.

Fluorine-18-fluoride was produced in a cyclotron by proton
bombardment of a high-pressure water target. FDG was synthe-
sized by nucleophilic substitution of a precursor by '8F~. S-
Methyl-MET is an amino acid produced from the reaction of the
precursor, L-homocysteine thiolactone, with [''C]methyliodide
(17,18). Carbon-11-methyliodide is produced from ''C-carbon
dioxide using a fully automated system, “Synthia,” designed and
built at Uppsala University PET center (/7).

All PET scans were performed after a 6-hr fast using a
whole-body scanner. The scan protocols were as follows.

Cerebral Studies

Patients with known ring-enhancing lesions or areas suggestive
of progressive multifocal leukoencephalopathy on MR scanning
were scanned with FDG and MET. All patients were treated for
between 3 and S days with antitoxoplasma therapy (sulfadiazine
and pyrimethamine) before scanning. Patients who were compliant
and not confused had a FDG brain study in addition to the
whole-body scan. Patients were positioned supine within the field
of view of the camera and injected intravenously with 370 MBq of
[''CIMET, with scan images from skull base to vertex acquired 15
min postinjection. Thirty-five minutes after the initial injection,
i.e., immediately after the acquisition of the MET, 250 MBq of
['8F]JFDG was injected (with the patient in a quiet rested state), and
imaging was repeated using external markers and a head restraint
to ensure identical positioning of the patient for both scans. In some
patients, sequential imaging with the two tracers was not possible,
and an initial 2-min “test” emission scan was used to match the
alignment of the patient’s head to that of the earlier scanning
session. Thirty-one contiguous slices were produced over a
10.8-cm axial field of view with four (MET) or six (FDG)
sequential static scans of S-min duration each acquired (the
duration of the MET scan is optimal to balance uptake of tracer
against loss of counts due to the decay of the tracer). Frames were
then summed to produce high-quality images, with those frames
showing excessive movement rejected. Each slice thickness was
3.5 mm. Calculated attenuation correction was performed (/9); this
saved time for the patient study and has been demonstrated to be a
reliable method in the brain. The complete set of image planes was
reconstructed and smoothed to obtain two image datasets, one for
each tracer, with a spatial resolution of 8 mm in all three orthogonal
directions. Methionine and FDG brain images were displayed
adjacently and viewed simultaneously slice by slice in coronal,
transaxial and sagittal planes. A visual report was provided by two
experienced nuclear physicians with access to the clinical informa-
tion and other imaging results. SUVs were obtained by placing
8-mm circular regions of interest (ROIs) over areas of maximal or
minimal uptake within individual “hot” or “cold” cerebral lesions,
identified by the two clinicians, and the average activity per ml in

the ROI was obtained with a knowledge of a calibration factor
obtained by scanning a uniform 20-cm cylinder containing a
known activity concentration. This value was then normalized for
body weight and injected activity. A partial volume correction was
applied to lesions measuring less than 2 cm diameter on the image
(20). The partial volume correction factors were obtained from a
phantom study of a series of cylinders ranging in diameter from 8
to 40 mm. Lesion-to-contralateral brain ratios were also obtained
with one or the mean of several 8-mm circular ROIs placed
individually over the lesions and corresponding contralateral areas
within the brain, using the MR scans to indicate the site of
space-occupying lesions.

A template (Fig. 1) was used to place 7-mm circular ROIs over
fixed sites in the frontal cortex, thalami and basal ganglia in a
group of 16 patients who had no focal pathology in the brain and
no specific abnormality on the half-body study or long-term
follow-up (12 mo). The ratio between the frontal cortex and the
thalami and basal ganglia was used to examine the distribution of
FDG in these areas of the brain.

Effective dose equivalent for 250 MBq ['®F]FDG is 6.8 mSyv,
and for 350 MBq of [''C]MET, it is 1.7 mSv.

Half-Body Studies

The patients were injected with 350 MBq ['®F]FDG and imaged
45-60 min later with half-body images obtained by acquiring 10
consecutive 5-min images from the vertex of the skull to the
midthigh, unless a separate cerebral study was performed, in which
the patient was scanned from the neck to midthigh. (In cases for
which cerebral and half-body studies were both required, they were
done in the same scanning session, with a single FDG injection and
with the brain study performed first.) The complete sets of 310
image planes were reconstructed and smoothed in the axial
direction to obtain a single three-dimensional dataset with a spatial
resolution of 10 mm. Images were viewed as a projection image
and on a slice-by-slice basis as transaxial, coronal and sagittal
volume images. In some patients, single or two adjacent local
emission scans lasting 15 min each were also obtained over an
axial field of view, measuring 10.8 cm. Either corresponding
transmission images were acquired at the commencement of the
scanning session, or simultaneous transmission/emission images
were acquired on completion, using rotating *®Ge rod sources to
allow for attenuation correction during image reconstruction. The
spatial resolution of these reconstructed localized “emission/trans-
mission” volume images was 13 mm in all three planes. A visual
report was again provided by two experienced nuclear physicians,
with access to the clinical information and other imaging results.
The uptake within focal lesions was graded as high, moderate or
low using the liver as the reference organ. Therefore, high uptake
was greater than liver uptake, moderate was equal to liver uptake
and low was less than liver uptake but greater than background.
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FIGURE 2. MR appearances in a patient with cerebral toxoplasmosis (indicated by arrowheads) (A), demonstrating the low-grade uptake of FDG (B) and MET

(C) within the lesions, indistinguishable from adjacent normal brain tissue.

SUVs were obtained using 8-mm circular ROIs over any lesions
visible on local views.

Follow-up scans were performed in patients treated for lym-
phoma (one patient) or if patients had a negative scan and
presented at a later date with new symptoms of fever and weight
loss (nine patients).

Effective dose equivalent for 350 MBq ['®F]FDG is 9.6 mSv.

Statistical comparison was performed using the two-tailed paired
Student’s t-test for the intracerebral SUV comparison of the
space-occupying lesions and a Student’s t-test for the comparison
of the basal ganglia- and thalamic-to-cortical ratios.

RESULTS

Eighty patients (72 men and eight women), mean age 29.6 yr
(range, 17-53 yr), were referred for clinical studies in which a
total of 90 scans were performed. This included 23 patients with
cerebral space-occupying lesions, of whom all had FDG scans,
and 11 had scans with MET in addition. Fifty-seven patients
had fever with no definite localization of disease and had
half-body FDG studies. Ten patients underwent more than one
study, and 16 of the 57 patients had both cerebral localized
views and half-body studies. All patients had CD4 T-lympho-
cyte counts of less than 300 cells/mm>, with 90% of patients
having less than 150 cells/mm?® (range, 10-300 cells/cmm).

Cerebral Studies

Thirteen patients were diagnosed as having cerebral toxoplas-
mosis by complete response to treatment or at autopsy. Figure
2 demonstrates the low-grade uptake seen with toxoplasmosis.
The SUVs are demonstrated in Table 1. The difference between
the lesion and contralateral normal brain is significant (p <
0.00001). The variability in the SUVs in “normal” brain is
accounted for by the fact that space-occupying lesions have
involved part of the basal ganglia, which results in high uptake
in the contralateral brain because the ROIs are drawn over these
structures. The SUVs over cerebral lesions due to toxoplasma
were in the range of 0.14-3.7.

Six patients with lymphoma were diagnosed by biopsy or
autopsy. The SUV measured over the lesions is shown in Table
1. The difference between the lesion and normal brain is
significant (p < 0.00001). An example of multiple areas of
increased uptake of both FDG and MET are shown in Figure 3.
Three patients with PML diagnosed by clinical behavior and
MR imaging (MRI) scan appearances showed normal uptake.
The MR scan and FDG- and MET-PET scans are demonstrated

in Figure 4. The SUVs over cerebral lesions due to lymphoma
were in the range of 3.9-8.7.

The cerebral scan with FDG showed a sensitivity and
specificity of 100% for identifying lymphoma, with a SUV
range of 3.9-8.7 for FDG. The absence of increased uptake
over an identified ring-enhancing lesion was found in all
patients with cerebral toxoplasmosis.

Sixteen patients had FDG studies and were classed as having
no definite cognitive dysfunction. The mean ratio * s.d.
between frontal cortical uptake of FDG and basal ganglia
uptake on the left and the right were 0.81 = 0.13 and 0.79 *
0.12, respectively, and for the cortical-to-thalamic ratio, they
were 0.95 £ 0.15 and 0.99 * 0.14. The difference between the
cortex-to-thalamic and the cortex-to-basal ganglia ratios was
significantly different (p = 0.002). An example of one patient
is shown in Figure 5.

Half-Body FDG Studies

The number of patients studied was 57. The pathologies
found in 29 patients are shown in Table 2. Fifteen patients were
known to have PGL, and the uptake in these nodes varied, as
shown in Figure 6. Discrete uptake in the lymphadenopathy was
shown to be present in four of the 15 patients; none of these
patients developed an identifiable disease process within 6 mo
of the scan. The majority, therefore, had no or very low-grade
uptake by visual inspection. Seventeen patients had no identi-
fiable abnormalities on the half-body PET scans; of this group,
no cause for the pyrexia was found in 11 patients, and the
temperatures settled without definitive treatment. Three had
cytomegalovirus (CMV) infection (retinal) and were already
receiving ganciclovir treatment intravenously, one had a car-
diomyopathy with no infective cause found, and two had
cryptococcal meningitis.

Three patients had Kaposi’s sarcoma, two with parenchymal
lung lesions identifiable on the chest radiograph. The FDG and
MET uptakes were moderate grade in one patient (Fig. 7) and
low grade in two patients, with patchy distribution throughout
both lung fields. No uptake was identified in lymph nodes.

Thirteen patients were identified as having lymphoma. The
uptake was identified in both soft tissue, lymph nodes and bone.
The FDG uptake improved in the one case who had a follow-up
scan after treatment with chemotherapy (Fig. 8). The B-cell
lymphomas were all of a high grade. Patients with T-cell
lymphoma were identified (Fig. 9).
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TABLE 1
FDG and MET Brain SUVs Located over Lesions and the Contralateral Hemisphere at a Similar Position

Patient no. Condition Proof SUV (FDG) lesion SUV (FDG) contra SUV (MET) lesion SUV (MET) contra
1 Toxo Treatment response 23 44
2 Toxo Treatment response 22 3.8
1.8 4.0
26 35
3 Toxo Treatment response 3.7 5.6 14 0.6
4 Toxo Treatment response 1.8 3.6
5 Toxo Treatment response 2.0 3.0 0.8 10
23 29 1.0 1.0
6 Toxo Autopsy 20 3.0
7 Toxo Treatment response 1.7 42
11 40
1.9 44
8 Toxo Treatment response 24 36 11 1.2
22 30 0.8 11
9 Toxo Treatment response 0.1 1.0 0.1 04
0.2 1.0 0.1 0.7
0.2 1.0 0.1 0.7
10 Toxo Treatment response 1.1 15
1 Toxo Treatment response 14 17
12 Toxo Treatment response 2.6 2.7
13 Toxo Treatment response 22 3.7 1.0 1.0
14 NHL Brain biopsy 76 41
15 NHL Brain biopsy 49 1.6 1.0 0.5
42 23 04 04
16 NHL Autopsy 55 38 0.6 0.6
49 24 0.5 0.3
17 NHL Autopsy 55 24 4.7 0.8
39 29 0.9 0.7
18 NHL Autopsy 8.7 40
6.1 40
19 NHL Autopsy 6.8 29
20 oligo Autopsy 29 30 0.9 0.5
21 PML MRI appearance and clinical 15 1.8 0.2 04
1.0 14 0.5 0.6
22 PML MRI appearance and clinical 1.0 13 0.2 0.3
23 PML MRI appearance and clinical 15 1.7

Where there was more than a single lesion, SUV analysis was performed over each identifiable individual lesion. Toxo = toxoplasmosis; NHL =
nonhodgkins lymphoma; PML = progressive multifocal leucoencephalopathy; Oligo = oligodendroglioma.

Nine patients were identified as having soft tissue infection, tion of lymph nodes, one had Mycobacterium tuberculosis
leading to sampling (biopsy, aspiration or sputum collection) of infection (Fig. 11) and two had cryptococcal infection of the
the relevant sites. Two had Pseudomonas infection of the lung lungs with mediastinal nodal uptake. A further patient had
(Fig. 10), three had Mycobacterium avium intracellulare infec- staphylococcal infection of the right kidney (Fig. 12).

FIGURE 3. MR appearances in a patient
with cerebral lymphoma (A), demonstrat-
ing the high-grade uptake of both FDG
(B) and MET (C) within the lesions, shown
in transaxial and coronal slices.
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Ten patients had repeat studies. One patient with lymphoma
demonstrated resolution of the disease. One patient had a repeat
study after the initiation of treatment for Mycobacterium avium
intracellulare infection and showed reduction in FDG uptake in
the mesenteric lymph nodes where the initial infection was
identified. Another patient showed resolution of the Pseudomo-
nas infection in the chest and no new disease. The remaining
seven patients demonstrated no change from the previous scan,
and no focal pathology was identified on follow-up.

The half-body FDG study in 57 patients identified 20 patients
with focal areas of high uptake (defined as uptake greater than
liver uptake). There was one false-positive patient (PGL con-
firmed by biopsy). Nineteen patients had disease (either lym-
phoma or infection) identified by biopsy. The positive predic-
tive value for a high-uptake scan for identifying a pathological
abnormality needing treatment is 19 of 20, or 95%.

Moderate uptake on the scan (defined as equivalent to liver
uptake) was present in five patients, one with pulmonary
Kaposi’s sarcoma, one with PGL, one patient with a T-cell
lymphoma in the esophagus and buccal cavity and two patients
with cryptococcal infection of the lung. Four patients had low
uptake, two patients with PGL and two patients with pulmonary
Kaposi’s sarcoma.

Twenty-eight patients had no demonstrable uptake in lymph
nodes or soft tissue on a half-body scan. None of these patients
had further disease identified other than the disease known to be
present at the time of the scan [CMV retinitis; cryptococcal
meningitis in two patients; one patient with cardiomyopathy
(HIV-related)].

The overall sensitivity for a positive test with moderate to
high uptake was 23 of 25, or 92%; overall specificity was 30 of
32, or 94%, indicating pathology needing therapy.

FIGURE 5. Uptake pattemn of FDG seen within the brain of an HIV patient with
no cognitive defect nor focal cerebral pathology. Transaxial (A), sagittal (B)
and coronal (C) slices are shown. High uptake within the basal ganglia and
thalami and increased separation of the thalami are seen; this was the
common finding in the 16 patients with no cognitive dysfunction.

FIGURE 4. MR appearances in a patient
with progressive multifocal leukoenceph-
alopathy showing abnormal signal in the
left cerebellum (A), demonstrating the
low-grade uptake of FDG (B) and MET (C)
within the lesion.

DISCUSSION

Immunosuppressed patients present a major challenge to the
investigator because the disease process may result in a variety
of opportunistic infections or tumors contributing to the cause
of fever. The most common cause of fever of uncertain origin,
however, is infection and is normally found in 82% of persons
(21). The difficulty is in choosing the relevant site to biopsy or
in having the confidence to treat empirically. The use of rapid
imaging methods should aid the patient in terms of reducing the
time to the initiation of definitive treatment or for biopsy to be
performed.

Gallium-67 scanning has long been used to investigate
patients with a fever, with certain obvious advantages. The scan
allows assessment of soft tissue and bone abnormalities with a
high sensitivity (6) and a very high sensitivity in the lung,
especially when the chest radiograph is normal (22). The
problem is that scanning often has to be delayed because
gallium is not necessarily available “on the shelf” and interpre-
tation usually takes 2472 hr from the time of injection. There
are also difficulties with imaging the abdomen because of
gallium secreted into the bowel. With regard to the assessment
of the lung parenchyma for Pneumocystis carinii pneumonia, a
rapid method has been described using *™Tc diethylene tri-
amine pentaacetic acid (DTPA) (23), which has been shown to
have a higher sensitivity than gallium (24). Thus, the combina-
tion of a DTPA scan with an FDG-PET scan would allow a
whole-body assessment of disease, theoretically on the day of
admission or even as an outpatient procedure. There would also
be a major reduction in radiation dose to the patient using this
approach because the effective dose equivalent for a gallium
scan, with administration of 150 MBgq, is 18 mSv, compared
with that for a FDG study of 9.6 mSv. The expansion of PET
into the clinical arena has meant that several centers could offer
this technique to study patients with HIV. The problem to be
addressed is the range of abnormalities visualized with PET and
whether HIV patients present unusual problems for PET imag-
ing.

This preliminary data on FDG-PET scanning in patients with
HIV and fever, confusion or weight loss is encouraging,
showing an overall sensitivity of 92%, if moderate- and
high-grade uptake are seen, and a specificity of 94%. Some of
the same pitfalls that have been reported with gallium scanning
are, however, also seen with FDG. Variable uptake of FDG was
observed in the lymph nodes of patients who had PGL, as
illustrated in Figure 6. Of 15 patients, high uptake was only
observed in 1 patient; 3 had low-grade uptake and 11 patients
with PGL had no uptake. The degree of uptake observed by
visual analysis can, therefore, only give a likelihood as to
whether there is tumor present. SUV analysis using simulta-
neous emission and transmission measurements for attenuation
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TABLE 2
Half-Body FDG Results in HIV-Positive Patients with Fever and High, Moderate or Low Uptake of FDG

Patient Visual score
no. of uptake Site of uptake Disease diagnosis
1 High Lymph nodes T-cell ymphoma
2 High Lymph nodes T-cell ymphoma
3 High Lymph nodes B-cell ymphoma
4 High Lymph nodes B-cell lymphoma
5 High Lymph nodes + right sacroiliac joint B-cell lymphoma
+ abdominal skin
6 High Breast + abdominal lymph nodes T-cell lymphoma
7 High Lymph nodes B-cell ymphoma
8 High Lymph nodes B-cell lymphoma
9 Moderate Oropharynx + esophagus T-cell lymphoma
10 High Lymph nodes B-cell lymphoma
" High Unilateral sinus uptake B-cell ymphoma
12 High Lymph nodes + right lung B-cell lymphoma
13 High Gastric B-cell ymphoma
14 High Lymph nodes MAI
15 High Lymph nodes M. tuberculosis
16 High Lymph nodes MAI
17 High Lymph nodes MAI
18 Moderate Lymph nodes Cryptococcus pulmonary infection
19 Moderate Lymph nodes Cryptococcus pulmonary infection
20 High Right kidney Staphyiococcus aureus pyonephrosis
21 High Right lung P. aeruginosa pneumonia
22 High Right lung P. aeruginosa pneumonia
23 Moderate Both lungs Kaposi sarcoma
24 Low Both lungs Kaposi sarcoma
25 Low Both lungs Kaposi sarcoma
26 High Lymph nodes PGL
27 Moderate Lymph nodes PGL
28 Low Lymph nodes PGL
29 Low Lymph nodes PGL

MAI = Mycobacterium avium intracellulare.

correction of whole-body PET described by Meikle et al. (25)
may allow the discrimination between PGL and other pathology
or local transmission/emission scans performed over areas of
known lymphadenopathy. This was not routinely performed in
this study. Why increased uptake was observed in this propor-
tion of patients is difficult to say. It is possible this is a
reflection of the turnover of lymphocytes at this particular time
because patients with PGL do experience intermittent enlarge-
ment of their lymph nodes that is detectable on a gross scale;
this may occur on a less dramatic scale and cause uptake of
FDG.

The FDG scans successfully localized tumor in patients with
non-Hodgkin’s lymphoma in soft tissue, in nodal and osseous
sites and in the patient illustrated who underwent chemother-

- "._'

} ; {
FIGURE 6. Variable uptake of FDG in L
lymph nodes of four of the 15 patients
with PGL.

apy; the progress of disease could be followed, as has been
documented in tumors in non-HIV-positive patients (26—-29).
The scan also allowed visualization of T-cell lymphoma (Fig. 9)
localized in the oropharynx and the distal part of the esophagus,
although the uptake of FDG in the esophagus was low grade.
We believe, however, that esophagitis of other cause, i.e.,
Candida or CMV, may be visualized with the same low-grade
intensity, and therefore the FDG will only point to an area that
needs further study.

FDG-PET scanning, although thought to act mainly as a
tumor-imaging agent in half-body scans, has been shown to be
a nonspecific tracer, and as such, it should localize infective
abnormalities (30). Infections in lymph nodes and soft tissue
may be demonstrated as part of an evaluation. In this study, a
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FIGURE 7. Low-grade uptake of MET (A and B) and FDG (C and D) (indicated
by the arrowheads) in the lung fields of patients with Kaposi’s sarcoma.

variety of infections have been demonstrated. Uptake in lymph
nodes were seen with cryptococcal infection as well as myco-
bacterial infection. The intensity of uptake visually was such
that separation from malignancy was not possible. Soft tissue
and pulmonary infections were also visualized as an unexpected
finding in three of the 80 patients scanned as part of assessment
for other disease processes, i.e., lymphoma or mycobacterial
infection and before the development of chest radiograph
abnormalities. Infections identified included the localization of
Streptococcus pneumoniae pneumonia and Pseudomonas
aeruginosa and mycobacterial infection. A pyonephrosis was
also demonstrated, allowing specific drainage to be performed.
If high-grade uptake of FDG is used to define abnormality, then
the positive predictive value for disease at this site is 95% and
is useful clinically to direct biopsy to that site. A negative scan
is also extremely useful in that focal infection or tumor is
excluded. The presence of Kaposi’s sarcoma in lymph nodes or
soft tissue outside the lungs may pose a problem because our
study did not include this group of patients.

The place of FDG in the assessment of cerebral infection,
inflammation and malignancy has been suggested by Hoffman
et al. (/4). As many as 10% of patients with AIDS present with
neurological symptoms, and up to 40% will develop neurolog-
ical sequelae during the course of the illness (37). HIV is
neurotrophic and may cause an encephalopathy and progressive
dementia, with up to 87% of patients at autopsy having
demonstrable neurological involvement (32,33). In addition, the
brain may be affected by both opportunistic infections and
malignancy.

Toxoplasma gondii is the most common treatable opportu-

FIGURE 8. A patient with marked

increased uptake of FDG in the right

sacroiliac joint due to non-

3 Hodgkin’s lymphoma (indicated by

b | arrowheads) immediately before

: treatment (A) and after treatment
with chemotherapy (B).

L 4 —

FIGURE 9. Uptake of FDG in a patient with a T-cell ymphoma of mouth [local
transaxial (A) and sagittal (B) views, indicated by the amowheads] and the
esophagus (indicated by the arrowheads) illustrated on the whole-body
coronal and sagittal images (C).

nistic infection that affects the central nervous system (CNS),
But it may be difficult to distinguish from cerebral lymphoma;
CT and MRI abnormalities are very similar (34), and in 95% of
cases, CNS toxoplasmosis represents a reactivation of previous
infection with little or no change in serological variables. It has
been suggested that patients with cerebral mass lesions should
receive empirical antitoxoplasma therapy (pyrimethamine and
sulfadiazine) and that, if there is no response after 2 wk, then
cerebral biopsy should be considered. Empirical therapy is,
however, not without morbidity, and adverse effects are fre-
quent. Many patients with AIDS will be receiving other drugs,
thus increasing the risk of adverse reactions. Cerebral biopsy is
invasive and carries a significant risk in immunocompromised
patients, particularly if there is a bleeding diathesis. Thus, a
noninvasive diagnostic test for the assessment of cerebral mass
lesions in AIDS may be able to select those patients for biopsy
and those for empirical therapy.

An increased accumulation of FDG has been demonstrated in
cerebral lymphoma (35). Hoffman et al. (/4) have recently
suggested that FDG-PET imaging may have a potential role in
differentiating lymphoma from infective CNS lesions, and
similar results were found by Villringer et al. (36) in 11 patients
studied with cerebral space-occupying lesions in patients with
AIDS. MET-PET has been shown to be useful in defining the
extent of cerebral gliomas (/5), and it provides information
additional to that of FDG-PET. In a single case report, a brain
abscess accumulated MET (/6), and therefore it was thought
that a ratio between FDG and MET accumulation might
improve the discrimination between malignant and nonmalig-
nant disease. Our own study demonstrates that there is substan-
tially higher uptake of both FDG and MET in lymphoma than
in toxoplasmosis. This result, however, is in the context of

FIGURE 10. Uptake of FDG in a
patient who developed a P. aerugi-
nosa infection of the right lung (indi-
cated by the arrowheads), coronal
(A) and sagittal (B) images.
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FIGURE 11. Multiple sites of FDG
uptake (cervical, supraclavicular,
mediastinal, paraaortic and mesen-
teric lymph nodes) in a patient with
disseminated M. tuberculosis, coro-
nal (A) and sagittal (B) images. The
area biopsied after the scan is indi-
cated by the amowhead.

patients started on antitoxoplasma treatment before the scan,
and although this therapy was given for less than 5 days, it is
possible that it may have altered FDG and MET uptake. Thus,
an earlier scan with no treatment may give entirely different
results, e.g., with acute inflammation, high uptake may be seen
without treatment; it is therefore possible that patients should be
scanned after several days on therapy to improve the discrim-
ination between toxoplasmosis and lymphoma. Patients with
progressive multifocal leukoencephalopathy had low uptake of
FDG in the region of the lesions, and MET uptake was
essentially similar to the contralateral brain. In our experience,
a SUYV threshold can be set such that those patients with a SUV
below 2.5 or less than the contralateral brain should be treated
empirically as toxoplasmosis cases, and those with a SUV
above 3.9 or 1.5 times greater than the opposite brain tissue
could be regarded as lymphoma cases. Between these thresh-
olds, a biopsy should be performed. Failure of treatment
response, unfortunately, is common in cerebral toxoplasmosis,
and a clinical decision would be made as to whether treatment
failures should be biopsied; this decision is made more difficult
in patients with a bleeding diathesis. MET does not appear to
add to the separation of the two conditions, and indeed in one
case, there was divergence between the uptake of MET and
FDG in a single area where the patient did have toxoplasmosis.
The low uptake of both FDG and MET in progressive multifo-
cal leukoencephalopathy is expected because it is predomi-
nantly a demyelinating problem.

The alternative technique that is under investigation is the use
of 2°'T1 scans to assess the grade of cerebral gliomas with
higher uptake being found in the more malignant tumors (37).
Recently Ruiz et al. (38) have suggested that 2°' Tl may be of
value in distinguishing between cerebral lymphoma and toxo-
plasma infection. Lorberboym et al. (39) have demonstrated
that the retention of thallium is longer in patients with lym-
phoma than other benign pathologies in the brain. The value of
this promising technique has yet to be established, but it is clear
that the anatomical resolution will not match PET resolution.
Therefore, comparison of uptake with all lesions identified on
MRI may be difficult, and the possibility of missing a mixture

A B

FIGURE 12. FDG uptake in a
Staphylococcus aureus abscess of
the right kidney (indicated by the
arrowheads), coronal (A) and sagit- :
tal (B) images. ' *

toxoplasma and lymphoma is still present. The radiation dosim-
etry is also higher with thallium: effective dose equivalent from
80 MBq is 20 mSv, compared with a combined effective dose
equivalent for MET and FDG of 9.5 mSv. The advantage of
thallium is, of course, that it would be more readily accessible
to a larger number of physicians tending patients with AIDS.
The advantage of PET is that both the brain and the body can be
assessed at the one visit, and our study demonstrates that it
should be possible to obtain a scan within a few days of
admission. A direct comparison of the methods is needed.

The uptake of FDG in the cortex of the group of patients who
had no cognitive dysfunction nor focal cerebral pathology was
generally reduced in comparison to the basal ganglia uptake,
and this was substantiated by the semiquantitative analysis. It is
not possible without quantitative analysis, however, to state
whether this finding is due to a global cortical hypometabolism
or hypermetabolism in the basal ganglia. All of these patients
had CD4 T-lymphocyte counts of less than 200 cells/mm?® but
no overt evidence of dementia. These findings agree with those
previously demonstrated by van Gorp et al. (40) and Hinkin et
al. (47). Changes in metabolism are generally more sensitive
than changes seen on MR scan and CT (42). Quantitative
studies would be of use to evaluate the changes with time in
HIV-positive individuals and perhaps allow early assessment of
the effect of new antiviral therapy regimes on cerebral function.

The use of FDG and MET in the evaluation of three patients
with Kaposi’s sarcoma of the lung was poor. Although the
lesions were visualized, the uptake was low and may well
reflect the extra blood-pool activity related to these lesions.
None of the skin lesions could be readily identified. The limited
number of patients studied does not allow any firm conclusion,
and further work needs to be performed in patients with
Kaposi’s sarcoma in the lung or other organs before the method
is abandoned as a possible imaging tool.

The results suggest that FDG-PET can benefit the patient and
the clinician in several ways. Potentially, the technique reduces
radiation dose and decreases the number of hospital visits or at
least the number of scans in patients who are unwell, to direct
further investigation. The true cost effectiveness can be as-
sessed by comparison with the other localizing tests but
particularly with ®’Ga scanning, and this undoubtedly needs to
be undertaken. Alternatively, the cost benefit can be assessed on
theoretical grounds using a predictive strategy using PET in one
assessment arm. The prevalence of causes of focal pathological
abnormality in this group may be difficult to assess, especially
with the change in prevalence of lymphoma and mycobacterial
infections accompanying the new antiviral therapies.

CONCLUSION

This preliminary study has shown that PET enables rapid
assessment of the whole body, including the brain, in HIV-
positive patients. PET provided accurate and speedy localiza-
tion of malignant as well as infective disease in patients,
allowing biopsy of specific sites to be performed or treatment to
be instigated. High FDG uptake visually in infection may
provide difficulties in the separation of malignancy from
infection in some cases. The technique, if available in a
hospital, will allow a scan result, which can be semiquantitative
if required, within 2.5 hr. Unlike labeled leukocytes, no com-
plex labeling procedure is required and, unlike gallium, an early
result is possible. A direct comparison between gallium and
FDG-PET needs to be undertaken to ensure that FDG-PET at
least localizes into the same abnormalities as gallium. It is
likely, however, that the superior resolution of PET cameras
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and the biokinetic distribution of FDG will provide enhanced
diagnostic capability. The cost of a PET scan is more than high-
dose gallium scanning, but the radiation dose is less and the
capability of evaluating the brain at the same imaging session is
a potential bonus. The time saved by getting a diagnostic result
may be put to more appropriate use for the treatment or further
investigation of a patient. The other area that is of potential use
in this group is the absolute quantitation of uptake, which could
be used in the assessment of response to therapy at an early
stage of treatment; this remains to be tested. FDG-PET scanning
has a role in the assessment of the HIV-positive patient with a
pyrexia of unknown origin, weight loss and suspected cerebral
lymphoma and for staging the extent of lymphoma in the body.
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