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Background. Kaposi sarcoma herpesvirus (KSHV)-associated multicentric Castleman disease (MCD) is a lym-
phoproliferative inflammatory disorder commonly associated with human immunodeficiency virus (HIV). Its pre-
sentation may be difficult to distinguish from HIV and its complications, including lymphoma. Novel imaging
strategies could address these problems.

Methods. 'We prospectively characterized '®F-fluorodeoxyglucose positron emission tomography (PET) findings in
27 patients with KSHV-MCD. Patients were imaged with disease activity and at remission with scans evaluated blind to
clinical status. Symptoms, C-reactive protein level, and HIV and KSHYV loads were assessed in relation to imaging findings.

Results. KSHV-MCD activity was associated with hypermetabolic symmetric lymphadenopathy (median maximal
standardized uptake value [SUV ], 6.0; range, 2.0-8.0) and splenomegaly (3.4; 1.2-11.0), with increased metabolism
also noted in the marrow (2.1; range, 1.0-3.5) and salivary glands (3.0; range, 2.0-6.0). The '*F-fluorodeoxyglucose
PET abnormalities improved at remission, with significant SUV ., decreases in the lymph nodes (P =.004), spleen
(P=.008), marrow (P=.004), and salivary glands (P =.004). Nodal SUV,,,, correlated with symptom severity
(P=.005), C-reactive protein level (R =0.62; P=.004), and KSHV load (R =0.54; P =.02) but not HIV load (P =.52).

Conclusions. KSHV-MCD activity is associated with '*F-FDG PET abnormalities of the lymph nodes, spleen, mar-
row, and salivary glands. These findings have clinical implications for the diagnosis and monitoring of KSHV-MCD and
shed light on its pathobiologic mechanism.

Keywords. Castleman disease; human herpesvirus 8 (HHV-8)/Kaposi sarcoma herpesvirus (KSHV); HIV;
"8E-FDG positron emission tomography.

Kaposi sarcoma (KS) herpesvirus (KSHV)-associated
multicentric Castleman disease (MCD) is a lympho-
proliferative inflammatory disorder most common in
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persons with human immunodeficiency virus (HIV)
[1-8]. Its manifestations include fever, cytopenias,
and hypoalbuminemia [1-4]. Clinical activity is asso-
ciated with elevations in KSHV viral load and levels of
C-reactive protein (CRP), KSHV-encoded viral inter-
leukin 6 (vIL-6), and/or human interleukin 6 (hIL-6)
[9-11]. Many cases arise in patients with suppressed
HIV loads and preserved CD4 cell counts [12-14].
Patients commonly exhibit other KSHV-associated tu-
mors, including KS and primary effusion lymphoma
(PEL) and are at high risk of developing large-cell lym-
phoma [15-17].
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Diagnosis and monitoring of KSHV-MCD presents unique
challenges. Its symptoms are intermittent and difficult to distin-
guish from HIV, opportunistic infection, and concurrent lym-
phoma [3,4]. Distinction of these carries major therapeutic and
prognostic implications and generally rests on histopathologic
findings, but “blind” selection of a lymph node for biopsy
may not capture the spectrum of disease present. Assessment
of response to therapy is also challenging. Current response cri-
teria are variable and generally do not include imaging [3, 12-
14]. The optimal end point of therapy and relapse surveillance
strategy remain undefined [3-5, 12-14].

'®E-fluorodeoxyglucose (**F-FDG) positron emission tomog-
raphy (PET) provides a potentially useful technique to assess
KSHV-MCD. It has established utility in the management of
lymphomas, including HIV-associated lymphomas [18-24].
In large-cell lymphoma, involved sites are characterized by
markedly increased 18 _FDG uptake [18, 19]. In uncontrolled
HIV infection, moderate generalized increases in uptake are
seen in lymph nodes but not other tissues [20, 25-29], and pa-
tients in whom HIV viral load is suppressed by antiretroviral
therapy do not exhibit '8E_FDG PET abnormalities [25, 27].
The use of "*F-FDG PET has also been proposed for imaging
other inflammatory and infective states [30-34]. There has
been little assessment of '*F-FDG PET in KSHV-MCD. The ex-
isting studies are small retrospective series evaluating limited
anatomic sites, that have not followed subjects to remission or
evaluated '®F-FDG PET in relation to correlates of disease activ-
ity [35-38].

We undertook a prospective study whose primary objective
was to determine whether '*F-FDG PET abnormalities were
identifiable in active KSHV-MCD compared with remission.
We also considered whether "*F-FDG PET could help distin-
guish KSHV-MCD from comorbid conditions and assist in
biopsy site selection, and we explored the relationship of
'""E-FDG PET abnormalities to symptom severity, correlates
of activity disease (including CRP and KSHYV load), and
HIV replication.

METHODS

Population

Patients with histopathologically confirmed KSHV-MCD were
enrolled in a natural history protocol (NCT00099073) incorpo-
rating investigational therapies including zidovudine with val-
ganciclovir [12], and rituximab with liposomal doxorubicin
[39]. Evaluation of '®*F-FDG PET was a prospectively specified
objective. According to the protocol, '*F-FDG PET with com-
puted tomography (CT) was performed when patients devel-
oped KSHV-MCD activity, except when they were too
clinically unstable, and also after remission. The protocol was
approved by the National Cancer Institute (NCI) Institutional
Review Board. All patients gave written informed consent.

Clinical Assessment

Disease severity was graded using NCI Common Toxicity Criteria
for Adverse Events (CTCAE), version 3.0 [40]. Symptomatic dis-
ease activity was defined as the presence of >1 symptom and >1
laboratory abnormality attributable to KSHV-MCD [12]. For this
analysis, to ensure the broadest spectrum of disease was captured, we
included patients with laboratory abnormalities attributable to
KSHV-MCD but no symptoms. Remission was evaluated using
NCI-HIV and AIDS Malignancy Branch clinical criteria [12]. Pa-
tients were evaluated clinically once per cycle of therapy (usually 3
weeks) while being treated for KSHV-MCD and then every 3 months.

Functional Imaging

Patients received a median '*F-FDG dose of 15.5 mCi (range,
11.5-16.4 mCi) intravenously after fasting for >6 hours; the me-
dian glucose level was 96 mg/dL (range, 73-192 mg/dL). Images
were acquired from the base of skull to the middle of the thigh,
starting a mean (standard deviation) of 60 + 5 minutes after in-
jection, using a GE Discovery ST PET/CT scanner (General
Electric Healthcare), except early in the study when 8 '°F-
FDG PET-only studies were performed using a GE Advance
scanner. After an equipment upgrade, 1 scan was performed
using a Siemans Biograph 64 PET/CT scanner (Siemens AG)
For PET/CT scans, CT was performed at 35 mA (GE Discovery)
or 34 mA (Siemens) and 120 kV.

Imaging Assessment

Analysis was performed blinded to clinical information using
MedView (MedImage). Sites with activity increased above phys-
iologic baseline were considered abnormal and graded based on
visual intensity in comparison to the mediastinal blood pool.
Quantitative analysis was performed by determining the stan-
dardized uptake value (SUV; [voxel activity-concentration] x
[ patient weight/injected activity]). Regions of interest were
drawn over the liver, spleen, visualized nodes, L5 marrow, sali-
vary glands, tonsils, testes, and any other abnormal areas to de-
termine organ-specific maximal SUV (SUV,,,,). Where nodes
were not discernible, they were assigned an SUV equivalent to
background. As imaged lymph nodes were commonly small and
changed in size from active disease to remission, partial volume
correction (PVC) to correct for known effects of lesion size on
derived SUV, particularly in smaller lesions, was performed for
nodal SUV .., using measured target nodal size and a recovery
coefficient derived for each scanner and calculation methods
described elsewhere [41]. Nodal PVC SUV . is reported sep-
arately. Other organs of interest were large and relatively stable
in size so PVC was not performed for those SUVs.

Laboratory Assays

KSHYV viral load in peripheral blood mononuclear cells was as-
sessed with quantitative real-time polymerase chain reaction, as
described elsewhere [9]. CRP levels were assayed using the

"E_FDG PET in KSHV-MCD e JID 2015:212 (15 October) o 1251

20z udy 2| uo 3sanb Aq 6€1€612/05Z1/8/Z L Z/e101He/piljwod dno-olwapese//:sdyy woly papeojumoq



Siemens Dimension Vista platform (Siemens AG). A standard
sensitivity assay was used until May 2009 and then replaced by a
high sensitivity assay; values were harmonized as described else-
where [12]. CD4 T-lymphocyte counts were assessed by means
of fluorescent-activated cell sorting using the BlueOcean plat-
form (Beckman Coulter). Plasma HIV-1 RNA levels were mea-
sured with quantitative polymerase chain reaction, using the
Roche Amplicor assay (Roche Diagnostic Systems).

Statistical Analysis

Paired analyses of organ-specific SUV ,,, and, for nodes, PVC
SUV nax at disease activity and remission were performed using
the Wilcoxon signed rank test. Associations between SUV .«
and disease parameters were explored using Spearman correla-
tions for continuous variables, CRP, and log;o(KSHYV load);
Jonckheere-Terpstra test for trend in ordered categorical vari-
ables from independent samples for symptom grade; and exact
Wilcoxon rank sum test for HIV load, categorized as undetect-
able or detectable (<50 or >50 copies/mL plasma, respectively).

RESULTS

Patients

A total of 27 patients underwent imaging. Of these, 3 patients had
lymphoma in addition to KSHV-MCD; these were excluded from
the primary analysis and are discussed separately below. For the
remaining 24 patients, the median age was 43 years (range, 34-56
years); 22 patients (92%) were male, and all were HIV infected
and receiving antiretroviral therapy (Table 1). Nineteen patients
underwent scanning while they had active KSHV-MCD: 16 had
symptomatic disease (“flares”), and 3 had laboratory manifesta-
tions. Of these 19 patients, 16 were also scanned during remission
and had paired comparisons; the remaining 3 did not achieve re-
mission. Five patients were studied only during remission: 2 were
critically ill during flares and could not be imaged, and 3 did not
manifest active disease. Thus, 21 patients underwent scanning
during remission. HIV control was similar across each time
point (median HIV viral load undetectable at both), with modest
differences in CD4 cell counts. The median follow-up time in the
study was 79 weeks (range, 8-293 weeks), and for patients with
paired scans, the median time between scans at active disease and
remission was 80 weeks (range, 8-233 weeks).

Imaging Findings and Disease Activity

All "*F-FDG PET scans performed during active disease showed
metabolic abnormalities (Table 2; representative example in
Figure 1). The most common and marked abnormalities were
in the lymph nodes and spleen. During remission, 11 scans
(53%) showed no metabolic or anatomic abnormality at any
site (Figure 1). The remaining 10 (47%) exhibited minor nodal
abnormalities, and 2 also had minor splenic abnormalities.

Table 1. Patient Characteristics During KSHV-MCD Activity and
Remission®
Active Disease Remission
Characteristic (n=19) (n=21)°
Symptomatic disease, 16 (84) 0
No. (%)
Symptoms present, No.° 4 (0-10) 0
CTCAE grade for most 2 (0-4) NA
severe symptom®
ECOG performance status 1(0-2) 0 (0-1)
Temperature, °C 36.8 (36.9-39.5)  36.3 (35.3-37.2)
Hemoglobin, g/dL 10.1 (8.0-14.4) 12.9 (10.3-15.0)
Platelet count, 10° cells/uL 155 (25-567) 201 (118-438)
Leukocyte count, 3(1.0-15.7) 4 (1.8-10.9)
10° cells/uL
Sodium, mmol/L 136 (126-139) 137 (135-142)
Albumin, g/dL 8 (1.7-4.0) 1(3.5-4.5)
C-reactive protein, g/dL 6 (0.7-211) 8 (<0.3-14.0)
KSHV viral load, copies/10° 4545 (0-585714) 0 (0-2848)
PBMCs
Receiving ART, No. (%) 19 (100) 21 (100)

HIV viral load, copies/mL <50 (<b0-7710) <50 (<50-2781)
HIV viral load undetectable 13 (68) 19 (90)

(<50 copies/mL), No. (%)
CD4 cell count, cells/uL 286 (67-1319) 380 (139-841)

Abbreviations: ART, antiretroviral therapy; CTCAE, National Cancer Institute
Common Toxicity Criteria for Adverse Events; ECOG, Eastern Cooperative
Oncology Group; HIV, human immunodeficiency virus; KSHV, Kaposi
sarcoma herpesvirus; KSHV-MCD, KSHV-associated multicentric Castleman
disease; NA, not applicable; PBMCs, peripheral blood mononuclear cells.

2 Unless otherwise noted, values represent medians (ranges).

® Any abnormalities noted during remission were not attributable to KSHV-
MCD.

¢ All clinical symptoms attributable to KSHV-MCD, including fever but not
laboratory abnormalities.

9 Most severe symptom attributable to KSHV-MCD.

Lymph Node Findings

The most common abnormality during disease activity was
symmetric hypermetabolic lymphadenopathy, present in all
patients. This was most marked in the axilla, neck, and
mediastinum. In 15 patients (79%), there were widespread
abnormalities; in 4 (21%), abnormalities were restricted (to
the mediastinum in 2, the mediastinum and axillae in 1, and
the inguinal and supraclavicular regions in 1). Nodal metabolic
abnormalities were graded as moderate or marked in 12 patients
(63%) and mild in 7 (37%). The median nodal SUV,, for all
subjects was 6.0 (range, 2.0-8.0); with PVC, the median SUV .,
was 6.5 (range, 2.0-8.9).

Patients with symptomatic active disease exhibited more
marked nodal changes than those with only laboratory abnor-
malities: 15 (94%) showed diffuse hypermetabolic lymphade-
nopathy, moderate or marked in 12 (75%), with a median
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Table 2. '®F-FDG PET/CT Findings During KSHV-MCD Activity and Remission

Active KSHV-MCD (n =19)

Remission (n=21)

An An

"8E.FDG PET/CT Abnorrri/ality, Moderate or Marked ~ SUV., Median Abnorrzality Moderate or Marked  SUV .y, Median
Abnormality No. (%) Abnormality, No. (%) (Range) No. (%) Abnormality No. (%) (Range)
Lymph nodes

Any 19 (100) 12 (63) 6.0 (2.0-8.0) 10 (48) 1(5) 2.0 (1.0-7.1)

Diffuse 15 (79) NA NA 4 (19) NA NA

Focal 4 (21) NA NA 6% (29) NA NA
Spleen®

Any 16 (89) 4 (22) 3.4 (1.2-11.0) 2 (10) 0 1.9 (1.5-4.2)

Metabolic 14 (78) NA NA 2 (10) 0 NA

Anatomic 14 (78) NA NA 0 0 NA
Liver

Any 4 (21) 0 2.3(2.0-3.2) 0 0 2.0 (1.8-4.2)

Metabolic 0 NA NA 0 0 NA

Anatomic 4(21) NA NA 0 NA
Bone marrow 11 (68) 0 2.1 (1.0-3.5) 2°(10) 0 1.2 (1.0-4.2)
Tonsils 5 (26) 4(21) 2.6 (2.2-10.3) 6 (29) 1(5) 3.0 (2.1-10.0)
Salivary glands 6 (32) 0 3.0 (2.0-6.0) 3 (14) 0 3.0 (2.0-6.4)
Testes® 0 0 3.2 (2.0-4.5) 0 0 3.5(2.0-4.6)

Abbreviations: '8F-FDG, '8F-fluorodeoxyglucose; CT, computed tomography; KSHV-MCD, Kaposi sarcoma herpesvirus—associated multicentric Castleman disease;
NA, not applicable; PET, positron emission tomography; SUV,,.x, maximal standardized uptake value.

@ Two focal nodes were adjacent to intercurrent disease (infection and avascular necrosis in 1 patient each).

b Of 18 patients with intact spleens at active disease and 20 at remission.

¢ One after granulocyte colony-stimulating factor treatment and 1 diagnosed with chronic myeloid leukemia 3 months later.

9 Of 16 male patients at active disease (1 scan in a male patient omitted the testes) and 19 male at remission.

nodal SUV ,,, of 6.2 (range, 2.0-8.0) and a median PVC nodal
SUV ax of 6.6 (range, 2.0-8.9). All patients with severe symp-
toms (NCI CTCAE grade >3) demonstrated moderate or severe
diffuse adenopathy. In contrast, the 3 with asymptomatic activity
had mild, restricted abnormalities (median SUV .4, 2.0; range.
2.0-5.2; median PVC SUV .., 2.2; range, 2.0-5.2).

At remission, nodal abnormalities were present in 10
patients (47%); these were diffuse in 4 (19%) and focal in
6 (27%). The nodal abnormalities were graded as mild in
9 patients and moderate in 1. The median nodal SUV ,,, at
remission was 2.0 (range, 1.0-7.1). Two patients with focal
nodal abnormalities had intercurrent disease that may have
explained the changes (soft-tissue infection and adjacent
avascular necrosis in 1 patient each). Among the 16 paired
patients, the nodal SUV,,, decreased during remission in
14 (88%); in the 2 for whom it did not, 1 reported local inflam-
mation after injury, and the other had no apparent explana-
tion (neither were HIV viremic). In these paired studies,
nodal SUV,,,,, was significantly lower at remission, with and
without PVC (median absolute decrease in SUV, ., 2.4
[P=.004]; median absolute decrease in PVC SUV ., 2.1
[P =.004]; see Figure 2).

Splenic Findings
Increased splenic metabolic activity and splenomegaly were
common in the 18 patients with intact spleens; overall, 16 pa-
tients (89%) had splenic abnormalities. Metabolic activity was
diffusely increased in 14 patients (78%); this was graded as
moderate or severe in 4 (22%). Fourteen patients (78%) had
splenomegaly. Two patients had splenic hypermetabolism with-
out splenomegaly, and 2 had splenomegaly without increased in
metabolism. The median splenic SUV ., for all subjects was 3.4
(range, 1.2-11.0). Splenic abnormalities were more marked in
symptomatic patients. Of 15 patients with symptomatic flares
and intact spleens, '*F-FDG PET showed increased metabolic
activity in 13 (87%), moderate or severe in 4 (27%). The median
splenic SUV ., in symptomatic patients was 3.7 (range, 1.5—
4.8). Of 3 patients with only laboratory evidence of disease
activity, 2 had splenic abnormalities: 1 (with concurrent toxo-
plasmosis and tuberculosis) had increased splenic metabolic
activity with splenomegaly, and 1 had splenomegaly alone
(median SUV ,,, 1.5; range, 1.2-11.0).

Of 20 patients with intact spleens at remission, 2 (10%) had
mild splenic metabolism without splenomegaly; both also had
nodal abnormalities. Median splenic SUV ., at remission was

"8E_EDG PET in KSHV-MCD e JID 2015:212 (15 October) o 1253

20z udy 2| uo 3sanb Aq 6€1€612/05Z1/8/Z L Z/e101He/piljwod dno-olwapese//:sdyy woly papeojumoq



Symptomatic disease Remission
\. %
= "'jf = i’
! 1\
L
= b=}
‘ j o
=
-
. - h
= W .

Figure 1. Representative "8F-fluorodeoxyglucose positron emission to-
mographic (PET)/computed tomographic (CT) studies during Kaposi sarco-
ma herpesvirus—associated multicentric Castleman disease (KSHV-MCD)
activity and remission. Top, Representative images (maximum intensity
projection. Middle and bottom, PET/CT composites from a single patient
with active symptomatic disease (/eft) and later during remission (right).
The diagnosis of KSHV-MCD was confirmed by excisional biopsy of a
right inguinal lymph node. At both time points, the human immunodeficien-
cy virus load was undetectable (<50 copies/mL); the CD4 cell count was
295 cells/uL during active disease and 238 cells/pL at remission. The
scan obtained during KSHV-MCD activity shows diffuse hypermetabolic
lymphadenopathy, most marked in the neck and axillae but also involving
pelvic and inguinal nodes (open arrows), splenomegaly with increased me-
tabolism (closed arrows on right), hepatomegaly without any increase in
metabolism (closed arrows on left), and generalized increased marrow me-
tabolism. The anatomic correlation of these abnormalities with the nodes
and organs is illustrated in the PET/CT composites (middle and bottom pan-
els), including a horizontal section showing axillary nodal uptake (bottom
panel). These abnormalities are each seen to have resolved in the scan
obtained at remission. The remission scan shows normal cardiac activity,
and both scans show normal tracer accumulation in the bladder.

1.9 (range, 1.5-4.2). Of 15 paired studies in patients with intact
spleens, the splenic SUV,,, decreased in 14 (93%). The median
absolute decrease in splenic SUV,,, was 1.8 (P =.009).

Bone Marrow Findings

Mild increases in marrow metabolic activity were present in 11
patients (58%); all had symptomatic disease. The median mar-
row SUV .« at active disease was 2.15 (range, 1.0-3.5). In 2
patients, increases in marrow metabolic activity persisted at
remission. Alternate explanations were likely in both patients:
1 had received granulocyte stimulating factor, and 1 had devel-
oped chronic myeloid leukemia. The median marrow SUV ..,
at remission was 1.2 (1.0-4.2); in paired patients, the median
marrow SUV .., was significantly lower at remission (median
absolute decrease, 0.8; P=.004).

Salivary and Tonsillar Findings

Six patients (32%) exhibited a symmetric increase in salivary
gland metabolism during activity (all mild); the median salivary
SUV max Was 3.0 (2.0-6.0). In 3 patients, this persisted at remis-
sion (all mild); the median salivary SUV,,, at remission was 3.0
(range, 2.0-6.4). In the 16 paired patients, the median salivary
SUV max Was significantly lower at remission (median absolute
decrease, 0.8; P =.004).

Five patients (26%) had increases in tonsillar uptake during
disease activity. The median tonsillar SUV ., at activity was 2.6
(2.2-10.3). Six (29%) patients had tonsillar hypermetabolism at
remission (mild in 5), and the median tonsillar SUV ., at re-
mission remained elevated at 3.0 (2.1-10.0), with no change
in tonsillar SUV . between active disease and remission (me-
dian absolute decrease, 0.05; P =.96).

Hepatic Findings

At active disease 4 patients (21%), all symptomatic, had hepa-
tomegaly without any change in hepatic metabolism (median
SUV ax 2.3; range, 2.0-3.2). None had hepatomegaly or in-
creased hepatic metabolism at remission (median SUV ,,,
2.0; range, 1.8-4.2), and there was no significant change in he-
patic SUV .., in paired studies (median absolute in decrease
SUV a0 0.2; P =.59).

Findings at Other Sites

In 2 patients, pleural effusions (not '*F-FDG avid) were noted
during active disease; neither patient was found to have PEL. In 1
patient, several PET-avid cystic bone lesion of the axial skeleton
were present (SUV ., 4.4). Multiple moderately avid pulmonary
lesions were also noted in the patient with toxoplasmosis and
tuberculosis, persisting at KSHV-MCD remission. All male
patients had normal testicular metabolic activity (Table 1), with
no change in testicular SUV ,,, between active disease and
remission (median decrease in SUV ., 0.0; P =.80).
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Figure 2. Individual subject changes in overall and organ-specific quantitative '®F-fluorodeoxyglucose positron emission tomographic (PET) abnormalities
between flare and remission. Comparison of organ-specific maximal standardized uptake value (SUV ) between active disease and remission in patients
with paired PET scans (n =16 but n =15 for spleen) showed statistically significant reductions in metabolic activity of lymph nodes, spleen, salivary glands,
and bone marrow; changes were most marked for nodes and spleen. For lymph nodes, this difference remained significant with partial volume correction
(PVC) (median decrease in PVC SUV 4y 2.1; P=.004 [not shown]). Note that the vertical axis scales differ.

Imaging Association with Disease Severity and Correlates of
Disease Activity

We used nodal SUV ,,, to explore the relationship of '*F-FDG
PET with disease severity in subjects with active disease, be-
cause nodal abnormalities were the most common and dynamic
indicator of disease. We used CRP level and KSHYV load as lab-
oratory markers of severity, because these are well correlated
with activity and with serum levels of vIL-6 and hIL-6 [9],
and we explored any relationship with HIV viremia. KSHV-
MCD symptom severity during disease activity was associated
with the intensity of nodal abnormalities as assessed by nodal
SUV nax with and without PVC (P =.004 by Jonckheere-
Terpstra trend test; with PVC, P =.013; Figure 3). Nodal SUV .«
was also correlated with both CRP level (R =0.62; P=.004) and
KSHYV viral load (R =0.54; P =.02) (Figure 3); these correlations
were also present after PVC (for CRP and PVC nodal SUV .,
R=0.55 and P =.01; for KSHV viral load and PVC nodal SUV-
max, R =0.46 and P =.05). By contrast, there was no association
between nodal SUV ,,,, with or without PVC and HIV viral load
(P =.52 for nodal SUV ., and P=.92 for PVC nodal SUV ).

Imaging Before Symptomatic Relapse

Three '®F-FDG PET/CT scans had been obtained at an outside
center in a patient who had achieved KSHV-MCD remission
before experiencing a symptomatic relapse and enrolling in
the present study (SUV could not be calculated, and these
scans are not included in the primary analyses). The scans dem-
onstrated progressive abnormalities before relapse with increas-
ing splenic metabolic activity and size and the development of
widespread hypermetabolic adenopathy (Figure 4). One month
after the final scan, this patient experienced a symptomatic
relapse for which he was treated, after which '*F-FDG PET
abnormalities resolved.

Imaging of Intercurrent Tumors

Intercurrent lymphomas were identified in 3 patients: 2 had
KSHV-associated PEL, and 1 had diffuse large B-cell lympho-
ma. None had symptoms attributable to KSHV-MCD at imag-
ing. Each had '®F-FDG PET abnormalities distinguishable from
KSHV-MCD by their avidity and distribution (Figure 5), with
intensely hypermetabolic abnormalities restricted to sites of
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Figure 3. Association of quantitative intensity of '°F-fluorodeoxyglucose positron emission tomographic abnormalities with Kaposi sarcoma herpesvirus—
associated multicentric Castleman disease (KSHV-MCD) disease parameters. In patients with active KSHV-MCD, nodal maximal standardized uptake value
(SUVinax) was correlated with symptom grade (National Cancer Institute Common Toxicity Criteria for Adverse Events [CTCAE] grade for worst symptom
present; P=.005 by Jonckheere—Terpstra test for trend) and moderately well correlated with 2 established laboratory indicators of KSHV-MCD disease
activity, C-reactive protein (CRP) (R=0.62 and P=.004; regression line shown) and KSHV load (R=0.54 and P=.02; regression line shown). Abbreviation:
HIV, human immunodeficiency virus.

lymphoma involvement. Otherwise, these patients had normal ~ hypermetabolic cutaneous abnormalities were visualized at
uptake. The median SUV,,,, at sites involved with lymphoma involved sites in 5 (55%) (Figure 5); the median SUV of these
was 11.0 (range 7.0-38.2). lesions was 3.0 (range, 2.0-4.0). In 1 patient whose KS remitted

Nine patients had cutaneous KS within the imaged field. between the initial and remission studies, the cutaneous hyper-
(Others had active KS in extremities outside the field.) Mildly metabolic abnormalities resolved.

Figure 4. Progressive "8F-fluorodeoxyglucose ("8F-FDG) positron emission tomographic (PET) abnormalities preceding symptomatic relapse of Kaposi
sarcoma herpesvirus—associated multicentric Castleman disease (KSHV-MCD). Panels show sequential '®F-FDG PET scans performed in a single patient
at time points after the first remission of symptomatic KSHV-MCD. Maximum intensity projections are shown. A, At first remission, the only metabolic
abnormality was a mild increase in isolated axillary nodes. B, Four months into remission, while the patient was still clinically asymptomatic, splenic
metabolism was mild with was borderline splenomegaly (closed arrow); nodal abnormalities were slightly more prominent. C, Ten months into remission,
while the patient was still asymptomatic, splenic metabolism was markedly increased with persisting borderline splenomegaly (closed arrow), and mod-
erately hypermetabolic adenopathy was seen, most marked in the axillary nodes but also involving cervical and inguinal sites (open arrows). Two months
later, the patient experienced a symptomatic relapse and was enrolled in the present study and treated. These abnormalities resolved completely with his
second remission (not shown).
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Figure 5. Findings of "°F-fluorodeoxyglucose (*8F-FDG) positron emission tomography (PET) in patients with intercurrent tumors, including primary ef-
fusion lymphoma (PEL), diffuse large B-cell lymphoma, and Kaposi sarcoma (KS). Representative "8F-FDG PET maximum intensity projections from 3 patients
with KS herpesvirus—associated multicentric Castleman disease (KSHV-MCD) and intercurrent tumors, including large-cell lymphomas and KS. 4, In a
patient with KSHV-MCD and PEL of both pleural cavities and severe cutaneous KS, the pleural surface demonstrates moderately increased avidity through-
out, with patches of intense uptake (closed arrows, pleural nodal maximal standardized uptake value [SUV 4, 7.0), whereas the lymphomatous effusion
(above lower closed arrows) is not "8F-FDG avid. Areas of moderate hypermetabolic activity are also seen in the skin at sites of KS involvement (gpen
arrows). Lymph nodes and spleen were metabolically normal. The acquired imaging field and image quality in this patient was reduced owing to his critical
illness. B, In a patient with KSHV-MCD and extracavitary PEL presenting with cutaneous and soft tissue, marked areas of avidity are seen at the sites of
extracavitary PEL (closed arrows; lesion SUV .y, 11.0), while nodes are normal; the patient had previously undergone a splenectomy. C, In a patient with
KSHV-MCD and diffuse large B-cell lymphoma, intense avidity is seen at the primary lymphomatous mass (closed arrow; SUV ey, 38.2) and less intense
avidity at nearby involved nodes (apen arrows), whereas uninvolved nodes and spleen are normal. Normal cardiac uptake is seen in Band C, and normal

tracer excretion into the renal collecting system in B.

DISCUSSION

This prospective exploration of '*F-FDG PET in KSHV-MCD
characterizes imaging abnormalities during disease activity
and remission, providing paired observations in individual
patients and correlation of imaging findings with clinical
and laboratory correlates of disease severity. Our findings
suggest that '®F-FDG PET can provide important infor-
mation in patients with suspected KSHV-MCD, assist the
distinction between KSHV-MCD and HIV and concurrent
diseases, and shed light on its underlying pathobiologic
mechanism.

We observed distinctive '*F-FDG PET findings in patients
with active KSHV-MCD. The most characteristic were symmet-
ric, widespread, moderately hypermetabolic lymphadenopathy,
increased splenic metabolism with splenomegaly, and, less
commonly, increased marrow or salivary gland metabolism.
These abnormalities resolved or improved at clinical remission.
The intensity of nodal metabolic uptake during activity was cor-
related with symptom severity and with laboratory correlates of
disease but not with HIV viremia. These findings extend those
of previous case studies and retrospective series [35-38], provid-
ing more detailed evaluation of a larger cohort and, for the first
time, paired comparisons of individual patients and exploration
of the relationship of imaging abnormalities and clinical and
laboratory correlates of disease.

The observed nodal, splenic, and marrow changes are consis-
tent with known sites of KSHV-MCD involvement [1,2,42]. The
findings in salivary glands are intriguing, because salivary glands
are a known site of KSHYV replication [43, 44], but their involve-
ment in KSHV-MCD is unclear. The widespread abnormalities
seen here provide evidence that the pathobiologic mechanism
of active KSHV-MCD is generalized across nodes and spleen.
We hypothesize that this reflects B-lymphocyte activation and tis-
sue inflammation accompanying KSHV lytic activity and associ-
ated cytokine production [9-11, 45]. Moreover, this finding
suggests that in KSHV-MCD, the pathologic process in individ-
ual lymph nodes is coordinated and potentiated through systemic
factors. These include hIL-6, interleukin 10, and vIL-6, the last of
which is produced by some KSHV-infected plasmablasts in af-
fected lymph nodes [9]. Additional studies are needed to explore
the relationship between local and systemic factors.

The '®F-FDG PET abnormalities in this series were present
even in subjects with suppressed HIV viral load and active
KSHV-MCD. Previous studies have shown that HIV-infected
patients with suppressed HIV loads do not exhibit significant
'8E_FDG PET abnormalities [20, 25-29]. Taken together,
these data suggest that the presence of nodal and splenic '*F-
FDG PET abnormalities in patients with inflammatory symp-
toms and suppressed HIV viral load should not be simply
attributed to HIV infection but should rather prompt consider-
ation of KSHV-MCD or other diseases. Our ability to explore
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the contribution of HIV viremia to '*F-FDG PET abnormalities
in the present study was limited by the relatively few patients
with unsuppressed HIV viral load, and relatively low degree
of viremia in those unsuppressed patients.

Symmetric nodal abnormalities similar in intensity to those
seen here have been described in patients with high HIV viral
load without KSHV-MCD. In patients without suppressed HIV
load, distinguishing HIV-related reactive adenopathy from
other diseases, including KSHV-MCD and lymphoma, is there-
fore more complex, and further studies will be required to de-
termine the optimal imaging approach, perhaps including novel
tracers [20]. Notably, extranodal abnormalities seem uncom-
mon in these patients [27, 30], and their presence may provide
a useful point of distinction.

By allowing us to characterize the range of abnormalities
commonly seen in active KSHV-MCD, this series provides im-
portant information to assist physicians in distinguishing
KSHV-MCD from concurrent conditions. We did not observe
asymmetric or highly avid adenopathy (nodal SUV, >10) in any
patients with KSHV-MCD alone, indicating that such changes
are not characteristic of uncomplicated KSHV-MCD. This sug-
gests that '*F-FDG PET abnormalities of KSHV-MCD are dis-
tinct from those reported for high-grade lymphoma [18, 20, 22,
24] and common opportunistic infections [46], indicating that
lymphoma or other diseases should be considered in patients
with suspected KSHV-MCD who manifest highly avid or asym-
metric adenopathy. Although '*F-FDG PET is unlikely to pro-
vide a specific diagnosis, targeting biopsies for histopathology
and culture to highly avid sites may improve diagnostic accura-
cy, minimizing sampling errors and missed diagnoses [4, 5].

These data also suggest that '*F-FDG PET warrants further
exploration in monitoring therapeutic response within clinical
studies. The optimal approach to patient monitoring and the
end point of therapy for KSHV-MCD are not defined [3, 12—
14]. Resolution of '*F-FDG PET abnormalities may provide
useful adjunctive information supporting the decision to cease
therapy. The significance of persistent minor '*F-FDG PET ab-
normalities in otherwise well patients after therapy is uncertain
and will require further assessment. Importantly, remission in
this study was defined based on clinical and biochemical
parameters, and the mild nodal and splenic abnormalities
observed here during remission may sometimes represent
persistent subclinical disease activity or immune reconstitution
after completion of cytotoxic therapy. The clinical importance
of these changes, along with any utility of continuing therapy
beyond symptomatic remission until imaging abnormalities re-
solve, requires further exploration. Similarly, further study will
be needed to determine whether '*F-FDG PET changes are suf-
ficiently dynamic to support interim imaging to identify pa-
tients who are not responding to therapy.

Our observations that '*F-FDG PET abnormalities were pre-
sent even in patients with asymptomatic disease activity and

were progressive in 1 patient before relapse also suggest a role
for "*F-FDG PET in detecting subclinical disease. The symp-
toms of KSHV-MCD may develop very quickly and be life
threatening [1, 3, 4], and strategies are needed to identify im-
pending relapse. Given the observation that KSHV load increas-
es in peripheral blood before symptomatic relapse [47], a
strategy such as targeted '*F-FDG PET imaging in patients
with rising KSHV load may have clinical utility. Again, further
studies will be required to explore this issue.

Finally, while this study was not specifically designed to as-
sess other KSHV-associated tumors, these were present in a
number of patients. In patients who also had PEL, hypermeta-
bolic abnormalities at sites of cavitary and extracavitary PEL
were delineated. Moreover, in a majority of patients who had
cutaneous KS within the imaging field, the KS lesions were vi-
sualized; those where KS was not visualized included some with
small lesions below scanner resolution. Because '*F-FDG PET is
readily available, this may be clinically useful and could comple-
ment research development of novel imaging modalities [48,
49]. Similarly, '*F-FDG PET may help delineate the pathogen-
esis of the expanding spectrum of KSHV associated diseases, in-
cluding the KSHV inflammatory cytokine syndrome [5,50] and
KS-associated immune reconstitution syndrome [51]. Its poten-
tial utility in KSHV inflammatory cytokine syndrome is being
explored prospectively (NCT01419561).
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