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PET using '8F-FDG is acceptable as a preoperative diagnostic
tool for head and neck cancer. PET combined with CT provides
precise localization of neck lymph nodes. Reactive lymphade-
nopathy is well known as a principal cause of false-positive find-
ings on PET/CT for nodal staging. We investigated the reactive
lymph nodes of oral cancer to elucidate the '8F-FDG-avid area
in these nodes. Methods: Surgically dissected neck lymph
nodes of oral cancer were retrospectively reviewed. Of the pa-
tients without pathologic nodal metastasis who underwent pre-
operative PET/CT, 11 patients with 31 enlarged lymph nodes at
20 levels were enrolled. The maximum standardized uptake
value (SUVmax) of each lymph node was recorded. The diame-
ters of the long and short axes were measured by pathologic sec-
tioning, and the sectional surface area was calculated in square
millimeters. Besides being stained with hematoxylin and eosin,
the sections were immunohistochemically stained by CD79a
for B cells, CD3 for T cells, CD68 for macrophages, CD21 for fol-
licular dendritic cells (FDCs), and ubiquitous glucose transporter
type 1 (GLUT1). The expression of GLUT1 was compared with
staining of lymphoid cells. The numbers of total lymphoid follicles
and hyperplastic secondary follicles were counted on CD21 and
hematoxylin and eosin sections, respectively. The follicular reac-
tivity index was determined as the ratio of secondary follicles
relative to total follicles on the corresponding section. These pa-
rameters of reactive lymph nodes were analyzed on a level basis.
Results: GLUT1 was expressed exclusively in lymphoid follicles,
whose staining pattern was identical to that of FDCs. The calcu-
lated sectional area correlated significantly with the number of
total follicles (r = 0.560; P = 0.0101). SUVmax did not correlate
with the number of total follicles (P = 0.8947) but correlated
significantly with the number of secondary follicles (r = 0.535;
P = 0.0152). In addition, a strong positive correlation between
SUVmax and the follicular reactivity index was demonstrated
(r = 0.829; P < 0.0001). Conclusion: GLUT1 was expressed
on cytoplasmic protrusions of FDCs in lymphoid follicles. The
18F-FDG accumulation in reactive lymphadenopathy depended
on secondary follicles. FDCs in germinal centers of secondary
follicles are suggested to be avid for 8F-FDG and the principal
cause of false-positive findings for nodal staging.
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PET is an imaging tool that provides biochemical and
physiologic information (/). The glucose analog '8F-FDG
is transported into cells by facilitative glucose transporters
(2). An overexpression of ubiquitous glucose transporter
type 1 (GLUT1) in malignant tumors allows '8F-FDG PET
to have a useful role in oncology (3). The use of PET/CT
for nodal staging is based on an increased '|F-FDG ac-
cumulation in metastatic lymph nodes. In-line PET with
CT, furthermore, enables precise localization of '8F-FDG—
avid spots on the conventional image and increases diag-
nostic accuracy for nodal staging in the head and neck
(4-6). Tt is well known, however, that '8F-FDG accumu-
lates in areas of inflammation and in reactive lymphade-
nopathy (7,8). In previous articles, GLUT1 expression in
lymphoid follicles was reported in mediastinal lymphade-
nopathy of lung cancer patients, which the authors con-
cluded was a major cause of false-positive findings on PET/
CT for nodal staging of lung cancer (8,9). The semiquan-
titative standardized uptake value (SUV) in lymph nodes,
however, did not correlate with the area and grade of GLUT1
expression (9). Lymphoid follicles are composed of lym-
phocytes, macrophages, and follicular dendritic cells
(FDCs). Networks of these cells in lymphoid follicles make
up germinal centers, which can easily be seen on histologic
sections stained with hematoxylin and eosin (H&E) (/0) and
can be differentiated by immunohistochemical methods; that
is, B lymphocytes by CD79a (/17), T lymphocytes by CD3
(12), macrophages by CD68 (13), and FDCs by CD21 (I4).

The purpose of this study was to elucidate '8F-FDG-avid
cells in reactive lymphadenopathy. First, an immunohisto-
chemical method was used on reactive neck lymphadenop-
athy of oral cancer to assess GLUT1 expression. Then,
I8E-FDG uptake in lymphadenopathy was evaluated by
comparison with the lymphoid follicles.
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MATERIALS AND METHODS

Patients

This retrospective research was approved by an institutional
review board and did not require the informed consent of the
patients. The cases of patients with oral cancer who underwent
neck dissection with or without primary excision from March 2005
to May 2007 were reviewed. Twenty patients underwent PET/CT
for clinically indicated nodal staging of newly diagnosed oral
cancer and for the evaluation of clinically suspected recurrent
lymphadenopathy in the neck. Patients with previous radiotherapy
in the neck area or with pathologically proven neck metastases
were excluded. With this exclusion, 14 patients with pathologically
negative necks remained, and 11 patients (6 men and 5 women;
average age, 62.6 y; range, 26-83 y) had lymphadenopathy at one
or more levels. Thirty-one enlarged nodes exceeding 10 mm in
maximal diameter (average, 13.5 mm; range, 10-19 mm) at 20
levels were included. PET/CT was performed within 1 mo before
surgery (average, 21 d; range, 13-30 d). The pathologic finding for
the enrolled patients was squamous cell carcinoma, except for
1 case of adenoid cystic carcinoma. The primary lesion was
resected at this research in all patients except one, who had already
undergone surgery for the primary excision. Two of the enrolled
patients received oral chemotherapy before surgery. The other
patients had no previous therapy for the neck lesion.

PET/CT

The patients received an intravenous injection of 3 MBq of
IBF.FDG per kilogram. The '8F-FDG was produced in-house
using a 10-MeV cyclotron (Cyclone 10/5; IBA) and an automated
synthesis module (TRACERIlab; GE Healthcare). All patients
fasted for at least 6 h before tracer injection, and plasma glucose
was in the acceptable range in all patients (mean, 84.8 mg/dL;
range, 65-104 mg/dL). A PET/CT (Biograph LSO Duo; Siemens)
study of the torso in arms-up position was started 110 min after
the '8F-FDG administration, took approximately 20 min, and was
followed by imaging of the head and neck with the patient’s arms
down. Thus, a tracer uptake period of 130 min was allowed for the
dedicated head and neck scan. The CT (2-detector system) data
were used for attenuation correction of the PET emission images.

The CT parameters of the dedicated head and neck scan were as
follows: 3-mm slice width; 2.5-mm collimation; 1.5-s gantry rota-
tion; 5-mm gantry feed per rotation; 130-kVp tube voltage; 67-mA
tube current; and 500-mm field of view. PET emission data were

FIGURE 1. Secondary lymphoid follicle
in neck node (in left level Il of patient 7).
(A) Hyperplastic germinal center com-
posed of light zone (LZ) and dark zone
(DZ) is asymmetrically surrounded by
darkly stained mantle zone (MZ) (H&E;
bar, 250 pm). (B) On CD21 section,
fingerprintlike configuration formed by
protrusions of FDCs is characteristically
depicted, notably in light zone (bar, 250
wm; x100).
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acquired in 3-dimensional mode with a spatial resolution of 6 mm in
full width at half maximum. The dedicated head and neck PET
parameters were as follows: 2 bed positions at 3 min per position;
162-mm axial field of view; and 585-mm transaxial field of view.
The reconstruction zoom factor was 2, and the reconstructed images
had 1.3-mm pixels displayed in a 256 X 256 matrix.

Lymph Node Matching and Image Analyses

All patients underwent unilateral or bilateral neck dissection, and
the surgeon assigned each lymph node to a neck level. The excised
nodes were fixed in formalin, embedded in paraffin, sectioned, and
stained with H&E separately for each neck level. Of the patients
with a pathologically negative neck, enlarged lymph nodes exceed-
ing 10 mm on the section were included in the study. The maximum
diameters in the long and short axes were measured on the section.
Then, size was calculated as the sectional area in square millimeters,
approximately by the formula for an oval area; that is, 0.8x (the
product of a long- and a short-axis diameter).

The included lymph nodes were identified on the CT image (15).
Because it was difficult to discriminate each node if more than one
node was enlarged at the same level, the average value in that level
was used in such cases. A workstation featuring PET and CT fusion
(e.soft; Siemens) was used for image display and analysis. An oval
region of interest was placed on the largest displayed lymph node.
The SUV of the pixels in that region of interest was calculated using
the formula SUV = Cy;¢/(dose/wt), where Cy; is the decay-corrected
tracer tissue concentration (Bq/mL), assuming a tissue density of
1 g/mL; dose is the injected total dose (Bq); and wt is the patient’s
body weight (g). The maximum SUV (SUVmax) in the region of
interest was recorded as a semiquantitative evaluation of '8F-FDG
uptake in the lymph nodes.

Immunohistochemistry

Immunohistochemistry by the biotin—avidin immunoenzymatic
method was performed on the included lymph nodes. Sections 4 pwm
thick were freed of paraffin (using xylene) and rehydrated in a
graded ethanol series. Tissue antigens were retrieved by microwave
irradiation (CD79a, CD68) or by autoclaving (GLUT1, CD3, and
CD21; 121°C for 15 min) with a 10 mmol/L concentration of citrate
buffer (pH 6.0). An automated staining machine (Autostainer;
DAKO) was used, and the sections were rinsed with phosphate-
buffered saline (pH 7.6) between each step. After endogenous per-
oxidase blocking by 3% hydrogen peroxide, the sections were
incubated with primary antibodies: rabbit anti-GLUT1 polyclonal
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FIGURE 2. Secondary follicle stained
by GLUT1 (A), CD79a (B), CD3 (C), and
CD68 (D) (same follicle as in Fig. 1). (A)
Marked similarity of staining pattern be-
tween GLUT1 and CD21 (Fig. 1B) in
germinal center is noted. Erythrocytes
seen in extrafollicular area are positive
controls. (B) B cells are numerous in
lymphoid follicle and medullary cords
(MC). (C) T cells predominate in paracor-
tex (PC), and a few are also seen within
germinal center. (D) Macrophages are
dispersed in germinal center and medul-
lary cord (MC) and are rarely seen in
paracortex (bar, 250 pwm; x100).

antibody (1:100; DAKO), anti-CD79a (1:60, clone JCB 117;
DAKO), anti-CD3 (clone PS1; Nichirei), anti-CD68 (1:60, clone
KP1; DAKO), and anti-CD21 (1:60, clone 1F8; DAKO). The
sections then were incubated with biotinylated secondary antibody
and peroxidase-labeled streptavidin—biotin complex (LSAB kit;
DAKO). Finally, the sections were treated with diaminobenzidine as
chromogen and counterstained with hematoxylin.

Lymphoid Follicles

Functionally, there are 2 types of lymphoid follicles. Secondary
lymphoid follicles are considered functionally reactive to antigenic
stimuli and are characterized by a germinal center and a surrounding
asymmetric mantle zone. Primary follicles, in contrast, are typically
small, with or without a symmetric concentric mantle zone. Lym-
phoid follicles containing FDCs are explicitly demonstrated on
CD21 sections even if the follicles are too small to be recognized on
H&E sections. On H&E sections, in contrast, the mantle zone
surrounding the germinal center is easily recognized as a darkly
staining area.

At first, the total follicles on the section were counted by CD21
staining. Secondary follicles were counted on the corresponding
H&E section. Because secondary follicles are not necessarily seen
completely on histologic sections, we chose as the area to be counted
either a germinal center exceeding 0.25 mm in diameter with or
without a mantle zone or a germinal center surrounded by a mantle
zone with an asymmetric concentric configuration regardless of its
sectional size (Fig. 1). The follicular reactivity index was then
determined as the ratio of secondary follicles relative to total
follicles in the section.

Statistical Analysis

The correlation between the nodal SUVmax and other nodal
parameters was determined using the Pearson correlation coeffi-
cient. A P value of less than 0.05 was considered statistically
significant.
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RESULTS

SUVmax in Reactive Lymph Nodes

The included lymph nodes are summarized in Table 1.
When more than one lymph node was present at the same
level, the average values for SUVmax, diameter, number of
follicles, and follicular reactivity index were used for the
analyses for that level. For lymphadenopathy with an
SUVmax ranging from 1.34 to 4.53 (average, 2.24), 3 nodes
on 2 levels were false-positive, with a cutoff of 3.5. SUVmax
was not associated with nodal size calculated as area in
square millimeters (P = 0.5281).
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FIGURE 3. Nodal size calculated as cut surface area in square
millimeters shows positive correlation with number of total
lymphoid follicles. Solid line indicates linear best fit.
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FIGURE 4. No relationship is seen between number of total
lymphoid follicles and SUVmax of lymph nodes. In contrast,
SUVmax shows positive relationship with number of secondary
follicles.

GLUT1 Expression in Lymphoid Follicles

Immunohistochemistry demonstrated that GLUT1 was
expressed in lymphoid follicles other than the erythrocytes
of positive controls in the extrafollicular area. The immuno-
histochemistry for lymphoid cells showed a distribution
different from that of GLUT1, with the exception of CD21.
The staining pattern in lymphoid follicles for GLUT1 was
markedly similar to that for CD21, which was characterized
by a fingerprintlike configuration (Fig. 2A). In secondary
follicles, GLUT1 staining was relatively localized to the
germinal center whereas CD21 staining was beyond the
germinal center. In addition, the cortical side of the germinal
center was predominantly stained by both GLUT1 and CD21,
with areas of variation. B cells, on CD79a sections, were
observed in cortical areas, including lymphoid follicles and
the medullary cord (Fig. 2B). T cells, on CD3 sections, were
observed mainly in the paracortex and scattered in the
germinal centers of secondary follicles (Fig. 2C). Macro-
phages, on CD68 sections, were observed in the medullary
cords to a variable degree and dispersed within lymphoid
follicles (Fig. 2D).

18F_-FDG Uptake and Follicular Reactivity

The number of total lymphoid follicles counted on CD21
sections correlated significantly with nodal size (r = 0.560;
P =0.0101) (Fig. 3). No relationship between nodal SUVmax
and the number of total lymphoid follicles was noted (P =
0.8947) (Fig. 4). However, nodal SUVmax correlated signif-
icantly with the number of secondary follicles (r = 0.535; P =
0.0152) (Fig. 5A). In addition, the follicular reactivity index,
ranging from 1.9% to 57.5% (average, 21.4%) on a nodal
basis, showed a strong positive correlation with SUVmax on a
level basis (r = 0.829; P < 0.0001) (Fig. 5B).

DISCUSSION

In the routine clinical setting, we perform PET/CT with a
tracer uptake period of 110 min for whole-body imaging and
130 min for head and neck imaging. We apply an uptake
period longer than the standard because of previous reports
about the usefulness of delayed PET imaging for detecting
malignant lesions, including nodal metastases (/6—18). In
nodal staging, however, there is a trade-off of some false-
positive findings against the false-negatives. The sensitivity
and specificity for neck nodal staging in our study were
75.0% and 94.4%, respectively, on whole-body imaging with
a cutoff SUV of 3.5. With the same cutoff value, sensitivity
and specificity on dedicated head and neck imaging were
75.0% and 89.5%, respectively. This assessment, whose
values are in line with other articles (5, 19,20), was performed
for lymphadenopathy that could be detected on CT and
calculated on a level basis. Compared with whole-body
imaging, dedicated head and neck scanning showed an
increase in SUVmax for most lymph nodes. There were
reactive nodes, even a few with an SUVmax exceeding the
cutoff value, only in head and neck imaging. Furthermore, as
other investigators reported (2/-23), there were occult met-
astatic nodes showing an SUVmax of much less than the
cutoff value. Thus, it is not surprising that the dedicated head
and neck imaging had a higher false-positive rate (10.5%)
than the whole-body scanning (5.6%) without having an
improved sensitivity. In addition, false-positive nodes are
likely to be due to constant stimuli by carcinogenic and
extrinsic antigens.

The current study showed that GLUT1 was expressed
exclusively in lymphoid follicles, as has been found by
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FIGURE 5. (A) Maximum SUV of lymph
nodes correlates significantly with num-
ber of secondary follicles. (B) Strong
positive correlation is seen between
SUVmax of lymph nodes and follicular
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reactivity index. Solid lines indicate linear
best fit.
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FIGURE 6. Lymphadenopathy of neck.
(A) Enlarged lymph node with true-nega-
tive '8F-FDG uptake (in right level Ill of
patient 3) shows enlargement in extra-
follicular area on H&E section. (B) Small
primary follicles dispersed in lymph node
are recognized on CD21 section (bar, 500
wm; x20).

other investigators (8,9). The identical staining pattern
found between GLUT1 and CD21 suggests that FDCs in
lymphoid follicles express GLUT1 but does not indicate,
however, that '3F-FDG accumulates in all lymphoid folli-
cles harboring FDCs, because the number of total follicles
was not associated with nodal SUVmax. Rather, a signif-
icant correlation between secondary follicles and nodal
SUVmax increases the likelihood that '8F-FDG accumu-
lates in secondary follicles.

Immunohistochemistry by lymphoid cells reflects the
functions of lymph nodes, which comprise cortex, paracor-
tex, medullary cord, and lymph-filled sinus. Lymphadenop-
athy is recognized when any of these components become
enlarged. B cells predominate in the cortex, where lymphoid
follicles generally exist, and plasma cells of B cell linkage
predominate in the medullary cords. T cells predominate in
the paracortex and are partially seen in the lymphoid folli-
cles. Macrophages with phagocytized debris typically re-
main in the sinus or medullary cord, and some macrophages
(tangible body macrophages) are dispersed in the germinal
center. Primary follicles housing B cells are stimulated to
secondary follicles when they encounter an antigenic pre-
sentation in which the germinal center is formed in associ-
ation with other lymphoid cells (24). T cells also encounter an
antigen displayed on dendritic cells in the paracortex, and
the migration of T cells to lymphoid follicles is essential to
germinal center formation (25,26). Secondary follicles with
germinal centers involute when this follicular-center cell
reaction is over (27), resulting in the deposit of memory cells
and macrophages in the extrafollicular area. Local immuno-
logic reactions, thus, remain in the extrafollicular area after

FIGURE 7. Reactive lymphadenopathy
of neck. (A) Enlarged lymph node with
false-positive '8F-FDG uptake (in right
level Il of patient 5) shows hyperplastic
lymphoid follicles on H&E section. (B)
Hyperplastic germinal centers located in
deeper area and in cortex are demon-
strated on CD21 section (bar, 500 pum;
%x20).
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secondary follicles involute, contributing to extrafollicular
enlargement (Fig. 6). Secondary follicles are sometimes
found deep in lymph nodes, especially with increased '8F-
FDG accumulation (Fig. 7). Therefore, both small primary
and hyperplastic secondary follicles contribute to nodal
enlargement, explaining the significant correlation between
nodal size and the number of total follicles.

In the germinal centers of secondary follicles, B cell
maturation from centroblasts to plasma cell precursors
takes place through processes such as proliferation, differ-
entiation, and apoptosis. This follicular-center cell reaction
occurs in association with T cells, macrophages, and FDCs.
Centroblasts on the deep side of follicles (dark zone) evolve
to centrocytes on the cortical side (light zone), where they
undergo somatic hypermutation to make antigen receptors
that perfectly fit the presented antigen. The polarity of the
germinal center shown by GLUTI1, FDC, and T cells ex-
plains that centrocytes were near the FDC network in as-
sociation with T cells during this trial-and-error process
(25,28,29). '8F-FDG appears to accumulate in FDCs within
germinal centers, where FDCs play an important role in B
cell maturation.

In the present study, the SUVmax of reactive lymph nodes
ranged up to 4.53, and the highest follicular reactivity index
of 57.4% was found at the same level. It was uncertain,
however, if both highest values were estimated in the same
node and if the follicular reactivity index could be extrapo-
lated to a higher value on a nodal basis. Moreover, this study
was performed solely on oral cancer patients. Further inves-
tigations need to be performed on larger sample sizes and in
other regional lymphadenopathies. We believe, however, that
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FDCs express glucose transporter in lymphoid follicles even
if they are located in other regions and are avid for glucose
when they are functionally active.

To our knowledge, this is the first report of FDCs produc-
ing false-positive findings on '8F-FDG PET for nodal stag-
ing. Germinal centers harboring FDCs and other lymphoid
cells are physiologically found in the extralymphoid organs,
such as in the gastrointestinal tract. FDCs probably have
an important role when the organs react to local antigenic
stimuli in concert with the lymphoid cells. Despite much
research about '8F-FDG uptake in various inflammatory
processes, GLUT1 expression in FDCs never has been rec-
ognized. Therefore, the present finding should be helpful in
understanding the accumulation of '¥F-FDG in inflammatory
processes and its physiologic mechanism.

CONCLUSION

The current study suggests that FDCs located in lym-
phoid follicles express GLUT1. '8F-FDG uptake in reactive
lymph nodes is associated with secondary follicles. There-
fore, FDCs in the germinal centers of secondary follicles
may be avid for '8F-FDG.
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