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Repopulation of clonogenic tumor cells is inversely correlated
with radiation treatment outcome in head and neck squamous
cell carcinomas. A functional imaging tool to assess the prolifer-
ative activity of tumors could improve patient selection for treat-
ment modifications and could be used for evaluation of early
treatment response. The PET tracer 3'-deoxy-3'-'8F-fluorothy-
midine ('8F-FLT) can image tumor cell proliferation before and
during radiotherapy, and it may provide biologic tumor informa-
tion useful in radiotherapy planning. In the present study, the
value of '8F-FLT PET in determining the lymph node status in
squamous cell carcinoma of the head and neck was assessed,
with pathology as the gold standard. Methods: Ten patients
with newly diagnosed stage II-IV squamous cell carcinoma of
the head and neck underwent '8F-FLT PET before surgical tumor
resection with lymph node dissection. Emission '8F-FLT PET and
CT images of the head and neck were recorded and fused, and
standardized uptake values (SUVs) were calculated. From all
18 '8F-FLT PET-positive lymph node levels and from 8 '8F-FLT
PET-negative controls, paraffin-embedded lymph node sections
were stained and analyzed for the endogenous proliferation
marker Ki-67 and for the preoperatively administered prolif-
eration marker iododeoxyuridine. The sensitivity, specificity,
positive predictive value, and negative predictive value were cal-
culated for "8F-FLT PET. Results: Primary tumor sites were oral
cavity (n = 7), larynx (n = 2), and maxillary sinus (n = 1). Nine of
the 10 patients examined had '8F-FLT PET-positive lymph nodes
(SUV hean: median, 1.2; range, 0.8-2.9), but only 3 of these pa-
tients had histologically proven metastases. All metastatic lymph
nodes showed Ki-67 and iododeoxyuridine staining in tumor
cells. In the remaining 7 patients, there was abundant Ki-67
and iododeoxyuridine staining of B-lymphocytes in germinal
centers in PET-positive lymph nodes, explaining the high rate
of false-positive findings. The sensitivity, specificity, positive pre-
dictive value, and negative predictive value of '8F-FLT PET were
100%, 16.7%, 37.5%, and 100%, respectively. Conclusion: In
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head and neck cancer patients, 8F-FLT PET showed uptake in
metastatic as well as in nonmetastatic reactive lymph nodes,
the latter due to reactive B-lymphocyte proliferation. Because
of the low specificity, 18F-FLT PET is not suitable for assessment
of pretreatment lymph node status. This observation may also
negatively influence the utility of "8F-FLT PET for early treatment
response evaluation of small metastatic nodes.

Key Words: '8F-FLT; PET/CT,; staging; head and neck cancer
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Lymph node involvement in squamous cell carcinoma of
the head and neck is an indicator of poor prognosis, reducing
the cure rate by almost 50% (/). Standard diagnostic work-
up for assessing cervical lymph node status is performed by
CT or MRI. The sensitivity (50%—-80%) and specificity
(70%—90%) of CT and MRI are comparable (2,3). For mar-
ginally enlarged lymph nodes, examination by ultrasound
imaging (US) with fine-needle aspiration cytology is supe-
rior to CT and MRI if performed by an experienced radi-
ologist (sensitivity and specificity up to 76% and 100%,
respectively (4,5)). More recently, several studies have been
performed to assess the value of '8F-FDG PET for cervical
lymph node staging (6—11). The results of these studies in-
dicate that the performance of '®F-FDG PET is not clearly
superior to US, CT, or MRI. Therefore, '8F-FDG PET is
generally not considered as part of the standard work-up for
head and neck cancer patients for this indication.

An additional biologic factor of prognostic relevance is
tumor cell proliferation. Head and neck squamous cell car-
cinomas show accelerated repopulation of clonogenic tu-
mor cells during the course of radiation therapy, and this is
related to poor treatment outcome (/2-15). Several treat-
ment modifications have been developed to counteract this
phenomenon, such as accelerated radiotherapy and inhibi-
tion of the epidermal growth factor receptor, but at the cost

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 48 ¢ No. 5 ¢ May 2007



of increased toxicity for the patient (/6—18). Hence, careful
patient selection for these treatment strategies is required to
ensure maximal patient benefit and prevent undue toxicity
and costs.

A diagnostic tool to identify lymph node metastases with
high accuracy that can also provide information on the
proliferative activity of the tumor could be of great value
for treatment selection and radiotherapy planning.

Shields et al. introduced the novel PET tracer 3'-deoxy-
3’-18F-fluorothymidine ('F-FLT) that is monophosphory-
lated by the cytosolic enzyme thymidine kinase 1 (TK1)
and trapped intracellularly (/9). TK1 activity is increased
during DNA synthesis, and '8F-FLT trapping is related to
TK1 activity and thus to proliferation. It is of importance to
note that '8F-FLT is not incorporated into the DNA and that
this TK1-mediated pathway could theoretically be upregu-
lated, although DNA synthesis is inhibited. A number of stud-
ies evaluated the usefulness of '8F-FLT in assessing tumor
cell proliferation in the primary tumor, most of them in-
cluding a comparison with '8F-FDG PET (20-31). Several
studies validated '8F-FLT tracer uptake with the prolifera-
tion marker Ki-67 in primary tumor resection material or
biopsies (23,30-35). A single study on laryngeal carcinoma
by Cobben et al. compared '8F-FLT with '8F-FDG PET for
imaging of the primary tumor without histologic verifica-
tion (27). To our knowledge, only 3 studies—2 on breast
carcinoma and 1 on thoracic tumors—have validated '8F-
FLT PET versus histopathology for the detection of met-
astatic lymph nodes (20,30,31).

Different markers have been used for histologic assess-
ment of proliferation. These include endogenous markers—
such as Ki-67, proliferating cell nuclear antigen (PCNA), and
members of the cyclin group—or intravenous administration
of the thymidine analogs bromodeoxyuridine (BrdUrd) and
iododeoxyuridine (IdUrd) (36-38). The latter have a short
half-life and are rapidly incorporated in the DNA of S-phase
cells (39). For immunohistochemical validation of '8F-FLT,
these thymidine analogs seem most suitable because TK1
activity is increased primarily during DNA synthesis.

Thus far, validation of the PET tracer '8F-FLT has fo-
cused mainly on primary tumor sites, and only recently was
this expanded to determining lymph node status. Charac-
terization of both the primary tumor and the lymph nodes is
compulsory for selection of the treatment strategy in pa-
tients with squamous cell carcinomas of the head and neck.
The aim of this study was to determine the value of '8F-
FLT PET for assessment of the cervical lymph node status
and proliferative activity with histologic evaluation as the
gold standard.

METHODS AND MATERIALS

Patients

Ten patients with newly diagnosed stage II-IV primary squa-
mous cell carcinoma of the head and neck, awaiting surgical tumor
and lymph node resection, were included in this study after giving
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written informed consent. The study was approved by the Institu-
tional Review Board of the Radboud University Nijmegen Medical
Centre, The Netherlands.

18F-FLT Synthesis

I8F-FLT was obtained commercially from the Cyclotron B.V., VU
Medical Centre, Amsterdam, The Netherlands. Synthesis was
performed according to the method of Machulla et al. (40). In brief,
I8F-FLT was produced by !8F-fluorination of the 4,4’-dimethoxy-
trityl—protected anhydrothymidine, followed by a deprotection step.
After purification by reverse-phase high-performance liquid chro-
matography, the product was made isotonic and passed through a
0.22-pm filter. '8F-FLT was produced with a nondecay-corrected
radiochemical yield of 5%—10%, a radiochemical purity of >95%,
and a specific activity of >10 TBg/mmol.

PET/CT Acquisition

Before surgical tumor resection, integrated PET and CT images
were acquired either with a hybrid PET/CT system (patients 7, 9,
and 10) or with software fusion of dedicated PET and CT images
(all remaining patients). All scans were performed with the patient
positioned in a rigid customized mask covering the head/neck area
to increase position accuracy and to reduce movement artifacts
during PET scanning.

Hybrid PET/CT images were acquired using a Biograph Duo
scanner (Siemens Medical Solutions). Emission images of the
head and neck area were recorded 60 min after intravenous
injection of 250 MBq '8F-FLT, with 7 min per bed position in
3-dimensional (3D) mode. PET images were reconstructed using
the ordered-subset expectation maximization (OSEM) iterative
algorithm with parameters optimized for the head and neck area
(i.e., 4 iterations, 16 subsets, and 5-mm 3D gaussian filter), with
correction for photon attenuation. In addition, CT images were
acquired with 120 mA-s, 130 kV, and a slice width of 3 mm, with
intravenous contrast in the venous phase, for anatomic correlation
and attenuation correction purposes.

Dedicated PET images were acquired using an ECAT Exact
scanner (Siemens Medical Solutions). Emission and transmission
images of the head and neck area were recorded 60 min after
intravenous injection of 250 MBq '8F-FLT, with 5 min per bed
position in 3D mode for emission and 3 min per bed position in 2-
dimensional mode for transmission. PET image reconstruction
was identical to that used for images from hybrid PET/CT.
Dedicated CT images were acquired using a AcQsim CT scanner
(Philips), with the same acquisition parameters as CT images from
hybrid PET/CT. PET and CT image sets were anatomically
coregistered using iterative-closest-point—based optimization of
surface maps derived from PET transmission and CT images,
with an average registration accuracy of 3 mm (47).

PET Analysis

Before analyzing the histologic sections, the combined PET/CT
image sets were reviewed in consensus by 2 experienced observers
who were unaware of all patient data. Images were scored for the
presence or absence of '8F-FLT PET uptake. Lymph node levels
were determined as described by Gregoire et al. (42). Maximum
and mean standardized uptake values (SUV .. and SUV an)
were calculated for visible lymph nodes. SUV .., Was calculated
after constructing a region of interest at the 50% isocontour of the
SUV ax-
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Surgery

Twenty minutes before the start of surgery, IdUrd (Centre
Hospitalier Universitaire Vaudois, Lausanne, Switzerland), 200
mg diluted in 100 mL of 0.9% NaCl, was administered intrave-
nously as a bolus injection. After resection, the neck dissection
specimens were presented on a uniform left- or right-sided plate
resembling the neck levels [-VI.

Immunohistochemical Staining of IdUrd and Ki-67

From the 10 patients, a total of 236 lymph nodes without
metastases and 14 lymph nodes with metastatic involvement
localized in 44 lymph node levels were removed. From these,
paraffin blocks containing lymph nodes from 26 different lymph
node levels were collected for this study. These included 18 '8F-
FLT PET-positive lymph node levels and 8 randomly chosen
levels that were '8F-FLT PET-negative.

From these blocks, 5-um sections were cut and consecutive
sections were stained for Ki-67 and IdUrd. Between all consec-
utive steps of the staining procedure, lymph node sections were
rinsed with 0.1 M phosphate-buffered saline (Klinipath), pH 7.4.
The staining procedures were performed at room temperature
unless stated differently. The sections were deparaffinized and
rehydrated in Histosafe (Adamas Instrumenten B.V.) and graded
alcohols. For antigen retrieval, slides were heated (90°C) in 10 mM
citrate buffer, pH 6.0, for 30 min. For the Ki-67 staining, sections
were incubated with 5% normal donkey serum diluted in primary
antibody diluent (PAD; Abcam) at 37°C for 30 min. Sections were
incubated overnight with mouse antihuman-Ki67 (Zymed Labo-
ratories), undiluted, at 4°C.

For the IdUrd staining, sections were incubated with 2N HCl
for 30 min, followed by incubation with 0.1 M borax for 15 min
and with 5% normal donkey serum diluted in PAD at 37°C for 30
min. Then, sections were incubated with mouse anti-IdUrd (Caltag
Laboratories), diluted 1:3,000, for 60 min. In both staining
procedures, peroxidase was blocked with 3% H,O, in methanol
for 10 min. Next, all sections were incubated with donkey
antimouse-biotin (Jackson Immuno Research Laboratories), di-
luted 1:400, for 60 min and with ABC reagent (Vector Labora-
tories) for 30 min. Then, sections were rinsed with deionized
water before incubation with diaminobenzidine (Zymed Labora-
tories) for 15 min. Finally, after rinsing with tap water and staining
with hematoxylin (Klinipath) for 30 s, sections were dehydrated
and covered with mounting medium (Klinipath) and a coverslip.

Pathology Evaluation and Assessment of Proliferation

The removed lymph nodes were routinely stained with hema-
toxylin and eosin (H&E) and assessed for metastatic involvement
by a pathologist. Next, the clinical investigators and an experi-
enced pathologist reviewed all lymph node sections stained for Ki-
67 and 1dUrd. On the basis of '8F-FLT PET images and pathologic
findings, lymph nodes were assigned to one of 4 groups: true-
positive (*®F-FLT-positive lymph node with histologically proven
metastasis), true-negative ('8F-FLT-negative lymph node without
metastasis), and false-positive ('8F-FLT-positive lymph node
without metastasis) or false-negative ('8F-FLT-negative lymph
node with histologically proven metastasis).

Three histologically distinct areas were distinguished in the
lymph node sections: germinal centers, metastatic tumor (if pres-
ent), and the remaining lymphoid tissue. In these areas, Ki-67- and
IdUrd-positive and negative nuclei were counted using a grid with
25 fields placed in the eyepiece at 200x magnification (3 randomly
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TABLE 1
Patient Characteristics, Diagnostic and Therapeutic Procedures, and Histopathology of Lymph Nodes

LN positive on

Pathology LN

PET* (no. of

(no. of
Pathologic LN)

US and FNA

LN positive

on PETt (no. and
side of LN indicated)

LN indicated)

Pathologic

Clinical

cytology

Patient

R

Procedure

stage

CT MRI stage

(side)

Site

no.

oo
~a— o

NA

NA
NEG
POS (5)
NEG
NEG
NEG

POS (1)

NP POS T4N1MO pT4pN1MO TE + MRND, L

POS (L)

Maxillary sinus

Laryngeal

NEG

TLE + bilateral NS
pT4pN2cMO  TLE + bilateral RND  POS (7)

T3NOMO  pT3pNOMO

NEG NP

NP

2
NA
NEG

T4N2cMO

POS NP

NP
NEG (L)

Laryngeal

NA
NEG
NA
NEG
NA
NEG
NEG

TE + MRND, R

pT4pNOMO
pT2pNOMO
pT2pNOMO
pT2pNOMO
pT3pN1MO

T4N2bMO
T2NOMO
T3NOMO
T2NOMO

NEG NP
NP

Lower alveolar ridge
Floor of mouth

Tongue

NEG

TE + bilateral SND

TE + SND, R
TE + SND, L
TE + SND, R
TE + SND, L
TE + SND, L

NP

NR
NEG (R)

5
6
7
8

NP

NP

o oo

- =l

NEG NA

NA
POS (1)

NP

NP

NP

Soft palate
Tongue

NEG T3NOMO
NEG T4NOMO
NEG T2NOMO

NP

NP
NEG ()

NA

NA
NA

pT2pNOMO
pT2pNOMO

NP

Tongue/floor of mouth

NP

NEG (L)

Tongue/floor of mouth

10

*Available for pathologic assessment.

*Not available for pathologic assessment.

modified radical neck dissection; NA = not available; NEG

radical neck dissection; NR = not representative; SND = selective neck dissection (level I-lI).

LN = lymph node; FNA = fine-needle aspiration; NP = not performed; POS = positive; TE = tumor excision; MRND

negative; TLE = total laryngectomy; NS = node sampling; RND
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18F-FLT PET/CT images of patient 9 (pT2pNOMO oral cavity carcinoma). Top panels show PET images, middle panels

show CT images, and bottom panels show fusion of both image modalities. Cervical lymph nodes with increased '8F-FLT uptake
are found bilaterally in level Il (A, arrowheads) and in levels lll and IV (B, arrowheads). All lymph nodes detected with '8F-FLT in this
example were false-positive for metastasis, due to uptake in proliferating B-lymphocytes in reactive germinal centers.

selected fields were analyzed in germinal centers, 3 fields in
metastatic tissue, and 1 field in the remaining lymphoid tissue).
The Ki-67 and IdUrd labeling index (LI) was determined as the
number of positively stained nuclei relative to the total number of
nuclei in a certain area.

The total lymph node area and the (relative) area occupied by
germinal centers—and, if present, metastatic tumor—were calcu-
lated in all lymph node sections. This was done by scanning the
entire section under bright-field microscopy and reconstructing a
composite image of the complete lymph node using image
analysis software (IPLab; Scanalytics Inc.). Masks were drawn
on these scans, indicating the total lymph node area, the germinal
centers, and metastatic tumor deposits. Next, using the image
analysis software, the absolute and relative areas occupied by
germinal centers and metastatic deposits were calculated.

SUV,.ean Versus Ki-67 and IdUrd Staining

As a measure of total proliferative activity in the germinal
centers of a lymph node section, the product of the Ki-67 or IdUrd
LI and the absolute area occupied by the germinal centers was
calculated. These parameters were termed Ki-67germinal center and
1dUrdgerminal center- Similarly, as a measure of total proliferative
activity in the entire lymph node, the sum of the products of LI
and absolute area of germinal centers and remaining lymphoid
tissue—and, if present, metastatic deposits—was calculated; these
were termed Ki-67ymph node and IdUrdjymph node- These parameters
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were compared between true-positive, false-positive, and true-
negative lymph nodes and were correlated with SUV eqn.

Statistical Analysis

The ANOVA test was used to assess differences in absolute area
and Ki-67 and IdUrd LI between true-negative, false-positive, and
true-positive lymph nodes. The 7 test was applied for comparison of
number and absolute area of germinal centers and for comparison of
Ki-67 serminat center aNd 1dUrdgerminar center bEtween true-negative and
false-positive lymph nodes. Correlations between Ki-67,ymph node and
1dUrdiymph node and SUV ..., Were calculated using linear regression.
All statistical analyses were calculated using GraphPad Prism (ver-
sion 4.0a). P = 0.05 was regarded as statistically significant.

RESULTS

Patients and Treatment

Patient characteristics are summarized in Table 1. Four
men and 6 women with a mean age of 59 y (range, 43-80 y)
were included. Primary tumor sites were oral cavity (n = 7),
larynx (n = 2), and maxillary sinus (n = 1). Preoperative
staging of the neck was performed with US (8 patients)—
with fine-needle aspiration cytology in 6 patients and without
in 2 patients—with CT (3 patients), or with MRI (4 patients).
All patients underwent surgical tumor resection combined with
assessment of cervical lymph node involvement according to
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TABLE 2
Histologic Lymph Node Assessment: SUV ean, Histopathology, and Mean Ki-67 and IdUrd Staining

Ki-67 and IdUrd staining

Patient LN level Pathology Germinal Remaining
no. 18F-FLT POS SUVmean 18F-FLT NEG Metastasis Group Metastasis centers LN tissue
1 Rl 1.5 NA

L - TN - + +
L 2.9 + TP + — +
2 Rl 1.2 - FP - ++ +
R 0.9 NA
R IV 1.2 NA
Ll 1.1 - FP - ++ +
3 Rl 1.2 NA
R 1l 1.3 + TP + ++ +
R IV 1.1 + TP + ++ +
LIl 1.7 + TP + - =
LIV 1.3 + TP + + +
4 Rl 1.4 — FP - ++ +
R - TN - - +
R IV 1.1 - FP - - +
RV - TN - ++ +
LIl 1.0 NA
LIV 0.8 NA
5 R - TN - + +
L - TN - + ++
6 R 1.4 - FP - ++ ++
Rl 1.3 - FP — ++ ++
RN 0.9 - FP - + +
7 R IV 1.5 NA
LI - TN - ++ +
L - TN — ++ +
8 Rl 1.0 + TP + ++ +
R 0.8 NA
9 Rl 2.1 NA
R IV 1.0 NA
L 1.3 - FP - ++ +
L 2.0 - FP — + +
LIV 1.0 - FP - + +
LI - TN - - +
10 L 1.6 - FP - + ++
L 1.3 - FP - + ++
LN = lymph node; POS = positive; NEG = negative; Il = level indicated by roman number, NA = not available; TN = true-negative '8F-

FLT-negative lymph node without metastasis; TP = true-positive '8F-FLT-positive lymph node with metastasis; FP = false-positive 8F-

FLT-positive lymph node without metastasis.

Dutch National Guidelines: Six patients with clinically NO
oral cavity carcinoma underwent selective neck dissection of
level I-III. A (modified) radical neck dissection was done in 3
patients with preoperatively proven cervical lymph node
involvement. In 1 patient with a glottic laryngeal carcinoma
without suspected lymph node involvement, only sampling
of level II and III nodes was performed. Neck surgery was
performed unilaterally in 7 patients and bilaterally in 3
patients.

18F-FLT PET

'8F-FLT PET scans were acquired simultaneously on
PET/CT (n = 3) or consecutively on CT and PET (n = 7).
The median time interval between '8F-FLT PET and sur-

730

gery was 5 d (average, 9.9 d; range, 4-37 d). In all but one
case, surgery was performed within 4-14 d after the PET
scan. In the case with the longest interval (37 d), the surgi-
cal resection of an oral cavity carcinoma was postponed
because the patient underwent laser evaporation of a small
laryngeal lesion first. In all but 1 patient (patient 5), in-
creased mean SUVs ranging from 0.8 to 2.9 (median, 1.2; SD,
0.41) were detected, mostly in multiple lymph nodes. A
typical '8F-FLT PET/CT image is shown in Figure 1.

Pathologic Evaluation

Routine pathology based on H&E staining revealed 3
patients to have metastatic cervical lymph node disease
(patients 1, 3, and 8), whereas clinical examination and
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anatomic imaging had predicted this finding only in 2 pa-
tients (patients 1 and 3). The third patient had a microme-
tastasis of <2 mm in 1 lymph node (patient 8). Although
preoperative staging of the neck revealed multiple ipsilat-
eral enlarged lymph nodes in patient 4, final histology
showed no signs of metastatic disease.

In total, paraffin-embedded sections containing 26 lymph
node levels were selected for Ki-67 and IdUrd staining and
analysis. Eighteen of these levels were positive on '3F-FLT
PET, and 8 levels were negative. As shown in Table 2, com-
parison of '8F-FLT PET results with pathology revealed 6
true-positive, 12 false-positive, and 8 true-negative find-
ings. There were no false-negative 'SF-FLT PET studies.
On the basis of these findings, the sensitivity of '3F-FLT for
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FIGURE 2. Ki-67 and IdUrd staining. (A)
Germinal center harboring proliferating
B-lymphocytes and remaining lymphoid
tissue. (B) Remaining lymphoid tissue
with proliferating lymphoid cells. (C) Me-
tastasis of squamous cell carcinoma of
maxillary sinus. (D) Micrometastasis with
keratinization (purple arrow), fragment of
a germinal center (white arrow), and
surrounding lymphoid tissue. (x100)

determining lymph node status in head and neck cancer
patients was 100%, the specificity was 40%, the positive
predictive value was 33.3%, and the negative predictive
value was 100% on the lymph node level. On the patient
level, after excluding patient 7—as no histologic correlate
for the '8F-FLT-positive lymph node was available—the
values were 100%, 16.7%, 37.5%, and 100%, respectively.

Not all lymph nodes showing enhanced '8F-FLT PET
uptake were removed during surgery. These lymph nodes
were not included in the neck dissection specimen (patients
3 and 8) or were situated in the contralateral neck (patients
1,2,4,7, and 9). On the basis of the results of the standard
diagnostic work-up and therapeutic guidelines, there was
no indication for removal of these nodes.
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FIGURE 3. Ki-67 LI (A) and IdUrd LI (B)

in germinal centers (GC), remaining lym-
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phoid tissue (LT), and metastases (MET).

Follow-up (median, 13 mo; range, 11-15 mo) revealed
recurrent primary tumor in 1 patient treated with surgery
and postoperative radiotherapy (pT2pNOMO carcinoma of
the tongue). Until present, no lymph node recurrence has
been observed in any of the patients.

Ki-67 and IdUrd Staining

Ki-67 and IdUrd staining was present in metastatic tumor
cells, germinal centers, and in remaining lymphoid tissue as
shown in Figure 2. In almost all lymph nodes examined—
both '8F-FLT PET-positive and -negative—germinal cen-
ters staining positive for Ki-67 and IdUrd were present.
Metastatic tumor cells in patients 1 and 3 had almost fully
destroyed the lymph node architecture. In patient 8, the mi-
crometastasis occupied only a small region of the affected
lymph node, leaving reactive germinal centers and remain-
ing lymph node tissue unperturbed.

In germinal centers, metastases, and remaining lymphoid
tissue, nuclei staining positive for Ki-67 and 1dUrd were
counted and the LI was calculated. Figure 3 shows the over-
all results for Ki-67 LI and IdUrd LI in these 3 lymph node
areas. Table 3 presents the quantitative data for Ki-67 LI
and IdUrd LI in the germinal centers, remaining lym-
phoid tissue, metastases and overall for the true-negative,
false-positive, and true-positive lymph nodes. The median
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S
T 50-
o)
k=
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Ki-67 LI and IdUrd LI in the germinal centers were 52.8%
and 25.7%, respectively, with no difference between the 3
groups. In the remaining lymphoid tissue, the median Ki-67
LI and IdUrd LI were 3.3% and 1.6%, respectively, also
with no difference between the groups. In the metastases,
the median LI was 26.7% for Ki-67 and 9.3% for IdUrd. In
all 3 areas and patient groups studied, Ki-67 LI was sig-
nificantly higher compared with IdUrd LI (P < 0.0001).

Germinal Centers

The median number of germinal centers per lymph node
was 9 (SD, 6.7) in true-negative lymph nodes, 20.5 (SD,
27.0) in false-positive nodes, and 4 (SD, 18.1) in true-
positive nodes. The difference in number of germinal cen-
ters between true-negative and false-positive lymph nodes
was significant (P = 0.03). Also, the absolute area occupied
by germinal centers was higher in false-positive nodes
relative to true-negative nodes, but the difference was only
borderline significant (P = 0.06) (Fig. 4A). The total
proliferative activity in the germinal centers expressed as
Ki'67germinal center and IdUrdgerminal center Was hlgher in the
false-positive lymph nodes compared with the true-negative
nodes, although the difference did not reach statistical
significance (P = 0.07, respectively) (Figs. 4B and 4C).

TABLE 3
Ki-67 LI and IdUrd LI in Germinal Centers, Remaining Lymphoid Tissue, and Metastases
Ki-67 LI
Germinal centers Remaining lymphoid tissue Metastases
Parameter TN FP TP Overall TN FP TP Overall TP
Mean 58.6 52.1 50.5 53.9 3.7 2.8 7.4 3.8 26.8
SD 16.6 13.2 4.2 13.8 1.9 2.4 7.5 3.6 7.7
Median 55.1 53.1 49.5 52.8 3.6 25 4.6 3.3 26.7
IdUrd LI
Germinal centers Remaining lymphoid tissue Metastases
Parameter TN FP TP Overall TN FP TP Overall TP
Mean 33.5 27.4 23.0 28.8 1.4 1.8 4.2 2.1 10.4
SD 15.7 9.4 4.5 11.7 0.7 1.3 6.4 2.8 6.1
Median 29.6 23.9 24.9 25.7 1.6 1.6 1.5 1.6 9.3

TN = true-negative ('8F-FLT-negative lymph node without metastasis); FP = false-positive ('8F-FLT-positive lymph node without
metastasis); TP = true-positive ('8F-FLT positive lymph node with metastasis).
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Total Proliferative Activity in Lymph Nodes and
Correlation with SUV,,can

The total proliferative activity in lymph nodes expressed
as Ki-671ymph node and IdUrdiymph node Was found to be
significantly higher in the true-positive lymph nodes com-
pared with that of false-positive lymph nodes (P = 0.006
and P = 0.05, respectively). As shown in Figure 5, there was
a moderate but significant correlation between SUV can
and Ki-671ymph node (2 = 0.47, P = 0.0009) and between
SUV ean and IdUrd ymph noge (72 = 0.55, P = 0.0004).

DISCUSSION

The PET tracer '8F-FLT has been studied for imaging of
cell proliferation by various groups, correlating '8F-FLT
with 8F-FDG (20-31). Buck et al. studied '8F-FLT PET
and '8F-FDG PET in 47 patients with benign and malignant
pulmonary nodules and found a high sensitivity of '8F-FLT
for malignant primary tumors (sensitivity, 90%) but not for
mediastinal lymph node involvement (sensitivity, 53%) or
detection of lung metastasis (sensitivity, 67%) (22). Cobben
et al. studied 21 patients with primary or recurrent laryn-
geal carcinomas (27). Data on the sensitivity and specificity
for detection of the primary tumor were reported only
for '8F-FDG and not for '8F-FLT. However, the SUV for
I8F-FLT was found to be significantly lower compared with
the SUV for 8F-FDG and therefore, the routine use of !8F-

FIGURE 4. (A) Absolute area (in mm?)
occupied by germinal centers in true-
negative (TN; '8F-FLT-negative lymph
node without metastasis), false-positive
(FP; '8F-FLT-positive lymph node without
metastasis), and true-positive (TP; 18F-
FLT-positive lymph node with metasta-
SiS) |Ymph nodes. Ki'67germinal center (B)
and IdUrdgerminal center (C) in TN and FP
lymph nodes as measure of total prolif-

A 4] R
3.
~N
*
14
u_ " A: ——
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B
1.5 4 -1 c 1.5 4
NE 1.0 4 NE 1.0 4
0.5 - 0.5
—
0.0 I 7 I I 0.0 L.
N FP TN

F'P erative activity in germinal centers (cal-
culated as area in mm3).

FLT PET for detection of laryngeal carcinoma was not rec-
ommended (27). Additional studies correlated '8F-FLT with
histologic assessment of proliferation by Ki-67 labeling in
fibrosarcoma, breast cancer, and lung cancer (23,30-35). In
lung carcinoma, Buck et al. found that the Ki-67 LI corre-
lated with '8F-FLT uptake (23). This finding has recently
been confirmed by Yap et al. (3/). In a fibrosarcoma
xenograft, Leyton et al. found that the '8F-FLT uptake and
PCNA LI were linearly correlated (33). In contrast to these
studies, Smyczek-Gargya et al. found no correlation between
the Ki-67 LI and '8F-FLT uptake in primary breast carci-
noma (30). Although the results are not entirely consistent,
these studies suggest that '®F-FLT PET may be of value for
the quantification of tumor cell proliferation.

The value of '8F-FLT PET in assessing the cervical
lymph node status and proliferative activity of metastatic
lymph nodes in squamous cell carcinoma of the head and
neck was investigated in the current study. The endogenous
proliferation marker Ki-67—which is expressed in the Gl1,
S, G2, and M phase of the cell cycle—was chosen for
comparison with '8F-FLT PET, because endogenous
markers do not require intravenous administration and
because recent studies validated '8F-FLT PET with Ki-67
(23,30,31). In addition, the exogenous marker IdUrd was
used. IdUrd is a robust and specific S-phase marker, and it
was hypothesized that this marker might correlate better
with 8F-FLT uptake, because TK1 activity is increased

A I B

s 157 s 151

2 L] mKi-67L 2 eldurd LI

'E.“A 10 4 £ 10 4 .

EE . EE FIGURE 5. Scatter plot of Ki-67,mpn

& 51 g = 59 node (A) and scatter plot of IdUrdiymph node

4 0 e T 04 (B) as measure of total proliferative ac-
0 1 2 3 4 0 1 2 3 4 tivit;g in lymph node (calcula1t§d as area in

SUVjean SUVpnean mm ) versus .SUmeean of F—ELT PET.
Solid lines indicate linear best fit.
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mainly during DNA synthesis. In 9 of the 10 patients
studied, increased '8F-FLT uptake was observed in the
lymph nodes. Only 3 of these 9 '8F-FLT PET-positive pa-
tients had metastatic nodal disease confirmed by histopa-
thology, and 2 of them had already been detected by routine
preoperative screening. In none of the '8F-FLT PET-negative
lymph nodes was metastatic disease present.

As the number of false-positive lymph nodes was high,
further analysis was performed taking into account the
architecture and proliferative state of the lymph nodes. In
most lymph nodes evaluated, intense staining of both Ki-67
and IdUrd was present in B-lymphocytes proliferating in
germinal centers. Less intense staining was found in met-
astatic tumor cell deposits, and the proliferative activity in
the remaining lymph node tissue was very low. In germinal
centers, the LI of both markers was significantly higher
compared with that of metastases or lymphoid tissue. There
was no difference in the proliferative activity in germinal
centers between true-negative and false-positive lymph
nodes. However, false-positive nodes, on average, con-
tained a significantly greater number of germinal centers,
and these occupied a larger absolute area relative to the
true-negative nodes, although the statistical significance of
this latter finding was only borderline. Also, the product of
the Ki-67 LI and IdUrd LI and area occupied by germinal
centers was higher in the false-positive lymph nodes com-
pared with the true-negative lymph nodes. Therefore, it is
likely that the active proliferation of B-lymphocytes
in germinal centers is responsible for the false-positive
IBF_FLT PET results. This high proliferative activity of
B-lymphocytes might also be responsible for the '8F-FLT
PET positivity of the micrometastasis in patient 8.

Three other studies, 2 in breast cancer and 1 in thoracic
tumors, compared '8F-FLT PET with histopathology for the
assessment of lymph node status (20,30,31). The study by
Smyczek-Gargya et al. included 14 breast cancer patients,
of whom 8 had histologically proven axillary lymph node
metastasis and 7 were detected by 'SF-FLT PET (sensitiv-
ity, 87.5%; specificity, 100%) (30). In the study by Been
et al. that included 10 patients, only 2 of 7 patients with
histologically proven metastatic axillary lymph nodes were
detected by '8F-FLT PET (sensitivity, 28.5%; specificity,
100%) (20). Yap et al. studied 22 patients with thoracic tu-
mors and reported the sensitivity and specificity for detec-
tion of mediastinal lymph nodes by '8F-FLT to be 33.3%
and 98.2%, respectively (37). The low sensitivity in some
of these studies may be explained by the fact that some
histologic tumor types, such as mammary carcinoma, can
exhibit limited proliferative activity. A second explanation
might be that the metastatic tumor load of some of these
lymph nodes was low.

All 3 studies reported a high specificity in contrast to the
current study, in which the specificity was only 16.7%. The
localization of the lymph nodes may be of importance in
explaining this discrepancy. Reactive lymph nodes in the
head and neck area are found frequently as a response to
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bacterial or viral infections, whereas reactive axillary lymph
nodes are less common. Furthermore, patients with squa-
mous cell carcinomas of the oral cavity—the largest patient
group in this study—often present with nonhealing ulcers
accompanied by reactive lymph nodes. This is consistent
with the observation that false-positive lymph nodes, on
average, contained a higher subvolume of germinal centers
with very active proliferation of B-lymphocytes as compared
with true-negative nodes.

In this study, '8F-FLT PET reached only a low SUV cq, in
metastatic as well as nonmetastatic cervical lymph nodes
compared with the SUV for '8F-FDG PET generally reported
in head and neck cancer (6-9). This is in agreement with the
previous finding for primary laryngeal tumors by Cobben
et al. (27). In accordance with studies discussed, a significant
correlation between the SUV .., and the overall Ki-67 and
IdUrd staining (Ki-67ymph node and IdUrdiymph node) Was
found in this study (Fig. 5) (31,33). The correlation was
strongest for IdUrd, and we recommend this marker for fu-
ture studies with '8F-FLT that include histologic validation.

CONCLUSION

Although '"8F-FLT PET correctly identified all head and
neck cancer patients with metastatic lymph nodes, the
specificity and positive predictive value were low due to
tracer uptake in germinal centers of lymph nodes. There-
fore, the use of '8F-FLT PET for assessing pretreatment
Ilymph node status and for determining the proliferative
activity of affected lymph nodes is not encouraged in head
and neck cancer patients. This also limits the usefulness of
I8E_-FLT PET for radiation therapy planning and possibly
for early treatment response evaluation of small metastatic
lymph nodes. The value of '8F-FLT PET for assessment of
the proliferative state of the primary head and neck tumor
and the relevance for radiotherapy planning is a topic of
current investigations.
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