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Abstract
Purpose The nucleoside analog 3′-deoxy-3′-18F-fluorothymi-
dine (FLT) has been introduced for imaging cell proliferation
with positron emission tomography (PET). We prospectively
compared the diagnostic efficacy of FLT PET with that of
2-deoxy-2-18F-fluoro-D-glucose (FDG) PET for the preoper-
ative nodal and distant metastatic staging of non-small cell
lung cancer (NSCLC).
Methods A total of 34 patients with NSCLC underwent FLT
PET and FDG PET. PET imaging was performed at 60 min
after each radiotracer injection. The PET images were
evaluated qualitatively for regions of focally increased metabo-
lism. For visualized primary tumors, the maximum standard-
ized uptake value (SUV) was calculated. Nodal stages were
determined by using the American Joint Committee on Cancer
staging system and surgical and histologic findings reference
standards.

Results For the depiction of primary tumor, sensitivity of
FLT PET was 67%, compared with 94% for FDG PET
(P=0.005). Sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy for lymph node
staging on a per-patient basis were 57, 93, 67, 89, and 85%,
respectively, with FLT PET and 57, 78, 36, 91, and 74%,
respectively, with FDG PET (P>0.1 for all comparisons).
Two of the three distant metastases were detected with FLT
and FDG PET.
Conclusion In NSCLC, FLT PET showed better (although
not statistically significant) specificity, positive predictive
value and accuracy for N staging on a per-patient basis than
FDG PET. However, FDG PET was found to have higher
sensitivity for depiction of primary tumor than FLT PET.

Keywords 18F-FDG-PET. Lung cancer . Lung cancer PET.

FLT PET

Introduction

Non-small cell lung cancer (NSCLC) accounts for 75–80%
of all lung cancers and is currently the leading cause of
tumor-related deaths [1]. The choice of the most appropri-
ate therapy is determined by the tumor stage. The accurate
determination of tumor size, adjacent structure invasion,
mediastinal lymph node involvement, and the detection of
distant metastases are of central importance.

Conventional chest radiography, computed tomography
(CT), magnetic resonance imaging, radionuclide scintigra-
phy, and positron emission tomography (PET) are currently
being used for NSCLC staging. Although tumor size and
adjacent structure invasion are accurately assessed with CT
[2], it is limited in the evaluation of nodal status [3, 4]. PET
with 2-deoxy-2-18F-fluoro-D-glucose (FDG) is a well-
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established functional imaging technique for diagnostic
oncologic imaging of a variety of malignancies [5]. FDG
PET imaging of lung tumors has been applied for differ-
entiation between benign and malignant lesions, staging,
restaging, and determining response to treatment [6–8].
However, FDG is not a tumor-specific tracer, and false-
positive findings can occur in inflammatory lesions [9].
Another problem with the technique is a decreased uptake
during hyperglycemia [10].

To overcome the drawbacks of FDG, alternative radio-
tracers that are more closely related to cell proliferation have
been investigated. 11C-thymidine is rapidly incorporated
into deoxyribonucleic acid (DNA) and has been used for
noninvasive imaging of tumor proliferation [11]. However,
the short half-life of 11C (20 min) and the rapid in vivo
degradation of 11C-thymidine make the radiotracer less
suitable for routine clinical use.

Recently, a thymidine analog 3′-deoxy-3′-18F-fluorothy-
midine (FLT) was introduced as a stable cell proliferation
imaging agent [12]. This tracer is trapped within the cytosol
after being monophosphorylated by thymidine kinase-1
(TK1), a principle enzyme in the salvage pathway of DNA
synthesis [13]. Therefore, the accumulation of FLT is de-
pendent of the presence of TK1, which is closely associated
with cellular proliferation [13]. FLT may reflect prolifera-
tion of lung nodules better than does FDG [14, 15]. Few
data are available on the clinical comparison of FLT with
FDG for staging of lung cancer [16–19]. The significance
of FLT as a better diagnostic imaging tracer remains to be
evaluated. Thus, the purpose of this study was to pro-
spectively compare the diagnostic efficacy of FLT PET with
that of FDG PET in the evaluation of the preoperative nodal
and distant metastatic staging of NSCLC.

Materials and methods

Patients

This prospective study was approved by our institutional
review board, and written informed consent was obtained
from all patients.

A total of 48 patients with histopathologically proven
NSCLC were enrolled in the study. All consecutive patients
referred for surgery between April 2006 and March 2007
were included, and all underwent conventional lung cancer
staging on the basis of clinical information, and both FLT
and FDG PET studies. Ten patients were excluded because
conventional staging studies suggested extrathoracic me-
tastasis: three because they received chemotherapy and
radiation before surgical staging, and one because of a
history of diabetes and serum glucose concentration of
450 mg/dl at the time of FDG injection.

Thus, 34 patients (23 men and 11 women; mean age,
69 years; range, 55–81 years) were included for preoperative
primary tumor staging (Table 1). All patients also underwent
surgical staging. The mean interval between FLT PET and
FDG PET was 6 days (range 1–25 days; median, 4 days),
whereas that between the last PET and surgical staging was
9 days (range, 1–28 days; median, 7 days). Nodal stages
were classified according to the American Joint Committee
on Cancer (AJCC) staging system for the classification of
lung cancer [20]. Histopathologic results served as the
reference standards.

FLT synthesis and PET acquisition

FLT was synthesized using the method described by
Machulla et al. [21]. The radiochemical purity of the
produced FLT was >95%.

All acquisitions were performed using an ECAT EXACT
HR+ scanner (Siemens/CTI, Knoxville, TN). The imaging
system used enabled simultaneous acquisition of 63 trans-
verse PET images per field of view (FOV), for a total axial
FOV of 15.5 cm. In-plane resolution was approximately
4.6 mm, with an axial resolution of approximately 3.5 mm
full-width at half-maximum. PET scans were acquired in
the 3-dimensional mode. Transmission scan was obtained
using a 68Ge rod source for the purpose of attenuation
correction. PET images were reconstructed with ordered
subset expectation maximization (OS-EM) using two itera-
tions and eight subsets.

Patients were instructed to fast for at least 5 h before PET
imaging, although oral hydration with glucose-free water was
allowed. After a normal blood glucose level in the peripheral
blood was ensured on FDG PET study, patients received an
intravenous administration of 3.5 MBq/kg of each radiotracer.
Sixty minutes after radiotracer injection, attenuation-corrected
whole-body scanning was performed from the skull base to
the proximal thighs. For transmission and emission scanning,
2 and 3 min, respectively, were allowed per bed position.

PET image analysis

PET images were reviewed on a Sun Microsystems work-
station (Siemens/CTI) in transverse, coronal, and sagittal
planes along with maximum-intensity-projection images.
Independently, two nuclear medicine physicians, who were
blinded to clinical and pathologic results, prospectively
evaluated FLT PET and FDG PET data. FLT and FDG PET
images were read in the random, with an interval of several
days between interpretations. The observers blinded to
identifying information. Any difference of opinion was
resolved consensus.

The PET images were evaluated qualitatively for regions of
focally increased metabolism. An increased uptake to a level
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greater than that in the surrounding tissue was considered to
characterize malignancy. For primary tumors visualized on
PET, region of interest (ROI) was placed over the entire FLT- or
FDG-avid lesion on all transverse planes in which the tumor
appeared. Themaximum standardized uptake value (SUV)was
calculated by using the following formula: SUV = cdc/(di/w),
where cdc is the decay-corrected tracer tissue concentration (in
Bq/g); di, the injected dose (in Bq); and w, the patient’s body
weight (in g). When no tumor-related radioactivity was
discernible at visual analysis, the case was assigned a SUV

of 0. The mediastinal lesions were assigned according to the
Mountain and Dresler classification of regional lymph nodes
[22]. Tumor staging with PET was based on the AJCC
staging system for the classification of lung cancer [20].

Histopathologic analysis

The stage of regional lymph node involvement (hereafter
called N stage) was determined for all patients on the basis of
findings at tumor resection with mediastinal lymph node

Table 1 Clinical data and PET findings for 34 patients with non-small cell lung cancer

Pt. No. Age/Sex (y) Histology pTNM FLT PET Staging FDG PET Staging

Primary N M Primary N M

Visual SUV Visual SUV

1 72/M Ad pT1N0M0 − 0 N0 M0 + 3.00 N0 M0
2 75/F Ad pT1N0M0 − 0 N0 M0 + 3.63 N2 M0
3 55/M Ad pT1N0M0 + 2.30 N0 M0 + 6.34 N0 M0
4 65/F Ad pT1N0M0 − 0 N0 M0 + 5.97 N0 M0
5 74/M Ad pT1N0M0 − 0 N0 M0 + 2.81 N0 M0
6 79/F Ad pT1N0M0 − 0 N0 M0 − 0 N0 M0
7 66/F Ad pT1N0M0 − 0 N0 M0 + 2.10 N0 M0
8 80/M AdSq pT1N0M0 + 3.94 N0 M0 + 11.77 N0 M0
9 65/M Sq pT1N0M0 + 2.11 N0 M0 + 6.34 N0 M1
10 74/M Sq pT1N0M0 + 2.72 N0 M0 + 9.26 N1 M0
11 67/M Ad pT1N0M0 − 0 N0 M0 + 3.22 N0 M0
12 81/M Ad pT1N0M0 − 0 N0 M0 + 2.95 N0 M0
13-1 57/M Ad pT1N0M0 + 2.52 N0 M0 + 7.81 N0 M0
13-2 Ad pT1N0M0 − 0 N0 M0 + 3.85 N0 M0
14 72/M Sq pT2N0M0 + 8.06 N0 M0 + 16.35 N0 M0
15 64/M Ad pT2N0M0 + 2.89 N0 M0 + 6.90 N0 M0
16 66/M Pleo pT2N0M0 + 1.66 N0 M0 + 7.23 N0 M1
17-1 75/M Sq pT2N0M0 + 1.89 N0 M0 + 3.72 N0 M0
17-2 Ad pT2N0M0 − 0 N0 M0 + 2.01 N0 M0
18 75/M Sq pT2N0M0 + 6.47 N0 M0 + 18.08 N2 M1
19 57/M Sq pT2N0M0 + 1.97 N0 M0 + 7.29 N2 M0
20 75/M Sq pT2N0M0 + 11.82 N2 M0 + 26.42 N2 M0
21 72/F Ad pT2N0M0 − 0 N0 M0 − 0 N0 M0
22 56/F Ad pT2N0M0 − 0 N0 M0 + 1.76 N0 M0
23 64/F Sq pT2N0M0 + 4.43 N2 M0 + 10.56 N2 M0
24 80/F Ad pT2N0M1(lung) + 5.55 N0 M0 + 16.05 N0 M0
25 73/F Pleo pT3N0M0 + 7.56 N0 M0 + 9.58 N0 M0
26 63/M Sq pT4N0M0 + 5.01 N0 M0 + 10.52 N0 M0
27 70/M Sq pT4N0M0 + 4.52 N0 M0 + 13.09 N0 M0
28 66/M Sq pT1N1M0 + 7.44 N1 M0 + 23.34 N1 M0
29 60/M Sq pT2N1M1(adrenal) + 6.53 N1 M1 + 14.07 N1 M1
30 72/M Ad pT2N1M1(muscle) + 4.93 N0 M1 + 8.03 N0 M1
31 62/M Ad pT3N1M0 + 8.02 N1 M0a + 8.58 N1 M0a

32 65/F Ad pT1N2M0 + 6.11 N0 M0 + 13.23 N0 M0
33 77/M Ad pT3N2M0 + 5.10 N0 M0 + 15.35 N1 M0
34 66/F Pleo pT3N2M0 + 13.84 N2 M0 + 19.37 N2 M0

SUV, standardized uptake value; Ad, adenocarcinoma; Sq, squamous cell carcinoma; AdSq, adenosquamous cell carcinoma; Pleo, pleomorphic
carcinoma
a PET depicted primary colon carcinoma
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dissection. Distant metastasis stage (hereafter called M stage)
was determined by means of biopsy or radiologic follow-up.
Apart from assessment of tumor stage, PET images were
evaluated for additional clinically important findings.

Statistical analysis

Detection rate of primary tumor was compared between
FLT PET and FDG PET by using the McNemar’s test. The
same test was also used to determine the statistical signifi-
cance of differences in N stage determined with FLT PET
and FDG PET. FLT SUV and FDG SUV were compared by
using the two-tailed Wilcoxon signed rank test. P<0.05 was
considered to indicate a statistically significant difference.
The sensitivity, specificity, positive predictive value, nega-
tive predictive value, and accuracy of the PET examinations
in the assessment of lymph node involvement were
calculated on a per-patient basis and on a per-nodal-station
basis, for both FLT PET and FDG PET. The values were
expressed as mean, with 95% confidence interval (CI).

Results

Detection of primary lung tumor

Histologic analysis revealed 20 adenocarcinomas, 12 squa-
mous cell carcinomas, 3 pleomorphic carcinomas, and one
adenosquamous carcinoma. Two patients had two primary
lesions each. Thus, a total of 36 lesions were examined.

For depiction of primary lung tumor, the sensitivity of
FLT PET was 67% (24 of 36), compared with 94% (34 of
36) for FDG PET (P=0.005, McNemar’s test; Table 1).
Mean (±SD) FLT SUV in primary tumor was significantly
lower than that of FDG SUV [3.5±3.6 vs 8.9±6.5,
P<0.001 (two-tailed Wilcoxon signed rank test)].

N Staging

A total of 164 nodal groups were sampled. Of these, 11
nodal groups proved to be positive for malignancy in 7 of
34 patients.

On the basis of FLT PET data, hilar and mediastinal
lymph node involvement was correctly determined in 29 of
34 patients (overstaging in two patients; understaging in
three patients), whereas determination of lymph node in-
volvement based on FDG PET data resulted in 25 correctly
staged cases (overstaging in six patients; understaging in
three patients; Table 1, Figs. 1 and 2).

Sensitivity, specificity, positive predictive, negative
predictive, and accuracy values for N staging on a per-
patient basis and on a per-nodal-station basis are summa-
rized in Table 2. The specificity, positive predictive value

and accuracy of FLT PET on a per-patient basis and the
positive predictive value on a per-nodal-station basis were
higher than the corresponding values for FDG PET,
although the differences were not statistically significant
(P>0.1 for all comparisons).

M Staging

Overall, three patients had unsuspected metastatic disease
(one lung metastasis, one muscle metastasis and one adrenal
metastasis) which was not detected on previous examinations.
Verification of distant metastatic disease was accomplished
with biopsy in two patients (one lung metastasis and one
muscle metastasis) and with radiologic follow-up (follow-up
period, 124 days) in one patient (adrenal metastasis). FLT
PET showed two sites suggestive of metastases: one muscle
(true positive) and one adrenal (true positive). FDG PET
showed five sites suggestive of metastases: three colons (false
positive), one muscle (true positive) and one adrenal (true
positive).

Additional findings

In one patient, both FLT PETand FDG PET depicted primary
colon carcinoma that was not diagnosed with previous
examinations.

Discussion

The present study has demonstrated that FLT PET in NSCLC
shows better (although not statistically significant) specific-
ity, positive predictive value and accuracy, on a per-patient
basis and the positive predictive value on a per-nodal-station
basis, for N staging than FDG PET. However, FDG PETwas
found to have higher sensitivity for depiction of primary
tumor than FLT PET.

Inherent limitations of PET include its failure to depict
anatomic landmarks and its limited spatial resolution,
which restrict its use for assessing tumor staging. FDG
PET has been shown to be substantially more sensitive and
specific in the detection and characterization of metastases
to mediastinal lymph nodes [7]. According to one report
involving esophageal cancer staging, however, FDG PET is
substantially less specific than CT for depicting lymph node
metastasis, especially in regions of granulomatous disease
[23]. Increased glucose uptake in a benign node can be
caused by either reactive hyperplasia or granulomatous
inflammation, which may be indistinguishable from malig-
nancy. FDG accumulates in inflammatory cells such as
activated granulocytes and macrophages and in some
benign tumors because these cells require glucose as their
substrate for energy production [9, 24]. Therefore, a more
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Fig. 1 CT and PET images ob-
tained in a 66-year-old
woman with pleomorphic carci-
noma of right upper lobe
(Patient No. 34). a CT image
shows low density tumor in
right upper lobe and 8-mm
(short-axis diameter) lymph
node in right paratracheal area.
b FDG coronal and c transverse
PET images and d FLT coronal
and e transverse PET images
show peripheral increased me-
tabolism in the primary tumor
(arrowheads) and focally in-
creased metabolism in N2
disease (arrows). Histopatho-
logic analysis revealed medias-
tinal lymph node involvement
in this case
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specific tracer that does not show uptake in inflammatory
tissues might be useful.

In the search for more cancer-specific tracers, FLT was
introduced as a proliferation tracer [12]. FLT permeates the
cell membrane by facilitated diffusion [25] and is phosphory-

lated by the S-phase-specific enzyme TK1, which leads to
intracellular trapping [25, 26]. Although the detailed uptake
mechanism of FLT is still unknown, a pilot study demon-
strated increased FLT uptake in tumor tissue [12]. In a rodent
model of inflammation, van Waarde et al. recently demon-

Fig. 2 CT and PET images ob-
tained in a 57-year-old man with
squamous cell carcinoma of
right lower lobe (Patient
No. 19). a CT image at level of
pulmonary artery shows low
density tumor in right lower
lobe. Peripheral increased
metabolism in the primary
tumor (arrowheads) is shown in
b FDG coronal and c FLT
coronal PET images. d CT
image at level of aortic arch
shows 10-mm (short-axis
diameter) lymph node in right
paratracheal area. Focally in-
creased metabolism in N2
disease is shown in e FDG
coronal and f transverse PET
images (arrows), but not in
g FLT coronal and h transverse
PET images. The false-positive
FDG PET finding was corrected
on the basis of FLT PET find-
ings. Histopathologic analysis
did not reveal mediastinal lymph
node involvement in this case
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strated intense uptake of FDG but not of FLT in turpentine-
induced muscle inflammation, further indicating a higher
specificity of FLT [27].

With respect to primary tumor depiction, FLT PET is
limited by its low sensitivity (67%), compared with FDG
PET (94%) as indicated in the present study. All ten primary
tumors, which showed false-negative findings on FLT PET

and true-positive findings on FDG PET, were adenocarcino-
mas with mixed subtype (papillary adenocarcinoma +
bronchioloalveolar carcinoma). This histological subtype of
adenocarcinoma is known to have a better prognosis than
other types of NSCLC [28]. One of the reasons for these
false-negative findings may be explained by a low cell
turnover. In the present study, the mean FLT SUV in

Fig. 2 (continued)
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primary tumors was significantly lower than the mean FDG
SUV. This finding is consistent with a number of recent
studies [14, 16–19]. The lower level of uptake probably
increases the detection limit, making it more difficult to
visualize the lesion.

The present study showed that FLT PET had low
sensitivity (57%) for N staging. Recent studies have also
reported lower sensitivity for N staging (33–56%) [16, 18,
19]. However, FLT PET had good specificity (93%) and
accuracy (85%; FDG PET had 78 and 74%, respectively)
and moderate positive predictive value (67%; FDG PET
had 36%), on a per-patient basis for N staging although
there was no significant difference between these two
modalities. Recent studies also show higher specificity (98–
100%) for N staging [16, 19]. Although the positive
predictive value of FLT PET was higher than that of FDG
PET, the differentiation between malignancy and focally
increased metabolism caused by an inflammatory lymph
node reaction remains challenging. Increased FLT uptake in
inflammation and normal tissue has also been reported by
Cobben et al. [29] evaluating FLT PET for staging of
laryngeal cancer. These finding may appear to be related to
proliferation of lymphocytes and nonspecific increase in the
accumulation of FLT due to increased perfusion and vas-
cular permeability, although the detailed uptake mechanism
of FLT is still unknown. However, only a small number of
patients have been examined in the present and previously
reported studies. Larger patient populations need to be
examined to determine the diagnostic accuracy of FLT PET
for N staging.

With respect to M staging, both FLT PET and FDG PET
detected the two true-positive lesions. PET is known to
have poor sensitivity to small (less than 1 cm) pulmonary
metastasis [30], which resulted in false-negative results for
one patient in the present study. Furthermore, only FDG
PET showed three false-positive results owing to physio-
logical bowel activity and/or inflammation. However, our
data do not show a clear-cut result for M staging because of
small number of metastatic lesions.

Most PETstudies carried out today in the field of oncology
involve the acquisition of whole-body scans, the majority of
which are carried out in the two-dimensional (2D) mode.
However, recently, with the advent of new detector technol-
ogy and the implementation of model-based scatter correction
techniques in the majority of commercial PET systems, there
is an increasing interest in the clinical performance of three-
dimensional (3D) studies for whole-body PET imaging. 3D
PET leads to higher sensitivity but is more subject to artifacts
caused by random and scattered coincidence events [31].
However, noise equivalent count rates for a 3D scan of the
thorax after injection of low activity of FDG are similar to a
2D scan after injection of high activity of FDG [32], and that
image contrast is not significantly different [33]. To address
these issues, we are planning further studies to clarify the
suitability of this protocol.

There are limitations in our study. PET images did not
correlate with corresponding CT images. When no tumor-
related radioactivity was discernible at visual analysis, the
case was assigned a SUVof 0. The coregistration of CT and
PET images or integrated PET/CT devices may help to
improve some diagnostic problems including SUV analysis.

Because of its low sensitivity, FLT PET does not appear
to be capable of replacing FDG PET for preoperative
staging in NSCLC. Nevertheless, the significant correlation
between FLT uptake and tumor cell proliferation, which has
now been confirmed in several studies [14, 15], suggests
future clinical trials to evaluate the use of FLT PET for
assessing changes of tumor cell proliferation during
therapy. Furthermore, it will also be important to study
whether FLT uptake is correlated with patient survival, as
several studies have reported that the proliferation index is
a prognostic factor in NSCLC [34–37].

Conclusion

Our evaluation of preoperative staging in NSCLC using FLT
PET showed better (although not statistically significant)

Table 2 Diagnostic values for
assessment of lymph node in-
volvement using FLT PET
and FDG PET

Numbers in parentheses are the
numbers of patients used to
calculate the percentage
CI = confidence intervals; PPV,
positive predictive value, NPV,
negative predictive value

Basis of analysis
and modality

Sensitivity (%) Specificity (%) PPV (%) NPV(%) Accuracy (%)

95% CI 95% CI 95% CI 95% CI 95% CI

Per patient
FLT PET 57 (4/7) 93 (25/27) 67 (4/6) 89 (25/28) 85 (29/34)

0.20–0.88 0.74–0.99 0.24–0.94 0.71–0.97 0.69–0.94
FDG PET 57 (4/7) 78 (21/27) 36 (4/11) 91 (21/23) 74 (25/34)

0.20–0.88 0.57–0.91 0.14–0.73 0.67–0.97 0.57–0.86
Per nodal-station
FLT PET 36 (4/11) 98 (150/153) 57 (4/7) 96 (150/157) 94 (154/164)

0.12–0.68 0.94–0.99 0.20–0.88 0.91–0.98 0.89–0.97
FDG PET 45 (5/11) 95 (145/153) 38 (5/13) 96 (145/151) 91 (150/164)

0.18–0.75 0.90–0.98 0.15–0.68 0.91–0.98 0.86–0.95
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specificity, positive predictive value and accuracy on a per-
patient basis for N staging than FDG PET. On the other hand,
FDG PETwas found to have higher sensitivity for depiction
of primary tumor than FLT PET.
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