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18F-FDG PET is increasingly used for lung cancer; however,
some insufficient results have been reported. The purpose of
this study was to evaluate the efficacy of dual–time-point 18F-
FDG PET for staging lung cancer and for differentiating meta-
static from nonmetastatic lung cancer lesions. Methods: One
hundred fifty-five lung cancer patients with known or suspected
mediastinal and hilar lymph node involvement or distant metas-
tases underwent whole-body 18F-FDG PET at 2 time points:
scan 1 at 60 min (early imaging) and scan 2 at 180 min (delayed
imaging) after 18F-FDG injection. 18F-FDG PET findings of nodal
and distant metastases were evaluated using conventional imag-
ing, clinical follow-up findings, and the results of autopsy or bi-
opsy. Results: A total of 580 lesions (155 primary lesions, 315
metastatic lesions, and 110 nonmetastatic lesions) were used
for analysis. A closer correlation between the primary lesions
and metastases was observed for the retention index (RI) stan-
dardized uptake value (SUV) than for early and delayed SUV.
There was no relationship between the RI SUV results of primary
lesions and those of nonmetastatic lesions. The RI SUV of meta-
static lesions was approximately 0.5–2 times the RI SUV of pri-
mary tumors. We found that the accuracy of 18F-FDG PET was
improved when RI SUV was used for detecting lymph node
and distant metastases, because of the significant improvement
in specificity relative to early and delayed SUV. Conclusion: RI
SUV raised the accuracy for diagnosis of metastases and was
superior to early and delayed imaging in terms of differentiating
malignancy from nonmetastatic uptake.
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Lung cancer is the leading cause of cancer-related death
in Japan. Precise diagnosis of the patient’s stage of lung
cancer is important for determining prognosis and treat-
ment options. 18F-FDG PET, which is increasingly used for

diagnosing, staging, and determining the type of lung can-
cer (1–3), can obtain images that reflect physiologic and
biochemical function and is therefore useful in the differ-
ential diagnosis of benign and malignant lesions (4–6).
However, there are numerous causes of 18F-FDG uptake in
benign processes (7,8), and this nonspecific uptake is a
potential source of false-positive results in 18F-FDG PET
(3,9,10) even when PET/CT is also used (11–13). This
major problem must be resolved in 18F-FDG PET exam-
inations. Recent studies show poor accuracy of 18F-FDG
PET in nodal staging (14–16). If we could precisely diag-
nose the reason for 18F-FDG accumulation, additional
examinations would not be necessary.

We recently reported that the retention index (RI) stan-
dardized uptake value (SUVs) calculated from delayed 18F-
FDG PET provide a significantly more accurate diagnosis
in lung cancer than does early 18F-FDG PET and chest
CT and that a close correlation exists between the RI SUV
results for the primary lesion and lymph node metastases
(4); however, there are far fewer 18F-FDG PET studies,
especially for dual–time-point 18F-FDG PET, regarding the
staging of distant organ sites than there are regarding the
staging of mediastinal lymph nodes (1–3).

Therefore, we hypothesized that dual–time-point 18F-
FDG PET may improve the accuracy of staging in patients
with lung cancer. We tested this hypothesis in a consecutive
series of lung cancer patients undergoing staging.

MATERIALS AND METHODS

Patients
We prospectively studied patients with lung cancer and with

known or suspected mediastinal and hilar lymph node involve-
ment or distal metastases diagnosed on the basis of radiologic
findings (e.g., chest CT). Lung cancer was staged according to
final clinical and radiologic follow-up and pathologic findings.
The study was approved by the Institutional Review Board of our
hospital, and written informed consent was obtained from all
patients participating.

Patients who had hyperglycemia (blood glucose levels . 126
mg/dL at the time of 18F-FDG injection) before 18F-FDG PET
examination were excluded from the study. The 18F-FDG PET
findings for all primary lesions and all nodal involvement were
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compared within 4 wk with the histopathologic diagnosis. The
histopathologic diagnoses of all mediastinal and hilar lymph nodes
were confirmed by surgical resection or videomediastinoscopy.
All supraclavicular and cervical lymph node metastases were
determined by surgical resection or needle biopsy. PET findings of
distant metastases, except for brain metastases, were further
evaluated by the findings of radiologic examinations performed
within 2 wk of PET (CT of the chest and abdomen, ultrasonog-
raphy of the abdomen, MRI of bone and soft tissue, and a 99mTc
bone scan), the results of autopsy or biopsy, and the clinical
follow-up findings. The clinical follow-up period was at least 9
mo. Patients were examined regularly every month, during which
history, physical examination, and radiologic findings were col-
lected, as well as the findings of additional investigations as
necessary. All patients underwent 18F-FDG PET before biopsy and
treatment of lung cancer.

18F-FDG PET
We used a whole-body tomography scanner (ADVANCE; GE

Healthcare), which permits simultaneous acquisition of 35 image
slices in a 2-dimensional acquisition mode with interslice spacing
of 4.25 mm. Performance tests showed the intrinsic resolution of
the scanner to be 4.0–5.3 mm in the axial direction and 4.6–5.7
mm in the transaxial direction. All patients fasted overnight (for at
least 12 h) before radiotracer administration. Approximately 185–
370 MBq of 18F-FDG were administered intravenously. Sixty
minutes (the early scan) and 3 h (the delayed scan) after tracer
injection, the patient was positioned supine in the PET scanner
and a 16-min emission scan was performed, with 3-min scans at
the thoracic region (2 bed positions) and 2-min scans in each
remaining region (5 bed positions) to completely cover the head to
inguinal areas. Postinjection transmission scans were obtained
after the emission scans using a 68Ge/68Ga rod source for atten-
uation correction. The PET data were reconstructed by the
iterative method, with selection of 14 subsets and 2 iterations.
In each emission scan, the patient’s body was carefully positioned
with guidance from a laser beam to prevent misregistration.

18F-FDG accumulations were considered positive when focal
uptake was more intense than the mediastinal blood-pool activity
in the early scan or delayed scan. PET images were interpreted
independently and prospectively by experienced radiologists and
nuclear medicine physicians, without knowledge of histopatho-
logic or other radiologic data. Semiquantitative analysis of the
18F-FDG uptake was based on region-of-interest analysis that
produced mean SUVs (tumor activity concentration/injected dose/
body weight), as described previously (4). The RI SUV was
calculated from the results of 1 h (early scan) and 3 h (delayed
scan) imaging according to the following equation: RI SUV (%) 5

(SUV [delayed scan] – SUV [early scan]) · 100/SUV (early scan).

CT
CT scans were obtained using a helical CT system (HiSpeed

Advantage RP; GE Healthcare) or a 16-detector-row CT system
(Sensation 16; Siemens). Contiguous 5- to 10-mm-thick sections
were obtained at 5- to 10-mm intervals from the lung apices to the
pelvis before and during intravenous bolus injection of contrast
material at 2 mL/s by power injector. Transaxial images were

TABLE 1
Patient Characteristics

Characteristic Value

Total patients (n) 155

M/F (n) 115/40

Mean age (y) 69 6 9
Age range (y) 45–89

Histopathologic type (n)

Adenocarcinoma 83

Squamous cell carcinoma 54
Small cell carcinoma 13

Large cell carcinoma 3

Atypical carcinoid 1

Unclassified 1
Stage (n)

IA 30

IB 15
IIA 2

IIB 4

IIIA 27

IIIB 10
IV 67

TABLE 2
Characteristics of Malignant Lesions and Methods of Diagnosis

Malignant lesion Number of lesions Surgery Biopsy Autopsy Clinical follow-up

Primary lesion 155 76 77 2

Mediastinal lymph node 85 24 59 2
Hilar lymph node 15 15

Supraclavicular lymph node 6 6

Cervical lymph node 35 35
Intraperitoneal lymph node 8 1 7

Bone 76 4 6 66

Liver 26 1 3 22

Pleura 24 5 7 12
Lung 23 3 4 4 12

Adrenal grand 6 1 1 1 3

Kidney 5 4 1

Peritoneum 3 3
Muscle, skin 2 2

Invasion of atrium 1 1

Total 470 119 194 30 127
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obtained for all patients. Mediastinal and hilar lymph nodes were
assessed if they were larger than 7 mm in short-axis diameter on
transaxial chest CT images.

Statistical Analysis
The results of 18F-FDG are expressed as mean 6 SD. In early

and delayed imaging and in RI SUV, Pearson correlation coeffi-
cient analysis and simple regression were used to assess the
relationship between the primary tumor and metastatic or non-
metastatic lesions. We examined the difference between each
correlation coefficient using the z-transformation. We examined
the 95% prediction interval of RI SUV of metastatic lesions using
simple regression analysis. We calculated linear approximations
for the upper and lower bounds of the 95% prediction interval and
set the threshold for the metastatic lesion using RI SUV. The
sensitivity, specificity, and diagnostic accuracy of early imaging,
delayed imaging, and RI SUV were determined. The 95% confi-
dence interval (95% CI) is given for each parameter. The
diagnostic accuracy of each method was compared using the
McNemar test. For all analyses, P values less than 0.05 were
considered statistically significant.

RESULTS

Subject Demography and Clinical Characteristics

We evaluated 160 consecutive patients between April
2000 and March 2007. Five patients were subsequently

excluded because of atypical mycobacteriosis, pneumonia,
and lymphoma. Thus, 155 patients (115 men and 40 women;
age range, 45–89 y; mean age, 69 6 9 y) were included in
the present study. The characteristics of the 155 evaluated
patients are shown in Table 1.

In these patients, we evaluated 580 lesions considered to
be positive for uptake on early 18F-FDG PET: 470 sites of
uptake were malignant lesions, whereas 110 sites were
nonmetastatic. Table 2 shows the details of the 470 malig-
nant lesions; Table 3 shows the causes of the 110 sites of
nonmetastatic uptake. The diagnosis method is noted on the
right-hand side of these tables.

Correlation Between SUV Levels of Primary Tumor and
Metastatic Lesion

Figure 1 shows the strong correlation between the RI
SUV of the primary lesion and the metastatic lesion (r 5

0.783). The r value of RI SUV was significantly higher than
that of early and delayed SUV (P , 0.0001). Using the
results of the 95% prediction interval of the simple regres-
sion analysis for RI SUV of metastatic lesions, the upper
linear approximation becomes y 5 1.534x 1 6.417 and the
lower linear approximation becomes y 5 0.426x 1 0.886
(straight pink line in Fig. 1). To simplify the results of the

TABLE 3
Characteristics and Methods of Diagnosis for Nonmetastatic Uptake

Nonmetastatic uptake Number of lesions Surgery Biopsy Clinical follow-up

Lymph node (anthracosis) 20 20

Lymph node (follicular hyperplasia) 9 9

Lymph node (anthracosis and follicular hyperplasia) 3 3
Lymph node (granulomatous inflammation) 12 12

Pneumonia 8 5 3

Arthritis 4 4

Urinary tract, hydronephrosis 4 4
Malignancy of another organ (thyroid, larynx) 6 3 3

Parotid tumor (Warthin tumor) 3 3

Incidental colonic 18F-FDG uptake 7 7

Inflammatory disease of abdomen
(e.g., gastric ulcer, diverticulitis, or cholecystitis)

12 1 11

Inflammatory disease of head and neck

(e.g., sinusitis, parotiditis, or chronic thyroiditis)

21 4 17

Extravasation of 18F-FDG 1 1

Total 110 56 18 36

FIGURE 1. Correlation between SUV
levels of all metastases and primary tu-
mors in PET of lung cancer patients: early
imaging (y 5 0.523x 1 2.123; r 5 0.525)
(A); delayed imaging (y 5 0.551x 1 2.542;
r 5 0.549) (B); and RI SUV (y 5 0.829x 1

4.667; r 5 0.783) (C). Using RI SUV results
of 95% prediction interval (broken line),
upper linear approximation becomes y 5

1.534x 1 6.417 and lower linear approx-
imation becomes y 5 0.426x 1 0.886
(straight pink lines). We indicated yellow
area (0.5–2 times RI SUV of primary
tumors) for deciding on metastatic lesions.
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95% prediction interval of the simple regression analysis
for RI SUV of metastatic lesions, we chose a value of
approximately 2 for the ideal upper cutoff and a value of
approximately 0.5 for the ideal lower cutoff (yellow area in
Fig. 1) for RI SUV of metastatic lesion/RI SUV of primary
lesion. Figure 2 shows the strong correlation between the
highest RI SUV of the primary lesion and the metastatic
lesion (r 5 0.846). The r value of the highest RI SUV was
significantly higher than that of the highest early and
delayed SUV (P , 0.0001). We examined cases that
initially were positive for 18F-FDG uptake but were later
identified as nonmetastatic findings. There was no relation-
ship between the RI SUV of the primary uptake and the RI
SUV of the nonmetastatic uptake (data not shown).

RI SUV in Distinguishing Metastatic Lesions from
Nonmetastatic Lesions

Figures 3A and 3B compare the SUV levels of all sites of
remote uptake and all primary tumors on 18F-FDG PET
images of lung cancer patients. Uptake in metastases was
almost indistinguishable from that in nonmetastatic lesions
on early and delayed imaging. When positive 18F-FDG PET
findings are defined as linear approximations of the upper
and lower bounds of the 95% prediction interval of RI SUV,
the results of RI SUV based on a lesion-by-lesion analysis
demonstrate a sensitivity of 98% (95% CI, 96%299%),
specificity of 94% (95% CI, 89%297%), and accuracy of
97% (95% CI, 95%298%). When positive 18F-FDG PET
findings are defined as the yellow area of RI SUV ratio
(remote site/primary site) shown in Figure 3C, the RI SUV
results demonstrate a sensitivity of 98% (95% CI, 96%2

100%), specificity of 93% (95% CI, 86%297%), and ac-
curacy of 97% (95% CI, 95%298%). These 2 criteria had

few differences in diagnostic accuracy; therefore, we de-
fined the diagnosing criterion on 18F-FDG PET as the yellow
region.

Comparison of Single- and Dual–Time-Point 18F-FDG
PET Results for N and M Staging

A comparison of single- and dual–time-point 18F-FDG
PET on a patient-by-patient basis is shown in Table 4 for
the evaluation of nodal staging and in Table 5 for the
evaluation of distant metastasis staging. The accuracy of
18F-FDG PET was improved when RI SUV was used in
detecting lymph node metastases and distant metastases
because of the significant improvement in specificity rela-
tive to early and delayed SUV (P , 0.001, McNemar test).
Table 6 shows the effect of the RI SUV method for
correcting misdiagnosis in over- or understaged lung can-
cer. In no cases were metastatic lesions negative on early
imaging but positive on delayed imaging. Figure 4 shows a
representative case of adenocarcinoma and mediastinal
lymph node metastasis. The RI SUV of the primary tumor
was nearly consistent with that of the lymph node metas-
tasis. Figure 5 shows the RI SUV of a representative patient
with lung cancer and a sarcoid reaction in the mediastinal
lymph nodes. We were unable to visually distinguish a
sarcoid reaction from lymph node metastases on early and
delayed imaging. Using our RI SUV criteria, no evidence
of lymph node metastasis was seen.

False-Positive and False-Negative Results in RI SUV

Eight sites of uptake were false-positive RI SUV findings:
6 inflammatory lesions, 1 cancerous lesion, and 1 benign tu-
mor. Five lesions had false-negative findings: 3 bone metas-
tases and 2 liver metastases.

FIGURE 2. Correlation between highest
SUV levels of all metastases and primary
tumors in PET of lung cancer patients:
early imaging (y 5 0.59x 1 2.751; r 5

0.521) (A); delayed imaging (y 5 0.605x 1

3.569; r 5 0.549) (B); and RI SUV (y 5

0.904x 1 7.619; r 5 0.846) (C).

FIGURE 3. Comparison of SUV level
(early and delayed) and RI SUV ratio of
primary lesion and remote site (blue 5

metastatic uptake; red 5 nonmetastatic
uptake): early imaging (A), delayed imag-
ing (B), and RI SUV (C). In cases in which
PET-positive findings are defined as yel-
low area (0.5–2 times RI SUV of primary
tumors), uptakes of metastatic and non-
metastatic lesions are distinguishable.
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DISCUSSION

To our knowledge, this is the first report to describe the
dual–time-point 18F-FDG PET technique as a means of
providing diagnostic criteria for lung cancer metastases. In
this study, we demonstrated a close correlation between the

RI SUV of the primary and metastatic lesions.
In most 18F-FDG PET studies, imaging is performed 50–

60 min after 18F-FDG injection (17); however, the uptake of
18F-FDG in malignancies is expected to increase over 1.5–5 h
(18). In theory, images obtained 2–3 h after 18F-FDG

injection should show improved contrast between tumor
and normal tissues or benign processes, because uptake is
increased in the tumor and decreased in the normal back-
ground (19,20). Several recent studies have described the

advantages of delayed imaging with 18F-FDG, particularly
in the diagnosis of cervical and breast cancer (21,22);
however, it is reported that in differentiating malignant
from benign lesions, the accuracy of RI SUV in dual–time-

point 18F-FDG PET is higher than that of delayed 18F-FDG
PET alone (4,23,24). The results of our study suggest that
dual–time-point 18F-FDG PET is appropriate for the staging
of lung cancer, and we therefore recommend the RI SUV of

dual–time-point 18F-FDG PET as a highly useful diagnostic
tool in diagnosing lung cancer.

It is well recognized that current nodal staging procedures
in patients with lung cancer have a limitation for accurate
diagnosis, even when 18F-FDG PET is used. Previous reports
demonstrate the advantages and limitations of 18F-FDG PET

in nodal staging (10–16). The major problem with this
modality is inadequate specificity in mediastinal staging,
although the modality is more efficient than CT. 18F-FDG
accumulation on PET or PET/CT had a high sensitivity for
malignancy but was also seen in many kinds of inflammatory
lymph node swelling, thus reducing diagnostic specificity
(11,25,26). In the present study, the specificity of nodal
staging on early imaging was only 64% in patients with
mediastinal and hilar lymphadenopathy. In surgical cases, we
assessed the pathologic findings for mediastinal and hilar
lymph nodes that had false-positive 18F-FDG accumulation
on early imaging. Anthracosis, follicular hyperplasia, and
granulomatous inflammation were most commonly recog-
nized in these false-positive lymph nodes when compared
with 18F-FDG–negative lymph nodes. We previously re-
ported active granulomatous disease to have a mean RI SUV
of 41.2% (4).

18F-FDG PET sometimes reveals unexpected distant
metastases that were negative or equivocal findings on
conventional staging (27,28); however, a disadvantage of
single-time-point 18F-FDG PET is the normal physiologic
accumulation of 18F-FDG in the liver, bowel, kidney,
urinary tract, and muscles and in benign processes such
as inflammation, making visual evaluation of metastases at
these sites difficult. Furthermore, 18F-FDG PET studies
sometimes detect sites of distant metastasis that are false-
positive (28,29). Our RI SUV criteria showed a diagnostic
accuracy of 99% for distant metastasis (M stage) because
they enable malignant uptake to be differentiated from the

TABLE 4
Comparison of Single- and Dual–Time-Point 18F-FDG PET Results for Staging of Nodal Metastasis Based on

Patient-by-Patient Analysis (Surgical Cases and Definitive Pathologic N3 cases)

Number of patients Sensitivity Specificity Accuracy

Parameter N0 (TN) N1 N2 N3 % 95% CI (%) % 95% CI (%) % 95% CI (%)

Early imaging 29/45 4/6 21/21 2/2 93 77–99 64* 49–78 76* 64–85

Delayed imaging 33/45 5/6 21/21 2/2 97 82–100 73* 58–85 82* 72–90
RI SUV 44/45 6/6 21/21 2/2 100 98 88–99 99 93–100

*P , 0.001 vs. RI SUV using McNemar test.

TABLE 5
Comparison of Single- and Dual–Time-Point 18F-FDG PET Results for Staging of Distant Metastasis Based on

Patient-by-Patient Analysis

Number of patients Sensitivity Specificity Accuracy

Parameter TP TN FP FN % 95% CI (%) % 95% CI (%) % 95% CI (%)

Early imaging 67 52 36 0 100 59* 48–70 77* 69–83

Delayed imaging 67 58 30 0 100 66* 55–76 81* 74–87
RI SUV 67 86 2 0 100 98 92–100 99 95–100

*P , 0.001 vs. RI SUV using McNemar test.
TP 5 true-positive; TN 5 true-negative; FP 5 false-positive; FN 5 false-negative.
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normal physiologic background level, benign processes,
and even inflammatory diseases.

In the present study, the RI SUV had a stronger corre-
lation between primary lesions and metastases than did the
SUV level of early imaging and delayed imaging. The
primary lesion and metastasis could have the same malig-
nant cell characteristics. The SUV level of the tumor can be
influenced by tumor size, tumor cell density, and blood flow
(30); however, the RI of the SUV level can reflect glucose
phosphorylation, which may in turn be related to cell
proliferation in the absence of such an influence (31,32).
If the accumulation or washout of 18F-FDG in remote sites

differs from that in the primary site on delayed imaging, the
remote sites should have a different pathologic process
from the primary lesion. Therefore, the RI SUV criteria are
more useful in the diagnosis of nodal and distant metasta-
ses. We propose that dual–time-point PET is useful for
cases of hilar or mediastinal lymph node swelling and cases
doubtful for metastasis because of abnormal uptake on
early images.

According to our criteria, there were only 8 sites of false-
positive uptake for RI SUV: pneumonia requiring antibiotic
therapy, pneumonia-induced follicular hyperplasia in a hilar

TABLE 6
Effect of RI SUV Method for Restaging of Misdiagnosed Lung Cancer Patients

Number of patients overstaged

(false-positive)

Number of patients understaged

(false-negative)

Stage No. of patients Early imaging Delayed imaging RI SUV Early imaging Delayed imaging RI SUV

N0 45 16 12 1 — — —

N1 6 2 1 0 0 0 0

N2 21 0 0 0 0 0 0

N3 2 0 0 0 0 0 0
N staging overall 74 18 (24%) 13 (18%) 1 (1%) 0 0 0

M0 88 36 30 2 — — —

M1 67 — — 0 0 0

M staging overall 155 36 (23%) 30 (19%) 2 (1%) 0 0 0

FIGURE 4. Representative case of adenocarcinoma and me-
diastinal lymph node metastasis (lymph node 7) in subcarinal
area: chest CT (A), early imaging (B), and delayed imaging (C). CT
images show nodule in right lung with no significant mediastinal
lymph node swelling. Early imaging shows strong accumulation
in nodule and faint accumulation in lymph node 7. PET shows
increased uptake in lung nodule (early SUV 5 6.85, delayed
SUV 5 10.01, RI SUV 5 46.1%) and uptake in lymph node 7
(early SUV 5 3.49, delayed SUV 5 5.08, RI SUV 5 45.6%).

FIGURE 5. Representative case of adenocarcinoma and
sarcoid reaction of mediastinal lymph node swelling: chest CT
(A), early imaging (B), and delayed imaging (C). PET showed
18F-FDG uptake in primary tumor (early SUV 5 1.81, delayed
SUV 5 2.02) (arrows) and focal uptake in mediastinal lymph
nodes (lymph node 3: early SUV 5 2.91, delayed SUV 5 4.2;
lymph node 7: early SUV 5 3.89, delayed SUV 5 5.086). RI SUV
in primary tumor was 11.6%; however, RI SUVs in these lymph
nodes were much higher (30.8%244.3%). These nodal uptakes
were confirmed at surgery as sarcoid reaction.
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lymph node, an abscess in the small intestine that required
surgery, and laryngeal cancer, among others. We considered
the necessity of infection control before PET examination
to reduce false-positive uptake. False-negative findings in
bone have been reported in cases of osteoblastic lesions
(33). In the false-negative cases of the present study in
patients with bone metastasis, the histopathologic finding
was osteolytic lesions, which suggests a low number of
tumor cells and a high degree of fibrosis compared with the
true-positive cases.

CONCLUSION

Our study indicates criteria for the staging of lung cancer
and suggests new examination methods for the noninvasive
evaluation of lung cancer using PET. According to our
criteria, an improvement in the diagnostic specificity of
PET examinations implies that additional examinations can
be eliminated, thereby saving medical costs. On the basis of
our preliminary data, we intend to perform additional
examinations using a PET/CT modality in a multicenter
trial of lung cancer patients.
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