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In vitro assessment of the proliferative activity of tumors
The goals of this study were to correlate FDG uptake with cell
proliferation and cellular density in nonâ€”small
cell lung cancer.
Methods: Thirty-one patients with 32 nonâ€”small
cell lung can

has advanced

with the development

of histopathologic

tech

niques that label cells in different states of biologic activity.
Proliferating cell nuclear antigen (PCNA) is a 36-kDa nuclear
cers were examined with FDG PET. For semiquantitative analy
polypeptide that is related to cell proliferation. PCNA is
sis, standardized uptake values (SUV5) were calculated. All
identical to cydin, a protein that appears in the proliferative
patients underwentthoracotomywithin 4 wk after the FDG PET
phase
of cells (1). Previous studies (2) indicate that PCNA or
study.Cell proliferationwas immunohistochemicallyassessedas
cycin,
synthesized during the late G1 to S phase, is an
the relative number of cells expressing the proliferating cell
nuclear antigen ([PCNA] labeling index). Cellular density was auxiliary protein for DNA polymerase. Monoclonal antibod
also evaluatedusing light microscopy.Results: SUVscorrelated ies to PCNA are commercially available because its antigen
significantly with PCNA labeling index (r = 0.740; P < 0.0001) is preserved well in formalin-fixed, paraffin-embedded tis
but only weakly with cellular density (r = 0.392; P = 0.0266).
sues (3). PCNA or cyclin thus detects nonresting cells and
High FDG uptake correlated with high PCNA expression. The
therefore can be considered a proliferation marker.
PCNA labeling index and SUVs were significantly lower in
Malignant tumors tend to have higher metabolic demands
bronchioloalveolar carcinomas (n = 8) (12.3 Â±9.45% and
than
do normal tissues. Tumor metabolism can be assessed
1.45 Â±0.76, respectively)than in nonbronchioloalveolarcarcino
in
vivo
by PET with FDG. FDG PET allows for quantifica
mas (n = 19) (33.5 Â±21.8%, P = 0.015, and 3.75 Â±1.93, P =
0.003, respectively). However, no significant differences in cellu
tion of glucose consumption by a tumor. Recent reports have
lar density were seen between bronchioloalveolarcarcinomas indicated the value of FDG PET in diagnosing human lung
and nonbronchioloalveolarcarcinomas. Conclusion: FDG up cancer, in particular (4â€”6).FDG PET has a sensitivity and
take is related to cell proliferation rather than to the cellular
specificity of 93% and 88%, respectively, for detecting
densityof nonâ€”small
cell lung cancer.
malignancy in indeterminate solitary pulmonary nodules (6).
KeyWords:PET;FDG;lungcancer;cellproliferation;
cellular
However, depending on the type of neoplasm, wide mdi
density
vidual variations in glucose consumption can be observed.
J NucI Med2000;41:85â€”92
In cases of malignant lung neoplasms, few false-negative
findings have been reported using FDG PET. False-negative
findings have, however, occurred in patients with bronchio
loalveolar lung carcinomas (7â€”9).Bronchioloalveolar carci
he clinical staging of nonâ€”smallcell lung carcinomas
nomas grow more slowly than do nonbronchioloalveolar
depends on the tumor, node, metastasis classification. This
adenocarcinomas (10). In certain tumor cell types, glucose
staging procedure includes only the morphologic character
metabolism measured by FDG PET varies proportionately
istics of the tumors, not the biologic parameters of tumor
with the proliferative activity and malignancy grade of the
tissue. The growth rate of lung cancer is an essential feature
cell (11â€”14).Few reports correlating FDG uptake and cell
in determining malignancy. Tumor proliferation has tradition
proliferation in lung cancer exist (13). This study was
ally been assessed histopatho!ogically, although this method
designed to correlate FDG uptake, measured by preoperative
is difficult because ofprob!ems inherent in counting mitoses.
PET, and the proliferative potential of nonâ€”smallcell lung
In addition, sampling errors may occur because of the
carcinomas as determined by immunohistochemical detec
regional heterogeneity of lung cancer. Therefore, other
ton of PCNA. In addition, the relationship between FDG
methods for evaluating the proliferative potential require
uptake and cellular density was examined.
investigation.
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Patients
Thirty-one patients (19 women, 12 men; age range, 42â€”85y;
mean age, 63 y) who had 32 nonâ€”small
cell lung cancers and had
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undergone both preoperative FDG PET and thoracotomy between
February 1994 and February 1998 were enrolled in this study. One
patient had double adenocarcinomas of the lung. All patients
underwent thoracotomy within 4 wk after FDG PET. The final
diagnoses were established histologically (through thoracotomy) in
all patients. Of 32 nonâ€”small
cell lung cancers, 27 were adenocarci
nomas (including 8 bronchioloalveolar carcinomas), 4 were squa
mous cell carcinomas, and 1 was an adenosquamous cell carci
noma. The diameters of the primary tumors were determined from
the resected specimens and ranged from 0.8 to 6.3 cm. Sixteen
(50%) of the lung tumors were 2 cm or less in diameter. Of the
remaining 16 tumors, 8 were 2. 1â€”3
cm in diameter and 8 were more
than 3 cm. None ofthe patients had insulin-dependent diabetes, and
the serum glucose levels in all patients just before FDG injection
were less than 120 mg/dL. All participants gave informed consent.

studies. For semiquantitative analysis of the FDG uptake, ROIs
were manually defined on the transaxial tomograms, with the area
of highest uptake considered to be the middle of the tumor. The
ROIs placed on the lesions encompassed all pixels within that
lesion having uptake values greater than 90% of maximum in that
slice. Further analysis resided on the average counting rate in each
ROl. In patients for whom no nodules were detectable by PET, the
ROl was extrapolated from chest CT scans. After correction for
radioactive decay, we analyzed the ROIs by computing the SUVs
as follows: PET counts/pixel/s

X calibration factor/injected dose

(Ci)/body weight(kg), where calibration factor = (microcuries/ml)/
(counts/pixel/s).

Histologic Examination
All patients underwent surgical resection within 4 wk after PET.
The surgically resected tumors were routinely fixed in 10%
FDGPET
formalin and embedded in paraffin. The largest section in the
FDG PET was performed using a Headtome IV camera (Shimazu,
middle of each tumor was stained for immunohistochemical study
Kyoto, Japan) with a 10-cm axial field of view. The Headtome IV and tumor cell counting. The method was modified from one
has 4 detector rings with 768 BL@Ge3O12
crystals per ring. It USeS previously described (17).
direct and cross-planar coincidence detection to generate 14 slices
per bed position. For the thorax, two bed positions (28 slices at Immunohistochemical Procedure
Cell proliferation in 32 resected cancer samples was assessed by
6.5-mm intervals) were used. Reconstruction in a 128 X 128 matrix
with a Hanning filter (0.5-pixel cutoff) yielded 5-mm intrinsic immunohistochemical staining for PCNA. The primary antibodies
resolution at the center. Transmission scans were obtained for all applied were monoclonal to PCNA (NCL-PCNA, diluted 1:250;
patients before FIX) administration for attenuation correction using Novocastra Laboratories Ltd., San Diego, CA). Paraffin sections of
a @Ge
ring source.X-ray fluoroscopywas usedto ascertainthe 10% buffered formalin-fixed samples were incubated with either
location ofthe pulmonary nodule, and the skin was marked to aid in monoclonal antibodies or nonimmune mouse immunoglobulin G
positioning the patient. A transmission scan was then acquired for (IgG) overnight at 4Â°Cafter blocking endogenous peroxidase with
10â€”20
mm in each bed position, depending on the specific activity 0.3% H202 and nonspecific binding of IgG by 10% normal rabbit
of the ring sources at the time of the study, for at least 2 million serum. The samples were then incubated with biotinylated rabbit
counts per slice. During the transmission scan, marks were made on antimouse IgO for 1 h at room temperature and followed by the
complex method (Histofine SAB-PO kit; Nich
the patients' skin to aid in repositioning for the emission scan. streptavidinâ€”biotin
Blood (1 mL) was drawn for an estimation of baseline blood irei, Tokyo, Japan). Color was developed with 0.03% 3,3'glucose, and the data were recorded. Immediately after the diaminobenzidine tetrahydmchloride in 0.05 mol/L tris-HC1buffer
transmission scan, FDG was administered intravenously. After 40 (pH, 7.6) containing 0.006% H2O2 for counting PCNA-positive
mm for uptake, patients were repositioned in the scanner. An cells and counterstained with hematoxylin for counting cellular
emission scan was acquired for 10 ruin in each bed position, for a density. In each run, sections of tonsil were stained as positive
total of 20 mm. In general, for limited-field tomographic images, controls.
emission image acquisition aims to collect 5â€”15million total
counts (15). In this study, emission image acquisition collected PCNALabelingIndex
For counting PCNA-positive tumor cells, we used a modifica
9.46â€”15.20million counts per 14 slices. Image reconstruction
using measured attenuation correction was performed using a tion of the method of Kawai et al. (18). First, the section was
Hanning filter with 0.5-pixel cutoff. The average injection dose of scanned at low power to determine which areas were representative
FDG (radioactivity of syringe before injection â€”radioactivity of (exhibiting a high concentration of PCNA-positive cells and high
syringe after injection) was 171 MBq (4.61 mCi) and ranged from cellular density). High-power fields (X20) were used for counting.
104 to 318 MBq (2.80â€”8.60mCi). The average injection dose of We considered all brown nuclei to be positive for PCNA. For each
specimen, at least 500 cells (typically more than 1000 cells) were
FDG was approximately half the previously reported doses. Patient
body weight ranged from 39.2 to 68.6 kg, with a mean of 54.7 kg. counted in a minimum of 5 high-power fields. To account for tumor
Doses were reduced for patients with low body weight. The effect heterogeneity and reduce statistical error, these fields were areas of
of injection-dose variance was evaluated, and no significant high PCNA staining and high cellular density (19). Choosing the
correlation with FDG uptake (standardized uptake values [SUVs]) areas of highest density is less liable to bias than is arbitrary
was observed for nonâ€”smallcell lung cancers. This finding selection of average-density areas (19). The proliferative fraction
confirms the findings of a previous study (16). We therefore of tumor cells was estimated by establishing the PCNA labeling
conclude that no significant correlation exists between injection index as the percentage of PCNA-positive cells (PCNA-positive
dose and SUVs, although the quality of images and the SD of the cells/total tumor cells).
region-of-interest (ROI) data deteriorated with smaller injection
Cellular Density
doses.
Thmor cells were counted in a minimum of 5 high-power fields
DataAnalysis
to determine cellular density, using a modification of the methods
Two observers visually interpreted the 9)0 PET images from of Herholz et al. (20) and Kuwert et al. (21). PCNA-positive tumor
the films and carefully correlated them with contemporaneous CT cells and cellular density were counted in the same high-power
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field. To account for tumor heterogeneity and reduce statistical
error, the fields chosen were those with high PCNA staining and
high cellular density (19). Cellular density was presented as the
number of tumor cells per high-power field of view.
Statistical Analysis
Values are given as mean Â±SD. Differences in FDG uptake
were compared using a 2-tailed Student t test for unpaired data. P

The mean PCNA labeling index and SUV were signifi
canfly lower in bronchioloalveolar than nonbronchioloalveo
lar carcinomas (Table 2). However, no significant difference
m cellular density was observed between bronchioloalveolar
and nonbronchioloalveolar carcinomas. Figures 3 and 4
show two representative examples.

< 0.05 was considered statistically significant. Correlation was

DISCUSSION

analyzed using the Pearson product moment test and linear
regression.

Our principal findings were that FDG uptake correlates
significantly with the PCNA labeling index of lung cancer
rather than with cellular density and that cancers with a high
index tended toward appreciableFDG accumulation.FDG
uptake by adenocarcinomas has been shown to correlate
with degree of cell differentiation (7). In particular, FDG
uptake in bronchioloalveolar carcinomas was significantly

RESULTS
Table 1 lists the FDG uptake values and histopathologic
data ofeach patient.
SUVs correlated significanfly with PCNA labeling index
(r

0.740;

P <

0.0001)

(Fig.

1) but

only

weakly

with

cellular density (r = 0.392; P = 0.0266) (Fig. 2). Lung
cancers with a high PCNA!abeling index tended to accumulate FDG appreciably.

lower

than in nonbronchioloalveolar

carcinomas

(7,8). How

ever, this observation is not completely understood.
In an in vitro study, Higashi et al. (22) showed that FDG
accumulation is closely related to the number of viable

TABLE1
Patient Characteristics and Radionuclide Imaging Results
Patient
No..
SD151FBronchioloalveolar
Age(y)SexHistologic

tumortypeTumor

labeling
high-power field
index(%)
size
Averageper
SUVPCNA
Average
SDCells
(cm)FDG

.20.381
2.47142302*76FBronchioloalveolar carcinoma1
12.61071171376FBronthioloalveolar carcinomaI
.71
.2719.4
3.2111966472FBronchioloalveolar
carcinoma2.01
.3217.6
3.9827329554FBronchioloalveolarcarcinoma2.20.849.7
carcinoma2.01
.798.9
4.1905114650FBronchioloalveolar
3.967748763FBronchioloalveolar
carcinoma2.61
.109.4
0.4605153867MBronchioloalveolar carcinoma3.82.782.0
carcinoma4.02.1429.8
.61095214951FWell-differentiated
8.512911891081FWell-differentiated adenocarcinoma1
.72.0312.3
4.97711361162FWell-differentiated adenocarcinoma1
.84.5213.5
.68172141248FWell-differentiated
adenocarcinoma2.01
.2419.5
2.013961531349MWell-differentiated adenocarcinoma2.01
.402.8
4.112773661464FWell-differentiated adenocarcinoma2.41
.7024.0
.3725961567FWell-differentiated
adenocarcinoma3.03.2541
8.61179651642FModerately
adenocarcinoma3.13.7144.6
4.911444081747FModerately differentiatedadenocarcinomaI
.52.6414.4
2.5679841863MModerately
differentiatedadenocarcinoma1
.62.0417.1
.37719019*76FModerately
differentiatedadenocarcinoma1
.83.8162.9
.93.7657.0
3.36621122053FModerately
differentiatedadenocarcinomaI
3.811432762153MModerately differentiatedadenocarcinoma2.55.3140.3
2.88871612273FModerately
differentiatedadenocarcinoma2.95.7656.0
9.515363362359FModerately differentiatedadenocarcinoma3.06.9484.9
.211834752459FModerately
differentiatedadenocarcinoma3.52.1215.3
3.8722982585MPoorly
differentiatedadenocarcinoma3.57.0619.8
.47082462671MPoorly
differentiated adenocarcinoma0.82.1124.6
9.418013322750MPoorly differentiatedadenocarcinoma2.56.1354.6
8.38712082870MModeratelydifferentiated adenocarcinoma3.25.8030.4
2.514151312966MPoorly
differentiatedsquamouscellcarcinoma2.05.3054.2
9.716892673075MPoorly differentiatedsquamouscellcarcinoma1
.54.7774.2
4.218921393170MPoorly
.73.7259.7
differentiatedsquamouscellcarcinoma1
14.516411863276MAdenosquamous
differentiatedsquamouscellcarcinoma6.39.7470.2
.31275426*Same
cellcarcinoma3.17.9069.6

.9

1
1
.8

1

1
1
11
11

11

patient.
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TABLE2
10

@

Â°Adenoca. (BAG)
. Adenoca.

SUVs@

Comparison Between BAC and Non-BAC

(non-BAG)

and
ASCC

BAC
(n=19)PPCNAlabeling

(n=8)Non-BAC

21.80.015Cells
Â±9.4533.5
index (%)12.3
3300.237FDG
perhigh-powerfield877 Â±2031030
.930.003Tumorsize
.45 Â±0.763.75
uptake(SUVs)1
0.760.810Values
Â±0.992.35
(cm)2.44

.

Â±
Â±

Â±1
Â±

aremeansÂ±SDs.
2

@

y=0.071 x + I .21
r=0.740
n=32
p<0.0001

Instead, one might assume that nonbronchioloalveolar carci
noma cells metabolize glucose more actively than do
bronchioloalveolar carcinoma cells.
0
0
This conclusion is also supported by both in vitro and
clinical studies. Recently, Higashi et a!. (1 7) found that FDG
PCNA labelling index (%)
uptake did not relate significantly to the number of tumor
FIGURE 1. Graphshowsthat FDG uptake(SUV5)correlated cells in human pancreatic tumors but did relate significantly
significantlywith PCNA labeling index (r = 0.740; P < 0.0001).
Adenoca. = adenocarcinoma; ASCC = adenosquamous cell to the number of cells strongly positive for glucose trans
porter-i. An in vitro study showed an accelerated rate of
carcinoma; SCC = squamous cell carcinoma.
glucose transport to be among the most characteristic
biochemical markers of cellular transformation induced by
tumor cells rather than to thymidine uptake and fraction of
the sarcoma virus (26). Such studies also suggest that
S + G2M phases. The significance of the cellularity in
elevated levels of glucose transport and of transporter
recurrent rectal cancer (23) and pancreatic cancer (24) has
messenger RNA are induced by ras or src oncogenes (27).
been suggested. In addition, Herholz et al. (20) have shown
Another study has shown that 2-deoxy-D-glucose uptake is
that FDG uptake correlates significantly with cellular den
higher in malignantly transformed cells than in untrans
sity in low-grade astrocytomas. Similarly, lower FDG up
formed parent cells (28). Enzymatically, tumors with faster
take may be observed in meningiomas with low cellular
growth rates contain a higher level of glucose hexokinase
density than in those with greater cellularity (25). Our data
(29). In an animal study of a series of minimum-deviation
do not support the contention that higher cellularity in
hepatomas, Sweeney et a!. (30) found a correlation between
nonbronchioloalveolar carcinomas causes their FDG uptake
the glycolysis acceleration and tumor growth. In a microau
to be higher than that of bronchioloalveolar carcinomas.
toradiographic study, Kubota et al. (31) showed that viable
tumor cells with a faster growth rate show a higher FDG
uptake. In a clinical study, Duhaylongsod et al. (13) showed
0 Adenoca.
(BAG)
a
that glucose metabolism measured by FDG PET correlated
. Adenoca.
(non-BAG)
with the doubling time of malignant pulmonary lesions,
Â£ S@G
and
AS@G
whereasthecellularuptakeof FDG andthedoublingtimeof
a
8
indeterminate pulmonary lesions were inversely related.
Thus, high levels of glucose metabolism were associated
6
with shorter tumor doubling times, i.e., faster tumor growth.
SUVs
Similarly, Okada et al. (14) compared FDG uptake and
cellular
proliferative activity in 23 patients with malignant
4
a
lymphomas of the head and neck. Ki-67 immunoreactivity,
which indicates cells' proliferative activity, increased in
2
proportion to increases in FDG uptake.
Such increases are probably caused by the more rapidly
proliferating malignant cells' enhanced need for metabolic
0
0
1000
2000
substrates; this hypothesis also explains the correlation we
Cellular density
found between FDG uptake and the PCNA labeling index of
lung cancer rather than cellular density.
FIGURE 2. Graphshowsthat FDG uptake(SUVs)correlated
Radioactive thymidine is the precursor normally used to
only weakly with cellular density (cells per high-powerfield) (r =
estimate
DNA synthesis. An in vitro study of human
0.392; P = 0.0266). Adenoca. = adenocarcinoma;ASCC =
adenocarcinoma
cells showed no relation between FDG
adenosquamous cell carcinoma; SCC = squamous cell
uptake and thymidine uptake or fraction of S + G2M phases
carcinoma.

I?f=0.003x
+0.873
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FIGURE3. Imagesofpatient18.(A)CTscanshowsnoduleinrightlung.
(B)FDGPETscanshowsincreased
accumulation
intumor
(SUV,3.81). (C) Photomicrographoftumor samplerevealshigh proportionof proliferatingcells (PCNAlabelingindex,62.9% Â±I .3%;
cellular density, 771 Â±90 cells per high-powerfield) (immunohistochemical stain for anti-PCNAantibody, x267). (D) Photomicrograph

of tumor sample revealsmoderatelydifferentiatedadenocarcinoma(hematoxylin-eosin,x267).

of cancer cells (22). Studies by Shields et al. (32) and
Shields (33) also showed discordance
between â€œCthymidine uptake and FDG uptake.
These findings are compatible with ours. In an excellent
microautoradiographic study, Kubota et al. (31) showed that
FDG uptake by viable tumor cells depended on cell cycle;
FDG uptake was increased in cells that were in gap phases.
This finding suggests that cycling cells in gap phases may
consume glucose for DNA synthesis and mitotic division.
Furthermore, this phenomenon may induce a data discor
dance between FDG and thymidine uptake when the same
tumor is studied. Thus, a difference in cell-cycle dependency
between FDG uptake (higher in gap phases) and thymidine
uptake (higher in the S phase) complements discordance
observed between the uptake of FDG and the uptake of
thymidine (31).
Recently, we reported that FDO uptake was significantly
lower in bronchioloalveolar carcinomas than in nonbronchio
loalveolar carcinomas (7). The mean doubling time of
bronchioloalveolar carcinomas is longer than that of nonbron
chioloalveolar carcinomas (10). In the study we are now

reporting, the proliferative potential of bronchioloalveolar
carcinomas was lower than that of nonbronchioloalveolar
carcinomas. However, bronchioloalveolar carcinomas did
not significantly differ from nonbronchioloalveolar carcino
mas in cellular density. These findings suggest that glucose
metabolism measured by FDG PET correlates with the
proliferative potential of adenocarcinomas of the lung. FDG
PET shows negative findings in cases of bronchioloalveolar
carcinoma (7). These findings are not false-negative, but
biologically true-negative, because the proliferative poten
tial of bronchioloalveolar carcinoma is low. In this study,
lung cancer with a high PCNAlabeling index tended to show
an appreciable accumulation of FDG. In tumors with high
proliferative potential, metabolism of nuclear antigen and
protein increases, and glucose metabolism may also increase
to produce enough energy for proliferation. Our results were
consistent with biochemical mechanisms.
This

study

has limitations.

First,

the sample

size was

small. In particular, only 4 patients with squamous cell
carcinomas were included. Therefore, although PCNA cx
pression, cellular density, and FDG uptake were higher in
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FIGURE4. Imagesofpatient5. (A)CTscanshowsnodulewithopenbronchus
signinleftlung,mimicking
organized
pneumonia.
(B) FDG PET scan shows no significant accumulation in tumor (SUV, 0.84). (C) Photomicrographof tumor sample reveals low
proportion of proliferating cells (PCNA labeling index, 9.7% Â±4.1%; cellular density, 905 Â±114 cells per high-power field)
(immunohistochemical

stain for anti-PCNA antibody, x267). (D) Photomicrograph of tumor sample reveals bronchioloalveolar

carcinoma(hematoxylin-eosin,x 267).
squamous cell carcinomas than in adenocarcinomas, few
conclusions can be drawn about true differences between
these tumor types.
Second, biologic heterogeneity of tumors must be consid
ered. Intratumoral heterogeneity of histologic features is
widely recognized, having been most extensively studied in
pulmonary carcinomas (34). A marked intratumoral varia
tion in the PCNA labeling index in almost all lung cancers
has been reported (35). In this study, the PCNA labeling
index and cellular density were determined in representative
areas by examining 5 high-power fields. To account for
tumor heterogeneity, these fields were areas of high PCNA
staining and high cellular density to reduce statistical error
(19). Counting cells in several areas of highest density is
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likely less prone to bias than is arbitrary selection of areas
with average density (19).
Third, FDG uptake determined by PET is subject to
partial-volume effects, which lead to underestimation when
the structure is smaller than twice the spatial resolution of
the images (36). Such partial-volume effects are particularly
of note when tissue characteristics derived from the analysis
of microscopic specimens are compared with PET data,
which integrate values from cells over several square
centimeters of tissue. This difficulty can be circumvented
with microautoradiographic techniques, which are, however,
difficult to practice on humans. Our study was supplemented
by correction for the recovery coefficient. The recovery
coefficient was measured using spherical phantoms in a
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modification of the method of Akashi et al. (37). The
correlation coefficient between corrected SUVs and the
PCNA labeling index was 0.737 (P < 0.0001). The correla
tion coefficient between uncorrected SUVs and the PCNA
labeling index, at 0.740 (P < 0.0001), was not significantly
different. These results suggest that the PCNAlabeling index
affected SUVs more than did the size of the lesions
(partial-volume effects).
PCNA influences the prognosis of surgically treated lung
cancer patients. The time until recurrence was significantly
longer in patients whose tumors expressed a low PCNA
labeling index than in patients whose tumors expressed a
high index. PCNA expression proved useful for predicting
the time until recurrence in patients with stage I nonâ€”small
cell carcinoma (38). In 125 patients with stage I disease, the
5-y survival rate was lower in patients with a high PCNA
labeling index than in those with a low index (39). Thus,
PCNA influences the prognosis of surgically treated lung
cancer patients, and the correlation found between glucose
consumption and the PCNA labeling index (cell prolifera
tion) is important A noninvasive diagnostic technique that helps
measure the rate of cell proliferation may be valuable for
predicting the prognosis ofpatients with nonâ€”smallcell carcino
mas. Additional study is essential to confirm our findings.

6. GuptaNC,Maloofi, GunelE. Probability
of malignancy
in solitarypulmonazy
nodules using fiuorine-18-FDG and PET. JNucl Meat 1996:37:943-948.
7. Higashi K, Ueda Y, Seki H, et al. Fluorine-18-FDG imaging is negative in
bronchioloalveolar lung carcinoma. I Nuci Med. 1998:39:1016â€”1020.
8. Kim B-T, Kim Y, Lee KS, et al. Localized form of bronchioloalveolar carcinoma:
FDG PET findings. AIR. 1998:170:935â€”939.

9. JangH-J,LeeKS,KwonOJ,et al.Bronchioloalveolar
carcinoma:
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CONCLUSION

20.

FDG uptake is related to cell proliferation rather than to
the cellular density of nonâ€”smallcell lung cancer. FIX) PET
is of great clinical value for accurately and noninvasively
estimating the rate of cell proliferation in nonâ€”smallcell
lung cancer.
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