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Recent reports have indicated the value of ['8F]FDG PET and
201T] SPECT in diagnosing lung cancer. In this study, we com-
pared the diagnostic value of FDG PET and 2°'TI SPECT in the
evaluation of pulmonary nodules. Methods: Sixty-three patients
with 66 pulmonary nodules suspected to be lung cancer on the
basis of chest CT were examined by FDG PET and 2°'TI SPECT
(early and delayed scans) within a week of each study. For
semiquantitative analysis, the standardized uptake value (SUV)
or the tumor-to-nontumor activity ratio (T/N) (or both) was cal-
culated. All of these lesions were completely removed thoraco-
scopically or by thoracotomy and were examined histologically.
Results: Fifty-four nodules were histologically confirmed to be
malignant tumors, and 12 were benign. Both techniques delin-
eated focal lesions with an increase in tracer accumulation in 41
of 54 lung cancers. 2°'T| SPECT on early or delayed scans (or
both) identified 4 additional lung cancers that FDG PET images
did not reveal: 3 bronchioloalveolar carcinomas and a well-
differentiated adenocarcinoma. FDG PET identified 3 additional
lung cancers that 20'TI SPECT images did not reveal; 2 of these
lung cancers were <2 cm in diameter. The mean FDG SUV and
T/N of bronchioloalveolar carcinomas (2.06 + 0.76 and 3.49 *+
1.03, respectively) were significantly lower than those of poorly
differentiated adenocarcinomas (5.55 + 2.01 [P = 0.026] and
8.283 + 2.16 [P = 0.01], respectively). However, no significant
difference was found in 2°'TI T/N on early and delayed scans
between bronchioloalveolar carcinomas (1.64 = 0.29 and
1.87 = 0.42, respectively) and poorly differentiated adenocar-
cinomas (1.58 * 0.32 and 2.76 * 1.36, respectively). Of the 12
benign nodules, FDG PET and 2°'TI SPECT showed false-pos-
itive results for the same 7 benign nodules (58.3%) (4 granulo-
mas, 1 sarcoidosis, 1 inflammatory pseudotumor, and 1 as-
pergilloma). Negative FDG PET findings and positive 201TI
SPECT findings were obtained only for bronchioloalveolar car-
cinomas or a well-differentiated adenocarcinoma but not for
other histologic types of lung cancers or benign pulmonary
nodules. Conclusion: No significant difference was found be-
tween FDG PET and 2°'TI SPECT in specificity for the differen-
tiation of malignant and benign pulmonary nodules. The degree
of differentiation of lung adenocarcinoma correlated with FDG
uptake but not with 201T| uptake. Bronchioloalveolar carcinoma
(@ well-differentiated, slow-growing tumor) findings typically
were positive with 20'TI but were negative with FDG. The com-
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bination of FDG PET and 2°'"TI SPECT may provide additional
information regarding the tissue characterization of pulmonary
nodules.
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Chest radiography and CT are frequently performed on
patients with suspected lung cancer. These modalities pro-
vide anatomic and morphologic information, but they do not
accurately characterize abnormalities as benign or malig-
nant. The diagnosis has required tissue obtained by sputum
cytology or biopsy. More than 50% of radiographically inde-
terminate lesions resected by thoracoscopy are bemjgn (

Recent reports have indicated the value'®fJFDG PET
and?°TI SPECT in diagnosing lung cancer. Several recent
studies have shown that PET with FDG is accurate in
differentiating between benign and malignant pulmonary
lesions (2—4). FDG PET has a sensitivity and a specificity
of 98% and 69%, respectively, for detecting malignancy in
indeterminate solitary pulmonary nodule®).(?°'T1 accu
mulation on SPECT also differs between benign and ma-
lignant tumors (5-7)2°ITl accumulations are seen in ma
lignant tumors on early and delayed scans but not on the
delayed scan of benign tumors. Retention?8T| on de
layed scans is strongly suggestive of malignar&y7(.

However, on closer inspection of the literature, strong
FDG uptake can be seen in a variety of inflammatory lesions
(2,8-13). In patrticular, the degree and type of inflammatory
responses are important in determining FDG uptake. Tuber-
culosis, sarcoidosis, inflammatory pseudotumor, fungal in-
fection, pneumonia, and abscess have all been associated
with FDG uptake (2,9,12,13). These infections are charac-
terized by cellular infiltrates, granuloma formation, and
macrophage proliferatior?®Tl is also absorbed into the
inflammatory lesions14) and has been reported to be of
value in the evaluation of disease activitys].

FDG PET remains an expensive and complicated proce-
dure, which is performed with tracers and imaging equip-
ment that are available at a limited number of sites. In
contrast, the technology needed to perform lung SPECT
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with 201T| is widely available at only a fraction of the costacquisition time was approximately 30 min. The intrinsic resolu-
of PET. Furthermore, FDG PET may show negative resulign was 15 mm full width at half maximum at the center. The slice
for bronchioloalveolar carcinoma). In a previous com- thickness was 58 mm. A se_ries_ of transverse slices was recon-
parison of the diagnostic value of FDG PET imaging an%t_ructed with filtered backprojection using a ramp Ha_nnlng filter
201T| SPECT imaging in the detection of lung cancér Wlth a cutoff frequency of 0.5 cycle/pixel. No attenuation correc-
we concluded that the sensitivity fTI SPECT is compa tion was performed.

rable with that of FDG PET in the detection of lung canData Analysis

cers> 2 cm in diameter. However, the study included only The FDG and®®'Tl images were interpreted visually from the
a few cases of bronchioloalveolar carcinoma; thus, the d#ms and correlated carefully with the CT study at the same time.
tection sensitivity for bronchioloalveolar carcinomas waSO" dualitative analysis, any obvious foci of increased FDG or
not compared between FDG PET a#dTl SPECT. Fur 201T| uptake over background were considered positive for tumor.

. . . or semiquantitative analysis of the FDG uptake, regions of inter-
thermore, the study included only cases of h|stolog|calf:st (ROIs) were defined manually on the transaxial tomograms that

proven lung cancer. Therefore, the specificity in different'sfhowed the lesion’s highest uptake to be the middle of the tumor.

ating malignant and benign pulmonary nodules was also Rgfe ROIs placed on the lesions encompassed all pixels that had
compared between FDG PET affdT| SPECT. For these yptake values 0f90% of the maximum uptake in that slice, and
reasons, we performed a comparison of the 2 scintigraplie average counting rate in each ROI was calculated. After
examinations in patients with pulmonary nodules to esttorrection for radioactive decay, the ROIs were analyzed by com-
mate the value of these modalities in the detection of broputing the standardized uptake value ([SUV] tumor activity con-
chioloalveolar carcinoma and their specificity in differenticentration/injected dose/body weight). The SUVs were calculated
ating malignant and benign pulmonary nodules. using a calibration factor between PET counts and radioactivity
concentration. No recovery coefficient correction was applied.
Tumor-to-nontumor activity ratios (T/Ns) were also calculated
MATERIALS AND METHODS between the lesions and the homologous contralateral normal lung.
Patients For semiquantitative analysis &fTI SPECT, ROIs were defined

This study included 63 patients (29 men, 34 women; age rangeanually on the transaxial tomograms that showed the lesion’s
42-85 y; mean age, 65 y) with 66 pulmonary nodules suspectedighest uptake to be the middle of the tumor. The ROIs placed on
be lung cancer on the basis of chest CT who had undergotte lesions encompassed all pixels that had uptake valueS@¥o
preoperative FDG PET arf@'TI SPECT between February 19940f the maximum uptake in that slice, and the average counting rate
and August 1999. Double pulmonary nodules were observed irirBeach ROI was calculated. The radioactivity was also measured
patients. FDG PET and®T| SPECT studies were completedfor areas of the homologous contralateral normal lung to calculate
within a week of each other, and all patients underwent thoracdite T/N of the activity on early scans (early ratio [ER]) and on
omy, open lung biopsy, or lung biopsy using video-assisted thdelayed scans (delayed ratio [DR]). The retention index (RI) of
racoscopic surgery in the 4 wk after their FDG &8t studies. 2°'Tl was also calculated for tumor activity according to the
Al of these lesions were removed completely and were examinégllowing equation: retention index (%} (DR — ER) X 100/ER.
histologically. None of the patients had insulin-dependent dlabgiatistical Analysis

tes, and serum glucose levels just before the injection of FDG Werer, o comparison of differences in FDG aAtiTl uptake was

<1.20 mg/dl‘.".] aII. patilents. Informed consent was obiained flror|cT)]erformed using the 2-tailed Studéertest for unpaired datd® <
patients participating in the study.

0.05 were considered to be statistically significant.
FDG PET

PET was performed using a dedicated PET camera (HeadtoRESULTS
IV; Shimazu, Kyoto, Japan) with 4 rings, which provided 7 tomo- Fitty-four nodules were histologically confirmed malig-
graphic slices. The intrinsic resolution was 5 mm full width at halﬁant tumors, and 12 were histologically confirmed benign
maximum at the center. After at leaé h of fasting, each subject %}dules (Tables 1 and 2). The 54 malignant nodules con-

underwent transmission scanning for attenuation correction for Lted of 44 adenocarcinomas. includina 11 bronchioloal-
min. Immediately after obtaining the transmission scan, FDG we 5 ’ 9

administered intravenously, and a static scan (14-24 tomograp}ﬁ':(':()l":lr carcinomas, 6 squamous cell carcmomas, 2 adeno-
slices at 6.5-mm intervals) was obtained 40 min later for 10—&flu@mous cell carcinomas, 1 large cell carcinoma, and 1
min using a 128< 128 matrix. The average injection dose of FD@netastatic lung cancer. Twelve benign nodules consisted of
was 185 MBq. 4 granulomas, 3 pulmonary infarctions associated with diro-

filariasis, 1 chronic inflammatory change, 1 aspergilloma, 1
abscess, 1 inflammatory pseudotumor, and 1 sarcoidosis.
The size of the pulmonary nodules was determined from the
were injected into a peripheral vein, affdT| imaging was begun resected specimens and ranged from 0.8 t0 6.3 cm. Twenty-
15 min (early scan) and 3 h (delayed scan) later. SPECT mfé{_¥° of the pulmonary_n_odules (33.3%) were3 cm in
performed using a triple-head rotating gamma camera systé@meter. Of the remaining 44 nodules, 19 (28.8%) were
(PRISM 3000; Picker International, Cleveland, OH) equipped witR-0—2.9 cm, and 25 (37.9%) werel.9 cm. Tables 1 and 2

a high-resolution collimator; 30 projection images were collectesummarize the results of the radionuclide and pathologic
for 40 s each over 360° using a 128 128 matrix. The total findings for the 66 pulmonary nodules studied.

201T| SPECT
All patients were examined withfTI SPECT within a week of
the PET study. With the subjects at rest, 111 MBI-chloride
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TABLE 1
Patients’ Characteristics and Radionuclide Imaging Results: Malignant Nodules
Patient Age Size FDG il
no. (y) Sex Histologic type (cm) SuUvV T/N ER DR RI (%)
1 70 F BAC 1.2 Neg. Neg. Neg. Neg. NA
2 51 F BAC 1.2 Neg. Neg. Neg. Neg. NA
3* 76 F BAC 1.7 1.27 2.33 1.30 Neg. NA
4 69 F BAC 1.9 Neg. Neg. 1.75 Neg. NA
5 78 F BAC 2.0 Neg. Neg. Neg. 1.56 NA
6 76 F BAC 2.0 Neg. Neg. 1.39 1.79 28.8
7 54 F BAC 2.2 Neg. Neg. Neg. Neg. NA
8 49 F BAC 2.5 Neg. Neg. Neg. Neg. NA
9 50 F BAC 2.6 Neg. Neg. Neg. Neg. NA
10 63 F BAC 3.8 2.78 3.86 1.97 2.48 25.9
11 67 M BAC 4.0 2.14 4.29 1.81 1.64 -9.4
12t 68 M Well-diff. AC 1.4 3.86 5.82 1.51 2.59 715
13 51 M Well-diff. AC 1.7 2.03 3.19 1.35 Neg. NA
14 81 F Well-diff. AC 1.8 4.52 5.47 1.74 1.83 5.2
15 46 F Well-diff. AC 1.9 2.32 1.97 Neg. 1.53 NA
16 48 F Well-diff. AC 2.0 1.78 2.66 1.84 2.20 19.6
17 62 F Well-diff. AC 2.0 1.24 3.13 1.56 1.56 0
18 49 M Well-diff. AC 2.4 Neg. Neg. 1.50 2.62 747
19 64 F Well-diff. AC 3.0 3.25 8.95 2.10 3.02 43.8
20 67 F Well-diff. AC 3.1 3.71 8.40 1.69 4.02 137.9
21 70 M Well-diff. AC 3.2 4.41 10.80 2.43 3.81 56.8
22 79 F Well-diff. AC 4.5 4.48 7.16 2.41 3.60 49.4
23 75 M Well- to mod. diff. AC 1.8 2.52 2.04 Neg. 1.68 NA
24 65 M Well- to mod. diff. AC 2.8 1.79 5.39 3.09 3.47 12.3
25t 68 M Mod. diff. AC 1.1 2.00 217 1.59 Neg. NA
26 42 F Mod. diff. AC 1.5 2.64 3.59 Neg. Neg. NA
27 47 F Mod. diff. AC 1.6 2.04 2.46 Neg. 1.83 NA
28 63 M Mod. diff. AC 1.8 3.81 5.14 Neg. Neg. NA
29* 76 F Mod. diff. AC 1.9 3.76 10.70 1.70 1.63 —4.1
30 72 F Mod. diff. AC 2.0 1.79 3.75 1.31 1.55 18.3
31 53 F Mod. diff. AC 25 5.31 6.17 1.44 2.18 51.4
32 73 M Mod. diff. AC 2.8 2.35 4.01 Neg. 1.86 NA
33 53 M Mod. diff. AC 2.9 5.76 6.60 1.36 2.09 53.7
34 59 F Mod. diff. AC 3.5 212 3.72 1.23 2.32 88.6
35 59 F Mod. diff. AC 3.5 7.06 8.26 Neg. Neg. NA
36 64 M Mod. diff. AC 3.6 5.94 16.80 2.46 2.97 20.7
37 68 M Mod. diff. AC 3.8 4.87 9.44 2.21 2.45 10.9
38 75 M Mod. diff. AC 4.9 6.05 12.80 3.86 4.24 9.8
39 85 M Poorly diff. AC 0.8 2.11 6.65 1.90 3.87 103.7
40 71 M Poorly diff. AC 245 6.13 5.01 1.44 2.45 70.1
41% 50 M Poorly diff. AC 32 5.80 10.58 1.17 Neg. NA
42 54 M Poorly diff. AC 4.0 8.29 7.78 1.83 4.48 144.8
434 50 M Poorly diff. AC 5.2 5.02 9.17 1.84 1.55 -15.8
44 59 M Poorly diff. AC S5 5.97 10.20 1.28 1.47 14.8
45 66 M SCC 1.5 4.77 4.95 Neg. 1.71 NA
46 75 M SCC 1.7 3.72 5.05 2.27 2.82 24.2
47 71 M SCC 2.0 5.30 23.80 2.66 3.31 24.4
48 76 M SCC 3.0 7.22 12.90 2.91 4.79 64.6
49 64 M SCC 4.0 6.19 8.96 1.44 1.92 33.3
50 70 M SCC 6.3 9.74 29.80 3.83 3.54 -7.6
51 73 M Adeno-SCC 2.7 9.86 16.10 3.37 3.26 -3.3
52 76 M Adeno-SCC 3.1 7.90 8.21 1.78 2.42 36.0
53 82 F Large cell carcinoma 1.8 3.26 6.16 1.72 2.42 40.7
54 67 F Metastatic lung carcinoma 15 Neg. Neg. Neg. Neg. NA

*Same patient.
tSame patient.
*Same patient.

BAC = bronchioloalveolar carcinoma; Neg. = negative; NA = not applicable; diff. = differentiated; AC = adenocarcinoma; mod. or

Mod. = moderately; SCC = squamous cell carcinoma; Adeno-SCC = adenosquamous cell carcinoma.
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TABLE 2
Patients’ Characteristics and Radionuclide Imaging Results: Benign Nodules
Patient Age Size FDG o
no. (y) Sex Histologic type (cm) SuUvV T/N ER DR RI (%)
55 60 F Epitheroid granuloma 1.0 1.48 3.55 1.62 Neg. NA
56 69 F Dirofilariasis 1.2 Neg. Neg. Neg. Neg. NA
57 60 F Chronic inflammatory change 1.4 Neg. Neg. Neg. Neg. NA
58 55 M Aspergilloma 1.5 1.82 2.46 2.26 Neg. NA
59 74 F Epitheroid granuloma 1.5 3.48 6.86 1.58 1.65 4.4
60 47 M Necrotizing granuloma 2.0 1.25 5.94 Neg. 1.22 NA
61 67 F Abscess 2.2 Neg. Neg. Neg. Neg. NA
62 51 F Necrotizing granuloma 2.2 4.53 3.87 Neg. 2.18 NA
63 58 M Dirofilariasis 2.5 Neg. Neg. Neg. Neg. NA
64 44 F Inflammatory pseudotumor 3.0 1.99 3.54 1.83 2.01 9.8
65 79 F Dirofilariasis 3.0 Neg. Neg. Neg. Neg. NA
66 81 F Sarcoidosis 3.1 10.3 15.30 1.63 2.33 42.9

Neg. = negative; NA = not applicable.

Visual Analysis nomas (patients 1, 2, and 7-9). Another lung cancer was a
Both techniques delineated focal lesions with an increasgetastatic lung cancer with necrosis (patient 54).

in tracer accumulation in 41 of 54 lung cancers (Table 3). In the detection of lung cancer, except for bronchioloal-

201T] SPECT on early or delayed scans (or both) identifiegeolar carcinoma, FDG PET (41/43 [95.3%)]) provided

4 additional lung cancers that FDG PET images did néigher sensitivity than dié®TI SPECT (39/43 [90.7%]). In

reveal (Table 3). Three of these lung cancers were broncbbntrast, in the detection of bronchioloalveolar carcinoma,

oloalveolar carcinomas (patients 4—6). Another lung canc®T| SPECT (6/11 [54.5%)]) provided higher sensitivity

was a well-differentiated adenocarcinoma (patient 17&han did FDG PET (3/11 [27.3%]), although these differ-

Thus, bronchioloalveolar carcinoma and well-differentiateghces were not statistically significant.

adenocarcinoma may be revealed only?®fil SPECT but  Of the 12 benign nodules, FDG PET afdT| SPECT

not on FDG PET. A representative case is shown in Figustiowed false-positive results for the same 7 benign nodules

1. FDG PET identified 3 additional lung cancers tHaTl (58.3%) (4 granulomas, 1 sarcoidosis, 1 inflammatory

SPECT images did not reveal (Table 3). Two of these lungeudotumor, and 1 aspergilloma) (Table 2). A representa-

cancers were moderately differentiated adenocarcinemas

2 cm in diameter (patients 26 and 28). A representative case

is shown in Figure 2. Another lung cancer was a moderate A
differentiated adenocarcinoma that was 3.5 cm in size a
was localized near a normal distribution of thallium in thi
myocardium (patient 35). Neither FDG PET néHTI
SPECT revealed any lesions in 6 lung cancers (Table :
Five of these lung cancers were bronchioloalveolar cart

TABLE 3
2017 FDG PET 1 %

Comparison of FDG PET and 2°'TI SPECT in
SPECT + - e t
+ 41 4 \’ :
— 3t 6 é '&% ¢ '

Detection of 54 Lung Cancers
FIGURE 1. Patient 6 with bronchioloalveolar adenocarcinoma
(2.0 X 2.0 cm), pTTNOMO. (A) CT image shows nodule in right

*Three bronchioloalveolar carcinomas and 1 well-differentiated
adenocarcinoma.

TTwo moderately differentiated adenocarcinomas <2 cm in size
and 1 moderately differentiated adenocarcinoma localized near a
normal distribution of 20'T| in myocardium.
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lung. (B) FDG PET image does not reveal any lesions. (C) Early
scan on 20'T| SPECT. (D) Delayed scan on 20'T| SPECT. 20Tl
SPECT reveals good visualization of tumor (ER, 1.39; DR, 1.79;
RI, 28.8%).
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FIGURE 2. Patient 28 with moderately differentiated adeno-
carcinoma (1.8 X 1.2 cm), pT1INOMO. (A) CT image shows
nodule in right lung. (B) FDG PET image shows hot accumula-
tion in tumor (SUV, 3.81; T/N, 5.14). (C) Early scan on 20Tl
SPECT. (D) Delayed scan on 20'T| SPECT. Neither early nor
delayed 20'T| SPECT revealed any lesions.

Semiquantitative Analysis

Among the patients showing increased tracer accumula-
tion, the mean FDG SUV and T/N of lung cancers (423
2.25 and 7.64+ 5.61, respectively) were higher than those
of benign nodules (3.55% 3.20 and 5.93+ 4.40, respec-
tively). The mear?°'T| ER, DR, and RI of lung cancers
(1.95=+ 0.69, 2.56+ 0.93, and 38.11% 39.32%, respec-
tively) were also higher than those of benign nodules
(1.78 = 0.28, 1.87= 0.44, and 19.03% 20.85%, respec-
tively). However, these differences were not statistically
significant. In benign nodules, sarcoidosis showed a mark-
edly elevated SUV of approximately 10 (patient 66) (Fig.
3). The201T| RI for sarcoidosis was also high (42.9%).

The mean FDG SUV and T/N of bronchioloalveolar
carcinomas (2.06+ 0.76 and 3.49*+ 1.03, respectively)
were significantly lower than those of poorly differentiated
adenocarcinomas (5.552.01 [P= 0.026] and 8.23+ 2.16
[P = 0.01], respectively) (Fig. 4), whereas no significant
difference in average size was apparent between these his-
tologic types (bronchioloalveolar carcinomas, 2:28).92
cm; poorly differentiated adenocarcinomas, 3.531.76
cm). Thus, a correlation was seen between FDG uptake and
the degree of cell differentiation in adenocarcinoma of the

tive case is shown in Figure 3 (patient 66). No significarhtmg. However, in?IT| ER, DR, and RI, no significant

difference was found in the specificity between FDG PEfierence was found between bronchioloalveolar carcino-
and 2'T| SPECT for differentiating malignant and benigr,4¢ (1.64+ 0.29, 1.87+ 0.42, and 15.1%* 21.3%

pulmonary nodules. In the evaluation of pulmonary nodulggspectively) and poorly differentiated adenocarcinomas
using FDG PET andTl SPECT, negative FDG PET (1 58 + 0.32, 2.76+ 1.36, and 63.5%* 65.1%, respec-
findings and positive®'TI SPECT findings were observed

only for bronchioloalveolar carcinomas or a well-differen-

tiated adenocarcinoma but not for other histologic types
lung cancers or benign pulmonary lesions.

FIGURE 3.
image shows nodule in right lung. (B) FDG PET image shows hot
accumulation in nodule (SUV, 10.3; T/N, 15.3). (C) Early scan on
201T] SPECT. (D) Delayed scan on 20'T| SPECT. 29'TI SPECT
reveals good visualization of nodule (ER, 1.63; DR, 2.33; RlI,
42.9%).

Patient 66 with sarcoidosis (3.1 X 2.7 cm). (A) CT
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of
127 & FpG TN *p = 0.01
@ TIER *
101 O TIDR
8 -4
< 6-
- *
4 -
2
0-
BAC Well Mod. Poorly
FIGURE 4. Correlation was seen between FDG T/N and de-

gree of cell differentiation in adenocarcinoma of lung. However,
in 207TI ER and DR, no significant difference was found between
bronchioloalveolar carcinomas and poorly differentiated adeno-
carcinomas. In lung adenocarcinoma, FDG uptake, but not 201TI
uptake, reflects degree of cell differentiation. BAC = bronchi-
oloalveolar carcinoma; Well = well-differentiated adenocarci-
noma; Mod. moderately differentiated adenocarcinoma;
Poorly = poorly differentiated adenocarcinoma.
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tively) (Fig. 4). Thus, FDG uptake, n8¥T| uptake, reflects adenosinetriphosphatase (Nid*-ATPase); this hypothesis
the degree of cell differentiation in lung adenocarcinomais supported by the results of an in vitro experiment showing
that the active transport of thallium into malignant cells is
inhibited by N& ,K*-pump blocker (24). In a clinical study,
DISCUSSION Takekawa et al. (21) reported that tFRETI T/N (delayed
Our principal finding in this study was th&TI SPECT ratio) is significantly higher in NaK*-ATPase—positive
identified 3 bronchioloalveolar carcinomas and a well-diadenocarcinomas than in N& *-ATPase—negative adeno
ferentiated adenocarcinoma, none of which was revealed éatcinomas. HowevetoIT| uptake into tumors is dependent
FDG PET. Thus, bronchioloalveolar carcinoma and welbn blood flow as well as on the N& *-ATPase system (5).
differentiated adenocarcinoma may be visualized only @A bronchioloalveolar carcinoma, focal increased lung per-
20ITI SPECT but not on FDG PET. This phenomenon ifusion has been observed, and blood flow may be a possible
explained by the finding that FDG uptake, ATl uptake, contributing factor of2)IT| uptake in bronchioloalveolar
reflects the degree of cell differentiation in lung adenocagarcinoma (25). Several findings suggest that cell incorpo-
cinoma. The uptake of FDG by adenocarcinomas correlai@gion of 20IT| is not directly related to cell glycolysis
with their degree of cell differentiation, and the increasegtivity. Kawabe et al. 46) have observed an abnormally
FDG uptake correlates with the lesser differentiation afigh uptake oPoITI and a relatively low uptake of FDG in
adenocarcinoma (16). Glut-1 glucose transporter expressi@hegion of atelectasis with a collapsed alveolar structure.
and FDG uptake correlate with the degree of cell differerslosman and Pugin (27) have reported that cell incorpora-
tiation in adenocarcinomas, and Glut-1 expression and FRien of 201T| differs from that of*H-deoxyglucose in vitro.
uptake are significantly lower in bronchioloalveolar carcion the basis of the results of comparati&| SPECT and
nomas than in nonbronchioloalveolar carcinoni® (FDG FDG PET studies, Oriuchi et al28) have also shown that
uptake is related to the proliferation potential of lung canceT| uptake in gliomas may be independent of increased
as estimated by the proliferating cell nuclear antigen labejtucose transport or metabolism.
ing index (19) as well as by the doubling time (20), and the Second, the spatial resolutions and the sensitivities are strik-
proliferative potential of bronchioloalveolar carcinomas ifhgly different between PET and SPECZ9], which may
lower than that of nonbronchioloalveolar carcinom&8)( cause a great difference in image quality. Ikeda e88l) have
Regarding the relationship betweéHT| uptake and cell reported thatTI SPECT with a triple-head gamma camera
differentiation in lung cancer, th&TI T/N (delayed ratio) revealed only 10 of 20 small lung cancers sR cm in
for well-differentiated adenocarcinomas is lower than thaiameter. In the current study, FDG PET identified 3 additional
for moderately and poorly differentiated adenocarcinoméiing cancers tha*TI SPECT images did not reveal. Two of
(21). However, intense and prolongé®T| uptake in a these lung cancers were moderately differentiated adenocarci-
slow-growing bronchioloalveolar carcinoma has also begmmas of<2 cm in diameter. In these instances, the difference
reported (22). Thus, attempts to correlate the above-nornivathe spatial resolutions may be a possible contributing factor.
2017] uptake of lung cancers with their biologic charaeter Third, the scintigraphic detectability depends not only on the
istics such as cell differentiation have not produced conclsize of the lesion and the degree of uptake of radiopharmaceu-
sive results. In the current study, no significant differenagals but also on the contrast between the lesion uptake and
was found between the me&#iTI T/N of bronchioloalvee surrounding tissues (29). T/Ns between the lesions and the
lar carcinomas and that of poorly differentiated adenocétemologous contralateral normal lung are higher on average
cinomas. Thus, a correlation was not found betw&&A  with FDG PET than with?otT| SPECT (17).
uptake and the degree of cell differentiation in adenocarci-No significant difference was found between FDG PET
noma of the lung, whereas FDG uptake reflected the degeel201T| SPECT in the specificity for the differentiation of
of cell differentiation. malignant and benign pulmonary nodules. FDG PET and
Several reasons are possible for the discordance betw&&ml SPECT showed false-positive results for the same 7
FDG and?°'Tl distributions. First, the mechanisms of accubenign nodules (58.3%) in the patients with pulmonary
mulation of these tracers in tumors are different. FDG isodules suspected to be lung cancer on chest CT. FDG is
transported, phosphorylated, and metabolically trapped tatken up not only by viable tumor cells but also by granu-
tumor cells as FDG-6-phosphate. The mechanisms for iation tissue and activated macrophag8sl@,11). Tissue
creased FDG-6-phosphate accumulation in many candeflammation may manifest increased glycolysis, but the
cells have been shown to involve the following: increaseadcrease in the metabolic rate associated with inflammatory
expression of glucose transporter molecules at the tunaranges is usually substantially less than that of neoplastic
cell surface, increased level or activity of hexokinase, anidsue. Inflammation and malignancy generally are differen-
reduced levels of glucose-6-phosphatase compared witited on the basis of SUV. An SUV threshold of 2.5 has
most normal tissue (23). The mechanism&%f| uptake in been determined empirically to provide good sensitivity and
tumor cells have not been clearly defined. Thallium is specificity in differentiating benign from malignant lesions
potassium analog and is transported into the cell in placewhen patients with solitary pulmonary nodules are evalu-
potassium. This transportation might be related to Ka- ated (31). However, in the current study, sarcoidosis showed
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a markedly elevated SUV of approximately 10. Several This study had several limitations in terms of the patient
benign diseases in the thorax have been reported to gmpulation. First, many patients with adenocarcinomas were
associated with increased FDG accumulation. False-pasieluded. Forty-four of 51 patients (86.3%) had adenocar-
tive findings defined by an SUV of2.5 have been reportedcinomas, and only 6 of 51 patients (11.8%) had squamous
in inflammatory and granulomatous processes such as @gll carcinomas. This study included only surgically re-
pergillosis, cryptococcosis, histoplasmosis, tuberculosi®oved nodules. Therefore, almost all nodules in this study
Wegener’s granulomatosis, and sarcoido®j$Z,13). Suga- were located at the periphery of the lung. Adenocarcinoma
wara et al. (11) have reported that FDG, which accumulatigsthe tumor most often observed peripherally. Squamous
rapidly in sites of bacterial infection with a high target-tocell carcinoma often arises in or immediately adjacent to

background ratio, appears to be a promising infection dé&bar bronchi and is occasionally peripheral. Second, this
tection agent. study also included many bronchioloalveolar carcinomas.

2017} js also absorbed into the inflammatory lesioag)( Eleven of 44 adenocarcinomas (25%) were bronchioloal-

and has been reported to be of value in the evaluation \6folar carcinomas. Recent evidence suggests that the num-
disease activity (15). Tonami et a6)(have reported that 16 ber of cases of adenocarcinoma of the lung has increased
of 23 benign lesions (70%) had signific@AT| uptake. No dramatically in the last decade and that this is largely
significant difference was found in the DR when benign arf@jtributed to an increase in bronchloloalveolar carcinoma
malignant lesions were compared. However, a significaft®35). _Furthermore, this study included only resected
difference in the RI was noted between benign and mali§2Ses. Therefore, inoperable adenocarcinomas were ex-
nant lesions. In their study, the RIs for malignant and benid#ided. Bronchioloalveolar carcinoma is a well-differenti-
lesions were 25%+ 24% and 6%+ 14%, respectively. ai€d. slow-growing tumor and is usually operable. Third,
Similarly, Suga et al.7) have reported that 39 of 58 benigrfh's study included only 12 patients with benign pulmonary
lesions (67%) were revealed on ea?§TI scans. Benign nodules because only pulmonary nodules suspected to be

conditions showing earl§°™TI uptake include active tuber lung cancer on the basis of chest CT and removed surgically

culosis, active pneumonia, organizing pneumonia, infla /ere included. Therefore, few conclusions can be drawn

matory pseudotumor, silicosis, radiation pneumonitis, aty, [om these daia regarding the true-negative rate on FDG
. L : ET and on20T| SPECT. In these respects, additional
ical mycobacterial disease, aspergilloma, granulomg (. ST

and sarcoidosis (32). The findings of Suga et al. agree W,{hvestlgatlon is warranted.

those of Tonami et al.g) in that no significant difference

was found in the early or delayed uptake ratios in benig®#ONCLUSION

compared with malignant lesions, and the difference in then this preliminary study, no significant difference was
Rl was statistically significant (23.3% 18.9% for malig- found between FDG PET aéfT| SPECT in the specificity
nant lesions and-4.3% + 13.6% for benign lesions). for the differentiation of malignant and benign pulmonary
However, atelectasis with collapsed alveolar structure magydules. The degree of differentiation of lung adenocarci-
also show a higl°'TI RI (25,33). In the current study, the noma correlated with FDG uptake but not wifAT| uptake.
2017] RI for sarcoidosis was also high (42.9%), and FD@ronchioloalveolar carcinoma, a well-differentiated, slow-
PET and?®'TI SPECT showed false-positive results for thgrowing tumor, typically was positive o##TI SPECT but
same 7 benign lesions (4 granulomas, 1 sarcoidosiswhs negative on FDG PET. The combination of FDG PET
inflammatory pseudotumor, and 1 aspergilloma). Thus, mmd 2°TI SPECT may provide additional information-re
significant difference was found between FDG PET arghrding the tissue characterization of pulmonary nodules.
201T] SPECT in the specificity for differentiation of matlig

nant and benign pulmonary nodules. When interpretingsx NOWLEDGMENTS
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