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    Abstract

      Recent reports have indicated the value of [18F]FDG PET and 201Tl SPECT in diagnosing lung cancer. In this study, we compared the diagnostic value of FDG PET and 201Tl 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 201Tl 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 calculated. All of these lesions were completely removed thoracoscopically or by thoracotomy and were examined histologically. Results: Fifty-four nodules were histologically confirmed to be malignant tumors, and 12 were benign. Both techniques delineated focal lesions with an increase in tracer accumulation in 41 of 54 lung cancers. 201Tl 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 201Tl 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 8.23 ± 2.16 [P = 0.01], respectively). However, no significant difference was found in 201Tl T/N on early and delayed scans between bronchioloalveolar carcinomas (1.64 ± 0.29 and 1.87 ± 0.42, respectively) and poorly differentiated adenocarcinomas (1.58 ± 0.32 and 2.76 ± 1.36, respectively). Of the 12 benign nodules, FDG PET and 201Tl SPECT showed false-positive results for the same 7 benign nodules (58.3%) (4 granulomas, 1 sarcoidosis, 1 inflammatory pseudotumor, and 1 aspergilloma). Negative FDG PET findings and positive 201Tl SPECT findings were obtained only for bronchioloalveolar carcinomas or a well-differentiated adenocarcinoma but not for other histologic types of lung cancers or benign pulmonary nodules. Conclusion: No significant difference was found between FDG PET and 201Tl SPECT in specificity for the differentiation of malignant and benign pulmonary nodules. The degree of differentiation of lung adenocarcinoma correlated with FDG uptake but not with 201Tl uptake. Bronchioloalveolar carcinoma (a well-differentiated, slow-growing tumor) findings typically were positive with 201Tl but were negative with FDG. The combination of FDG PET and 201Tl SPECT may provide additional information regarding the tissue characterization of pulmonary nodules.

    
	PET
	lung cancer
	201Tl
	[18F]FDG

Chest radiography and CT are frequently performed on patients with suspected lung cancer. These modalities provide anatomic and morphologic information, but they do not accurately characterize abnormalities as benign or malignant. The diagnosis has required tissue obtained by sputum cytology or biopsy. More than 50% of radiographically indeterminate lesions resected by thoracoscopy are benign (1).
Recent reports have indicated the value of [18F]FDG PET and 201Tl 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 nodules (2). 201T1 accumulation on SPECT also differs between benign and malignant tumors (5–7). 201Tl accumulations are seen in malignant tumors on early and delayed scans but not on the delayed scan of benign tumors. Retention of 201Tl on delayed scans is strongly suggestive of malignancy (5–7).
However, on closer inspection of the literature, strong FDG uptake can be seen in a variety of inflammatory lesions (2,8–13). In particular, the degree and type of inflammatory responses are important in determining FDG uptake. Tuberculosis, sarcoidosis, inflammatory pseudotumor, fungal infection, pneumonia, and abscess have all been associated with FDG uptake (2,9,12,13). These infections are characterized by cellular infiltrates, granuloma formation, and macrophage proliferation. 201Tl is also absorbed into the inflammatory lesions (14) and has been reported to be of value in the evaluation of disease activity (15).
FDG PET remains an expensive and complicated procedure, which is performed with tracers and imaging equipment that are available at a limited number of sites. In contrast, the technology needed to perform lung SPECT with 201Tl is widely available at only a fraction of the cost of PET. Furthermore, FDG PET may show negative results for bronchioloalveolar carcinoma (16). In a previous comparison of the diagnostic value of FDG PET imaging and 201Tl SPECT imaging in the detection of lung cancer (17) we concluded that the sensitivity of 201Tl SPECT is comparable with that of FDG PET in the detection of lung cancers > 2 cm in diameter. However, the study included only a few cases of bronchioloalveolar carcinoma; thus, the detection sensitivity for bronchioloalveolar carcinomas was not compared between FDG PET and 201Tl SPECT. Furthermore, the study included only cases of histologically proven lung cancer. Therefore, the specificity in differentiating malignant and benign pulmonary nodules was also not compared between FDG PET and 201Tl SPECT. For these reasons, we performed a comparison of the 2 scintigraphic examinations in patients with pulmonary nodules to estimate the value of these modalities in the detection of bronchioloalveolar carcinoma and their specificity in differentiating malignant and benign pulmonary nodules.

      MATERIALS AND METHODS

      
        Patients

        This study included 63 patients (29 men, 34 women; age range, 42–85 y; mean age, 65 y) with 66 pulmonary nodules suspected to be lung cancer on the basis of chest CT who had undergone preoperative FDG PET and 201Tl SPECT between February 1994 and August 1999. Double pulmonary nodules were observed in 3 patients. FDG PET and 201Tl SPECT studies were completed within a week of each other, and all patients underwent thoracotomy, open lung biopsy, or lung biopsy using video-assisted thoracoscopic surgery in the 4 wk after their FDG and 201Tl studies. All of these lesions were removed completely and were examined histologically. None of the patients had insulin-dependent diabetes, and serum glucose levels just before the injection of FDG were <120 mg/dL in all patients. Informed consent was obtained from patients participating in the study.

      

      
        FDG PET

        PET was performed using a dedicated PET camera (Headtome IV; Shimazu, Kyoto, Japan) with 4 rings, which provided 7 tomographic slices. The intrinsic resolution was 5 mm full width at half maximum at the center. After at least 4 h of fasting, each subject underwent transmission scanning for attenuation correction for 10 min. Immediately after obtaining the transmission scan, FDG were administered intravenously, and a static scan (14–24 tomographic slices at 6.5-mm intervals) was obtained 40 min later for 10–20 min using a 128 × 128 matrix. The average injection dose of FDG was 185 MBq.

      

      
        201Tl SPECT

        All patients were examined with 201Tl SPECT within a week of the PET study. With the subjects at rest, 111 MBq 201Tl-chloride were injected into a peripheral vein, and 201Tl imaging was begun 15 min (early scan) and 3 h (delayed scan) later. SPECT was performed using a triple-head rotating gamma camera system (PRISM 3000; Picker International, Cleveland, OH) equipped with a high-resolution collimator; 30 projection images were collected for 40 s each over 360° using a 128 × 128 matrix. The total acquisition time was approximately 30 min. The intrinsic resolution was 15 mm full width at half maximum at the center. The slice thickness was 5.8 mm. A series of transverse slices was reconstructed with filtered backprojection using a ramp Hanning filter with a cutoff frequency of 0.5 cycle/pixel. No attenuation correction was performed.

      

      
        Data Analysis

        The FDG and 201Tl images were interpreted visually from the films and correlated carefully with the CT study at the same time. For qualitative analysis, any obvious foci of increased FDG or 201Tl uptake over background were considered positive for tumor. For semiquantitative analysis of the FDG uptake, regions of interest (ROIs) were defined manually on the transaxial tomograms that showed the lesion’s highest uptake to be the middle of the tumor. The ROIs placed on the lesions encompassed all pixels that had uptake values of >90% of the maximum uptake in that slice, and the average counting rate in each ROI was calculated. After correction for radioactive decay, the ROIs were analyzed by computing the standardized uptake value ([SUV] tumor activity concentration/injected dose/body weight). The SUVs were calculated 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 between the lesions and the homologous contralateral normal lung. For semiquantitative analysis of 201Tl SPECT, ROIs were defined manually on the transaxial tomograms that showed the lesion’s highest uptake to be the middle of the tumor. The ROIs placed on the lesions encompassed all pixels that had uptake values of >90% of the maximum uptake in that slice, and the average counting rate in each ROI was calculated. The radioactivity was also measured for areas of the homologous contralateral normal lung to calculate the T/N of the activity on early scans (early ratio [ER]) and on delayed scans (delayed ratio [DR]). The retention index (RI) of 201Tl was also calculated for tumor activity according to the following equation: retention index (%) = (DR − ER) × 100/ER.

      

      
        Statistical Analysis

        The comparison of differences in FDG and 201Tl uptake was performed using the 2-tailed Student t test for unpaired data. P < 0.05 were considered to be statistically significant.

      

    

      RESULTS

      Fifty-four nodules were histologically confirmed malignant tumors, and 12 were histologically confirmed benign nodules (Tables 1 and 2). The 54 malignant nodules consisted of 44 adenocarcinomas, including 11 bronchioloalveolar carcinomas, 6 squamous cell carcinomas, 2 adenosquamous cell carcinomas, 1 large cell carcinoma, and 1 metastatic lung cancer. Twelve benign nodules consisted of 4 granulomas, 3 pulmonary infarctions associated with dirofilariasis, 1 chronic inflammatory change, 1 aspergilloma, 1 abscess, 1 inflammatory pseudotumor, and 1 sarcoidosis. The size of the pulmonary nodules was determined from the resected specimens and ranged from 0.8 to 6.3 cm. Twenty-two of the pulmonary nodules (33.3%) were >3 cm in diameter. Of the remaining 44 nodules, 19 (28.8%) were 2.0–2.9 cm, and 25 (37.9%) were <1.9 cm. Tables 1 and 2 summarize the results of the radionuclide and pathologic findings for the 66 pulmonary nodules studied.
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TABLE 1 Patients’ Characteristics and Radionuclide Imaging Results: Malignant Nodules
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TABLE 2 Patients’ Characteristics and Radionuclide Imaging Results: Benign Nodules




      
        Visual Analysis

        Both techniques delineated focal lesions with an increase in tracer accumulation in 41 of 54 lung cancers (Table 3). 201Tl SPECT on early or delayed scans (or both) identified 4 additional lung cancers that FDG PET images did not reveal (Table 3). Three of these lung cancers were bronchioloalveolar carcinomas (patients 4–6). Another lung cancer was a well-differentiated adenocarcinoma (patient 17). Thus, bronchioloalveolar carcinoma and well-differentiated adenocarcinoma may be revealed only on 201Tl SPECT but not on FDG PET. A representative case is shown in Figure 1. FDG PET identified 3 additional lung cancers that 201Tl SPECT images did not reveal (Table 3). Two of these lung cancers were moderately differentiated adenocarcinomas < 2 cm in diameter (patients 26 and 28). A representative case is shown in Figure 2. Another lung cancer was a moderately differentiated adenocarcinoma that was 3.5 cm in size and was localized near a normal distribution of thallium in the myocardium (patient 35). Neither FDG PET nor 201Tl SPECT revealed any lesions in 6 lung cancers (Table 3). Five of these lung cancers were bronchioloalveolar carcinomas (patients 1, 2, and 7–9). Another lung cancer was a metastatic lung cancer with necrosis (patient 54).
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FIGURE 1. Patient 6 with bronchioloalveolar adenocarcinoma (2.0 × 2.0 cm), pT1N0M0. (A) CT image shows nodule in right lung. (B) FDG PET image does not reveal any lesions. (C) Early scan on 201Tl SPECT. (D) Delayed scan on 201Tl SPECT. 201Tl 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 adenocarcinoma (1.8 × 1.2 cm), pT1N0M0. (A) CT image shows nodule in right lung. (B) FDG PET image shows hot accumulation in tumor (SUV, 3.81; T/N, 5.14). (C) Early scan on 201Tl SPECT. (D) Delayed scan on 201Tl SPECT. Neither early nor delayed 201Tl SPECT revealed any lesions.
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TABLE 3 Comparison of FDG PET and 201Tl SPECT in Detection of 54 Lung Cancers




        In the detection of lung cancer, except for bronchioloalveolar carcinoma, FDG PET (41/43 [95.3%]) provided higher sensitivity than did 201Tl SPECT (39/43 [90.7%]). In contrast, in the detection of bronchioloalveolar carcinoma, 201Tl SPECT (6/11 [54.5%]) provided higher sensitivity than did FDG PET (3/11 [27.3%]), although these differences were not statistically significant.

        Of the 12 benign nodules, FDG PET and 201Tl SPECT showed false-positive results for the same 7 benign nodules (58.3%) (4 granulomas, 1 sarcoidosis, 1 inflammatory pseudotumor, and 1 aspergilloma) (Table 2). A representative case is shown in Figure 3 (patient 66). No significant difference was found in the specificity between FDG PET and 201Tl SPECT for differentiating malignant and benign pulmonary nodules. In the evaluation of pulmonary nodules using FDG PET and 201Tl SPECT, negative FDG PET findings and positive 201Tl SPECT findings were observed only for bronchioloalveolar carcinomas or a well-differentiated adenocarcinoma but not for other histologic types of lung cancers or benign pulmonary lesions.
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FIGURE 3. Patient 66 with sarcoidosis (3.1 × 2.7 cm). (A) CT 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 201Tl SPECT. (D) Delayed scan on 201Tl SPECT. 201Tl SPECT reveals good visualization of nodule (ER, 1.63; DR, 2.33; RI, 42.9%).




      

      
        Semiquantitative Analysis

        Among the patients showing increased tracer accumulation, the mean FDG SUV and T/N of lung cancers (4.23 ± 2.25 and 7.64 ± 5.61, respectively) were higher than those of benign nodules (3.55 ± 3.20 and 5.93 ± 4.40, respectively). The mean 201Tl ER, DR, and RI of lung cancers (1.95 ± 0.69, 2.56 ± 0.93, and 38.11% ± 39.32%, respectively) were also higher than those of benign nodules (1.78 ± 0.28, 1.87 ± 0.44, and 19.03% ± 20.85%, respectively). However, these differences were not statistically significant. In benign nodules, sarcoidosis showed a markedly elevated SUV of approximately 10 (patient 66) (Fig. 3). The 201Tl 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 (5.55 ± 2.01 [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 histologic types (bronchioloalveolar carcinomas, 2.28 ± 0.92 cm; poorly differentiated adenocarcinomas, 3.53 ± 1.76 cm). Thus, a correlation was seen between FDG uptake and the degree of cell differentiation in adenocarcinoma of the lung. However, in 201Tl ER, DR, and RI, no significant difference was found between bronchioloalveolar carcinomas (1.64 ± 0.29, 1.87 ± 0.42, and 15.1% ± 21.3%, respectively) and poorly differentiated adenocarcinomas (1.58 ± 0.32, 2.76 ± 1.36, and 63.5% ± 65.1%, respectively) (Fig. 4). Thus, FDG uptake, not 201Tl uptake, reflects the degree of cell differentiation in lung adenocarcinoma.
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FIGURE 4. Correlation was seen between FDG T/N and degree of cell differentiation in adenocarcinoma of lung. However, in 201Tl ER and DR, no significant difference was found between bronchioloalveolar carcinomas and poorly differentiated adenocarcinomas. In lung adenocarcinoma, FDG uptake, but not 201Tl uptake, reflects degree of cell differentiation. BAC = bronchioloalveolar carcinoma; Well = well-differentiated adenocarcinoma; Mod. = moderately differentiated adenocarcinoma; Poorly = poorly differentiated adenocarcinoma.




      

    

      DISCUSSION

      Our principal finding in this study was that 201Tl SPECT identified 3 bronchioloalveolar carcinomas and a well-differentiated adenocarcinoma, none of which was revealed by FDG PET. Thus, bronchioloalveolar carcinoma and well-differentiated adenocarcinoma may be visualized only on 201Tl SPECT but not on FDG PET. This phenomenon is explained by the finding that FDG uptake, not 201Tl uptake, reflects the degree of cell differentiation in lung adenocarcinoma. The uptake of FDG by adenocarcinomas correlates with their degree of cell differentiation, and the increased FDG uptake correlates with the lesser differentiation of adenocarcinoma (16). Glut-1 glucose transporter expression and FDG uptake correlate with the degree of cell differentiation in adenocarcinomas, and Glut-1 expression and FDG uptake are significantly lower in bronchioloalveolar carcinomas than in nonbronchioloalveolar carcinomas (18). FDG uptake is related to the proliferation potential of lung cancer as estimated by the proliferating cell nuclear antigen labeling index (19) as well as by the doubling time (20), and the proliferative potential of bronchioloalveolar carcinomas is lower than that of nonbronchioloalveolar carcinomas (19). Regarding the relationship between 201Tl uptake and cell differentiation in lung cancer, the 201Tl T/N (delayed ratio) for well-differentiated adenocarcinomas is lower than that for moderately and poorly differentiated adenocarcinomas (21). However, intense and prolonged 201Tl uptake in a slow-growing bronchioloalveolar carcinoma has also been reported (22). Thus, attempts to correlate the above-normal 201Tl uptake of lung cancers with their biologic characteristics such as cell differentiation have not produced conclusive results. In the current study, no significant difference was found between the mean 201Tl T/N of bronchioloalveolar carcinomas and that of poorly differentiated adenocarcinomas. Thus, a correlation was not found between 201Tl uptake and the degree of cell differentiation in adenocarcinoma of the lung, whereas FDG uptake reflected the degree of cell differentiation.

      Several reasons are possible for the discordance between FDG and 201Tl distributions. First, the mechanisms of accumulation of these tracers in tumors are different. FDG is transported, phosphorylated, and metabolically trapped in tumor cells as FDG-6-phosphate. The mechanisms for increased FDG-6-phosphate accumulation in many cancer cells have been shown to involve the following: increased expression of glucose transporter molecules at the tumor cell surface, increased level or activity of hexokinase, and reduced levels of glucose-6-phosphatase compared with most normal tissue (23). The mechanisms of 201Tl uptake in tumor cells have not been clearly defined. Thallium is a potassium analog and is transported into the cell in place of potassium. This transportation might be related to Na+,K+-adenosinetriphosphatase (Na+,K+-ATPase); this hypothesis is supported by the results of an in vitro experiment showing that the active transport of thallium into malignant cells is inhibited by Na+,K+-pump blocker (24). In a clinical study, Takekawa et al. (21) reported that the 201Tl T/N (delayed ratio) is significantly higher in Na+,K+-ATPase–positive adenocarcinomas than in Na+,K+-ATPase–negative adenocarcinomas. However, 201Tl uptake into tumors is dependent on blood flow as well as on the Na+,K+-ATPase system (5). In bronchioloalveolar carcinoma, focal increased lung perfusion has been observed, and blood flow may be a possible contributing factor of 201Tl uptake in bronchioloalveolar carcinoma (25). Several findings suggest that cell incorporation of 201Tl is not directly related to cell glycolysis activity. Kawabe et al. (26) have observed an abnormally high uptake of 201Tl and a relatively low uptake of FDG in a region of atelectasis with a collapsed alveolar structure. Slosman and Pugin (27) have reported that cell incorporation of 201Tl differs from that of 3H-deoxyglucose in vitro. On the basis of the results of comparative 201Tl SPECT and FDG PET studies, Oriuchi et al. (28) have also shown that 201Tl uptake in gliomas may be independent of increased glucose transport or metabolism.

      Second, the spatial resolutions and the sensitivities are strikingly different between PET and SPECT (29), which may cause a great difference in image quality. Ikeda et al. (30) have reported that 201Tl SPECT with a triple-head gamma camera revealed only 10 of 20 small lung cancers of ≤2 cm in diameter. In the current study, FDG PET identified 3 additional lung cancers that 201Tl SPECT images did not reveal. Two of these lung cancers were moderately differentiated adenocarcinomas of <2 cm in diameter. In these instances, the difference in the spatial resolutions may be a possible contributing factor.

      Third, the scintigraphic detectability depends not only on the size of the lesion and the degree of uptake of radiopharmaceuticals but also on the contrast between the lesion uptake and surrounding tissues (29). T/Ns between the lesions and the homologous contralateral normal lung are higher on average with FDG PET than with 201Tl SPECT (17).

      No significant difference was found between FDG PET and 201Tl SPECT in the specificity for the differentiation of malignant and benign pulmonary nodules. FDG PET and 201Tl SPECT showed false-positive results for the same 7 benign nodules (58.3%) in the patients with pulmonary nodules suspected to be lung cancer on chest CT. FDG is taken up not only by viable tumor cells but also by granulation tissue and activated macrophages (8,10,11). Tissue inflammation may manifest increased glycolysis, but the increase in the metabolic rate associated with inflammatory changes is usually substantially less than that of neoplastic tissue. Inflammation and malignancy generally are differentiated on the basis of SUV. An SUV threshold of 2.5 has been determined empirically to provide good sensitivity and specificity in differentiating benign from malignant lesions when patients with solitary pulmonary nodules are evaluated (31). However, in the current study, sarcoidosis showed a markedly elevated SUV of approximately 10. Several benign diseases in the thorax have been reported to be associated with increased FDG accumulation. False-positive findings defined by an SUV of >2.5 have been reported in inflammatory and granulomatous processes such as aspergillosis, cryptococcosis, histoplasmosis, tuberculosis, Wegener’s granulomatosis, and sarcoidosis (2,12,13). Sugawara et al. (11) have reported that FDG, which accumulates rapidly in sites of bacterial infection with a high target-to-background ratio, appears to be a promising infection detection agent.

      201Tl is also absorbed into the inflammatory lesions (14) and has been reported to be of value in the evaluation of disease activity (15). Tonami et al. (6) have reported that 16 of 23 benign lesions (70%) had significant 201Tl uptake. No significant difference was found in the DR when benign and malignant lesions were compared. However, a significant difference in the RI was noted between benign and malignant lesions. In their study, the RIs for malignant and benign lesions were 25% ± 24% and 6% ± 14%, respectively. Similarly, Suga et al. (7) have reported that 39 of 58 benign lesions (67%) were revealed on early 201Tl scans. Benign conditions showing early 201Tl uptake include active tuberculosis, active pneumonia, organizing pneumonia, inflammatory pseudotumor, silicosis, radiation pneumonitis, atypical mycobacterial disease, aspergilloma, granuloma (7), and sarcoidosis (32). The findings of Suga et al. agree with those of Tonami et al. (6) in that no significant difference was found in the early or delayed uptake ratios in benign compared with malignant lesions, and the difference in the RI was statistically significant (23.3% ± 18.9% for malignant lesions and −4.3% ± 13.6% for benign lesions). However, atelectasis with collapsed alveolar structure may also show a high 201Tl RI (25,33). In the current study, the 201Tl RI for sarcoidosis was also high (42.9%), and FDG PET and 201Tl SPECT showed false-positive results for the same 7 benign lesions (4 granulomas, 1 sarcoidosis, 1 inflammatory pseudotumor, and 1 aspergilloma). Thus, no significant difference was found between FDG PET and 201Tl SPECT in the specificity for differentiation of malignant and benign pulmonary nodules. When interpreting FDG PET and 201Tl SPECT images, caution should be exercised in patients with pulmonary nodules suspected to be lung cancer.

      In the evaluation of pulmonary nodules using FDG PET and 201Tl SPECT, negative FDG PET findings and positive 201Tl SPECT findings were observed only for bronchioloalveolar carcinomas or a well-differentiated adenocarcinoma, but this result was not observed for other histologic types of lung cancers or benign pulmonary nodules. Thus, the findings may be specific for bronchioloalveolar carcinoma or well-differentiated adenocarcinoma, and the combination of FDG PET and 201Tl SPECT may provide additional information regarding the tissue characterization of pulmonary nodules.

      This study had several limitations in terms of the patient population. First, many patients with adenocarcinomas were included. Forty-four of 51 patients (86.3%) had adenocarcinomas, and only 6 of 51 patients (11.8%) had squamous cell carcinomas. This study included only surgically removed nodules. Therefore, almost all nodules in this study were located at the periphery of the lung. Adenocarcinoma is the tumor most often observed peripherally. Squamous cell carcinoma often arises in or immediately adjacent to lobar bronchi and is occasionally peripheral. Second, this study also included many bronchioloalveolar carcinomas. Eleven of 44 adenocarcinomas (25%) were bronchioloalveolar carcinomas. Recent evidence suggests that the number of cases of adenocarcinoma of the lung has increased dramatically in the last decade and that this is largely attributed to an increase in bronchioloalveolar carcinoma (34,35). Furthermore, this study included only resected cases. Therefore, inoperable adenocarcinomas were excluded. Bronchioloalveolar carcinoma is a well-differentiated, slow-growing tumor and is usually operable. Third, this study included only 12 patients with benign pulmonary nodules because only pulmonary nodules suspected to be lung cancer on the basis of chest CT and removed surgically were included. Therefore, few conclusions can be drawn from these data regarding the true-negative rate on FDG PET and on 201Tl SPECT. In these respects, additional investigation is warranted.

    

      CONCLUSION

      In this preliminary study, no significant difference was found between FDG PET and 201Tl SPECT in the specificity for the differentiation of malignant and benign pulmonary nodules. The degree of differentiation of lung adenocarcinoma correlated with FDG uptake but not with 201Tl uptake. Bronchioloalveolar carcinoma, a well-differentiated, slow-growing tumor, typically was positive on 201Tl SPECT but was negative on FDG PET. The combination of FDG PET and 201Tl SPECT may provide additional information regarding the tissue characterization of pulmonary nodules.
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