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The purpose of the study was to evaluate the performance of
dual-head coincidence gamma camera imaging using FDG in
association with serum marker assays in identifying lung carci-
noma in patients with abnormal findings on chest radiography.
Methods: A prospective evaluation of FDG imaging with coinci-
dence detection emission tomography (CDET) using a dual-head
gamma camera combined with the assessment of 3 sensitive
serum markers of lung cancer (carcinoembryonic antigen, neu-
ron specific enolase, and CYFRA 21-1) was performed on the
same day on 58 consecutive patients with known or suspected
lung malignancy. Results: Fifty-three patients were proven to
have lung cancer, and 5 patients had benign lung disease.
Coincidence imaging showed significantly increased FDG up-
take in 49 of 53 patients with proven malignancy (sensitivity,
92.5%) and in 3 patients with benign disease. FDG imaging had
negative findings in 4 patients with proven malignancy and 2
patients with benign disease. Serum tumor marker levels were
elevated in 42 of 53 cancer patients (sensitivity, 79.2%) and
normal in 11 patients with proven malignancy. Nine patients with
proven malignancy had positive findings on FDG images and
negative marker assays. Two patients with proven malignancy
had negative findings on FDG images and positive marker
assays. The positive predictive value for lung cancer was 94.2%
for FDG alone and 97.6% for FDG in association with serum
markers. Conclusion: In this study, FDG CDET imaging was a
powerful tool for evaluating patients with lung lesions suggestive
of malignancy. Although the determination of serum marker
levels was less accurate than FDG imaging, positive FDG results
found in association with positive markers significantly increased
the likelihood of lung malignancy.
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The incidence of lung cancer is increasing in all countries,
and nearly 200,000 new cases are diagnosed every year in
the United Stateslj. Five-year survival for non—small cell
lung cancer is 42%, 22%, 5%, and 3% for stages I, II, lll, and
IV, respectively R).

FDG PET is currently performed to assess the increased
glucose metabolism in tumor cell8)( Until recently, positron
imaging with FDG in patients with known or suspected lung
cancer was performed with dedicated PET scanners, and numer-
ous studies have shown the value of FDG PET in characterizing
lung nodules 4,5, in evaluating lung cancei6), in staging
non-small cell lung cancer), and in determining the prognosis
for overall survival 8). Given the high cost and limited availabil-
ity of FDG PET @), 2 alternative methods have been developed
to detect the 511-keV photons of positron emitters. The first was
to use 511-keV collimators in a way similar to usual SPETY. (

This approach showed poor sensitivity and poor spatial resolu-
tion (11). A second approach, more encouraging, uses a conven-
tional dual-head gamma camera fitted with coincidence elec-
tronic hardware to allow coincidence detection emission
tomography (CDET)12) or gamma camera PET. In addition to

its relatively lower cost, this approach has the advantage of being
able to detect a wide range of photon energies, allowing its use in
routine nuclear medicine practice.

A main limitation of CDET is the counting rate of the
gamma camera (no more than 1.5 million cps in our system)
(13,14, but substantial scattering from false coincidence
events (spatial mispositioning of events) and lack of attenua-
tion correction are also limiting factors. However, software
such as iterative image reconstruction algorithms has been
developed to improve image qualityx,16. Compared with
filtered backprojection, these algorithms improve the image-
to-noise ratio and better reduce artifacts around hot spots
(17). In this study, our goal was to assess the overall
diagnostic performance of 3 serum tumor markers in conjunc-
tion with FDG CDET for the detection of lung cancer.

Assessment of tumor marker levels is widely used to
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screen for early cancer, to assess the efficiency of canterging Protocols

therapy, and to indicate the recurrence and progression ofoincidence-mode imaging was performed on a dual-detector
disease. Among the variety of tumor markers used clinicalyamma camera modified to allow detection of 511-keV gamma
for lung cancer, the most accurate and frequently chosen gféission from positrons (Vertex; ADAC Laboratories, Milpitas,
carcinoembryonic antigen (CEAL§), CYFRA 21-1 (19), CA). A 1.6-cm-thick sodium iodide crystal detector was used. The

and neuron-specific enolase (NSED(21). Measurement of PUrPose was to improve detection eﬁicigncy for the 511-keV
P ( . 9)(.]) . . _photons from 1.7% to 4.4%18). The coincidence mode of
more than 1 tumor marker is advisable for |mprovm§

. . cquisition used all photopeak-to-photopeak events as well as the
diagnostic accuracy2@). CEA plus CYFRA 21-1, CYFRA photopeak-to-Compton scatter events. Compton-to-Compton events

21-1 plus cell carcinoma antigen, and CYFRA 21-1 plugere not used. The energy windows were set at 511 keV with a
NSE are helpful combinations for diagnosing adenocarejog, window width percentage for the FDG photopeak and at 310
noma, squamous cell carcinoma, and small cell carcinon@y with the same window width for the Compton events.
respectively 23). The coincidence counting rate for the entire reconstructed field
of view was 30 X 10° coincidence events per second. The
sensitivity of our CDET was 2.7 kcps/kBg/mL, with a maximum
MATERIALS AND METHODS counting rate of 13,800 events per second. The detector time
From October 1997 to December 1998, we performed rgsolution was 6 ns, and a 15-ns timing window was used to acquire
single-institution prospective evaluation of the overall diagnostioincidence events. FDG was produced in the Cyclotron of the
performance of FDG imaging with CDET in association with théJniversity of Brussels (Erasmus Hospital) and delivered to our
assessment of 3 serum markers of lung cancer. department twice a week.
All patients fasted for at leagl h before the administration of
Patient Population ngGO Th_e sberfum glucose_ Ievillwas ’:_neattsured for gll pa@ietnts. Sixty
Men and women ¥18 y old) admitted to the Department of 0 J© Min belore scanning, the patients received an Intravenous
. K .- |n'|ect|on of 100-200 MBqg FDG while lying in a silent room.
Pulmonary Disease of our hospital were eligible to enter the studyd ) o . .
. : . uring the lag between injection and scanning, the patients were
their chest radiograph or CT scan showed an abnormality known or S - : . .
as{<ed to remain still to avoid excessive FDG uptake in striated

strongly suspected to represent lung cancer and if they were Pﬁ’uscles. The acquisition was obtained after bladder voiding.

pregnant, had no history of diabetes, could tolerate coincidence imagl?ﬁirty-two steps were performed through a rotation of 180° per

gnd could pr‘owde written |nformed.ccl)nsent for the stgdy. S”rge'fy {atector, with 40 s per step, for a total acquisition time of 23 min
tissue sampling planned to occur within 1 mo of scanning were high p%r bed position

recom mer_lded but not mandatow toenter the study. L Two bed positions were used, 1 for the chest and 1 for the
Sixty-nine consecutive patients meeting the criteria were ey domen, with a scan overlap of 50% and a 57-cm resulting field of
rolled. Table 1 summarizes the patient data. For 53 patients, FIS‘B ’ P 9

. . ) - ..\flew. Data were acquired in 3-dimensional mode with decay
imaging and tumor marker evaluation were part of an initia

; o . orrection during the acquisition. The total counts in the projection
evaluation after abnormalities had been found on chest radiograp - s
. - a ranged from 20 to 30 million counts per bed position.
or CT. For 16 patients, the evaluation was the second for a

. ) fter rebinning, data were processed with an ordered-subset
previously known case of chest or colorectal cancer with suspecte ) U . .
. . N e>§pectat|on maximization iterative algorithm. Parameters used to
lung metastases. A histologic examination was performed for 58 0

69 patients (46 men, 12 women; age range, 23-81 y: mean:agé)erform the iterative reconstruction included an ordered subset of 8
SD, 56+ 11.3 y). Lung biopsy could not be performed for th with a Wiener prefilter and a noise factor of 0.7 with 2 iterations.

S . . - qmages were reconstructed into a 22828 X 16 volume of 4-mm
remaining 11 patients, and these patients were not included. ; .
cubic voxels. Data were not corrected for attenuation.

Image Analysis
FDG images were interpreted by 3 independent observers on an
interactive computer system (Sun Sparc 20; ADAC Laboratories) with
use of both a linear gray scale and a linear thermal color scale with 10%
No. of patients background subtraction. The 3 observers knew the age and sex of the
Characteristic (of 58 total) patient and the location of the suspected cancer but not the serum marker
level. An initial visual evaluation (transverse, coronal, and sagittal slices

TABLE 1
Histologic Results for Enrolled Patients

Proven benign lung disease 5 of 4-mm width) detected nonpathologic focal areas of FDG uptake.
T‘;Ibem“'os's g ; They were graded with the consensus of the 3 observers on a 3-point
Inflammatory pseudotumor scale: 2= abnormal, 1= equivocal uptake, and-8 normal. In cases of
Inflammatory granuloma 1 . . . . .

. . equivocal lesion uptake, grading was done with the help of a semiquan-

Proven malignant lung disease 53 o . . !

Non—small cell lung carcinoma titative evaluation of the FDG images. Lesion uptake was expressed as
Adenocarcinoma 26 lesion-to-background mean count ratio (L/B), using axial and coronal
Squamous cell carcinoma 10 slices. The highest L/B was selected. A circular region of interest was
Large cell carcinoma 6 drawn 1 pixel inside the borders of the tumor to limit the partial-volume

Mixed carcinoma 1 effect. Because our images were analyzed without attenuation correc-

Bronchioloalveolar carcinoma 2 tion, a symmetric circular area of the same size was drawn in the
Small cell lung carcinoma 3 contralateral lung as background. This area was positioned optimally in
Mesothelioma 1 a site, taking into account its depth, to provide a measure independent of
Secondary lung cancer 4 the location of the lesion. An adjacent lung area was chosen when the
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contralateral lung area was abnormal. An adjacent mediastinal area gaxcinoma (n= 26), squamous cell carcinoma £n 10), large
chosen for mediastinal tumors. cell carcinoma (n= 6), mixed cell carcinoma (n= 1),

FDG scintigraphy was considered positive for malignancy whegyonchioloalveolar carcinoma & 2), small cell carcinoma (&
at Iegst 1 h_ypgractive Iesior? had a grade of 2 or a grade of 1 Witrgja} colorectal metastases£), and mesothelioma @ 1). In 5
semiquantitative L/B superior to 1.4. A.Cumﬁ of 1.4 was .ChoseBatients, benign lesions were diagnosed pathologically, including
because this value was previously defined to be the m'mmumtﬁ[)erculosis (= 2), pulmonary inflammatory pseudotumors

which lesion contrast can be detect@d)( (n = 2), and inflammatory granuloma 1)
Serum Tumor Marker Evaluation
Blood samples from all 69 patients were obtained before FDGPG Images
injection, and the serum was stored-20°C. Levels of CYFRA21-1 ~ FDG images revealed focal areas of significantly increased
and NSE were measured using Kryptor and Trace commercial kits frérG uptake (grade 2) in the region of the radiographic nodules
CIS Bio International (Gif-Sur-Yvette, France), and levels of CEAwerg 52 patients: 49 patients with proven malignancy and 3 patients
measured using Cobas Core CEA EIAIl (Roche Diagnostics, Meylapith proven benign disease (1 case each of inflammatory
France). The respective thresholds were 3.5 ng/mL, 10 ng/mL, angythnuloma, inflammatory pseudotumor [Fig. 1], and tuberculosis
ng/mL. The tumor marker evaluation was considered positive fﬂfig. 2]). FDG images were negative for FDG uptake in 6
chgpezncy when the serum level of at least 1 tumor marker Wagients (grade O or 1): 2 patients with proven benign disease (1
' case each of tuberculosis and pseudotumor) and 4 patients with
Statistical Analysis lung cancer (1 case of equivocal adenocarcinoma [Fig. 3], 2 of
The statistical significance of differences between the perfdsronchioloalveolar carcinoma, and 1 of multiple 5-mm-diameter

mance of the 2 methods was assessed using a proportion test thetastases from colorectal carcinoma). The results are summa-
considered only pathologically proven cases of lung carcinomgzed in Table 2.

The level of significance was setRt< 0.05. Positive predictive  gpg imaging was more sensitive® (= 0.0256) at
values were assessed using FDG imaging results alone andyifye oting Jung cancer than were the 3 tumor markers. When
association with serum marker levels. . . .

FDG imaging and the tumor marker assays were considered

" o 0
RESULTS together, the positive predictive value was 97.6%.

Histologic Findings Serum Tumor Markers

Histologic findings (Table 1) were positive for malignancy in  The serum marker evaluation was positive for malignancy
53 of 58 eligible patients from whom biopsy samples could be 43 patients and negative in 15 patients. Among the
obtained. The malignancies that were diagnosed included adgmatients with positive findings, 42 had proven malignancy

FIGURE 1. False-positive FDG finding in
23-y-old woman with inflammatory pseudo-
tumors. Transverse (A) and coronal (B)
Tl-weighted MR images show 2 well-de-
fined nodular masses (arrows), with slightly
hyperintense signal intensity compared with
muscles. Transverse (C) and coronal (D)
FDG images obtained at same level as (A)
and (B) show 2 foci of abnormal FDG
uptake (arrows) (right L/B, 2.9; left L/B, 3.9).

FDG AND SERuM TUMOR MARKERS IN PULMONARY LESIONS ¢ Bousson et al. 1803



FIGURE 2. False-positive FDG finding in
39-y-old woman with pulmonary tuberculo-
sis. (A) Unenhanced chest CT image shows
excavated posterior mass (arrow) in upper
right lobe. (B) Transverse FDG image ob-
tained at same level as (A) shows focal
FDG uptake (arrow) (L/B, 2.4). Coronal (C)
and sagittal (D) FDG images show hot
lesion in upper right lobe (arrow).

e
1" I

and 1 had proven benign disease (tuberculosis). ElevielsCUSSION

patients with proven malignancy had negative findings on

serum marker evaluation. The sensitivity of tumor marker PET can image metabolic differences between normal and
evaluation was 79.2%. The results are summarized in Tabh@lignant cells. Malignant cells exhibit increased glucose
2. Discordances between FDG imaging and serum tummetabolism 8) and glucose transporter Glutl activitg5].
marker evaluations are shown in Table 3. Subsequent studies have documented the accuracy of FDG

FIGURE 3. Equivocal FDG finding in 48-y-
old woman with false-negative case of lung
adenocarcinoma. (A) Unenhanced chest CT
image shows excavated 3-cm-diameter le-
sion (arrow) in left upper lobe. (B) FDG
transverse image obtained at same level as
(A) shows abnormal FDG uptake consid-
ered equivocal by visual analysis and on
cutoff line for malignancy (arrow) (L/B, 1.4).
Coronal (C) and sagittal (D) FDG images
show faint hyperactive lesion (arrow) in
upper left lobe (L/B, 1.3) under cutoff line for
malignancy.

A
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TABLE 2 Two other studies on FDG CDET of pulmonary lesions

Results of FDG Imaging and Tumor Marker Evaluation were recently performed on 237) and 96 28) patients. The

- first study concluded that the sensitivity of CDET, compared

FDG finding .
Tumor — . with PET, was 0.96. The second study showed that FDG
marker Positive Negative CDET was 97% sensitive and 80% specific in identifying
finding Malignant —~ Benign  Malignant — Benign  proven malignant lesions28). Our results are similar to
Positive 40 1* 2 2t those of these 2 studies.
Negative 9 2% 2 0 In our study, 3 cases of false-positive foci were found.
These solitary pulmonary nodules were read as malignant on

*Tuberculosis. chest CT scans and as hypermetabolic on FDG images but
tTuberculosis, pseudotumor. proved to be a tuberculous lesion, an inflammatory pseudo-
#inflammatory granuloma. tumor, and a granuloma. The presence of active inflamma-

tory disease is a common cause of false-positive findings.

PET in detecting and staging various malignancies (espB¢reéased FDG uptake has been reported in inflammatory or
cially lung malignancies)4-8). Recent studies have com-nfectious processes such as aspergillosis, tuberculosis,
pared PET with CDET for lung cancer imaging and coriStiocytosis, sarcoidosis, and some benign tumdgs30).
cluded that CDET cannot be considered complete@lthOUgh the metabolic rate in an inflammatory process is
equivalent to full-ring PET scanners but can provide adisually substantially less than in neoplastic tissue, some
equate diagnostic information. FDG CDET showed a rel@verlap exists between FDG uptake by malignant lesions
tively high sensitivity in detecting lung nodules (93%) and @nd severe infectious foci such as pneumo8.(In our
moderate sensitivity (65%) for mediastinal lesiofd,e§. Semiquantitative evaluation, we chose a 1.4 threshold for the
In our study, the sensitivity for lung cancer detection wag/B on the basis of a previous investigatio82]. In our
92.5%, which is similar to the 93% sensitivity found bystudy, the L/Bs of the 3 falsely positive benign lesions were
Shreve et al.{4), who used the same CDET camera (14). significantly higher than our chosen threshold, but this

Delbeke et al. 26) reported a lower sensitivity (73%) in finding could be explained by the marked inflammatory
detecting malignancy, but the interval between injection arigiaction that histologic examination disclosed.
imaging was shorter than ours (mean, 73 min) and theln 4 patients with malignant lesions, FDG imaging
Nal(Tl) crystal was thinner (0.95 cm versus 1.6 cm thickfindings were negative. Two patients had large bronchioloal-
Their study yielded a relative sensitivity of 85% for CDETyeolar lung carcinomas. Negative results with FDG imaging
compared with PET, for lesions more than 1.2 cm in sider that subtype of adenocarcinoma have already been

(26). reported 83,39 and can be caused by a low metabolic
TABLE 3
Analysis of False-Negative Results for FDG Imaging and Tumor Marker Evaluation
_ _ _ Markers Size of
False-negative Histologic main lesion
finding finding L/B ACE CYFRA21-1 NSE (cm) Previous treatment
FDG positive, markers ~ Adenocarcinoma 1.8 25 5.8 0.2 2 X 2(CT) ChT and chest Rt ending
negative 1 mo earlier
Adenocarcinoma 27 13 6.5 33 3.6 X3(CT) None
Adenocarcinoma 1.7 24 8.6 1.0 3 X 3(CT) None
Adenocarcinoma 48 3.9 7.4 0.5 2 X 2(CT) None
Adenocarcinoma 16 37 4.4 0.7 5X 4.5 None
Large cell carcinoma 16 23 6.9 2.1 3 None
Squamous cell carcinoma 16 23 5.1 0.7 2 X 2(CT) ChT and chest Rt ending
7 mo earlier
Lung metastases 1.8 24 8.4 1.2 4 ChT and chest Rt ending
1 mo earlier
Mixed carcinoma 28 29 5.7 1.0 3x25 None
FDG negative, markers ~ Adenocarcinoma 14 46 4.2 0.6 2x25 None
positive Bronchioloalveolar carcinoma 1 4.3 5.8 0.4 6 None
FDG negative, markers  Lung metastases 1 25 5.6 0.4 1 X 1(CT) Pelvicsurgeryand ChT
negative ending 1y earlier
Bronchioloalveolar carcinoma 1 3.7 5.0 0.4 4X3 ChT and chest Rt ending
2 mo earlier

ChT = chemotherapy; Rt = radiotherapy.
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demand for glucose by slow-growing bronchioloalveolgpatients with various stages of lung cancer, variable treat-

carcinoma and the presence of relatively few metabolicaligents, and different types of histology. This heterogeneity

active malignant cells3d). In the 2 other patients (1 with reflects clinical practice and will require a focused prospec-

adenocarcinoma and 1 with multiple colorectal lung metasttive investigation for each type of lesion.

ses smaller than 1 cm in diameter), false-negative findingsOur study did not allow an assessment of the specificity of

could have been caused by the small size of the lesions. both techniques, because the study included only a limited
Scintigraphic detection of malignant lesions proceedsimber of patients with benign condition.

from uptake of FDG and the ratio with surrounding tissues. Our 91% prevalence of lung cancer led to an artificially

Because of soft-tissue attenuation and the low FDG badkigh positive predictive value. However, during the course

ground activity of normal lung, detection of malignanof this study 9 patients did not undergo surgery because of

lesions is easier in the lungs than in other organs. a high risk of complications. All these patients are cur-
With FDG imaging, L/B may be useful for differentiatingrently free of cancer at 1 y. These data reinforce our results

between benign and malignant lesions. L/Bs with a duand show the clinical impact of FDG CDET in patient

head gamma camera are not as high as with dedicated PEGnagement.

systems, for which ratios range from 3:1 to 103b)( The

lower ratios observed with CDET imaging are probablgoncLusioN

caused by current limitations. . . .

) . . : . Medical practice today tends to be more closely moni-

Nine patients with proven malignancy had no elevation %red and assessed for cost-effectiveness. Oncologists are

any tumor marker but had positive FDG imaging findingg '

(Table 3). The lesions included 5 cases of adenocarcinom the diagnosis, stage, and prognosis of tumors and for

|
of large cell carcinoma, 1 of squamous cell carcinoma, 1 L . . )

mixeg carcinoma. and 1 of cc()qlorectal lung metastases IXomtormg patients with lung cancer. But assessing the real
! g " benefit of serum markers in patient management is difficult.

patients had received no treatment before FDG imaging aﬁBG PET has been proven accurate and cost-effective for
assessment of the 3 marker levels. Three patients receig«la%ing non—small cell lung cancer (39)

recurrent treatment before FDG Imaging and assessment g ccuracy and cost-effectiveness remain to be confirmed
the 3 marker levels. Two patients had elevated Ievelsg

ccustomed to testing several serum markers for determin-

K b anifi FDG ke (Table 3 r FDG imaging with a modified dual-head gamma camera.
tumor markers but no significant upta e_( able ur preliminary results indicate that FDG imaging with such
They presented with bronchioloalveolar carcinoma a

de 1 ad . In th > pati he findi camera is more sensitive at detecting malignancy in
grade | adenocarcinoma. In these 2 patients, the fin 'ng?’p%ftients with suspected lung cancer than is measurement of

tumor marker evaluation had been considered pOSit'YﬁeSmostsensitive serum markers for lung cancer

according to the defined criteria, but the positivity was o, resyits advocate further prospective evaluation of the
caused by a slightly elevated CEA level only (4.1 and 5.,/ ,e of FDG imaging with a modified dual-head gamma

with a cutoff value of 4 ng/mL). o camera (CDET) in the management of lung cancer and the
Generally, more than 90% of healthy individuals have gse of such imaging in association with serum marker
CEAserum concentration less than 2.5 ng/mL Elevated CEfAtarmination.

levels may occur in smokers or patients with chronic
obstructive pulmonary disease, and CEA levels are related to
age (5-39. Elevated levels usually remain less than th@CKNOWLEDGMENTS
threshold value. Fukuda et al3@) reported a CEA level The authors thank Dr. Georges Baillet for his helpful
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