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Abstract

Lung cancer (LC) has an unfavorable prognosis especially when the disease is extensive at presenta-
tion. Accurate staging is therefore needed for treatment planning of these patients. In the present
study the role of positron emission tomography/computerized tomography (PET/CT) in the detec-
tion of extra thoracic metastases in LC is being evaluated. In all 52 of our patients with stage IllA or
lower of LC disease, a whole body '8F-FDG PET/CT was performed. All patients were also subjected to
general clinical evaluation, chest X- rays and chest contrast enhanced CT (CECT) and were confirmed
by histopathology or magnetic resonance imaging or radiology. Incidental extra thoracic malignant
lesions were found by '®F-FDG PET/CT in 9 out of the 52 patients (17.3%). No false positive lesions were
found. As for the primary LC diagnosed by fine needle aspiration cytology (FNAC): '8F-FDG PET/CT di-
agnosed all 52 cases, CECT detected 46 cases and chest X-rays detected 28 cases. The diagnostic ac-
curacy was 100%, 92% and 53.8% respectively. As for the 9 cases with extrathoracic metastases diag-
nosed by '8F-FDG PET/CT they were confirmed: by biopsy 6, by MRI 2 and by X-rays with or without
biopsy 2. In conclusion, '8F-FDG PET/CT had better diagnostic accuracy in diagnosing LC stage IlIA or
lower, than CECT or chest X-rays. Extrathoracic metastases were high: 9/52 as diagnosed by '®F-FDG
PET/CT and standardized uptake value.
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Introduction

with approximately 3 million cases getting afflicted by it worldwide, accounting for

17.8% of cancer deaths every year [1]. Various diagnostic modalities are in the vogue
for detecting, staging and monitoring the patients of LC [2-4]. Radiologic diagnostic modali-
ties detect the disease based on structural changes. '8F-fluoro-2deoxy-d glucose positron
emission tomography/computerized tomography ('®F-FDG-PET/CT) detects malignant dis-
ease based on increased utilization of glucose by the cancer cells. More than 40% of the pa-
tients with LC have metastases at the time of initial presentation commonly noted in bone,
brain, adrenal and renal tissue [5]. If even small distant metastatic lesions are not detected
before subjecting the patient to radical surgery, more than 20% of the patients shall have a
relapse of the disease [6]. We undertook this prospective study in order to evaluate the role
of '8F-FDG PET/CT in LC and in the detection of extrathoracic metastases of LC.

I ung cancer (LC) is one of the most common causes of death due to cancer in the world

Material and methods

All 52 patients with stage IlIA or lower of LC were imaged on a Discovery STE- PET/CT scan-
ner (GE healthcare USA). These patients included 41 males aged 40 to 72 years (mean 59
years) and 11 females aged 44 to 70 years (mean 56 years). Preoperative staging included
complete patient clinical examination, chest X-rays and contrast enhanced computerized
tomography (CECT) chest scan (Table 1). CT guided fine needle aspiration cytology was
done to confirm the histological diagnosis of primary lesion in the lung in all patients. Mag-
netic resonance imaging (MRI) or chest X-rays or biopsy confirmed the extra thoracic metas-
tases, while standardized uptake value (SUV) was measured in all these 9 patients (Table 1).
All patients fasted for at least 12 h before the intravenous injection of 370 MBq of '8F-FDG.
The "8F-FDG PET/CT acquisition was performed after 60 to 75 min of injection of radiotracer.
The scanning sequence consisted of unenhanced whole body CT tomography with attenu-
ation correction PET image, followed by the whole body '®F-FDG PET/CT scan. The scanning
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parameter for the unenhanced whole body CT, included 120
kV, 110 mA, 3.75 mm slice thickness and a pitch of 1.75. The
PET scan was acquired in three dimensional mode with 3 min
per bed position and a total of 6 or 7 bed positions.

Two nuclear medicine physicians (RS and MT) and a radi-
ologist (MD'S) experienced in three dimensional imaging, re-
viewed all standard '8F-FDG PET/CT images.

Results

In 9 of the 52 patients of LC extra thoracic metastases were
detected in at least one organ. The metastases were found in
the following organs: bone in 5 cases, brain in 2 cases, kidney
in 1 case, adrenals in 1 case (Table 1).

No false positive extra thoracic lesions were found on the
'8E-FDG PET-CT scan. The distant extra thoracic metastases
found in 9 patients were confirmed by biopsy in 6/9 cases, by
MRI'in 2/9 cases and by X-rays in 1/9 cases. SUV confirmed all
metastases being >4.3. Patients with adenocarcinoma of the
lung had the highest frequency of extra thoracic metastases
(6/9), followed by squamous cell (2/9) and large cell carcino-
mas (1/9). Our findings in patients N° 3, N° 1 and N° 4 accord-
ing to Table 1, are seen in Figures 1, 2 and 3 respectively.

Discussion

Contrast enhanced CT scan is commonly used in staging of
LC [7, 8]. However the sensitivity, specificity and accuracy of
this modality is limited [9]. There have been several studies
that reported higher sensitivity, specificity and accuracy us-
ing '8F-FDG PET/CT as compared to contrast enhanced CT
[10-14]. Very high sensitivity from 90%-100% and specificity
from 79.2%-96.4% for the detection of LC have been report-
ed for '8F-FDG PET-CT scan [4, 15-17].

By mediastinoscopy, samples from suspicious lymph
nodes can also be obtained [18] for histo-pathological confir-

mation. Nevertheless not all mediastinal lymph nodes are
routinely accessed, particularly those in the para-aortic region
and in the aorto-pulmonary window. The limited view
through the mediastinoscope and the single direction in
which the biopsies can be carried, give an accuracy of approx-
imately 90% which is surgeon dependent [18].

Ultrasound (US) and magnetic resonance imaging (MRI)
were used to examine a selected anatomic region. Bone scan

Figure 1. A: A 72 years old patient with adenocarcinoma of right lobe of
the lung. The '8F-FDG PET whole body scan demonstrates metastasis in
the right chest wall (T3-Stage 3A) abutting the pectoralis muscles and
another in the right iliac bone adjacent to the superior lip of the acetabu-
lum. B and C: Corresponding CT scan of the chest showed the lesion in
the right chest wall and a Iytic lesion in the posterior pillar of the right
acetabulum. D: Fused transaxial PET and CT scan image shows metasta-
sis in the right iliac bone. Both chest wall and iliac bone lesions were
metastatic as shown by histopathology.

Table 1. Summary of the data of nine patients with documented extra thoracic metatsases

Age/Sex /No CECT/ Metastases '8F_FDG PET-CT, LC/ Metastases of dSi;Jthrtalzg?ons sz':f:;r;itsl?:sze:t
56/F/1  Abutting on to the pleura Right lower lobe / Cerebellar and parietal lobe 43 hMeEli-sL;hS;(r)enar:g ":epf;rigtzrﬁgggar
63/M/2  Right hilar lymph nodes Right upper lobe / second right rib 55 S::;:I;i(r;gag]se- nzldgl?lfe second rib
79/M /3 Mediastinal and pectoralis Blght chest wall / pectoralis muscle and right 9.992 4 Bone biopsy
muscle. iliac bone
63/M/4  Hilar lymph nodes Left lobe / aorto and pericaval lymph nodes, 6.34105 .
scapula Bone biopsy
40/M/5  Right hilar lymph nodes Right upper lobe / right adrenal gland 12.3 ;I\llztology of adrenal gland-posi-
55/F/6  Hilar lymphadenopathly Right upper lobe / 8™ thoracic vertebra 9.8 Bone biopsy
42/M /7  Mediastinal lymphadenopathy  Right upper lobe/ Left temporo-occipetal region 6.4 MRI-Left temporo-occipital lobe
53/M/8  Right upper hemithorax Right upper lobe / right third rib 7.2-10.8 Bone biopsy
53/F/9  Enlarged hilar lymph nodes Right suprahilar region / upper end of right tibia 8.8 Bone biopsy

M: male, F: female, CECT: contrast enhanced CT, FANC: fine needle aspiration cytology, SUV: summed uptake value, MRI: magnetic resonance imaging, Patients N° 1
and 6 had squamous cell cancer patients N 2-5 and 7 had adenocarcinoma, patient N° 8 had large cell cancer
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Figure 2. A: '®F-FDG PET whole body scan of a 56 years old patient with
squamous cell carcinoma in the right lung-lower lobe. B: Corresponding
computed tomography scan shows an ill defined lesion in the right lung-
lower lobe, abutting on to the pleura. C: '8F-FDG PET scan shows metas-
tases in the left cerebellar and parietal lobes of the brain. D: CT scan de-
picting a rounded hyper dense lesion in the left cerebellum.

is a sensitive but unspecific method, limited to the skeletal
system. The °°™Tc-methylene-diphosphonate bone scan has
only a 14% or less chance of harboring metastatic bone dis-
ease [19-22]. As "8F-FDG PET can image the whole body in a
single step, it can easily detect distant metastases [23, 24] as
well as "8F-FDG PET/CT scan [25]. It has been reported that in
stage IIl LC patients, '8F-FDG PET scan showed extra thoracic
metastases form 5%-29% [26-30]. We have found with '8F-
FDG PET/CT an incidence of 17.3% of distant metastases in pa-
tients with LC stage lIl. Sensitivity and specificity of '8F-FDG
PET to detect the primary LC is as high as 93% and 88% re-
spectively [31, 32]. It has been noted that abnormal '8F-FDG
uptake in the chest is not always due to malignant tumor of
the lung especially in our Country where high incidence false
positive scans due to tuberculosis, is quite common [32, 33].
The patients included in our study were well diagnosed cases
of LC, so the dilemma of false positive '®F-FDG uptake was
not an issue. The main effect of '8F-FDG PET/CT was to diag-
nose the extrathoracic metastases in 9/52 patients.

In conclusion, "®F-FDG PET/CT had better diagnostic accu-
racy in diagnosing LC stage IllA or lower, than chest CECT or
chest X-rays. Extrathoracic metastases were high 9/52 as diag-
nosed by '®F-FDG PET/CT and SUV.

Bibliography

1. Hoffman Pc, Mauer Am, Vokes EE. Lung Cancer, Lancet 2000; 355;
479-485.

2. Pfannenberg AC, Aschoff P, Brechtel K et al. Value of contrast-en-
hanced multiphase CT in combined PET/CT protocols for oncologi-

Figure 3. A: "8F-FDG PET whole body scan of a 63 years old patient with
adenocarcinoma of the left lung. Metastatic lesions were noted at the spine
of the left scapula, the aortocaval and the pericaval lymph nodes. B and C:
Corresponding CT scan shows a subtle lucent area in the spine of the left
scapula and widening of aorotcaval and pericaval lymph nodes. D: Fused
transaxial PET and CT image depicting metastatic lesion at the spine of the
left scapula. All lesions on histopathology were metastatic in nature.

cal imaging. BrJ Radiol 2007; 80 (954): 437-445.

3. Macmanus M, D'Costa |, Everitt S et al. Comparison of CT and posi-
tron emission tomography/CT coregistered images in planning rad-
ical radioterapy in patients with non-small cell lung cancer. Austral-
as Radiol 2007; 51: 386-393.

4. YiCA, Shin KM, Lee KS et al. Non small cell lung cancer staging: effi-
cacy comparison of integrated PET/CT versus 3.0-T whole- body MR
imaging. Radiology 2008; 248: 632-642.

5. Qunit LE, Tummala S, Brisson LJ et al. Distribution of distant metas-
tases form newly diagnosed non-small cell lung cancer. Ann Thorac
Surg 1996; 62: 246-250.

6. Pantel K, Izbicki J, Passlick B et al. Frequency and prognostic signifi-
cance of isolated tumour cells in bone marrow of patients with non-
small cell lung cancer without overt metastases. Lancet 1996; 347
649-653.

7. Schrevens LB, Lorent N, Dooms C et al. The role of PET scan in diag-
nosis, staging and management of non-small cell lung cancer. The
Oncologist, 2004; 9: 633-643.

8. Little AG, Stitik FP. Clinical staging of patients with non-small cell
lung cancer. Chest 1990; 97: 1431-1438.

9.  MclLoud TC, Bourgouin PM, Greenberg RW et al. Bronchogenic car-
cinoma: analysis of staging in the mediastinum with CT by correla-
tive lymph node mapping and sampling. Radiology 1992; 182:
319-323.

10. Gupta NC, Graeber GM, Rogers JS et al. Comparative efficacy of pos-
itron emission tomography with FDG and CT scanning in pre-oper-
ative staging of non-small cell lung cancer. Ann Surg 1998; 229:
286-291.

11. Scott WJ, Gobar LS, Terry JD et al. Mediastinal lymph node staging
of non-small cell lung cancer: a prospective comparison of comput-
ed tomography and positron emission tomography. Thorac Cardio-
vasc Surg 1996; 111: 642-648.

12. Steinert HC, Hauser M, Allemann F et al. Non small cell lung cancer:
nodal staging with FDG-PET verus CT with correlative lymph node
mapping and sampling. Radiology 1997; 202: 441-446.

m Hellenic Journal of Nuclear Medicine ¢ January - April 2009

www.nuclmed.gr



Original Short Communication

20.

21.

22.

. Vansteenkiste JF, Stroobants SG, De Leyn PR et al. Mediastinal lymph

node staging with FDG-PET scan in patients with potentially opera-
ble non-small cell lung cancer. Chest 1997; 112: 1480-1486.

. Bury T, Paulus P, Dowlati A et al. Staging of the mediastinum: value

of positron emission tomography imaging in non-small cell lung
cancer. Eur Respir J 1996; 9: 2560-2564.

. Quaia E, Tona G, Gelain F et al. Integrated Fluorine-18 Fluorodeoxy-

glucose ("8F-FDG) PET/CT Compared to Standard Contrast- Enchan-
ced CT for Characterization and Staging of Pulmonary Tumors Eligi-
ble for Surgical Resection. Acta Radiol 2008; 23: 1-10.

. Tsushima Y, Tateishi U, Uno H et al. Diagnostic performance of PET/

CT in differentiation of malignant and benign non-solid solitary pul-
monary nodules. Ann Nucl Med 2008; 22: 571-577.

Hau NH, Ravel AC, Duclos A et al. FDG-PET-CT and the diagnosis of
malignancy of pulmonary nodules and mass lesions. Rev Mal Respir
2008; 25: 33-41.

. Kernstine KH, McLaughlin KA, Menda Y et al. Can FDG PET reduce

the need for mediastinoscopy in potentially resectable non small
cell lung cancer? Ann Thorac Surg 2002; 73: 394-402.

. Jacobson AF, Cronin EB, Stomper PC, Kaplan WD. Bone scans with

one or two new abnormalities in cancer patients with no known
metastases: frequency and serial scinti-graphic behavior of benign
and malignant lesions. Radiology 1990; 175: 229-232.

Bury T, Dowlati A, Paulus P et al. Staging of non-small cell lung can-
cer by whole-body fluorine- 18 deoxyglucose positron emission to-
mography. Eur J Nucl Med 1996; 23: 204-206.

Lewis P, Griffin S, Mardsen P et al. Whole-body '8F-fluorodeoxyglu-
cose positron emission tomography in preoperative evaluation of
lung cancer. Lancet 1994; 344: 1265-1266.

Valk PE, Pounds TR, Hopkins DM et al. Staging non-small cell lung
cancer by whole-body positron emission tomographic imaging.
Ann Thorac Surg 1995; 60: 1573-1582.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Dahlbom M, Hoffmann EJ, Hoh CK et al. Whole body positron emis-
sion tomography: part 1; methods and performance characteristics.
J Nucl Med 1992; 33: 1191-1198.

Rege SD, Hoh CK, Glaspy JA et al. Imaging of pulmonary mass le-
sions with whole-body positron emission tomography and fluoro-
deoxyglucose. Cancer 1993; 72: 82-90.

Silvestri GA, Littenberg B, Colice GL. The clinical evaluation for de-
tecting metastatic lung cancer. A meta-analysis. Am J Respir Crit Care
Med 1995; 152: 225-230.

Marom EM, McAdams HP, Erasmus JJ et al. Staging non-small cell
lung cancer with whole body PET. Radiology 1999; 212: 803-809.
Bury T, Dowlati A, Paulus P et al. Whole body '®FDG positron emis-
sion tomography in the staging of non-small cell lung cancer. Eur
RespirJ 1997; 10: 2529-2534.

Lewis P, Griffin S, Marsden P et al. Whole body '8F- fluorodeoxyglu-
cose positron emission tomography in preoperative evaluation of
lung cancer. Lancet 1994; 344: 1265-1266.

MacManus MP, Hicks RJ Matthews JP et al. High rate of detection of
unsuspected distant metastases by PET in apparent stage Ill non-
small cell lung cancer: implications for radical radiation therapy. Int J
Radiat Oncol Biol Phys 2001; 50: 287-293.

Pieterman RM, Van Putten JW, Meuzelaar JJ et al. Preoperative stag-
ing of non-small cell lung cancer with positron emission tomogra-
phy. N Engl J Med 2000; 343: 254-261.

Dehdashti F, Siegel BA, Griffeth LK et al. Benign versus malignant in-
traosseus lesions: discrimination by means of PET with 2-'8F- fluoro-
2-deoxy-D-glucose. Radiology 1996; 200: 243-247.

Gupta NC, Maloof J, Gunel E. Probability of malignancy in solitary
pulmonary nodules using fluorine-'®F-FDG and PET. J Nucl Med
1996; 37: 943-948.

Patz EF, Lowe VJ, Hoffmann JM et al. Focal pulmonary abnormali-
ties: evaluation with '8F -fluorodeoxyglucose PET scanning. Radiol-
ogy 1993; 188: 487-490. é

www.nuclmed.gr

Hellenic Journal of Nuclear Medicine ¢ January - April 2009 m



