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INTRODUCTION
Lung cancer is one of the most common and lethal cancer among all cancers. Small cell lung carci-
noma (SCLC) represents 15-20% of all lung cancers (1). Distant organ metastasis mostly exists at the 
initial diagnosis. As in all other cancers, the most important factor for accurate treatment is accuracy 
of the initial staging.

Currently, the main treatment modalities are systemic chemotherapy (C) and thoracic radiotherapy 
(RT) in limited disease-SCLC, except for very early stage diseases. The treatment policy is systemic che-
motherapy in the disseminated disease. Five-year survival rates are 15-20% in limited disease cases 
and 1-2% in disseminated disease cases (2, 3). Possible inaccurate staging can be the cause of unnec-
essary RT, and its complications, or can be a reason not to undergo radiotherapy that can be beneficial.

Standard staging procedures (SSPs) including medical history, physical examination, computed to-
mography (CT) of the chest and upper abdomen to include adrenal glands, CT or magnetic resonance 
imaging (MRI) of the brain, and bone scintigraphy have been used as part of the initial evaluation 
of all newly diagnosed patients with SCLC (4, 5). The positron emission tomography (PET) scan has 
important contributions on the diagnosis of solitary pulmonary nodules and staging or radiotherapy 
planning of non-small cell lung cancer (NSCLC) (6). Unnecessary thoracotomy, or local treatments, 
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Abstract

Objective: The most important factor for accurate treatment of patients with small cell lung carcinoma (SCLC) is accuracy of the initial 
staging. The aim of this study was to determine how often patients, staged as local or local-advanced disease by standard staging procedures 
(SSPs), would be staged to have a metastatic disease based on the findings of the positron emission tomography–computed tomography 
(PET-CT) scan.

Methods: Patients with SCLC who were staged as I, II, or III disease by SSPs (according to the American Joint Committee on Cancer Staging, 
7th edition) formed the study population. SSPs included computed tomography of chest, abdomen, brain (or magnetic resonance imaging 
of brain), and bone scintigraphy. These patients were re-staged with 18F-FDG PET-CT scan.

Results: Between 2013 and 2015, 27 patients were prospectively studied. Of these patients, 92.5% were male and the median age was 61. 
Among 27 patients, distant metastasis was detected by PET-CT in 7 (25.9%) patients. Two of 7 patients were determined as stage IIIA by 
SSPs and 5 of 17 patients that were determined as stage IIIB by SSPs were upstaged to metastatic disease by PET-CT. All of the 7 patients 
had bone metastasis by PET-CT. But bone metastasis could not be detected with bone scintigraphy. 

Conclusion: PET-CT detected distant metastasis in one quarter of SCLC stage III patients by SSPs. Patients who staged local-advanced SCLC 
with CT of the chest have to be assessed by PET-CT for extracranial distant metastasis.
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can be avoided with a PET-CT, which has detected distant metastasis 
in 10-20% of patients with NSCLC who were assessed as suitable for 
resection by SSPs (7).

At the time this study was activated, initial staging of newly diag-
nosed SCLC patients with PET or PET-CT was not standard care. Some 
studies with a small number of patients reported that 10-15% of pa-
tients with SCLC staged as limited disease status based on SSPs have 
migrated to extensive-stage disease status with the addition of PET 
scanning (8, 9).

The aim of this study was to determine how often patients with SCLC 
staged as local or local-advanced disease (stage I, II, or III) by SSPs 
would be staged to metastatic disease status (stage IV) based on the 
findings of PET-CT.

METHODS 
We prospectively staged newly diagnosed by cytologically or histolog-
ically SCLC patients by SSPs . SSPs included medical history, physical 
examination, blood tests, contrast-enhanced (CE) CT of the chest and 
abdomen, CE-CT or MRI of the brain, and whole-body bone scintigra-
phy. All patients were staged according to the American Joint Commit-
tee on Cancer (AJCC) Staging Manual, 7th edition (10). The patients who 
were staged as local or locally-advanced disease based on SSPs formed 
the study group. These patients were re-staged with 18F-fluorodeoxy-
glucose (FDG) PET-CT according to the AJCC Staging, 7th edition within 
a maximum of two weeks after SSPs were completed (10).

Patients with known former or present extra-thoracic second prima-
ry cancer, uncontrolled diabetes mellitus, hypersensitivity to contrast 
or radioactive substances, pregnancy, below 18 years of age, or had 
renal failure were excluded.

Contrast-enhanced-computed tomography of the chest, abdomen, 
and brain, and CE-MRI of the brain were interpreted by one of two 
radiologists. Lymph nodes >1 cm on the short axis were accepted 
as positive for lymph node involvement. (99m) Tc-Methylene diphos-
phonate (20-30 mCi) bone scans with a Philips bright-view double 
header camera were performed for bone metastasis. Hot spots were 
assessed based on all available patient information by one nuclear 
medicine physician. Results were reported as follows:

Group 1) negative for metastasis.
Group 2) doubtful for metastasis, might be degenerative/traumatic.
Group 3) doubtful for metastasis, might be metastasis.
Group 4) positive for metastasis.
 
Patients in group 2 and 3 underwent further radiologic evaluation 
(CT or MRI) for metastasis. Finally, all data obtained from SSPs were 
evaluated for TNM staging by pulmonologists. Patients with local and 
local-advanced disease were imagined by PET-CT.

PET-CT Imaging and Interpretation
Whole-body 18F-FDG PET-CT scaning was performed using the same 
protocol in the same institution (Philips Gemini TF 16 slices TOF). 
Patients received nothing by mouth for at least six hours preceding 
the PET-CT scan. Blood glucose levels were required to be less than 
180 mg/dL before 18F-FDG injection (3 MBq per kilogram of body 
weight). Sixty minutes after injection, PET images were acquired in 

axial planes from skull vertex to mid thigh. Time per bed position was 
2:00 min for 5-7 bed positions. CT images were acquired in order to 
perform attenuation correction. Images were reconstructed in coro-
nal, transverse, and sagittal planes. Standartized uptake value (SUV) 
for the region of interest (ROI) was decided using the maximum SUV 
(SUVmax). The SUVmax indicates the highest single voxel SUV within the 
ROI. The lesions with SUVmax>2.5 and lytic were considered as patho-
logical. 

Positron emission tomography-computed tomography images were 
interpreted based on all clinical informations by two nuclear medicine 
physicians blinded to the results of SSPs. The final PET interpretations 
were based on a consensus of the two observers. All patients were re-
staged according to the PET-CT findings by the same pulmonologists.

Ethical approval was received from the Local Ethics Committee of 
İzmir Dr. Suat Seren Chest Disease and Surgery Training and Research 
Hospital. Written informed consent was obtained from all patients.

RESULTS
Between January 2013 and March 2015, 27 patients with SCLC were 
included to the study, all of whom were staged as local to locally-ad-
vanced disease stage by SSPs and underwent re-staging by PET-CT. 
Of these patients, 92.5% were male and the median patient age was 
61 years (range 42-83). 

Distributions of patients according to the TNM system by SSPs and 
PET-CT are shown in Table 1. Stage groups are shown in Table 2. 

Both staging methods indicated the same stage in stage II patients. 
Three of 7 patients (25.9%) determined as stage IIIA by SSPs, were up-
staged by PET-CT. One of 3 (3.7%) patients had a contralateral lymph 
node metastasis (N3), 2 patients (7.4%) had a metastatic disease. Five 
of 17 patients who were determined as stage IIIB by SSPs were up-
staged to metastatic disease (M1b) by PET-CT (Table 2).

		  SSPs (%)	 PET-CT staging (%)

T factor

	 T1-2	 5 (18.5)	 6 (22.3)

	 T3	 6 (22.3)	 7 (25.9)

	 T4	 16 (59.2)	 14 (51.8)

Lymph node

	 N0	 3 (11.2)	 2 (7.4)

	 N1	 1 (3.7)	 1 (3.7)

	 N2	 18 (66.6)	 11(40.7)

	 N3	 5 (18.5)	 13 (48.2)

Metastasis  

	 M0	 27 (100)	 20 (74.1)

	 M1	 0	 7 (25.9)

PET-CT: Positron emission tomography-computed tomography; SSPs: standard 
staging procedures

Table 1. Comparison of TNM according to staging methods
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Eight of 18 patients (29.6%) who were found to have ipsilateral me-
diastinal lymph node involvement were detected to have contra-
lateral mediastinal or supraclavicular lymph node involvement (N3) 
by PET-CT (Table 1). However, 2 of 8 patients (1 patient lymph node 
involvement, 1 patient metastasis) were upstaged by PET-CT. PET-CT 
did not show any stage migration due to T factors on the other 6 of 
8 patients (22.2%) who were staged IIIB disease by SSPs. However, 3 
of these 6 patients were detected to have contralateral mediastinal 
lymph node involvement and 3 were detected to have supraclavicu-
lar lymph node involvement. 

Positron emission tomography computed tomography showed bone 
metastasis in 7 of 27 patients (25.9%) (Table 3), and these patients 
were upstaged to M1b disease. Bone scintigraphies in these 7 pa-

tients are the results of 3 patients in group 1 and 4 patients in group 
2 or 3. In 4 group 2 and 3 patients, the metastatic focuses detected 
by PET-CT were in different areas than sintigraphic hot spots evalu-
ated as non-metastatic by additional radiological examinations. One 
additional patient (3.7%) with N2 disease on CT was found to have 
contralateral lymph node involvement (N3) by PET-CT, and this pa-
tient was upstaged from IIIA to IIIB.

Stage agreements between SSPs and PET-CT for our study group 
with 27 patients are given in Table 4.

DISCUSSION
In this study, 7 of 27 SCLC patients (25.9%) evaluated to have local 
or locally-advanced disease by SSPs were found to have distant me-
tastasis with staging by PET-CT. Two of 7 patients staged as IIIA and 
5 of 17 patients staged as IIIB by SSPs were upstaged to metastatic 
disease by PET-CT. One patient with stage IIIA was upstaged to IIIB by 
PET-CT. SSPs agreed with PET-CT in all stage II patients. 

In studies thus far, distant metastasis was detected by PET-CT on the 
patients of 0-33% who were staged as limited disease SCLC by SSPs 
(8, 9, 11-21). Seven of these studies were conducted retrospectively 
and 5 prospectively. Additionally in these studies, there were some 
differences in the selected imaging methods (PET or PET-CT). PET-CT 
was used in only one of the studies, 2 of the studies were performed 
by PET and PET-CT, and 9 used only PET.

The first meta-analysis about diagnostic performance of PET in stag-
ing of SCLC was published in 2014 and has shown that PET or PET-CT 
have a high diagnostic validity on assessing disease in SCLC patients. 
This meta-analysis reported no significant difference between PET 
and PET-CT (diagnostic validity of 0.94 and 0.93, respectively) (22). 
Theorically, the deciding of anatomical projection of hot spots de-
tected by PET is easier and more accurate with PET-CT fusion images. 
However, meta-analysis has not supported this conception (22).

Bradley et al. (8) prospectively found distant metastasis in 2 of 24 
patients (8.3%). Brink et al. (15) prospectively evaluated the staging 
value of PET and SSPs on 120 patients with SCLC and reported stage 
migrations in 13 patients (11%). While 10 of these patients (8.3%) 
were upstaged, 3 patients were downstaged. In another study of 18 
patients with SCLC, 2 patients (11.1%) staged as limited disease with 
SSPs were upstaged by PET scans (14). Kamel et al. (9) reported that 
3 of 24 patients (13%) staged as limited disease SCLC with SSPs were 
upstaged to dissemineted disease by PET. Schumacher et al. (13) re-
ported that 7 of 26 SCLC patients (27%) were detected to have dis-
seminated disease by PET-CT.

In our study, we reported higher rates of stage changes (overall up-
staging 29.6%, upstaging due to distant metastasis was 25.9%) com-
pared to the other studies. This difference may originate from the use 
of PET-CT. However, Fischer et al. (11) also used PET-CT in their study 
and PET-CT showed distant metastasis in 10% of the patients who 
were determined as limited disease by SSPs. In this study, bone mar-
row biopsies were incorporated into conventional methods may be 
the cause of undetected distant metastasis with a low percent. In our 
study, all 7 patients (25.9%) with distant metastasis by PET-CT had 
bone metastasis that could not be detected by bone scintigraphy. In 
study of Fischer et al. (11), 2 of 3 patents upstaged to IV showed bone 

Stage		  SSPs (%)	 PET-CT staging (%)

Stage	 I	 0	 0

Stage	 IIA	 2 (7.4)	 2 (7.4)

	 IIB	 1 (3.7)	 1 (3.7)

Stage	 IIIA	 7 (25.9)	 4 (14.8)

	 IIIB	 17 (62.9)	 13 (48.2)

Stage	 IV	 0	 7 (25.9)

PET-CT: Positron emission tomography-computed tomography; SSPs: standard 
staging procedures

Table 2. Comparison of the disease stage according to staging methods 

Patient  	SSPs	 PET–CT	 PET-CT	 SSP	 PET-CT 
no	 N	 N 	 M	 Stage	 Stage	 Metastasis

2	 2	 2	 1	 IIIB	 IV	 Multiple bone 

3	 2	 2	 1	 IIIA	 IV	 Multiple bone

4	 2	 3	 0	 IIIA	 IIIB	 Contralateral MLNI   

7	 2	 3	 1	 IIIB	 IV	 Iliac bone Liver 

12	 2	 2	 1	 IIIB	 IV	 Vertebrae

13	 2	 2	 1	 IIIB	 IV	 Femur

23	 2	 2	 1	 IIIB	 IV	 Multiple bone

26	 0	 2	 1	 IIIA	 IV	 Multiple bone

MLNI: Mediastinal lymph node involvement; PET-CT: positron emission 
tomography-computed tomography; SSPs: standard staging procedures

Table 3. Characteristics of the eight patients who had stage migration  

PET-CT SSPs	 Stage IIA	 Stage IIB	 Stage IIIA	 Stage IIIB	 Stage IV 

Stage IIA	 100%	 0	 0	 0	 0

Stage IIB	 0	 100%	 0	 0	 0

Stage IIIA	 0	 0	 57.1%  	 14.2%   	 28.5%  

Stage IIIB	 0	 0	 0	 70.5%  	 29.5% 

PET-CT: Positron emission tomography-computed tomography; SSPs: 
standard staging procedures

Table 4. Results of the comparison between SSPs and PET-CT  
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metastasis by PET-CT. In this study, which compares PET-CT to bone 
scintigraphy and bone marrow biopsy, PET and PET-CT were found 
to have as high a sensitivity as bone scintigraphy and bone marrow 
biopsy (11). Lee et al. (23) reported that the sensitivity of PET-CT was 
100% on a per-patient basis and 87% on a per-lesion basis; and there 
was no false-positive lesions on PET-CT images. In contrast, the sensi-
tivity of the bone scan was 37% on a per-patient basis and 29% on a 
per-lesion basis. Twenty-one of 84 metastatic bone lesions were not 
detected by the initial bone scan, but were detected by PET-CT. Bone 
metastasis predominantly appears as lytic lesions in lung cancer. Pa-
tients with osteolytic metastasis not leading to blastic activity can be 
skipped with bone scintigraphy. PET-CT has a high sensitivity in de-
tecting osteolytic metastasis. 

In our study, one patient (3.7%) determined as N0 by SSPs showed 
N2 disease, 8 patients (29.6%) with N2 disease by SSPs displayed N3 
disease with PET-CT. However, stages were not changed in 6 patients 
who were raised to N3 disease from N2. One patient was upstaged to 
IIIB from IIIA. While this situation is compatible with other studies, it 
also indicates that CT may not define well the involvement of lymph 
nodes. In a study that was researching the overall and disease-free 
survival rates in patients staged and not staged with PET against con-
ventional staging alone, patients who were staged with PET had a 
higher nodal metastasis (74% vs 50%) or N3 nodal metastasis (10% vs 
0%) in comparison with conventional staging (24).

In the present study, PET-CT did not further contribute on detecting 
brain metastasis. Kamel et al. (9) detected 2 patients with false neg-
atives for brain metastasis in 24 SCLC patients. Vinjamuri et al. (18) 
reported that brain MRI, or CT, detected metastasis in 5 of 51 patients 
who had no brain metastasis by PET. 

This study has some limitations. First of all, it has a small number of 
patients. A second limitation is the lack of histopathological confir-
mation of bone metastasis. Because the systemic treatment begins 
immediately in patients with SCLC, it is ethically diffucult to take a 
bone biopsy. The same difficulties are also valid for the verification of 
lymph nodes with high SUVmax in PET-CT.

CONCLUSION 
Positron emission tomography-computed tomography showed distant 
metastasis in one quarter of SCLC patients with stage III by SSPs. Pa-
tients who are staged with locally-advanced disease SCLC with CE-CT 
of the chest have to be assessed by PET-CT for extracranial metastasis. 
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