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           Small cell lung carcinoma (SCLC) is an aggres-
sive neoplasm of neuroendocrine cell origin with 
a distinct biologic behavior and is therefore 
grouped separately from other primary lung neo-
plasms. SCLC represents about 15–25 % of all 
lung cancers and tends to occur in younger 
patients than those with the other lung cancers. 
SCLC mostly originates in the submucosa of 
proximal airways such as the lobar bronchi or 
main bronchi while a small percentage (<5 %) 
originates in the peripheral areas of the lung. The 
tumor itself is highly cellular and has a limited 
fi brotic or infl ammatory response. Consequently, 
the tumor spreads rapidly through the lymphatics 
and blood vessels at an early stage, resulting in 
early nodal and distant metastatic deposits [ 1 ,  2 ]. 
From a practical standpoint, SCLC may be 
thought of as a “systemic” disease at the time of 
diagnosis. 

 Extrathoracic non-metastatic manifestations, 
or the paraneoplastic syndromes (PNS), are 
more common in SCLC than in NSCLC. These 
may be in the form of endocrinopathy, neuro-
logic dysfunction, or skin disease. While the 
primary tumor is in general easily visualized by 
conventional imaging, FDG-PET may be 

helpful in documenting the tumor location when 
there are nonspecifi c conventional imaging fi nd-
ings [ 3 ]. The most common PNS is hyponatre-
mia of malignancy which occurs in up to 15 % 
of cases and may be caused by inappropriate 
secretion of arginine vasopressin (antidiuretic 
hormone) or atrial natriuretic peptide [ 4 ,  5 ]. 
Production of ectopic corticotrophin is rela-
tively common in SCLC but results in clinical 
disease, Cushing syndrome, in only 2–5 % of 
cases [ 6 ,  7 ]. Hypertrophic pulmonary osteoar-
thropathy is distinctly uncommon in SCLC, 
unlike NSCLC. 

 Neuromuscular PNS include Eaton–Lambert 
myasthenic syndrome, encephalomyelitis, and 
cerebellar degeneration. Eaton–Lambert myas-
thenic syndrome results from autoantibodies 
against P/Q voltage-gated calcium channels 
resulting in proximal muscle weakness and/or 
autonomic symptoms including dry mouth and 
constipation and occurs in approximately 3 % 
of SCLC cases [ 8 ]. Paraneoplastic limbic 
encephalitis is usually associated with anti-Hu 
antibody. Symptoms include psychiatric mani-
festations such as hallucinations, agitation, 
anxiety, or depression as well as memory loss, 
confusion, or seizures. Cerebellar degeneration 
has also been associated with SCLC and is 
manifest by ataxia, nystagmus, and dysarthria 
[ 9 ]. Still, the most common cause of neurologi-
cal symptoms in a patient with SCLC is brain 
metastasis. The imaging features of PNS will 
be discussed later. 
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    Staging 

 Historically, SCLC was stratifi ed by a two-stage 
system developed by the Veterans Administration 
Lung Cancer Study Group [ 10 ]. Limited-stage 
disease included disease confi ned to the chest 
and supraclavicular nodes that can be contained 
within a single, tolerable radiation port. The defi -
nition of limited disease was further refi ned by 
the International Association of the Study of 
Lung Cancer (IASLC) to state that the classifi ca-
tion of limited SCLC should include patients 
with the disease restricted to one hemithorax 
with regional lymph node metastases, including 
ipsilateral hilar, ipsilateral and contralateral 
mediastinal, ipsilateral and contralateral supra-
clavicular, and ipsilateral pleural effusion inde-
pendent of cytology [ 11 ]. 

 As a practical rule, SCLC that would encom-
pass stages I–IIIB under the current TNM system 
can be characterized as limited disease. Extensive 
stage disease included all lesions not character-
ized as limited stage and those with distant 
metastases analogous to stage IV. About 70 % of 
patients with SCLC present with extensive dis-
ease, and only 30 % have disease limited to the 
thorax. One group reported 2-year survival rates 
of about 10 % for limited disease and about 3 % 
for extensive disease. Extensive disease with 
only brain metastasis may have a survival rate 
similar to that of limited disease. 

 A relatively large retrospective series sug-
gested that 5-year survival was enhanced (37.1 %) 
with surgery (the majority diagnosed prior to sur-
gery) for pathologic stages IA–IIB, and survival 
was further improved with the addition of at least 
four cycles of chemotherapy to surgery [ 12 ]. 
Based on further analysis of resected SCLCs, the 
IASLC has found suffi cient prognostic variabil-
ity using the TNM system to warrant replacing 
the previous staging system [ 13 ]. For surgically 
resected SCLC ( n  = 349), there is a marked sur-
vival enhancement (>2 years) for both stage T1a 
and N0 cases compared with other surgically 
resected SCLCs [ 13 ]. Moreover, 5-year survival 
for resected stage I tumors is 57 %. Unfortunately, 
comparisons with standard chemoradiotherapy 

are diffi cult since complete TNM pathologic 
staging is unavailable for nonsurgical cases and 
nonsurgical cases are traditionally labeled as lim-
ited disease and also biased toward higher TNM 
stages. Given these limitations, the overall 5-year 
survival for all surgically resected “limited dis-
ease” is 34.5 % and favorable compared to the 
12–25 % for traditional chemoradiotherapy [ 1 ]. It 
should be noted that surgically resected cases 
account for only 3 % of all SCLC cases. The sur-
vival differences across pathologically staged 
SCLC are considered suffi cient to warrant using 
the TNM system to stratify patients for treatment 
trials rather than the prior limited/extensive clas-
sifi cation, although for clinical purposes outside 
of therapeutic trials the relatively simple limited/
extensive classifi cation probably is suffi cient to 
guide treatment.  

    Imaging of Small Cell Lung Cancer 

    Imaging Chest and Abdomen 

 Because of the predilection for early metastatic 
spread, the primary site is often not visible by 
conventional radiography or CT. The typical pri-
mary site is radiographically occult submucosal 
endobronchial lesion that subsequently metasta-
sizes to the mediastinal and hilar lymph nodes 
resulting in detection and the usual radiographic 
presentation of a large hilar and/or mediastinal 
mass (Fig.  7.1 ) [ 1 ]. Approximately 4 % of lung 
cancers presenting as a solitary pulmonary nod-
ule (SPN) turn out to be SCLC (Fig.  7.2 ) and 
approximately 4 % of small cell cancers of the 
lung will present as an SPN [ 14 ]. There are no 
imaging features that otherwise distinguish 
SCLC and NSCLC when presenting as an SPN.

    The mediastinum is by far the most common 
site of detected disease and varies in series from 66 
to 92 % of cases [ 1 ,  15 ]. The mediastinal mass 
may grow so large that it obstructs the superior 
vena cava (SVC) (Fig.  7.3 ). SVC syndrome is a 
clinical diagnosis based on generalized swelling of 
the upper limbs, neck, and face associated with a 
mediastinal or paramediastinal lesion. Tumor 
growth in the mediastinum may also be associated 
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with dyspnea, hoarseness, and dysphagia. In up 
to12 % of cases of SCLC, SVC syndrome is pres-
ent at the time of initial diagnosis [ 4 ]. Invasion of 
the pericardium (38 %) and narrowing of central 
bronchi (68 %) can also occur and be detected 
with CT (Fig.  7.4 ) [ 3 ].

    Once the tumor has access to the mediasti-
num, there are pathways of spread into the abdo-
men via the aortic and esophageal hiatus and into 

the neck. This can result in intra-abdominal 
lymphadenopathy primarily along the celiac ves-
sels resulting in celiac, periportal (Fig.  7.5 ), and 
peripancreatic adenopathy. Previous studies show 
the incidence of disease in the peripancreatic and 
retroperitoneal lymph nodes to be 6 % [ 6 ]. 
Disease may also reach the gastrohepatic liga-
ment either by spread along vascular planes or 
through the esophageal hiatus. Spread into the 

  Fig. 7.1    Typical radiographic appearance of small cell 
lung cancer. ( a ) Frontal radiograph reveals mass involving 
the left hilum and aorto-pulmonary window without dis-

crete parenchymal lesion. ( b ) Contrast-enhanced CT con-
fi rms mass as well as shows attenuation and narrowing of 
the left pulmonary artery ( arrowheads )       

  Fig. 7.2    ( a ,  b ) Small cell carcinoma (SCLC) presenting 
as a solitary pulmonary nodule (SPN). CT reveals slightly 
lobulated right upper lobe nodule ( arrow ). There are no 

radiographic features by which to differentiate from non-
small cell lung cancers       
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neck via the cervicothoracic continuum can result 
in ipsilateral supraclavicular adenopathy.

   A majority of patients will have distant meta-
static disease at presentation with up to 60 % 

having metastatic disease in the abdomen at the 
time of diagnosis. The adrenal gland and liver are 
the most frequent sites of disease (Figs.  7.6  and 
 7.7 ), although any abdominal organ can be affected 

  Fig. 7.3    Superior vena cava (SVC) obstruction. ( a ) Axial 
CT image reveals large mass surrounding and narrowing the 
SVC ( arrow ) as well as obstructing the right pulmonary 

artery ( asterisk ). Note collateral retrograde venous fl ow 
through the azygous vein ( AZ ). ( b ) Coronal reformation 
shows the mass invading the medial wall of the SVC ( arrow )       

  Fig. 7.4    SCLC with pleural and pericardial metastases. 
( a ) Axial CT image reveals large mass infi ltrating the 
mediastinum and markedly narrowing the origin of the 
left pulmonary artery ( PA ). There is associated left pleural 
effusion ( E ) with metastatic pleural implants anteriorly 

( arrow ). ( b ) Coronal reformation reveals mass effect on 
the transverse aorta ( Ao ) and left atrium ( LA ) as well as a 
pericardial effusion with two    discrete pericardial nodules 
( arrow ) and left pleural effusion ( E )       
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[ 16 ,  17 ] (Table  7.1 ). Because of this high  frequency, 
a CT of the abdomen with contrast is considered 
indicated as part of routine staging [ 18 ].

         Imaging of CNS in SCLC 

 Due to the high incidence of brain metastases, 
routine imaging of the central nervous system 
(CNS) is warranted. Cerebral metastases have 
been said to be present in up to 10 % of individu-
als at the time of diagnosis [ 19 ,  20 ]. The use of 
routine MR of the brain has resulted in a higher 
incidence and number of detected brain metasta-
ses, particularly in the neurologically asymptom-
atic patients [ 21 ]. PET/CT is generally not helpful 
for detection of cerebral metastases in SCLC 
regardless of the level of activity in the primary 
tumor [ 22 ]. While important for staging and 
treatment planning, it is unclear that early detec-
tion of asymptomatic cerebral metastases results 
in improved survival [ 18 ,  23 ]. The typical imag-
ing appearance of a brain metastasis is a single or 
multiple rim-enhancing lesions (Fig.  7.8 ). If 
small the entire lesion may show homogeneous 
contrast enhancement. These lesions are, in gen-
eral, easily distinguished for paraneoplastic 
lesions. For example, PLE will show high signal 
in the medial temporal lobe on FLAIR or 
T2-weighted images (Fig.  7.9 ), while cerebellar 
degeneration may be manifest early by transient 

  Fig. 7.5    Periportal adenopathy. Axial CT image reveals 
enlarged lymph nodes in the porta hepatis ( arrows ) sur-
rounding common hepatic artery from SCLC       

  Fig. 7.6    Adrenal metastases. Axial CT image reveals 
necrotic low attenuation adrenal metastases ( arrows )       

  Fig. 7.7    Hepatic metastases. Axial CT image reveals 
multiple low attenuation nodules within the hepatic 
parenchyma       

   Table 7.1    Sites of metastatic disease   

 Site 
 % Involved 
at presentation 

 % Involved 
at autopsy 

 Mediastinal nodes  66–92  73–87 
 Bone  27–41  54 
 Liver  21–27  69 
 Adrenal   5–31  35–65 
 CNS  10–14  28–50 
 Retroperitoneal nodes   3–13  29–52 
 Supraclavicular nodes  17  42 
 Pleural effusion  16–20  30 
 Contralateral lung   1–12   8–27 
 Soft tissue   5  19 

  Adapted from Jackman DM, Johnson BE. Small-cell lung 
cancer. Lancet 2005;366(9494):1385–96  
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enlargement of the cerebellum and meningeal 
enhancement and late by cerebellar atrophy [ 24 ]. 
Leptomeningeal disease is rare occurring in <2 % 
of cases (Fig.  7.10 ) [ 25 ].

         Imaging of Osseous Metastases 

 Bone is considered to be the most common site of 
metastatic disease overall (35 % of cases), and 
therefore bone scintigraphy is generally part of 
the initial staging evaluation [ 26 ].    A whole body 
technique, bone scintigraphy detects signs of 
osseous repair, thus uptake is nonspecifi c and can 
be seen in healing fractures, degenerative joint, 
or spine disease as well as metastatic lesions. For 
the indeterminate lesion on bone scintigraphy, 
MR is useful to determine the etiology of the 
increased uptake. As data accumulates in other 
malignancies as well as SCLC, it is likely that 
bone scintigraphy will be replaced in the imaging 
algorithm by whole body PET/CT. Historically, 
bilateral bone marrow biopsies or aspirations 
were also suggested during initial staging, since 
this may be the only site of metastatic disease and 
detection would result in a change of stage from 
limited to extensive. This has been abandoned 
given the very low incidence of marrow disease 
in the absence of obvious disease on conventional 
imaging [ 18 ].   

  Fig. 7.8    Cerebral metastases. Axial gadolinium- enhanced 
T1-weighted image reveals multiple enhancing brain 
lesions with surrounding low signal vasogenic edema in 
the cerebrum and pons       

  Fig. 7.9    Paraneoplastic limbic encephalitis. Axial FLAIR 
image reveals faintly increased signal in the left temporal 
lobe ( arrow )       

  Fig. 7.10    Leptomeningeal carcinomatosis. Sagittal 
gadolinium-enhanced T1-weighted image reveals menin-
geal enhancement along the sulci of the posterior cerebral 
cortex ( arrows )       
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    FDG-PET/CT 

    Staging 

 PET/CT has the potential to provide more accu-
rate staging and prognostic information compared 
with conventional staging (Fig.  7.11 ) changing 
management in up to 25 % of patients, although 
studies remain limited to relatively small 

retrospective series [ 27 ]. The major value lies in 
the ability of PET/CT to upstage patients to exten-
sive disease and spare the patient unnecessary 
therapy. Small cases series show that patients are 
upstaged in 8–15 % of cases as well as down-
staged from extensive to limited disease in 5–10 % 
[ 28 – 31 ]. In a prospective trial PET/CT was shown 
to be superior to a conventional staging regimen 
of CT, bone scintigraphy, and bone marrow analy-
sis, changing stage in 5 of 29 (17 %) subjects [ 29 ].

  Fig. 7.11    Value of FDG-PET/CT in assessing extent of 
disease. ( a ) Axial CT images reveal mediastinal adenopa-
thy and solitary hepatic metastasis ( arrows ) as the only 
sites of disease on conventional staging. ( b ) Coronal 
FDG-PET/CT images confi rm the adenopathy and liver 

metastasis ( asterisk ) but reveal multiple additional liver 
metastases ( black arrows ) as well as multiple metastatic 
nodules in mesentery adjacent to bowel and stomach walls 
( white arrows )       
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       Treatment Planning 

 In patients treated with radiation therapy, the fi eld 
size has important implications both in terms of 
toxicity and possibility of local failure. The addi-
tion of FDG-PET to usual staging allows for better 
delineation of treatment fi elds through both the 
inclusion of otherwise unsuspected sites or exclu-
sion of unaffected nodal stations. This may result 
in adjustment of the radiation therapy plan in up to 
30 % of cases [ 31 – 33 ]. Because of respiratory arti-
fact, it is ultimately incumbent on evaluating sites 
of uptake based and gross tumor volume based on 
the CT component to ultimately determine the 
tumor outline. The effect of such approach is the 
elimination of elective nodal irradiation with the 
presumed benefi t of higher delivery of radiation to 
the clinical tumor volume (CTV). It is important to 
note that such an approach is associated with 
approximately 10 % rate of nodal recurrence out-
side of the CTV [ 33 – 35 ], although isolated nodal 
failure (that without associated distant disease) 
was 3 % in the study by van Loon.  

    Prognosis 

 Other potential uses of PET/CT in SCLC includ-
ing determination of prognosis and response to 
therapy remain uncertain [ 36 ,  37 ]. Similar to 
non-small cell lung cancer, a higher SUV is asso-
ciated with a poorer prognosis. Using the median 

SUVmax (8.7) as a cutoff in a cohort of 76 
patients, stage-specifi c survival was increased 15 
months for limited disease and 8 months for 
extensive disease for those with median SUVmax 
below the median [ 38 ].    With regard to post- 
therapeutic staging, in a retrospective review of 
22 subjects using FDG-PET, a post-therapy nega-
tive PET was a better predictor of overall survival 
compared with non-metabolic responders 
(Fig.  7.12 ). In addition, metabolic response was a 
better predictor than anatomic response 
(Fig.  7.13 ) [ 39 ]. Another small study including 
25 subjects suggested that post-therapy PET 
alters management in approximately 50 %. 
Unfortunately over 80 % of cases in that study 
did not have a pretreatment PET for comparison 
[ 40 ]. The utility of FDG-PET as an imaging bio-
marker in SCLC awaits further confi rmation.

         Conclusion 

 Although apparently decreasing in incidence, 
small cell lung cancer remains associated with a 
poor prognosis often due to distant metastatic 
disease at the time of diagnosis. The staging par-
adigm has shifted to a TNM classifi cation so that 
appropriate patients may be considered for sur-
gery. The radiologic staging has also changed 
from a multi-modality approach to one using pre-
dominately PET/CT as well as imaging of the 
brain, preferably MR imaging.     

  Fig. 7.12    Value of FDG-PET/CT in restaging. ( a ) Axial 
FDG-PET/CT shows multiple hepatic metastases. 
( b ) After four cycles of chemotherapy, only dominant 

lesion remains metabolically active and has decreased 
from SUV of 10.4 to 3.6       
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