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a b s t r a c t 

Lung neuroendocrine neoplasms (NENs) encompass the low-, intermediate-, and high-grade 

entities. Differentiated NENs overexpress somatostatin receptors, which are targeted by 
68 Ga-DOTA-conjugated peptides in molecular imaging with positron emission tomography. 

Less differentiated NENs may have lost their expression of somatostatin receptors and thus 

show lower uptake of 68 Ga-DOTA-peptides; however, these tumors express GLUT-1 and can 

be imaged with (18)F-fluordeoxyglucose (FDG). 

We report the case of a 72-year-old patient with a poorly differentiated, high grade lung NEN, 

which was 18 F-FDG-positive at initial diagnosis. After treatment and remission, the patient 

had histologically confirmed relapse in the liver. Interestingly, these hepatic metastases 

did not demonstrated radiopharmaceutical uptake at neither 18 F-FDG nor 68 Ga-DOTATATE 

positron emission tomography/computed tomography. 

© 2020 Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

Introduction 

Lung neuroendocrine neoplasms (NENs) encompass the low-
grade typical carcinoid (TC), the intermediate-grade atypical
carcinoid (AC), the high-grade large cell neuroendocrine car-
cinoma (LCNEC), and small cell lung cancer [1] . 
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Differentiated NENs overexpress somatostatin receptors
(SSTR). These are targeted by 68 Ga-DOTA-conjugated pep-
tides in molecular imaging with positron emission tomogra-
phy (PET) [2] . Less differentiated NENs like AC, LCNEC, and
small cell lung cancer are more aggressive and may have lost
their expression of SSTR, thus showing lower or no uptake of
or the anonymous use of imaging, histologic, and clinical data. 
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Fig. 1 – Axial contrast-enhanced CT scan showing an 

enhancing hepatic lesion (red arrow), later confirmed to be 
a metastasis of the primary lung LCNEC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

68 Ga-DOTA-peptides. However, they express GLUT-1. GLUT-1
is a proliferation marker indicating glucose metabolism and
cell growth and can be imaged with (18)F-fluorodeoxyglucose
(FDG) [3] . 

Case report 

We present the case of a 72-year-old patient with an inci-
dental finding of a 2 cm right lower lobe mass in a chest
X-ray in April 2016. Initial diagnostic evaluation with chest
computed tomography (CT), FDG PET/CT, and biopsy revealed
a stage IIIA FDG-positive, poorly differentiated lung LCNEC
Fig. 2 – (a) axial pre-contrast, (b) arterial phase, and (c) delayed ph
(e) axial DWI 
with cytomorphologic overlap with AC ( Fig. 4 a). The patient
underwent radical surgery with right lower and middle lobe
lobectomy and mediastinal lymph node dissection, followed
by adjuvant chemoradiation therapy. The patient was in re-
mission for 2 years, as a follow-up chest CT ( Fig. 1 ) inciden-
tally revealed a 1.0 cm hyperenhancing lesion in hepatic seg-
ment IVb. Magnetic resonance imaging (MRI) showed mul-
tiple liver metastases, with the biggest measuring 6.0 × 3.2
cm ( Fig. 2 a-c T1-weighted images, Fig. 2 d T2-weighted im-
age, and Fig. 2 e diffusion weighted imaging (DWI)). With the
strong suspicion of hepatic metastases derived from the orig-
inal LCNEC, further assessment with FDG PET/CT ( Fig. 3 a)
was done, but showed no metabolically active disease. Subse-
quently, a biopsy of the hepatic lesions revealed a NEN within
the AC spectrum with cytomorphologic features comparable
to the patient’s primary lung LCNEC ( Fig. 4 b). Given the biopsy-
verified intermediate grade NEN and FDG negativity, a 68 Ga-
DOTATATE PET/CT ( Fig. 3 b) was performed where no uptake
was seen in the LCNEC lesions. Therefore, MRI of the abdomen
was considered the imaging method of choice. The patient un-
derwent chemotherapy with capecitabine and temozolomide
and showed stable disease after 11 cycles. 

Discussion 

It is not clear why the hepatic metastases from the pri-
mary lung LCNEC were negative for both 

18 F-FDG and 

68 Ga-
DOTATATE. While no or minimal uptake of 68 Ga-DOTATATE is
expected in intermediate and high-grade NENs, due to their
lack of differentiation and lost SSTR expression, FDG negativ-
ity is not. De- or undifferentiated NENs, being characterized by
a high proliferation rate and thus high glucose consumption,
are 18 F-FDG-avid [ 4 ,5 ]. Grondahl et al. showed in a study com-
ase T1-weighted images; (d) axial T2-weighted image; and 
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Fig. 3 – (a) axial fused 

18 F-FDG and (b) 68 Ga-DOTATATE PET/CT images demonstrating no lesion uptake of either 
radiopharmaceutical 

Fig. 4 – (a) Low-power microscopic examination of the lung resection specimen using hematoxylin and eosin (H&E) staining. 
A LCNEC with cytomorphological features overlapping with AC is revealed. 
(b) Microscopic examination of the liver biopsy specimen. Immunohistochemical analysis of Ki-67, synaptophysin, and 

chromogranin evidences a NEN within the AC spectrum 

 

 

 

 

 

 

 

 

 

 

prising of 252 bronchopulmonary NENs that all LCNEC showed
FDG uptake as compared to 93% of TC and 96% of AC. 

We excluded a potential technical issue: the injected dose
of FDG was proportional to the patient’s body weight, and the
patient preparation and blood glucose levels before the scan
were appropriate. A regular biodistribution with normal back-
ground uptake is observed. 

This unusual and unique case suggests that negative find-
ings on both 

18 F-FDG and 

68 Ga-DOTATATE PET do not rule out
NEN lesions. Further histopathological analysis on the diverse
SSTR-subtype expression may clarify the different clonal be-
havior of the hepatic metastases and explain negativity of
both radiopharmaceuticals. 
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