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This case highlights a rare instance of.fluorocholine (FCH) uptake in pulmonary carcinoid and
suspected extrapulmonary metastatic,lesions. A 72-year-old male with a two-year history of
pulmonary carcinoid was referred to the-Nuclear Medicine Center with PET at the University Clinical
Center of Serbia for FCH,PET/CT due to elevated serum parathyroid hormone (PTH) levels. The
scan demonstrated, increased FCH uptake in lymph nodes of the mediastinum and neck,
pulmonary lesions in the right lung (with osteolysis of the VII and VIII ribs), and multiple skeletal
sites. No increased FCH uptake was detected in the parathyroid glands. Clinically, this case raises
importanty, questions regarding potential differences between FCH-avid and non-FCH-avid
pulmonary carcinoids in terms of tumor aggressiveness, histological subtype (typical vs. atypical),

prognosis, and treatment response.

Keywords: atypical fluorocholine uptake, pulmonary carcinoid, elevated parathyroid hormone


mailto:koturmilica99@gmail.com

Prikaz bolesnika

doi:10.5633/amm.2026.0113

NEOBICNA AKUMULACIJA 18F-FLUOROHOLINA U PLUCNOM KARCINOIDU I

EKSTRAPULMONALNIM METASTATSKIM LEZIJAMA: PRIKAZ SLUCAJA I PREGLED LITERATURE

Milica Kotur!, Milo$ Veljkovi¢!?2, Nikola Panti¢!, Lenka Grujici¢!, Isidora Grozdi€ Milojevict?,
Dragana Sobi¢ Saranovié!2, Vera Artiko!2, Strahinja Odaloviél:2
1 Centar za Nuklearnu Medicinu sa PET, Univerzitetski klinicki centar Srbije, Beograd, Srbija

2 Medicinski fakultet Univerziteta u Beogradu, Srbija

Kontakt: Milica Kotur
11000 Visegradska 26, Belgrade, Serbia

E-mail: koturmilica99@gmail.com

Ovaj prikaz sluc¢aja predstavlja retku pojavii akumualcije fluoroholina (engl. Fluorocholine, FCH)
u pluénom karcinoidu i ekstrapulmonalnim promenama koje su suspektne na metastatske
depozite. Pacijent starostisZ2 godine, koji‘boluje od pluénog karcinoida dve godine, upucen je u
Centar za nuklearnu medieinu sa PET Univerzitetskog klinickog centra Srbije na FCH PET/CT
ispitivanje zbog povisenih vrednosti paratireoidnog hormona (PTH) u serumu. Detektovano je
pojacano préuzimanje FEH u limfnim ¢vorovima vrata i medijastinuma, mekotkivnom promenama
u desnom plu¢nem krilu sa osteolizom VII i VIII rebra, kao i na vise mesta u kostanom sistemu.
U paratireeidnim Zlezdama nije bilo prisutno pojacano FCH preuzimanje. Sa klinickog aspekta,
vaznoyje ispitati da li postoje razlike izmedu pluénih karcinoida koji su FCH-avidni i onih koji nisu
u' pogledu agresivnosti bolesti, histoloSkog podtipa, prognoze i potencijalnog terapijskog

odgovora.
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Introduction

18F-fluorocholine (FCH) is a radiopharmaceutical composed of a choline molecule labeled with the
fluorine-18 isotope, and it plays an important role in the diagnosis and evaluation of various
diseases using positron emission tomography (PET). The enzyme choline kinase phosphorylates
choline into fluorocholine, which subsequently enters a series of chemical reactions and is
incorporated into phospholipids — essential components of the cell membrane (1). Nearly all
neoplastic cells exhibit a tendency for rapid proliferation, which leads to overexpressionsef choline-

transporters that facilitate the active uptake of choline and analogues like fluoro<chaline./(2).

FCH PET with computed tomography (CT) is mainly used for the detection of a jhyperfunctional
parathyroid gland (3, 4). Although ultrasound combined with °9mTc-methoxyisobutylisonitrile
(MIBI) is most commonly used in the evaluation of hyperparathyroidism of various etiologies, an
increasing number of studies emphasize that FCH PET/CT offers higher sensitivity, better spatial
resolution, lower radiation dose, and shorter acquisition time'eempared to the °°mTc-MIBI method
in the detection of primary hyperparathyroidism (5-7). Before the introduction of Prostate-Specific
Membrane Antigen (PSMA) PET/CT imagingsngtheydiagnosis of prostate cancer, FCH PET/CT was
frequently used for detecting metastatic. disease in lymph nodes (8, 9). FCH PET/CT also plays a
significant role in the initial staging of hepatocellular carcinoma, as well as in the evaluation of

response to targeted therapy, (10)¢

Pulmonary carcinoid is a rare tumor, accounting for only 1-2% of all lung neoplasms, and can be
histopathologically\classified into typical and atypical carcinoids (11-13). Typical carcinoids are
well-differentiated and associated with a more favorable prognosis, whereas atypical carcinoids
aregpoorly‘differentiated, exhibit a more aggressive course, and have a higher tendency to
metastasize (12, 14, 15). Carcinoid tumor cells express somatostatin receptors, and the level of
receptor expression is associated with the degree of differentiation — typical carcinoids show
higher receptor density on the cell surface, while atypical carcinoids demonstrate lower density
(16). Nuclear medicine techniques commonly used in the evaluation of pulmonary carcinoids,
particularly typical ones, include radiolabeled somatostatin analogs such as 111In-octreotide and
68Ga-DOTATATE (16-18). For the detection of atypical carcinoids, FDG PET/CT is often employed

due to their higher proliferative activity (16).



While FCH PET/CT is not typically preferred for detecting pulmonary carcinoid tumors due to
generally low uptake, occasional cases have shown high choline avidity, suggesting that functional
neuroendocrine tumors should also be considered in such findings (19).The purpose of this case
report is to highlight the unusual and rare occurrence of FCH uptake in a pulmonary carcinoid, as

well as in extrapulmonary metastatic lesions.

Case presentation

A 72-year-old male patient was referred to the Center for Nuclear Medicine withgPET at_the
University Clinical Center of Serbia for an FCH PET/CT examination due toyelevated serum
parathyroid hormone (PTH) levels (116 ng/L). A review of medical records revealedthat has had
a diagnosis of pulmonary carcinoid for the past two years. At the time 0f diagnosis, a chest X-ray

revealed a tumor mass, located in the lower lobe of the right lungs

Approximately two months prior to the FCH PET/CT examination, @ multislice (MS)CT scan of the
chest and abdomen was performed, which revealed a'persistent tumor mass in the lower lobe of
the right lung, measuring 95 x 110 x 90 mme The lesion exhibited partial infiltration of the
intermediate bronchus and complete obstruction of the segmental bronchus supplying the lower
lobe. Additionally, another tumor mass,was_detected, measuring 47 x 70 x 51 mm, located
posterior to the previously described“mass, adjacent to the posterior chest wall, with osteolysis
of the posterior portion ofithe Vildand VIII'ribs. Furthermore, enlarged mediastinal lymph nodes
were reported, as welllasda heterodense lesion in the VII segment of the liver, which was

characterized as highly suspicious for a metastatic deposit.

Initial bronchoseopyirevealed an unclassified carcinoid tumor after a chest X-ray detected a mass
in theyright'lung, with the diagnosis confirmed by Tru-cut biopsy of a posterior chest wall lesion
performed one month after MSCT. Histopathological analysis identified an atypical pulmonary
carcinoid, with a Ki-67 proliferation index between 3% and 5%, a mitotic count of 2-3 per 2 mm?2,
and the presence of small foci of necrosis. Additionally, elevated serum chromogranin A (CgA)
levels were recorded (1003.1 ng/mL). The medical documentation indicates that the patient has

not expressed interest in treatment since the diagnosis was established.

The FCH PET/CT scan, covering the region from the vertex to the proximal third of the femurs,

was performed on a Discovery PET/CT Elite system (GE Healthcare) 45 minutes after the



administration of 180 MBq of FCH. Increased FCH uptake was observed in the following regions:
a left supraclavicular lymph node measuring 7 mm in diameter (Figure 1); mediastinal lymph
nodes, including a right paratracheal node measuring 8 mm (Figure 1), and bilateral hilar nodes
(Figure 2). A 14 mm nodular lesion was detected within the lumen of the lobar bronchus (Figure
3). This lesion was contiguous with a soft tissue mass located posterobasally in the lower lobe of
the right lung, measuring 11 x 82 mm, previously described on CT (Figure 3). Additionally,
another soft tissue lesion, located more cranially, was identified near the posterior chest wall at
the level of the VII and VIII right ribs, measuring 5 X 74 mm, also previously describedyon CT
(Figure 4). This lesion caused osteolysis of the posterior portions of the aforementioned ribs.
Increased FCH uptake was also noted in multiple skeletal sites: the right scapula (Figure 5), the
second thoracic vertebra (Figure 5), the body of the sternum (Figure 6&)wandithe inferior ramus
of the right pubic bone (Figure 7). Despite elevated serum PTH levels, no increased FCH

accumulation was detected in the parathyroid glands.




Figure 1. Left supraclavicular (above) (SUVmax 2.5) and right paratracheal (down) lymph nodes
(SUVmax 3.0) with moderately increased FCH uptake, suspicious for metastases from pulmonary

carcinoid.
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Figure 2. The arrows demonstrate increased FCH uptake in bilateral hilar lymph nodes (SUVmax

up to 3.7), suspicious for metastatic spread of pulmonary carcinoid.



Figure 3. The left image shows a nodular lesion within the lumen of the right lower lobe brenchus
with increased FCH uptake (white arrow) (SUVmax 10.4), while the right image shows' a soft-
tissue mass continuous with the nodular lesion seen on the left (SUVmaxu10.4), also

demonstrating increased FCH uptake — consistent with pulmonary cargcineid.
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Figure 4. The arrow indicates increased FCH uptake in a tumorglesion (part of a pulmonary
carcinoid) causing osteolysis of the VII and VIII ribs (SUVmaxs15.7) (A - on MIP; B - on PET; C

- on low-dose CT; D - on PET/CT).



Figure 5. The white arrow indicates increased FCH uptake in the right scapula)(SUVmax 5.6),
while the black arrow shows increased uptake in the Th2 vertebral body (SUVmax 17.6) — both

highly suspicious for metastases from pulmonary carcinoid.
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Figure 6. Increased FCH uptake in the body of the sternum (SUVmax 12.0).=highly, suspicious

for a metastatic lesion from pulmonary carcinoid.
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Figure 7. Increased FCH uptake in the right ischial bone (SUVmax 9.8) — suspicious for metastatic

involvement.

Discussion

This case presents an uncommon example of FCH uptake'in a pulmonary carcinoid tumor, as well
as in extrapulmonary lesions that are most likely of metastatic origin. Tumor masses located in
the lower lobe of the right lung, osteolysisief the'VII and VIII ribs, and enlarged mediastinal lymph
nodes—previously identified on MSCT—were confirmed by FCH PET/CT, demonstrating significant
radiotracer accumulation. However/ the FCH PET/CT scan also revealed additional lesions
suspicious for metastasesy These included lesions with FCH increased in the right scapula, the
body of the sternumiincluding the xiphoid process, the second thoracic vertebra, and the inferior
ramus of the rightypubic bone. In addition, a left supraclavicular lymph node with elevated uptake
was .detectedy, Interestingly, the heterodense lesion in segment VII of the liver, previously

described on'MSCT, was not visualized on the low-dose CT component of the FCH PET/CT scan.

Although the patient was referred for FCH PET/CT imaging due to elevated serum PTH levels, no
increased FCH accumulation was observed in the parathyroid glands. A thorough review of the
medical documentation, along with long-term follow-up by physicians from various specialties,
did not identify a definitive cause of hyperparathyroidism. It is important to consider the possibility
of ectopic PTH secretion as part of a paraneoplastic syndrome. However, pulmonary carcinoid

tumors typically secrete ACTH or its precursors, while ectopic PTH production is more commonly
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associated with squamous cell carcinoma of the lung, malignancies of the head and neck region,

as well as esophageal, vulvar, vaginal, cervical, and other solid tumors (20).

As previously mentioned, FCH PET/CT is most commonly used for the detection of primary
hyperparathyroidism, hepatocellular carcinoma, and prostate cancer, while FCH uptake in other
malignancies, including pulmonary carcinoid tumors, is a rare occurrence (19). The study
presented by Van der Hiel et al. one of the few reported cases of FCH uptake in pulmonary
carcinoid tumors. The authors described three cases of FCH accumulation in pulmonary carcinoid,
two of which were atypical and one typical carcinoid. These cases, including ours/suggest that
pulmonary carcinoid tumors, regardless of being typical or atypical, may demonstrate FCH uptake.
When comparing the histopathological findings of the atypical carcinoid in our patient with those
from the Van der Hiel et al. study, certain similarities and differences eanfbe noted. The Ki-67
proliferation index in our case ranged from 3% to 5%, whereas in their patients it varied as
follows: less than 1%, between 1% and 5%, and 10%. The mitoti¢index in their patients was <2
per 2 mmz2, 6 per 2 mm2, and 2 per 2 mm?2, partially consistent with our finding of 2 per 2 mm?2.
Small foci of necrosis were observed in our patient's histgpathological specimen, while their series
included patients both with and without necresis:iBased on these data, it is difficult to identify a
common characteristic that could reliably serve as a predictive parameter for FCH accumulation,

given the variability of all three analyzed features among the total of four cases.

In non-small cell lung carcinomas,increased choline kinase activity has been observed; however,
in neuroendocrine tumors, due to their very low proliferation rate, the high choline accumulation
is unlikely to be explained by this mechanism. On the other hand, it is known that small cell lung
carcinomancells,express CTL1—a protein similar to choline transporter 1—which facilitates more
efficient uptake, of choline from the extracellular environment (19). It remains unclear whether
certain ‘pulmonary carcinoids exhibit increased CTL1 expression or possess higher proliferative
activity that could lead to enhanced choline kinase activity. These questions remain unresolved

and warrant further investigation.

Conclusion

This rare case of FCH accumulation in a pulmonary carcinoid may serve as a basis for future
research exploring the potential role of this radiotracer in the detection of such malignancies.

From a clinical perspective, it would be valuable to investigate whether there are differences
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between FCH-avid and non-FCH-avid carcinoids in terms of disease aggressiveness, histological
subtype (typical vs. atypical), prognosis, and potential therapeutic response. Further studies could
help clarify whether FCH PET/CT has a role as an adjunct diagnostic tool in the evaluation and

individualized management of patients with pulmonary carcinoid tumors.
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