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Objectives: Conventional methods of imaging neuroendocrine tumors with
computed tomography, magnetic resonance imaging, indium-111-octreotide,
or radiolabeled metaiodobenzilguanidine scintigraphy have limitations.
This pilot study tried to improve the localization of these tumors with
fluorine-18-fluorodihydroxyphenylalanine (F-DOPA) positron-emission
tomography (PET) scanning. Materials and Methods: We studied
22 patients, the majority of whom were referred with clinical diagnosis
or suspicion of carcinoid (n = 11), neuroendocrine tumors (n = 7) or
pheochromocytoma/paraganglioma (PGL) (n = 4). The comparison was made with
the prior conventional imaging. Results: The F-DOPA findings were compared
with the results of subsequent surgery (2), endoscopy (1), or a long-term follow-up
(mean duration, 49 months) for 17 patients. Two patients were lost to follow-up.
Foci of F-DOPA deposition were detected in eight patients (final diagnosis of
carcinoid in six, of neuroendocrine tumors in one, and of PGL in another).
Comparison with the final diagnoses revealed concordance in 16 of the 22 patients.
F-DOPA results appeared superior to those obtained with conventional imaging.
Despite the small number and diagnostic heterogeneity, in a substantial fraction
of patients F-DOPA PET added information relevant to clinical management.
Conclusion: F-DOPA scanning added prognostic value, particularly when multiple
abnormal foci versus a negative examination were considered.
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neuroendocrine tumors used in those with aggressive
properties.®

INTRODUCTION

Carcinoid tumors, one of the most common types of

neuroendocrine tumors, frequently manifest with  Pheochromocytoma (PHEO) is wusually a benign

neurosecretory symptoms and biochemical abnormalities,
such as secretion of tumor markers.'! Approximately
10% of all patients with carcinoid exhibit the
carcinoid syndrome: facial flushing, episodic diarrhea,
bronchoconstriction, and right-side valvular heart
disease.”! These are frequently benign, and resection
may result in cure.’* In approximately 50%—75%
metastases are present, most frequently in lymph nodes,
liver, and/or bone.*! Additional treatments, such as
somatostatin analogs, interferon-alpha, chemotherapy,
and/or peptide-targeted radionuclide therapy, are
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unilateral neuroendocrine tumor of the adrenal medulla.
However, it may be bilateral, sporadic, or familial,
in extra-adrenal sites, malignant and metastatic, or
combined with other neuroendocrine tumors.”® PHEOs
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are functional tumors that secrete catecholamines which
are the source of symptoms, such as palpitations,
hypertension, or others. Catecholamine-producing
tumors that arise from sympathetic ganglia are termed
paragangliomas (PGLs). The main diagnostic tool is
laboratory examinations, such as plasma catecholamines
levels and 24-h urine vanillylmandelic acid, which have
sensitivities in the range of 89%-100%. Tumors left
untreated may have a fatal outcome. The treatment of
choice is complete surgical resection.

Conventional imaging, such as computed
tomography (CT), magnetic resonance (MR) imaging,
and usual nuclear medicine techniques are frequently
unsuccessful in the localization of neuroendocrine
tumors for resection.”! Following the approval by the
Institutional Ethics Committee (Institutional Review
Board [IRB]), we performed positron-emission
tomography  (PET) scans postintravenous  (IV)
injection of fluorine-18-fluorodihydroxyphenylalanine
(F-18-F-DOPA) in 22 patients with suspected
neuroendocrine tumors. The aim of this study was
to explore the possible clinical value of this imaging
modality in patients with equivocal localization of
neuroendocrine tumors. The inclusion (and publication) of
two initial patients studied under compassionate approval
was approved by the IRB. Carbidopa (alpha-methyl-dopa
hydrazine), an aromatic-L-amino acid decarboxylase
inhibitor, was given before the injection of F-DOPA in
some of our patients to decrease the urinary excretion
of F-DOPA, decrease image reconstruction artifacts, and
possibly increase its uptake in tumors with the aim of
improving the detection of neuroendocrine tumors.!*!!!

MATERIALS AND METHODS
Patients

Twenty-two referred patients (15 women and seven
men) were studied; mean age, 54 years (median = 57,
range = 23-81). Demographics, symptoms, pertinent
medical history, treatment, laboratory results, and findings
of prior scintigraphy (indium-111-octreotide [In-111-OCT]
or iodine-123-metaiodobenzylguanidine [I-123-MIBG]),
and CT scans are presented in Tables 1 and 2. Referral
diagnoses were carcinoid (n = 11) including three
atypical, one occult, and one suspected but unproved;
neuroendocrine tumors (n = 7); and PHEO including two
PHEO/PGLs (n = 4). Minors and pregnant or lactating
women were not included in this study. Prior histories of
radiation therapy, recent chemotherapy, or antituberculosis
medications, which are monoamine oxidase inhibitors,
were cause of exclusion. All patients received complete
information regarding the research study and signed the
corresponding consent form. The results of the F-DOPA/

PET scan were communicated to the referring physicians.
Efforts were made to collect information regarding the
long-term clinical outcome of the patients.

Materials and methods

F-18-F-DOPA was prepared based on an established
procedure!’? which has been modified to improve
the yield and quality of the drug product by using a
disposable synthesizer to achieve the required sterility
and apyrogenicity. In the actual synthesis, F-DOPA
was produced by the nucleophilic fluorination of L, 4,
5  dimethoxy-2-trifluoroacetatemercuri-N-trifluoroacet
yl-phenylalanine ethyl ester using acetyl hypofluorite.
The fluorinated intermediate was hydrolyzed with
acetic anhydride and hydroiodic acid (30 min). The
hydrolyzed product was extracted with buffer and
subjected to HPLC separation using a Phenomenex
ODS column (magnum) and 0.1% acetic acid as the
eluent. The separated product (peak at 10 min) was
passed through a sterile Millipore filter into a sterile
vial. The product was subjected to quality control
to ensure the purity and the sterility of the product.
The quality of the product was validated using three
consecutive syntheses according to the Food and Drug
Administration (FDA) requirements and has been
used for neurological studies under an FDA-approved
Expanded Access investigational new drug.

F-DOPA imaging protocol was similar to that used
routinely for oncology patients with fluorodeoxyglucose
(FDG), obtaining images from the neck to the
pelvic/groin region. Patients fasted for a minimum of
4 h before the IV injection of a dose of up to 8.5 mCi.
A standard dose of 150 mg of carbidopa (Lodosyn) was
administered 60-90 min before the injection of F-DOPA
for PET imaging in 13 of the 22 patients studied.

Acquisition of emission tomographic images started
60-90 min after F-DOPA injection, which is similar to
the interval used for brain studies.!'* Two-dimensional
images were obtained in the GE Advance PET scanner
which provides eight-bed positions. A duration of 5 min
for transmission and emission views was used to obtain
attenuation corrected images which were reconstructed
with an iterative procedure. The reconstructed views
were assessed by two experienced nuclear medicine
physicians on films and computer monitor (GE Entegra)
on orthogonal computed sections and in cinematic mode.
These scans were interpreted at different times by those
physicians, one of them “masked” to prior anatomical
and scintigraphic imaging modalities. In discrepancy, the
two readers reached a consensus at a combined reading.
The criterion for abnormality was any focal deposition
of the radiopharmaceutical exceeding normal regional
tracer uptake.

D Journal of Clinical Imaging Science | Volume 7 | 2017



Zanzi, et al.: F-18-F-DOPA PET of neuroendocrine tumors

Table 1: Patient’s data and positron-emission tomography fluorodihydroxyphenylalanine findings

Patient Sex Age Symptoms Medical history Pertinent prior Pertinent Carbidopa PET FDOPA Suv_ /
(years) and signs medical treatment abnormal foci average
laboratory
values
1 Female 62  Flushing, Cholecystectomy, (-) >SHIAA )
headaches hysterectomy,
liver cyst
2 Male 42 Cushing Left CHX, ketoconazole >ACTH, )
syndrome pneumonectomy, SHIAA, PP,
atypical bronchial hCG
carcinoid
3 Male 75  Diarrhea, Cholecystectomy, Sandostatin, CHX, >CGNA, Stn Multiple foci 23.5/16.7
weight loss  small bowel interferon, liver
resection embolization
4 Female 48  Flushing, Not relevant ) >Stn, rarely Right hepatic 4.0/2.4
weight loss >SHIAA lobe
5 Female 57 Back pain Liver biopsy Sandostatin >PP Liver (several 5.312.9
foci), rib, pelvis,
thyroid (punctate)
6 Female 49 Noduleleft Biopsies left (-) Borderline )
jaw breast, left axilla, >alpha-subunit
left lung
7 Female 35 Tachycardia, PGL, Prior metoprolol >Stn, SHIAA -)
diarrhea intrapericardial
PHEO
8 Female 51 Tachycardia, Not relevant ) >Stn, (-) (photopenia at
diarrhea >metanephrines skull base)
9 Female 45 Watery Not relevant ) >Stn, SHIAA )
diarrhea,
flushing
10 Female 77 High BP, Hand tremor Diovan >pNEpi, )
flushing, NMNEpi,
anxiety Ur NMEpi,
SHIAA, VMA
11 Male 27 High BP, PHEO (2), ) >pNEpi, Right psoas, right 2.8/2.0
anxiety, PGL (4) NMNEDpi, Ur to pancreas, 3 in
small bowel NMEpi chest, left groin
obstruction
12 Female 44  Flushing, Hemicolectomy, Sandostatin >Stn RUAQ (duodenal 3.7/1.7
diarrhea appendectomy, vs. periadrenal?)
cholecystectomy
13 Female 63 Loose bowel Appendectomy () >Stn, SHIAA, Two in RLAQ,  20.5/6.9
movements NEpi one focus in liver
14 Male 49  Flushing, Appendectomy,  Sandostatin >PP, slightly )
diarrhea, cholecystectomy >fasting insulin
high BP
15 Male 72  High BP MEN II-A, MTC, Levothyroxine >iPTH, Punctate focusin  1.9/1.2
PHEO calcitonin retromanubrium
16 Female 64  Watery Carcinoid, NET  Sandostatin, liver >Stn, CGNA, Liver, abdomen/ 23.5/7.8
diarrhea, in liver biopsy, = chemoembolization VMA, SHIAA pelvis, chest, left
flushing, cholecystectomy retro-orbital
weight loss
17 Female 77 High BP, Bilateral PHEO  Phenoxibenzamine, >pNEpi, )
palpitations losartan, atenelol NMNEDpi, Ur
NMEpi, VMA
18 Male 23 Anxiety Atypical bronchial Lithium Occasionally )
carcinoid >Stn
Contd...
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Table 1: Contd..

Patient Sex Age Symptoms Medical history Pertinent prior Pertinent Carbidopa PET FDOPA Suv_ /
(years) and signs medical treatment abnormal foci average
laboratory
values
19 Male 81  Flushing, Cholecystectomy Prior Sandostatin Prior >CGNA + -)
pruritic rush
20 Female 66 Steatorrhea, Hysterectomy, Sandostatin Mildly >Stn, + )
flushing, intestinal SHIAA
weight loss  obstruction
21 Female 58 Flushing, Sjogren’s ) >CGNA, PP + )
diarrhea, syndrome
nausea
22 Female 28  Flushing, Carcinoid Sandostatin Occasionally + -)
severe crisis after >Stn
diarrhea, bronchoscopy

weight loss

+=Carbidopa given, 0=Carbidopa not given, (-)=Means negative findings, ?=Represents questionable localization. CHX:
Chemotherapy, SHIAA: 5-hydroxyindoleacetic acid, PP: Pancreatic polypeptide, CGNA: Chromogranin A, Stn: Serotonin,
pNEpi: Plasma norepinephrine, NMNEpi: Normetanephrine, Ur NMEpi: Urinary normetanephrines, VMA: Vanillylmandelic acid,
FDOPA: Fluorodihydroxyphenylalanine, PET: Positron-emission tomography, SUV __: Maximum standardized uptake value,
ACTH: Adrenocorticotropic hormone, hCG: Human chorionic gonadotropin, BP: Blood pressure, MEN II: Multiple endocrine neoplasia
type 2, MTC: Medullary thyroid cancer, PHEO: Pheochromocytoma, PGL: Paraganglioma, NET: Neuroendocrine tumor, RUAQ/RLAQ: Rt
upper or Rt lower abdominal quadrant, iPTH: Intact parathyroid hormone

RESuULTS

The interpretations of the F-DOPA/PET studies by
readers “masked” and “nonmasked” to pretest clinical
information were similar. Table 1 includes the results
of F-DOPA/PET studies performed with/without prior
administration of carbidopa, and the standardized uptake
values (SUV) for the abnormalities noted. Table 2 shows
the referral diagnosis, duration of patients’ follow-up,
and their condition and diagnosis at the time of the
last contact as provided by the referring physicians.
These final declarations, in view of the few surgical
pathology results, were used to validate the majority of
the interpretations of the F-DOPA scans.

Over all, focally increased distribution of F-DOPA was
noticed in eight patients: five patients with final diagnosis
of carcinoid, one with PGL, and two with a nonspecific
neuroendocrine tumor (in one of them, atypical carcinoid
was suspected on referral). As focal uptake of F-DOPA
was seen in five of the 13 patients who received
carbidopa and in three of those nine who had not, no overt
difference in the frequency of abnormalities was apparent
in both groups. No abnormally increased F-DOPA uptake
was identified in the remaining 14 patients.

Evaluation of the detected abnormal foci

Of the five patients with final diagnosis of carcinoid, three
of them, with atypical (#3) and metastatic carcinoids (#13
and #16), had foci of intense uptake of F-DOPA with very
high SUV/max (23.5, 20.5 and 23.5). These three patients
had the tumors visualized in the liver, and two of them died

shortly after the scan; the third underwent surgical resection
of the lesions detected. In the remaining two patients
referred as with carcinoid, a punctate focus was seen on
the F-DOPA scan in patient #12 (SUV/max value slightly
elevated, 3.7) and multiple foci were reported in #5 (SUV/
max, 5.3). This last patient underwent chemotherapy,
external beam radiotherapy, and radioembolization of the
liver before expiring 29 months after that scan. Regarding
the patient with carcinoid, there was no clear correlation
between the abnormality of the F-DOPA scans and the
elevated serum serotonin. These elevated levels were
present in four of them, but also increased in three patients
with negative F-DOPA imaging [Table 2].

In patient #4 referred with an impression of neuroendocrine
tumor in whom “tiny nonspecific” foci were reported on
CT, and a small focus was visualized with F-DOPA (SUV/
max value slightly elevated, 4.0), no confirmation of
neuroendocrine tumor or carcinoid was obtained on
follow-up at 97 months postscan (despite this, the tiny
finding was considered a false positive for analysis).
In the remaining patient referred with an impression of
nonspecific neuroendocrine tumor (#15), a punctate, faint
F-DOPA focus was visualized. At 54 months follow-up,
this patient’s clinical condition was stable.

The focal F-DOPA abnormalities detected in the only
patient (#11) of the four patients with diagnosed or
suspected PHEO or PGLs, had low SUV/max values (2.8).
Direct positive confirmations of the abnormal F-DOPA
findings were obtained in the two patients who underwent
surgery (#13) or endoscopy (#12). Three of the known
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Table 2: Patient’s clinical data and other imaging findings

Patient Imaging In-111 CT Initial diagnosis Last contact  Alive/ Final diagnosis

octreoscan (delta months) dead

1 ) 3 liver cysts Suspected carcinoid 42 Alive  No carcinoid

2 ) Stable retroperitoneal lymph Occult carcinoid 23 Dead  Atypical carcinoid
nodes

3 2 abdominal foci ~ Mets: Liver, lungs (stable), Atypical carcinoid 7 Dead  Atypical carcinoid
mesenterium

4 ) Tiny liver nodules, nonspecific ~NET 97 Alive  No carcinoid

5 Right iliac fossa, ~ Small liver foci, right lung, Atypical carcinoid 29 Dead  Atypical carcinoid

or liver dome foci right rib (stable)

6 () Left adrenal adenoma; left Carcinoid 24 Alive  Typical carcinoid,
breast 11 mm and liver 4mm metastatic
densities

7 () 2 mm liver focus; ? 1.3 mm PHEO/PGL ? LTF  PHEO/PGL?
pulmonary focus

8 Pituitary adenoma Temporal arachnoidal cyst Suspected NET 136 Alive  Suspected NET

9 () Splenic hypoechoic lesions Carcinoid 101 Alive  Occult carcinoid

10 ) ) PHEO 58 Alive No PHEO

11 ) Mass right psoas; 7 mm PHEO/PGL 1 LTF  PHEO/PGL,
left adrenal nodule; 8 mm disseminated
mesenteric LNs

12 ? Right ? 2.8 cm polypoid lesion in Carcinoid 74 Alive  Typical carcinoid

hemiabdomen and hepatic flexure
epigastrium foci

13 ) NS <2 cm liver foci; 1.5 cm Carcinoid 74 Alive Carcinoid, metastatic
LN/soft tissue mass in RLAQ

14 ) NS 2 mm lung nodule NET 8 Alive  Occult NET

15 () (-) NET 54 Alive Recurrent NET?

16 Multiple Innumerable lesions in liver/ Carcinoid 4 Dead Carcinoid metastatic

hepatic and periportal/retroperitoneal LNs
retroperitoneal
foci

17 ) Soft tissue in the left adrenal PHEO 49 Alive Recurrent PHEO?
region, recurrence/remnant
hypertrophy

18 Foci right lung Stable right lung hilum; Atypical carcinoid 40 Alive  Atypical carcinoid

hilum stable and ~ unchanged liver and bone foci
left humerus
19 Unchanged focus  (-) Carcinoid 35 Alive Carcinoid
3" duodenal
portion

20 ) Colon diverticulosis NET 40 Alive Idiopathic secretory

diarrhea

21 Focus pancreas Left ovarian cycst NET 39 Alive  Sjogren syndrome

head or duodenum

22 Equivocal activity ~Fatty liver infiltration; fibroid =~ NET 37 Alive Idiopathic

in ascending uterus malabsorption
colon syndrome

(-): Negative scan. Mets: Metastases, LNs: Lymph nodes, NS: Nonsignificant, LTF: Lost to follow-up, PGL: Paraganglioma, CT: Computed
tomography, NET: Neuroendocrine tumor, PHEO: Pheochromocytoma, RLAQ: Rt. lower abdominal quadrant

four dead patients at follow-up (at a mean time interval
of 15 months poststudy; range 4-29), had multiple
abnormal foci on F-DOPA scans (positive correlation).
Two of them had a final diagnosis of atypical carcinoid
and the other metastatic carcinoid. The remaining
expired patient (at 23 months postscan), with diagnosis

of atypical carcinoid, had a negative F-DOPA scan
and was tabulated as false negative finding. Of the
15 patients known to be still alive at a median follow-up
time of 49 months (range 8-136), 11 had correlated
negative F-DOPA studies. The remaining four patients in
whom some abnormalities were reported with the use of
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F-DOPA received a variety of treatments. In one of these
patients, one F-DOPA-avid focus was suspected which
we tabulated as a false positive interpretation despite the
patient’s unchanged condition at 97 months postscan. No
follow-up could be obtained in three patients.

Table 3 is a summary of the correlation between the
interpretation of F-DOPA/PET and the final diagnosis.
Overall, there was correlation in 16 of the 22 patients.
The test localized the presence of tumor in six of the
eight patients with the final diagnoses of typical, metastatic,
or atypical carcinoids (in three of the four patients with
typical or metastatic carcinoids and in two of the four
with atypical carcinoid). In contrast, F-DOPA uptake
was noted in only one of the seven with questionable or
no carcinoid on extended follow-up. Regarding the rest
of the nonspecific neuroendocrine tumors patients, the
F-DOPA/PET images were negative in two, who were on
stable condition on the last follow-up. A punctuate focus
was reported in patient (#4), with originally questionable
neuroendocrine tumor diagnosis, also stable on follow-up.
One of the four patients with the clinical diagnosis of
PHEO and/or PGL had positive F-DOPA scans (which
were negative in the other three).

Other imaging studies

Table 2  illustrates the  findings of  prior
scintigraphy (In-111-OCT or 1-123 MIBG) and CT scans.

Ultrasound examinations and/or PET scans obtained with
F-18-FDG were available in very few patients. The CT
scans, obtained in all 22 patients, reported no lesions or
nonspecific findings in 17; a neuroendocrine tumor in
three (considered carcinoid, atypical, and questionable
carcinoids, respectively), and a combination of specific
and nonspecific findings in three patients. Regarding the
patients with carcinoid and atypical carcinoid, in two,
one with each diagnosis, there were more regions of
increased F-DOPA accumulation than those reported with
In-111-OCT. In two patients (with carcinoid and atypical
carcinoid, respectively) PET demonstrated foci of F-DOPA
uptake where no somatostatin receptor positive lesions
were described on pentetreotide scan. Only one focus of
F-DOPA deposition was noted in the one patient with
carcinoid in whom two foci were suspected on OCT. Two
foci of In-111-OCT uptake reported in one patient with
questionable carcinoid were not confirmed using F-DOPA.
In one patient with diagnosis of carcinoid, a photopenic
lesion at the base of the skull on PET/FDG was imaged
on OCT study but not on F-DOPA images. It was reported
as corresponding to an arachnoid cyst on MR images and
was tabulated as a true negative F-DOPA finding.

Of the five patients with clinically suspected PHEO
or PGLs, the F-DOPA study revealed multiple lesions
in the patient with PGLs. In this patient, only two of

Table 3: Patient’s clinical data, positron-emission tomography fluorodihydroxyphenylalanine findings, and outcomes

Patient Initial diagnosis PET FDOPA Last contact Alive/dead Final diagnosis
(delta months)
1 Suspected carcinoid ) 42 Alive No carcinoid
2 Occult carcinoid -) 23 Dead Atypical carcinoid
3 Atypical carcinoid Multiple foci 7 Dead Atypical carcinoid
4 NET One focus 97 Alive No carcinoid
5 Atypical carcinoid Multiple foci 29 Dead Atypical carcinoid
6 Carcinoid ©) 24 Alive Typical carcinoid, metastatic
7 PHEO/PGL ) ? LTF PHEO/PGL?
8 Suspected NET () 136 Alive Suspected NET
9 Carcinoid ©) 101 Alive Occult carcinoid
10 PHEO ) 58 Alive No PHEO
11 PHEO/PGL Multiple foci 1 LTF PHEO/PGL, disseminated
12 Carcinoid One focus 74 Alive Typical carcinoid
13 Carcinoid Several foci, 3 74 Alive Carcinoid, metastatic
14 NET ) 8 Alive Occult NET
15 NET Punctated focus 54 Alive Recurrent NET?
16 Carcinoid Multiple foci 4 Dead Carcinoid metastatic
17 PHEO ) 49 Alive Recurrent PHEO?
18 Atypical carcinoid ©) 40 Alive Atypical carcinoid
19 Suspected carcinoid ) 35 Alive Suspected carcinoid
20 NET -) 40 Alive Idiopathic secretory diarrhea
21 NET ) 39 Alive Sjogren syndrome
22 NET (-) 37 Alive Idiopathic malabsorption syndrome

(-): Negative scan, ?: Unknown due to "LTF" lost to follow up. LTF: Lost to follow-up, PGL: Paraganglioma, PHEO: Pheochromocytoma,
NET: Neuroendocrine tumor, FDOPA: Fluorodihydroxyphenylalanine, PET: Positron-emission tomography
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those abnormalities were reported (one questionably) on
[-123-MIBG scan; none was evident with In-111-OCT.
On the remaining four patients, in one (#15) a
questionable focus was described on F-DOPA/PET and
1-123-MIBG scans, but not with In-111-OCT. In another
patient of those four (#17), two stable foci were reported
with In-111 pentetreotide which were not evident on
F-DOPA/PET or 1-123-MIBG scan.

lllustrative case

A 63-year-old female (#13) was presented. A prior biopsy
of terminal ileum revealed carcinoid. No symptoms of
carcinoid syndrome were reported. Prior In-111-OCT
was “probably normal”. CT scan revealed subcentimeter
hypodensities in both lobes of the liver “too small to
characterize” and a 1.5 cm X 0.7 cm soft tissue density in
the right lower quadrant mesentery “possibly representing
an enlarged lymph node.” F-DOPA/PET following
administration of carbidopa showed two intense foci in the
right lower abdominal quadrant (SUV/max, 20.5 and 13.5)
probably corresponding to foci in the mesentery or small
intestine. Figure 1 shows an intense focus very near or at
the lower tip of the right hepatic lobe (SUV/max 13.5).
These foci were reported as highly suspicious of the
presence of neuroendocrine tumor. She underwent surgical
resection of segment 6 of the liver and the terminal
ileum; two of 26 lymph nodes were found with metastatic
neuroendocrine tumor. The patient was alive at least
74 months after the F-DOPA study.

Figure 1: 63-year-old woman (#13) with carcinoid identified on prior
biopsy of terminal ileum. Previously, In-111-octreotide was unremarkable.
Coronal image (head/low thighs) of positron-emission tomography scan
obtained after oral administration of carbidopa and postintravenous
injection of fluorine-18-fluorodihydroxyphenylalanine shows abnormal
foci of fluorine-18-fluorodihydroxyphenylalanine accumulation: Two
in the right lower abdomen and one at the lower tip of the right hepatic
lobe. Radiotracer accumulation in the bladder is physiological. Two
months later, the patient underwent surgical resection of segment 6 of
the liver and terminal ileum; these and two of 26 lymph nodes were
found with carcinoid. The patient was alive at least 74 months after the
fluorine-18-fluorodihydroxyphenylalanine study.

DiscusSION

Carcinoid neoplasms overexpress somatostatin receptors.
Somatostatin analogs (OCT) labeled with radionuclides
such as In-111 pentetreotide (OctreoScan, OCT)
made possible the scintigraphic imaging, augmented
with single-photon emission computed tomography,
of this type of neuroendocrine tumors and others.['¥
The sensitivity of OCT for carcinoids, limited by lack
of expression of some of the several receptors or to
heterogeneity of the tumor tissue, has been reported in a
range of 57%—85% overall, with frequent false positive
localizations. Despite this, OCT frequently used as the
initial imaging modality for visualization of carcinoids.
Scintiscans obtained with MIBG labeled with I-131
and, more recently, with [-123, have been used as well.
All these functional modalities are limited by poor
anatomical resolution and are not always successful.l'>-1"!

Patients with carcinoid have been studied with
F-DOPA and the technique of PET, the great majority
in Europe. In an early series of 17 patients comparing
this modality with OCT, PET scans obtained with
F-18-FDG, and morphological imaging procedures,
the following sensitivities were calculated: F-DOPA,
63%; FDG/PET, 29%; OCT, 57%; and anatomical
imaging, 73%. The authors considered that although
the morphological procedures were most sensitive for
metastases of carcinoid, F-DOPA/PET enabled best
localization of primary tumors and lymph node staging.!'*]

Imaging of a PHEO is important before surgery for
exclusion of multifocality. Both conventional anatomical
imaging (CT scan and MR images) and functional scans
(I-131 or I-123 labeled MIBG, In-111-OCT, or FDG-PET)
have been used.["?] The scintigraphic method of choice,
MIBG labeled with 1-131, and more recently with 1-123
is limited by poor resolution and lack of uptake of the
radiopharmaceutical by a substantial number of the
neoplasm.”” A 75%-90% sensitivity for identification of
PHEOs with OCT has been reported.”! These last two
tests are complementary as approximately 25% of PHEOs
are visualized with MIBG only and another 25% only
with OCT. The results obtained with FDG/PET have been
discordant.*'??! Recently, the use of PET with F-DOPA as
imaging agent has been reported with promising results in
a limited number of patients.[***)

This pilot study shows that F-DOPA scanning
appears superior to In-111-OCT for localization of
neuroendocrine tumors such as carcinoid tumors. The
F-DOPA scanning was performed on consecutive,
unselected patients referred with suspected, questionable,
or known neuroendocrine tumors for evaluating the
possibility that F-DOPA studies may help in its diagnosis
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and/or the evaluation of the extent of the disease. The
diagnosis or its suspicion was based on clinical findings
and laboratory abnormalities. In most of the patients,
there was no similar evidence on CT or In-111-OCT.
In others, the abnormal or suspected findings in those
imaging modalities were very small or equivocal. In
contrast with our population, we have noticed that larger
lesions were described in a substantial number of the
patients included in other published studies evaluating
F-DOPA scans. We consider that the above-described
characteristics of the lesions present in our patients
are more representative of the usual difficulties in the
diagnosis and management of neuroendocrine tumors.

In addition, F-DOPA scanning appears to have some
prognostic value as shown in Table 4. Not counting
the two patients with PHEO/PGLs lost to extended
follow-up, of the four patients with final diagnosis of
carcinoid/neuroendocrine tumors in whom multiple
foci of F-DOPA uptake were noted, three were
dead, and one was alive on follow-up. The three
carcinoid/neuroendocrine tumors patients in whom a
single focus was detected and the 13 patients with a
negative scanning were all alive when last seen.

Limitations

The number of patients studied is small and
heterogeneous, related to its pilot nature, and the rarity
of the diseases. That few patients underwent surgery
postscan made it necessary to rely on extended follow-up
for the evaluation of the imaging procedure.

Even with these limitations, F-DOPA scan provided
relevant information to the referring physicians. On the
one hand, it supported the referral diagnoses and allowed
the localization of the lesions in four of the seven
patients with typical and atypical carcinoids. In a few
patients, the localization of additional unsuspected focal

Table 4: Prognostic value of PET F-DOPA findings on
patient's outcome

Findings/Outcomes

Multiple foci (5 patients)
Patients dead
Patients alive
Patient LTF

Single focus (3 patients)
Patients alive

No focus (14 patients)
Patients dead

Diagnoses

3 carcinoid/NET

1 (3 foci), carcinoid
1 PHEO/PGL

3 carcinoid/NET

1 carcinoid

Patients alive 10 carcinoid/NET
Patients alive 2 PHEO/PGL
Patient LTF 1 PHEO/PGL

LTF: Lostto follow-up, PGL: Paraganglioma, PHEO: Pheochromocytoma,
NET: Neuroendocrine tumor

abnormalities was valuable for performing or canceling
a specific treatment for a neuroendocrine tumor. The
negativity of the F-DOPA scans of seven patients
originally suspected of carcinoid/neuroendocrine tumor
was consistent with the postscan long-term evolution
of those patients with no evidence of those conditions.
The finding of a small F-DOPA-avid focus in one
patient referred with a neuroendocrine tumor despite no
evidence of such condition in a follow-up of 97 months
was considered a false positive case. Overall, these
results show a substantial improvement compared with
the impressions derived from the In-111 pentetreotide or
CT scans obtained in the patients.

The small number of patients with PHEO/PGLs prevents
definitive conclusions but, overall, the results are in line
with those of the F-DOPA imaging of our patients with
carcinoid/neuroendocrine tumors. Recently, Fiebrich
et al.?® considered F-DOPA superior to 1-123-MIBG
for visualization of tumors with catecholamine excess.
A retrospective study of patient with these conditions
concluded that F-DOPA appeared to be very sensitive
for these entities.?”? In one of our patients with PGL, the
F-DOPA scan was particularly valuable as it influenced
the adoption of medical treatment instead of a new
surgical intervention.

CONCLUSION

F-DOPA scanning added prognostic value, particularly
when multiple abnormal foci versus a negative
examination were considered.
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