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ABSTRACT
Some studies have assessed the expression of dopaminergic dopamine 2 (D2)/3 receptors in prolactinomas and nonfunctioning pituitary 
adenomas (NFPA) by positron emission tomography/computed tomography (PET/CT) with 11C‑raclopride, proving that this modality can be useful 
to predict the response to treatment with dopamine agonists. However, the use of 11C‑labeled radiotracers is limited, as it requires a cyclotron 
in the PET center. 18F‑fallypride is a radiotracer that has proven useful in assessing the expression of D2/3 receptors. As it is labeled with 18F, it 
can be produced and transported to distant PET centers. There are no studies on the usefulness of 18F‑fallypride for the evaluation of patients 
with prolactinomas and NFPA. The aim of this study was to describe the first case series of patients with prolactinomas and NFPA studied with 
18F‑fallypride and 11C‑methionine PET/CT to reveal D2/3 expression and amino acid (AA) metabolism. 18F‑fallypride and 11C‑methionine uptake 
were assessed in a case series of six patients, five with prolactinomas and one with a NFPA, and compared with clinical presentation and 
follow‑up at 6–18 months. All patients presented with macroadenomas, with a wide range of AA metabolism, as revealed by 11C‑methionine 
PET/CT. 18F‑fallypride PET/CT identified low to moderate/high D2/3 expression in the tumors. The patient that presented low expression of 
D2/3 in the tumor and high AA metabolism showed a poor response to DA therapy. 18F‑fallypride was able to reveal D2/3 receptor expression 
in prolactinomas and NFPA, with the advantage of been a more accessible radiotracer in comparison with previous 11C labeled analogs.
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INTRODUCTION

Prolactinomas are the most frequent type of pituitary tumors, 
with a prevalence of 50 per 100,000 inhabitants.[1] They 
account for approximately 50% of pituitary adenomas.[1] 
Currently, the majority of prolactinomas are treated with 
dopamine agonists (DAs), which can be used either to treat 
primary tumors or recurrences.[1] Although the majority of 
patients respond adequately to low doses of DAs, some 
patients may require high doses or be resistant to drug 
treatment.[1]

Nuclear neuroimaging with tracers, such as 11C‑raclopride, 
123I‑epidepride, or 123I‑IBZM, for dopamine 2 (D2) receptors 
have proven useful for the study of prolactinomas.[2‑5] Tumors 
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with high levels of D2 receptors, as evaluated by nuclear 
neuroimaging, respond better to treatment with DAs as 
compared with that of tumors with low levels of these 
receptors.[4,5] All these previous studies have established a 
proof of principle for the use of dopaminergic receptor tracers 
in the prognostic evaluation of prolactinomas.

Positron emission tomography/computed tomography 
(PET/CT) provides images of cellular and molecular events, 
with higher spatial resolution in comparison to single‑photon 
emission CT systems. A number of studies have demonstrated 
the accuracy of 11C‑methionine PET/CT for the detection of 
pituitary adenomas and evaluation of recurrence.[6‑9] Thus far, 
only two PET tracers have been used in patients to determine 
D2 receptor expression in prolactinomas: 11C‑raclopride and 
11C‑N‑methylspiperone.[4,10,11] These tracers are unsuitable for 
extended clinical use because they are labeled with a short‑life 
radionuclide (11C: 20 min half‑life). Therefore, they can only be 
used in centers with onsite cyclotrons. This has led to limited 
use of PET/CT dopamine receptor imaging for the study of 
prolactinomas and nonfunctioning adenomas.

The performance of the radiotracer 18F‑fallypride in evaluating 
the expression of D2/3 receptors in normal controls and 
patients with movement disorders and psychiatric conditions 
has being well‑characterized.[12‑14] As it is labeled with 
18F (half‑life of 110 min), it can be synthesized in a center 
with an onsite cyclotron and then transported for use in 
distant clinics. Although a previous study described the use 
of 18F‑fallypride in animal models of prolactinomas,[15] there 
are no published papers on the use of this tracer in patients 
with prolactinomas and nonfunctioning adenomas.

The objective of this paper is to report our initial clinical 
experience in patients with prolactinomas and nonfunctioning 
adenomas studied with 18F‑fallypride and 11C‑methionine PET/CT.

MATERIALS AND METHODS

All patients provided signed written informed consent before 
inclusion in the study. The study group comprised a case 
series of six patients (age range: 27–69 years; females, n = 3), 
all of whom were referred to our center with a diagnosis 
of a prolactinoma (n = 5) or a nonfunctioning pituitary 
adenoma (n = 1). All six patients underwent PET/CT with 
both 18F‑fallypride and 11C‑methionine within 1 mo. Table 1 
provides a summary of relevant clinical data. Follow‑up took 
place 6–18 mo after the PET/CT studies.

For 11C‑methionine PET/CT, the patients were comfortably 
positioned in a Discovery PET/CT 690 camera (GE HealthCare) Ta
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and low‑dose CT was performed with the following 
protocol: 140 kV, 120 mA, rotation time 0.8 s, slice thickness 
3.75 mm, Pitch 0.984, speed 39.73. For the emission study, 
an intravenous activity of approximately 5 MBq/kg of 
11C‑methionine was administered and an acquisition of 3D 
frame PET during 35 min was started (1 min, 2 min, 3 min, 
9 min, and 20 min). The images obtained were reconstructed 
using ordered subset expectation maximization (OSEM) 
VUEPOINT. The parameters were as follows: 2/24 iterations/
subsets; matrix: 128 × 128 pixels; Z axis filter: Standard post 
filter; 2, 1 diameter 25.

For the 18F‑fallypride study, the patients were positioned 
in the same camera and a CT scan of the head was 
performed with the following protocol: 140 kV, 120 mA, 
rotation time 0.8 s, slice thickness 3.75 mm, Pitch 0.984, 
and speed 39.73. A dose of approximately 3 MBq/kg of 
18F‑fallypride was then administered intravenously, and 
acquisition of the 3D images (24 frames: 4 × 30 s, 9 × 60, 
3 × 180 s and 8 × 300 s) was started. If the patients 
could not tolerate the full dynamic acquisition, a 4 
frame × 300 s scan starting at 40 min post injection was 
performed. The images were reconstructed using OSEM 
VUEPOINT (2/24 iterations/subsets, 128 × 128‑pixel matrix, 
post filter: 3.3 diameter 25).

Image analysis
The images were analyzed us ing the sof tware 
PMOD (version 3.8, PMOD Technologies Ltd., Zurich, 
Switzerland). For the 11C‑methionine scans, a region of 
interest (ROI), which included four pixels of the highest uptake 
spot in the tumor, was drawn and compared with the mean 
uptake in a ROI in the cerebellum (hotspot/cerebellum index), 
at 15–35 min post injection as described by Bergström 
et al.[4] Methionine uptake was considered mild when 
tumor/cerebellum ratio was <1.4, moderate when 1.4–2, 
and high when >2.

For 18F‑fallypride, the uptake in the spot with the highest 
activity (hotspot) was compared with the uptake in a normal 
putamen (reference tissue with high D2/3 receptor expression) 
and with the mean activity in the ROI in the cerebellum at 
55–60 min post injection (time at which pituitary/cerebellum 
activity reaches an equilibrium as described by Mukherjee 
et al.).[13] This time frame allow us to compare patient 
tumor/cerebellum ratio with previously reported pituitary/
cerebellum ratio in normal controls[13] (see Discussion). 
18F‑fallypride uptake was considered mild when <30% of the 
putamen, moderate when 30%–69%, and high when ≥70% of 
the putamen.

RESULTS

The patients’ serum prolactin levels ranged from 35.3 to 
1447.0 ng/mL with five of the six patients having values higher 
than 270. All had macroadenomas, defined as tumors larger 
than 10 mm, with maximum diameters ranging from 18 to 
44 mm. Three patients had a cystic component on magnetic 
resonance imaging (MRI), and two patients had extra‑pituitary 
extension. Patient 6 presented with extension of the lesion 
to the sphenoidal and cavernous sinus and to the suprasellar 
cisterna, and patient 2 presented with compression of the 
optic chiasm.

11C‑methionine uptake was positive in all patients [hotspot/
cerebellum index range: 1.1–4.1, Table 1], revealing amino 
acid (AA) transport and metabolism. In three of the six patients, 
including the two patients with extra‑pituitary extension, 
the hotspot/cerebellum index was more than 3, indicating 
aggressive disease. Figure 1 shows low 11C‑methionine 
uptake and moderate D2/3 receptor expression (patient 1), 
and Figure 2 shows both high 11C‑methionine uptake and 
high D2/3 receptor expression (patient 2).

18F‑fallypride showed moderate to high D2/3 receptor 
expression in the tumors of four of the six patients [Figures 1‑3 
and 5], as compared with the uptake in the normal 
putamen (range: 30%–120%). Mild D2/3 receptor expression 
was detected in the tumors of two patients (patients 4 
and 6) as compared with that in the putamen (18 and 12%, 
respectively), as shown in Figures 4 and 6. In all patients, 
the 18F‑fallypride uptake index in relation to the cerebellum 
ranged from 2.3 to 15.4.

The comparison of 11C‑methionine and 18F‑fallypride 
uptake showed that two of the patients with higher 
D2/D3 receptor expression (patients 2 and 5) also had a 
high 11C‑methionine uptake index. In contrast, patient 6 had 
high 11C‑methionine (hotspot/cerebellum index: 3.8) uptake 
but mild D2/3 receptor expression (12% compared to the 
putamen, 4.1 compared to the cerebellum) [Figure 6].

In the follow‑up 6–18 mo later, all the patients were treated 
with cabergoline. In four of the six patients, there was either 
a reduction in serum prolactin levels or a reduction in tumor 
size [Table 1]. At follow‑up, the nonfunctioning pituitary 
adenoma remained stable on MRI [Figure 2]. The patient with 
the lowest 18F‑fallypride percentage uptake as compared with 
that in the putamen and high AA metabolism, as revealed by 
11C‑methionine, required surgery due to a poor response to 
cabergoline [Figure 6].
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DISCUSSION

We presented the first case series of patients with 
prolactinomas and nonfunctioning adenomas studied with 
18F‑fallypride to reveal the expression of D2/3 dopamine 
receptors. We also investigated AA metabolism, as 
determined by 11C‑methionine PET/CT.

The previous research on the expression of dopaminergic 
receptors in patients with prolactinomas showed that 
receptor expression could help to determine whether DA 
treatment would be effective.[5] Bergström et al. showed that 
D2 receptor expression, as revealed by 11C‑raclopride, in 
patients with prolactinomas may establish the prerequisites 
for dopaminergic treatment.[16] Another study described the 

Figure 1: Patient 1 T2 magnetic resonance imaging coregistered with 18F-fallypride positron emission tomography showing moderate expression of D2/D3 
receptors (a, b and c, white arrows), lower than the uptake in the putamen (yellow arrows). 11C-methionine positron emission tomography coregistered 
with contrast-enhanced T1 magnetic resonance imaging showed low amino acid metabolism (d, e and f, green arrows)
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Figure 2: Patient 2 18F-fallypride positron emission tomography coregistered with T2 magnetic resonance imaging showed high uptake (a, b and c, white 
arrows), similar to the uptake in the putamen (yellow arrows). 11C-methionine positron emission tomography coregistered with contrast-enhanced 
T1 magnetic resonance imaging showed high amino acid metabolism (d, e and f, green arrows)
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usefulness of the PET radiotracer 11C‑N‑methylspiperone in 
evaluating D2 receptor expression in prolactinomas.[10]

In addition to the advantage of its availability in comparison 
with other radiotracers, 18F‑fallypride has shown greater 
affinity for D2/3 receptors and a better signal/noise ratio 
compared to 11C‑raclopride.[17] It has also shown better 
performance than 11C‑raclopride for the quantification of 

the extra striatal regions in which there is a lower density 
of receptors compared to the striatum. 18F‑fallypride has 
proven to be the only radiotracer with good performance 
to assess the expression of D2/3 receptors in both the 
striatum and in extrastriatal regions. However, the cost of 
the study could be a limitation for its extended clinical use 
in patients with prolactinomas and nonfunctioning pituitary 
adenomas.[17,18]

Figure 3: Patient 3. T2 MRI coregistered with 18F-fallypride PET showed moderate uptake (a, b and c, white arrows), lower to the uptake in the putamen 
(yellow arrows). 11C-methionine PET coregistered with contrast-enhanced T1 MRI showed moderate amino acid metabolism (d, e and f, green arrows)
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Figure 4:  Patient 4. 18F-fallypride PET coregistered with T2 MRI showed low uptake (a, b and c, white arrows) compared to the putamen (yellow arrows). 
11C-methionine PET coregistered with contrast-enhanced T1 MRI showed moderate amino acid metabolism (d, e and f, green arrows)
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Although the mechanism of prolactinoma resistance to DA 
treatment is not fully understood, the low expression of dopamine 
receptors may play a role.[19,20] In cases where medication fails to 
control the size and function, other options, including switching 
to another DA, increasing the DA dose, surgery, radiotherapy, and 
experimental treatments may be implemented.[1]

Several radiotracers have proved to be useful for the study of 
pituitary adenomas.[6] 18F‑FDG has shown a good sensitivity 

and specificity for the detection of macroadenomas[21] and 
functioning pituitary microadenomas.[22] The performance 
of 11C‑methionine for the evaluation of AA metabolism in 
hypophyseal tumors has also been assessed previously.[16,23] 
Feng et al. reported that 11C‑methionine was superior 
to 18F‑FDG in the evaluation of patients with recurrent 
microadenomas.[23] Somatostatin receptor expression 
has been studied in patients with pituitary tumors using 
68Ga‑DOTATATE PET/CT. This modality proved useful to detect 

Figure 5:  Patient 5. T2 MRI coregistered with 18F-fallypride PET showed high uptake (a, b and c, white arrows), lower to the uptake in the putamen (yellow 
arrows). 11C-methionine PET coregistered with contrast-enhanced T1 MRI showed high amino acid metabolism (d, e and f, green arrows)
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Figure 6: Patient 6 18F-fallypride positron emission tomography coregistered with T2 magnetic resonance imaging showed low expression of D2/D3 receptors 
(a, b and c, white arrows) in comparison with that in the putamen (yellow arrows). The tumor showed high 11C-methionine uptake (d, e and f, green arrows)
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both functioning and nonfunctioning adenomas,[6,24‑26] with 
better performance in the detection of normal pituitary tissue 
remaining after surgery in comparison with 18F‑FDG, that may 
be more useful to detect the residual tumor.[27]

Recently, Wang et al. described that simultaneous PET/3 T MRI 
using 18F‑FDG and 68Ga‑DOTATATE was useful in the diagnosis 
and detection of recurrence of pituitary micoadenomas, 
reducing radiation dose to the patient and improving 
inter‑modality coregistration.[22] Rodriguez‑Barcelo et al. 
showed that software coregistration of 11C‑methionine PET 
images with 3T‑MRI could improve the characterization of 
lesions.[9] Although simultaneous PET/MR has great potential 
to increase diagnostic performance in specific clinical 
situations, its use is still limited to specialized centers and 
its application is currently in the research phase. Software 
coregistration of PET and MR images is still a valid strategy 
to enhance diagnostic performance when both modalities 
are available separately.

The complete quantitative approach to estimate the binding 
potential of 18F‑fallypride requires prolonged dynamic studies 
that may not be adequate in patients with pituitary and brain 
tumors. The uptake ratio between the pituitary and the 
cerebellum has been used to quantify the expression of D2/3 
receptors using 18F‑fallypride in normal controls and in tumors 
of the pituitary gland with different radiotracers.[2,3,10,13] 
This strategy has the limitation of being dependent on the 
postinjection time at which the analysis is performed, and 
even though it reveals the expression of D2/3 receptors some 
degree of nonspecific uptake of the radiotracer cannot be 
excluded. Mukherjee et al. showed that the ratio between the 
normal pituitary gland and the cerebellum reaches a plateau 
at 60 min.[13] In normal controls, the pituitary/cerebellum ratio 
at this time frame is close to 8, while in the evaluation of 
pituitary tumors with other radiotracers, tumor/cerebellum 
rates from 0 to 15 have been described.[2,3,10,13] In our patients, 
we found tumor/cerebellum ratio from 2.3 to 15.4, showing 
the high variability of expression of D2/3 receptors that can 
occur in these tumors.

Although this case series has a limited sample size and cannot 
be used to assess the correlation of D2/3 expression with 
clinical outcomes, of note, the patient with low receptor 
expression and high AA metabolism had to undergo surgery 
due to a poor response to cabergoline. On the other hand, 
one of the patients with low receptor expression and low AA 
metabolism responded well to cabergoline, demonstrating 
that the biology of the tumor in terms of AA transport and 
metabolism may have a significant influence in prediction to 
DAs treatment. Therefore, the potential use of 18F‑fallypride 

in combination with labeled AAs to predict outcomes and 
response to DAs requires further investigation.
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