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Abstract
Purpose The purpose of this study was to determine the
incidence of incidental pituitary uptake on whole-body 18F-
fluorodeoxyglucose (FDG) positron emission tomography/
computed tomography (PET/CT) and to investigate its
clinical significance.
Methods The files of 40,967 patients who underwent whole-
body FDG PET/CT were retrospectively reviewed. Quanti-
fication of pituitary metabolic activity was obtained by
using the maximum standardized uptake value (SUVmax).
Hormone assays and pituitary MRIs were performed to
assess pituitary lesions.
Results Focally increased pituitary FDG uptake on PET/CT
was found in 30 of 40,967 patients, accounting for an

incidence of 0.073%. The mean SUVmax of 30 patients was
8.9±6.6 (range: 3.2–32.6). Histological diagnosis was
obtained in three patients and included two growth
hormone-secreting adenomas and one non-functioning
adenoma. Hormone assays were performed on serum
samples from 11 patients, 2 of whom were shown to have
hypersecretion of pituitary hormone. MRI was performed
on 19 patients. Abnormal MRI findings suggesting a
pituitary mass were found in 18 of 19 cases (94.7%). The
mean SUVmax calculated without correction for partial
volume effect for macroadenomas was significantly higher
than the SUVmax for microadenomas (11.5±8.4 vs 4.8±1.3;
p<0.05). There were no cases diagnosed with metastasis to
the pituitary gland during clinical follow-up.
Conclusion Incidental pituitary FDG uptake was a very
rare finding. Cases with incidental pituitary FDG uptake
were diagnosed primarily with clinically non-functioning
adenomas, and there were also a few functioning adenomas.
Further evaluations, including hormone assays and pituitary
MRI, are warranted when pituitary uptake is found on FDG
PET/CT.
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Introduction

Pituitary incidentalomas are defined as asymptomatic
lesions of the pituitary gland found on magnetic resonance
imaging (MRI) or computed tomography (CT) scans of the
head performed for various purposes [1]. They can be
classified by size and hormone secretion status. Pituitary
incidentalomas <10 mm are classified as microadenomas
and those >10 mm are macroadenomas. Independent of
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size, hormone hypersecretion can occur with any inciden-
taloma, but hyposecretion is usually the result of a macro-
adenoma [1]. Overall, the majority of pituitary adenomas
are benign masses which remain clinically silent and are
associated with minimal morbidity and mortality. The
prevalence of pituitary incidentalomas discovered on
autopsy is approximately 10%, with the majority of these
lesions being microadenomas [1–3]. The prevalence of
pituitary incidentalomas discovered on neuroimaging such
as MRI or CT is approximately 3.7–20% [2, 4].

Positron emission tomography (PET)/CT using 18F-
fluorodeoxyglucose (FDG) is increasingly performed for
staging or localization of metastatic disease in patients with
various kinds of malignancies. Pituitary glands do not
normally accumulate FDG and are not visualized on FDG
PET imaging [5]. Bergström et al. [6] reported that PET
using 11C-methionine was a useful tool for diagnosis of
pituitary adenoma and assessment of treatment response in
patients with pituitary adenoma. Some studies have
reported that functioning pituitary macro- and microadeno-
mas can show increased FDG uptake on PET [7, 8].
However, a survey of FDG-avid pituitary incidentalomas in
a large population has not yet been undertaken, although
there have been a few case reports [5, 9, 10].

We performed a multicentre (Keimyung University
Dongsan Medical Center, DSMC; Kyungpook National
University Hospital, KNUH; and Yeungnam University
Medical Center, YUMC) retrospective observational study
to determine the incidence of incidental pituitary uptake on
whole-body FDG PET/CT scans of suspected or known
cancer patients, in addition to patients undergoing health
screening. We also investigated the clinical significance of
unexpected hypermetabolic foci in the pituitary gland using
MRI and pituitary hormone assays.

Materials and methods

Patient population

The files of 40,967 patients (20,220 men and 20,747
women) who underwent whole-body FDG PET/CT for
assessment of known or suspected malignancy (n=35,147),
benign disease or cancer screening (n=5,820) from August
2004 to June 2009 were retrospectively reviewed. All
patients in whom the written report mentioned an FDG-avid
focus localized by PET/CT to the pituitary region,
regardless of intensity of uptake and findings on the CT
component, were identified and their histories reviewed.
Patients with a prior history of pituitary tumour or prior
imaging abnormalities in the pituitary gland were excluded.
On the basis of an imaging study, a patient who had a
possible osseous metastasis in the sella turcica indistin-

guishable from pituitary metastasis was also excluded. All
patients provided informed consent for the PET/CT study,
for assessment of their clinical records and for follow-up.
Follow-up included clinical review, evaluations of any
pituitary symptom and/or follow-up MRI or PET/CT.
Regular oncological follow-ups in cancer patients were
also performed according to each patient’s clinical situation
and cancer type.

There were 30 patients, who had no previous known
pituitary tumour and no prior clinical or imaging suspicion
of abnormalities in the pituitary gland, who met the
inclusion criteria and comprised the study group for
calculating the incidence of unexpected focal FDG uptake
in the pituitary gland on whole-body PET/CT. The mean
age of the study group of 30 patients (male: 13 patients)
was 62.3±14.1 years (range: 29–84 years). Primary
malignant tumours included thyroid cancer (n=4), colorec-
tal cancer (n=3), breast cancer (n=3), prostate cancer (n=
3), lung cancer (n=2) and cervical cancer (n=2). There
were eight patients who each had ovary, bladder, kidney,
periampullary, gastric, or endometrial cancer, malignant
melanoma or cholangiocarcinoma. Five patients underwent
PET/CT for assessment of large vessel inflammation (n=2),
neurofibromatosis (n=1) and cancer screening (n=2).

Imaging acquisition and analysis of FDG PET/CT

Patients were instructed to fast except for glucose-free oral
hydration for 4–6 h before injection of 370–555 MBq FDG.
PET/CT was performed at 60–90 min following FDG
injection. Blood glucose levels were measured before the
injection of the tracer to ensure levels below 11 mmol/l.
Unenhanced CT and whole-body PET were acquired
sequentially using three BGO PET/CT scanners (one
Discovery ST and two Discovery STE 16 systems, General
Electric Healthcare, Milwaukee, WI, USA) and an LSO
PET/CT scanner (Reveal RT-HiREZ, CTI Molecular Imag-
ing Inc., Knoxville, TN, USA). The imaging field for
whole-body PET/CT included the pituitary region.

Data obtained from CT acquisition were used for
attenuation correction and fusion with PET images. The
PET data were reconstructed iteratively using ordered
subset expectation maximization software provided by the
manufacturers. PET, CT and PET/CT images of the whole
body were displayed in the axial, coronal and sagittal
planes and were reviewed on a dedicated workstation (AW,
General Electric Healthcare, Milwaukee, WI, USA). PET
data were also displayed in a rotating maximum intensity
projection.

PET studies showing single, well-circumscribed foci of
increased uptake localized to the pituitary fossa on PET/CT
images were reviewed. The PET component was assessed for
intensity of FDG uptake. A nuclear medicine physician
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measured the maximum standardized uptake value (SUVmax)
using a manually drawn region of interest in the transaxial
slice showing the most intense uptake in the pituitary lesion.

Assessment of pituitary function and pituitary MRI

For assessment of pituitary function, hormone assays were
performed to determine the serum levels of growth hormone
(GH), prolactin (PRL), thyrotropin, follicle-stimulating hor-
mone, luteinizing hormone and adrenocorticotropin (ACTH).
For assessment of pituitary mass effect, clinical reviews for
symptoms such as headache and visual disturbances and
MRIs of the pituitary region were undertaken. MRI was
performed using four different MR machines, two 1.5-T MRI
units (Intera, Philips Medical Systems, Best, The Netherlands;
and Symphony, Siemens, Erlangen, Germany) and two 3-T
MRI units (Signa Excite, General Electric Medical Systems,
Milwaukee, WI, USA), at three different institutions accord-
ing to different protocols. Copies of MR studies were sent to
the study reference centre (KNUH) for a second opinion and
were centrally reviewed by a neuroradiologist with 10 years of
experience. As minimal requirements, studies with sagittal
and coronal T1-weighted images (T1WIs) obtained with
<3 mm slice thickness, and contrast-enhanced T1-weighted
images (CE MRIs) after administration of gadolinium
chelates, were considered adequate. On MRI, a pituitary
lesion with low signal intensity on T1WIs and high signal
intensity on T2-weighted images (T2WIs), or a nodule with
different contrast enhancement patterns from adjacent normal
glandular structure on CE MRIs, was considered to be a
pituitary adenoma. In cases without definite visible mass on
MRI, abnormal findings such as a laterally displaced pituitary
stalk (stalk deviation), suprasellar extension of pituitary gland
(upward bulging), high signal intensity focus on T2WIs
(cystic change), polycyclic shape of pituitary gland (figure-
8 configuration) and invasion of the cavernous sinus
(cavernous invasion) were considered to be presumptive
pituitary microadenomas.

Statistical analysis

Numeric data were expressed as mean ± standard deviation.
The chi-square test was used to analyse the differences in
incidence among subgroups by gender, age and reason for
study. Student’s t test was used to analyse the difference in
SUVmax between microadenomas and macroadenomas. The
Mann-Whitney test was used to analyse SUVmax differ-
ences between patients with normal pituitary function and
patients with hypersecretion of pituitary hormone. Correla-
tion analyses between the SUVmax and pituitary gland size
or volume were performed using Spearman’s rank correla-
tion coefficient. A p value less than 0.05 was considered
statistically significant.

Results

Focally increased FDG uptake localized to the pituitary
gland by PET/CT was found in 30 of 40,967 patients,
accounting for an incidence of 0.073% [95% confidence
interval (CI): 0.047–0.099]. The clinical characteristics,
hormone assay results, intensity of FDG uptake and MRI
findings for the 30 patients are summarized in Table 1. The
incidences of incidental pituitary uptake on FDG PET/CT
were not significantly different for men versus women
(men: 0.064%, 95% CI: 0.029–0.099; women: 0.082%,
95% CI: 0.043–0.121; p=0.509) or among age subgroups
(<50 years: 0.048%, 95% CI: 0.001–0.094; 50–69 years:
0.090%, 95% CI: 0.043–0.138; ≥70 years: 0.138%, 95%
CI: 0.036–0.241; p=0.216). The incidence of incidentally
found pituitary lesions on FDG PET/CT in patients with
known or suspected malignancy (0.071%, 95% CI: 0.043–
0.099) was similar to that in patients with benign disease or
undergoing cancer screening (0.086%, 95% CI: 0.011–
0.161; p=0.699). The overall intensity of FDG uptake in
the final study group of 30 patients was a mean SUVmax of
8.9±6.6 (range: 3.2–32.6).

Of the 30 patients, 4 complained of nonspecific
headache, but none of the 30 patients (13 men and 17
women) complained of visual field defects or cranial nerve
palsies. On physical examination, one patient had enlarged
hands and feet, prognathism and frontal bossing, suggesting
hypersecretion of GH. Assessment of pituitary function
using hormone assays was performed in 11 patients, 2 of
whom were shown to have hypersecretion of pituitary
hormones. Elevated GH and PRL concentrations were seen
in one patient, and elevated GH was noted in one patient.
There was no significant difference in SUVmax between
patients with normal hormone levels and patients with
hormone hypersecretion (8.9±5.2 vs 6.8±1.2, respectively;
p=0.18). Histological diagnosis after surgical resection was
obtained in three cases, including two GH-secreting
adenomas and one non-functioning adenoma.

MRI of the pituitary gland was performed in 19 patients.
Abnormal pituitary findings suggesting metastasis from a
primary malignancy were not found in any patient.
Gadolinium-enhanced pituitary masses on T1WIs were
found in 11 of 19 patients (57.9%) with a mean diameter
of 18.2 mm (range: 5.6–30.1 mm). Only 1 of 11 lesions
(9.0%) detected on MRI was less than 10 mm in diameter.
Of the 19 patients, 18 (94.7%) had abnormal MRI findings,
suggesting a pituitary mass. Stalk deviation was found in
15 patients, upward bulging in 12 patients, visible mass in
11 patients, cystic change in 1 patient, figure-8 configura-
tion in 2 patients and cavernous invasion in 5 patients. One
case did not demonstrate any pituitary abnormality on MRI.
Seven patients with abnormal MRI findings but no definite
mass lesion were diagnosed with presumptive pituitary
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microadenoma. The mean SUVmax of ten macroadenomas
was significantly higher than the mean SUVmax of eight
microadenomas (11.5±8.4 vs 4.8±1.3, respectively; p<
0.05; Figs. 1 and 2).

Except for three patients undergoing surgical resection,
regular follow-ups (duration: 19.4±3.5 months) were
performed, including clinical examinations focused on
relevant neurological and endocrinological symptoms.
During the follow-up period, none of the patients com-
plained of any symptoms associated with pituitary mass
effect. Follow-up MRIs were performed in three patients 6–
12 months after baseline studies. There were no significant
changes in pituitary mass sizes found in any of the patients.
Follow-up PET/CT scans were performed during or after
completion of chemotherapy in six patients, and persistent
pituitary FDG uptake was demonstrated, regardless of FDG
uptake changes in the primary malignant lesion (Fig. 3). No
case was diagnosed with metastasis to the pituitary gland or
sella turcica during clinical oncological follow-ups of the
cancer patients.

Discussion

FDG PET/CT is used in the evaluation of most types of
malignancy, which has resulted in significant clinical
impact on patient management [11, 12]. FDG PET/CT is
more accurate than CT or other conventional imaging
modalities for the diagnosis of previously unknown,
recurrent or metastatic cancer foci, based in part on its

whole-body imaging capabilities [12–14]. Incidental foci of
abnormal FDG uptake detected during whole-body PET/CT
examinations may represent previously unknown malignant
sites, physiological variants or benign lesions unrelated to
cancer [12–14]. There have been only a few cases with
unexpected pituitary FDG uptake previously reported,
primarily as case reports [5, 9, 10]. A large-scale study
has not been reported. Our study is the first large survey of
incidental pituitary FDG uptake on PET/CT, and it
demonstrates that incidental pituitary FDG uptake on
FDG PET/CT is a very rare finding. The incidence of
unexpected FDG-avid pituitary lesions was 0.073%, which
is much lower than the incidence of FDG-avid incidenta-
lomas in other endocrine organs such as the thyroid and
adrenal glands [15–18]. In addition, the incidence of
unexpected FDG-avid pituitary lesions in our present study
is much lower than that of incidentalomas found on autopsy
or MRI [1–4]. We think that several factors may contribute
to the different results. First, the majority of pituitary
incidentalomas are microadenoma. In post-mortem studies,
only a few cases of macroadenoma have been found [3, 19–
21]. Buurman and Saeger [21] reported 334 microadenoma
cases and only 3 macroadenoma cases from autopsies of
3,048 patients. Second, compared to MRI, whole-body
PET/CT has lower spatial resolution for pituitary imaging.
Whole-body PET/CT scans were performed on all patients.
A majority of small pituitary masses cannot be found by
whole-body PET/CT. Finally, not all pituitary adenoma are
FDG-avid tumours. De Souza et al. [8] reported 12 positive
findings of 17 functioning pituitary microadenomas. The
incidence calculations in our present study only include
FDG-avid pituitary tumours.

PET scanning is based on the principle that metabolically
active cells such as those in tumours are more likely than
normal cells to take up the labelled glucose analogue, FDG,
to become detectable. It has been primarily used for patients
with malignant tumours, where it is now a commonly used
imaging technique for the staging and follow-up of those
patients [22]. For benign tumours, PET scans are usually
negative, because the cells of these tumours are metabol-
ically less active than malignant cells. However, the cells of
functioning tumours that are hormone-secreting tumours
may be more active and therefore more likely to take up
FDG. For Cushing’s syndrome, FDG PET has been
reported to be beneficial in discovering the sites of ectopic
ACTH secretion, since these ACTH-secreting tumours are
usually small and difficult to localize [23, 24]. FDG PET
for pituitary adenomas has been anecdotally reported [25,
26]. In the early 1990s, a study of 20 cases of pituitary
microadenomas (17 cases with Cushing’s disease and 3
cases with acromegaly) reported that FDG PET was
positive in 12 cases and MRI was positive in 13 cases.
The study concluded that FDG PET was complementary to

Fig. 1 SUVmax of pituitary microadenomas and macroadenomas on
18F-FDG PET/CT. Side-by-side box plots of SUVmax by groups. A
statistically significant difference was found between the SUVmax of
pituitary microadenomas and macroadenomas (p<0.05)
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MRI, because FDG PET was positive in five cases with
negative or questionable results on MRI [8]. Another study
evaluated PET in 24 cases of pituitary macroadenomas,
none of which were ACTH-secreting. The scans were
positive in all cases, but there was no uptake that could
characterize a specific type of hormone and there was no
correlation between the amount of hormone secreted and
PET activity [27]. Campeau et al. [5] also reported on a
patient with mucosa-associated lymphoid tissue lymphoma
who had a non-functioning pituitary adenoma with FDG
avidity. Our present study also found no statistically
significant difference in the SUVmax of pituitary lesions
with or without pituitary hormone hypersecretion. The
SUVmax of pituitary lesions were also not statistically
different with regard to sex or underlying disease. Macro-
adenomas had higher FDG uptakes than microadenomas.
There have been no reports on the mechanism of FDG
uptake in functioning and non-functioning pituitary adeno-
mas. However, the size of a pituitary mass would be
considered one of the important factors for the degree of
pituitary FDG uptake.

Pituitary tumours are difficult to detect radiologically. In
our present study, 57.9% of patients who had a pituitary
FDG focus were found to have a detectable pituitary mass
on MRI. This result is believed to be due to the small sizes
of the masses and possibly to inadequate MR protocol. The
majority (65.4%) of microadenomas were reported to show
peak enhancement at a point in time later than peak
enhancement of the adjacent anterior pituitary lobe, and
the remaining 34.6% of microadenomas were reported to be
enhanced before enhancement of the anterior pituitary [28].
Although dynamic spin-echo imaging of the pituitary gland
provides improved visibility and clarity of lesions com-
pared with routine scanning after contrast administration,
the detection rate has varied because of lesion sizes and
enhancement patterns. In cases with enlarged pituitary
glands seen on MRI, it was possible that there were
invisible microadenomas on routine MRI scanning after
contrast administration [29].

In our present study, there was no case diagnosed with
metastasis to the pituitary gland or sella turcica during
clinical follow-up of cancer patients. None of the patients

Fig. 2 Focal FDG uptake in the pituitary region of a 62-year-old man,
who underwent PET/CT for cancer screening. Transaxial and sagittal
PET images (left) show focally increased FDG uptake (arrow) in the
pituitary region (with a measured SUVmax of 17.8). Transaxial and
sagittal PET/CT fusion images (centre) localize this focal uptake to the
pituitary gland. Coronal and sagittal MRI images (right) demonstrate

an 18.6-mm gadolinium-enhanced pituitary mass, stalk deviation and
upward bulging. He was asymptomatic, and his serum pituitary
hormone levels were within normal ranges. In clinical follow-ups,
there were no developments of symptoms associated with either
pituitary mass or hormonal abnormalities
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complained of any symptoms associated with pituitary
mass effect during the follow-up period, and significant
changes in size suggesting pituitary metastasis were not
found in follow-up MRI. Follow-up PET/CT demonstrated
persistent pituitary FDG uptake regardless of FDG uptake
changes in the primary malignant lesion. By contrast,
Soussan et al. [10] reported that pituitary gland involvement
of non-Hodgkin’s lymphoma was detected on FDG PET/
CT, and follow-up PET/CT after chemotherapy demonstrat-
ed total disappearance of focal pituitary FDG uptake.
Therefore, we can postulate that the persistent pituitary
FDG uptake seen in our patients could reflect benign
aetiology rather than metastasis. In our study, patients with
a prior history of pituitary tumour or prior imaging
abnormalities in the pituitary gland were excluded. We
excluded a patient with pituitary FDG uptake that could not
be distinguished from an osseous metastasis to the sella
turcica. These factors may have affected the results of our
present study.

There are several limitations to the current study. First,
histological diagnoses were only made in three patients,
and hormonal assays and MRI evaluation were not
performed in all patients with incidental pituitary uptake

on FDG PET/CT, because of the advanced status of the
primary malignancy or clinician indifference. Second, our
present study was conducted by retrospective review of the
PET/CT reports written by ten readers over more than
4 years. Inter-reader variations of criteria used for measure-
ment of pituitary uptake may exist. In each institute,
however, evaluations of PET/CT images were based on
the consensus of at least two nuclear medicine physicians,
and there was no significant difference in the incidence of
incidentalomas among the institutions (data not shown).
Some readers could have seen a focus of pituitary FDG
uptake but neglected to mention it, since this finding was
not related to the pathology of interest and it would not
have had an impact on management. However, interpreta-
tions of whole-body PET/CT scans have been performed
according to systematic reviews, and significant incidental
findings such as unexpected thyroid uptake or unexpected
breast uptake were also recorded. Thus, there would be low
probability that there was underestimation of the actual
incidence. Third, there may be a question regarding the
reliability of uptake measurements using SUVmax. SUV
depends on acquisition, reconstruction and region of
interest parameters. In our present study, four different

Fig. 3 Pretreatment and post-chemotherapy 18F-FDG PET/CT scans
in a 66-year-old man with small cell lung cancer. a Maximum
intensity projection shows foci of increased FDG uptake in the left
upper lung (arrow, with a measured SUVmax of 7.7) and left adrenal
gland (arrowhead, with a measured SUVmax of 8.1). The hypermet-
abolic left lung mass was diagnosed as small cell lung cancer by
transthoracic needle biopsy. b Sagittal PET/CT fusion image shows
focal increased FDG uptake in the pituitary gland (with a measured

SUVmax of 12.7). c Maximum intensity projection after six courses of
chemotherapy shows almost complete disappearance of focal FDG
uptake in the left upper lung (arrow) and decreased FDG uptake in the
left adrenal gland (arrowhead, with a measured SUVmax of 5.3). d
Sagittal PET/CT fusion image shows persistent FDG uptake in the
pituitary gland (with a measured SUVmax of 12.1) regardless of FDG
uptake changes in the left upper lung and adrenal gland
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PET/CT scanners were used. Thus, there may have been
some differences between institutions regarding image
acquisition and reconstruction. To minimize these differ-
ences, reconstruction processing and imaging analyses were
performed at a single institution using the same software for
all calculations. Similarly, we established minimum require-
ments for MRI images, because of the differences in MRI
protocols. Finally, quantitative accuracy of PET is affected
by partial volume effects that result in underestimation of
the SUV, especially in small-sized lesions. In the present
study, correction for partial volume effect was not
performed, because some microadenomas were not identi-
fied on MRI as definite pituitary masses. In such cases, we
cannot accurately measure the size of a microadenoma to
perform partial volume correction.

From our survey of incidental pituitary uptake on FDG
PET/CT, our study demonstrates that (1) the incidence of focal
pituitary FDG uptake was 0.073% (95%CI: 0.047–0.099); (2)
there were no cases of metastatic pituitary lesions, and the
majority of patients with focal pituitary FDG uptake were
considered to have clinically and radiologically non-
functioning adenomas; (3) 2 of 3 patients undergoing surgical
resection were diagnosed with GH-secreting adenomas; (4) 2
of 11 patients in whom hormonal assays were performed were
shown to have pituitary hormone hypersecretion; (5) 18 of 19
patients undergoing MRI had abnormal findings suggesting
pituitary adenoma; and (6) there was a significant difference in
the mean SUVmax calculated without correction for partial
volume effect between microadenomas and macroadenomas.

Conclusion

Incidental pituitary uptake on FDG PET was a very rare
finding. Most cases of incidental pituitary FDG uptake were
diagnosed as clinically non-functioning adenomas, and
there were a few functioning adenomas. Further evalua-
tions, including hormone assays and pituitary MRI, are
warranted when pituitary uptake is found on FDG PET/CT.
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