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Abstract
Objectives: Somatostatin receptors (SSTRs) are potential targets for detecting pitui-
tary neuroendocrine tumours (PitNETs) that can be visualized effectively with 68Ga-
labelled PET tracers. With this study, we have evaluated the diagnostic properties of 
such a tracer, 68Ga-DOTATOC, in patients with hormone-producing PitNETs before 
and after surgery.
Design/Methods: This prospective case-control study presents preoperative posi-
tron emission tomography (PET) and histopathological data in 18 patients with so-
matotroph (n = 8), corticotroph (n = 7) and thyrotroph (n = 3) PitNETs. Patients were 
scanned pre- and postoperatively with 68Ga-DOTATOC PET. For the postoperative 
part of the study, patients with gonadotroph tumours (n  =  7) were also included. 
Fifteen pituitary healthy controls underwent the same protocol once. The maximum 
standard uptake value (SUVmax) was analysed in manually outlined regions around 
the tumour in patients and around the pituitary gland in controls. specimens were 
collected during surgery in subjects for assessment of adenohypophyseal tumour cell 
type and the SSTR expression.
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1  |  INTRODUC TION

Tumours arising from hormone-producing cells in the anterior lobe 
of the pituitary gland are members of the neuroendocrine family, pi-
tuitary neuroendocrine tumours (PitNETs),1 and can be either func-
tioning, that is hormone-producing, or nonfunctioning (NF), that is 
without hormone secretion.2 PitNETs are common, representing ap-
proximately 10% of all intracranial tumours3,4 and account for 25% 
of all intracranial surgical resections.5

Magnetic resonance imaging (MRI) is the ‘gold standard’ for the de-
tection of PitNETs. There are, however, limitations to this technique. MRI 
has low sensitivity for detection of tumours <5 mm.6 With the addition 
of contrast agent, the detection rate for smaller tumours is improved 
but, with low specificity, the utility of MRI for small tumours is limited.7 
Particularly in patients with Cushing's disease, corticotroph tumours 
manifest frequently as microadenomas (<10  mm) and cannot be de-
tected by MRI in up to 40% of the cases.8,9 Another challenge with MRI is 
postoperative radiological assessment. Many patients with functioning 
PitNETs undergo surgery, resulting in altered anatomic conditions, post-
operative changes and implant insertion that can cause imaging arte-
facts. Discrimination of tumour tissue from scar tissue is challenging and, 
because MRI only provides morphological information, the detection of 
residual tumour tissue is only possible by observing longitudinal tumour 
growth on repeated scans. Moreover, the relative lack of functional in-
formation limits the evaluation of nonsurgical treatment response.

Positron emission tomography (PET) using 68Ga-labelled soma-
tostatin (SSTR) analogues is the molecular imaging modality of choice 
for the detection of neuroendocrine tumours, for which the defined 
characteristic is SSTR expression.10–12 Although PitNETs also ex-
press SSTR, this technique has not been properly evaluated for these 
tumours. Recently, we and others have reported intriguing results 
from small-scale pilot studies arguing for the diagnostic potential of 
68Ga-labelled octreotide DOTATOC PET, by demonstrating meaning-
ful differences in tracer uptake between the normal pituitary gland 

and NF-PitNETs (mostly gonadotroph tumours)13 as well as corti-
cotroph tumours.14 Furthermore, SSTR PET has also found use in the 
imaging assessment of patients with multiple endocrine neoplasia 
type 1.15 However, these pilot studies were only targeted at a subset 
of PitNETs and, apart from our NF-PitNET study,13 the published im-
aging data were not accompanied by relevant histopathological data.

Our hypothesis was that SSTR expression is different in func-
tioning PitNETs compared to normal pituitary gland and, therefore, 
tumours can be visualized by using 68Ga-DOTATOC PET. To test the 
hypothesis, we have conducted a prospective, case-control study, 
including patients with different PitNET subtypes who have been 
investigated with 68Ga-DOTATOC PET before and after surgery.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

This prospective, case-control study was conducted at the Departments 
of Endocrinology and Nuclear Medicine at the Sahlgrenska University 
Hospital, Gothenburg, Sweden between December 2015 and May 
2020. Adult PitNET patients were examined with 68Ga-DOTATOC 
PET before and 6-8 months after pituitary surgery. Height and weight 
were measured before each PET scan. In premenopausal women, a 
pregnancy test was used to exclude pregnancy. After the PET scan, 
all subjects filled in a standardized report form to register any possible 
side effects within 24 h after tracer administration. Control subjects 
underwent the same PET protocol once.

The Regional Ethical Review Board (Gothenburg, Sweden) ap-
proved the study, which was conducted in accordance with the 
Declaration of Helsinki. Signed informed consent was obtained from 
all subjects before engaging in the study protocol, that also allowed 
for collection of tumour specimens during surgery, after full explana-
tion of the purpose and nature of all procedures used.

Results: Thyrotroph tumours showed higher uptake (median SUVmax 41.1; IQR 37.4-
60.0) and corticotroph tumours lower uptake (SUVmax 6.8; 2.6-9.3) than normal pi-
tuitary gland (SUVmax 13.8; 12.1-15.5). The uptake in somatotroph tumours (SUVmax 
15.9; 11.6-19.7) was similar to the uptake in the pituitary gland. There was a strong 
correlation between SUVmax and SSTR2 expression (r = .75 (P < .01)). In the postop-
erative evaluation, PET was able to correlate tracer uptake with biochemical cure and 
noncure in patients with an abnormal postoperative magnetic resonance image and a 
preoperative tumour uptake SUVmax > 13.8.
Conclusions: 68Ga-DOTATOC PET can be used to detect thyrotroph tumours in the 
pre- and postoperative imaging assessment. Corticotroph tumours had a significantly 
lower uptake compared to the pituitary gland but without a distinct increased tumour 
uptake the clinical postoperative value is limited.

K E Y W O R D S
DOTATOC PET, pituitary neuroendocrine tumour, somatostatin receptor imaging
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2.2  |  Subjects

Twenty-three PitNET patients (25-74 years of age at diagnosis; 10 
men) were included in this study: two were NF-PitNETs of cortico-
troph cell origin from a previous publication13 and the remaining 21 
were somatotroph (n = 9), corticotroph (n = 8) and thyrotroph (n = 4) 
tumours at clinical presentation. For the postoperative part of the 
study, seven patients with clinical NF-PitNETs of gonadotroph cell 
origin were included for their postoperative PET evaluation, where 
the preoperative PET scan data are presented in a previous pilot 
study.13 The patients, all recruited from university hospitals in 
Sweden and referred for pituitary surgery, were diagnosed in a rou-
tine clinical setting based on MRI evidence of a pituitary tumour, 
biochemical analyses and clinical presentation that met the criteria 
for ICD-10 code pituitary tumour (D35.2) in combination with ac-
romegaly (E22.0), Cushing's disease (E24.0) or thyroid-stimulating 
hormone (TSH) hypersecretion (E05.8). Biochemical analyses per-
formed pre- and postoperatively include, but are not restricted to, 
S-TSH, S-FT3, S-FT4, S-ACTH, S-cortisol, S-IGF-1, S-LH, S-FSH, S-
testosterone, S-estradiol and depending on hormonal presentation 
oral glucose suppression test, TRH test, T3-suppression test and/
or dexametason suppression test are added. Patients with lacto-
troph tumours were not included, as they rarely undergo pituitary 
surgery. In all cases but one, the tumour was seen on the pituitary 
MRI. Patients without clinical or biochemical signs of pituitary hor-
mone overproduction were deemed as NF-PitNET. For patients 
with corticotroph tumours < 7 mm or without a detectable tumour 
on MRI, the diagnosis was confirmed by using inferior sinus pet-
rosus catheterization sampling. Patients  ≥  18  years of age with a 
treatment-naive tumour (including surgery, somatostatin analogues 
or dopamine agonists) waiting surgical treatment were recruited for 
this study.

Sixteen controls (37-79  years of age; 9 men) were included, 
comprising two groups. The first group included 13 healthy vol-
unteers who were randomly selected from the population registry 
in Gothenburg, Sweden. Exclusion criteria included any pituitary 
disease and/or ongoing treatment with somatostatin analogues or 
dopamine agonists. To be included in the evaluation as a control, 
the MRI had to be negative for incidentalomas in the pituitary. The 
second group included three controls with thyroid-associated oph-
thalmopathy (TAO) who were participating in another study (http://
www.clini​caltr​ials.gov; identifier NCT02378298), where 68Ga-
DOTATOC PET was performed using the same scanning protocol as 
in our patients to evaluate eye-muscle inflammation. Inclusion crite-
ria for that study were euthyroid men or women ages 18-70 years 
with TAO necessitating intravenous glucocorticoid treatment. All 
controls except two were presented in our previous publication.13 
68Ga-DOTATOC PET was performed before any glucocorticoid 
treatment was administered. Exclusion criteria for TAO controls 
were the same as those for healthy controls.

Two patients discontinued participation in the study before the 
first PET scan. One had to undergo pituitary surgery rapidly before 
the PET scan could be performed and the other chose to withdraw 

further participation. Two patients with hypercortisolism and a 
suspected corticotroph tumour, respectively, were excluded from 
analyses as explorative surgery was unable to confirm any tumour 
finding. One patient with clinical hyperthyroidism of central origin 
declined surgical treatment and was excluded after the first PET 
scan and is not included in the preoperative analyses. Two patients 
(#15 and #17; Table 1) with preoperative PET scan and resected tu-
mour specimen for immunohistochemical (IHC) analysis dropped out 
before postoperative PET scan was performed. Moreover, the post-
operative evaluations for three patients (#9, #10 and #14; Table 1) 
have been delayed because of the COVID-19 pandemic as clinical 
research visits to the hospital have not been allowed. Consequently, 
these patients are awaiting their postoperative evaluation. One of 
the control subjects had a panic attack in the MRI scanner and chose 
to withdraw further participation.

Thus, in this study, we present preoperative PET and histopatho-
logical data from 18 patients as well as PET data from 15 control 
subjects. Data from the postoperative PET scans are presented in 
20 patients; 13 of 18 patients with preoperative PET and 7 patients 
with NF-gonadotroph tumours from a previous publication. A flow-
chart over the inclusion and research visits for patients and controls 
is presented in the appendix to help with a better overview of the 
process.

2.3  |  MRI

MRI was performed according to the clinical protocol of the 
Department of Radiology, Sahlgrenska University Hospital, 
Gothenburg, Sweden, including a T1-weighted scan, both with and 
without gadolinium contrast enhancement as well as a 3D-acquired 
T1 sequence. T2 sequences were also used for tumour evaluation. 
Similar clinical protocols were undertaken at the regional hos-
pitals for patients that were recruited from other regions. If the 
3D-acquired T1 sequence was missing, a complementary MRI was 
carried out at the Department of Radiology, Sahlgrenska University 
Hospital, Gothenburg, before the PET scan. MRI scans were per-
formed within 3 months of the 68Ga-DOTATOC PET. For controls, 
MRI scans were performed by the same protocol as for the patients 
but without any contrast agent.

Postoperative MRI scans were assessed by an experienced neu-
roradiologist (DZ) with respect to residual tumour tissue and post-
operative changes.

2.4  |  68Ga-DOTATOC PET

Radiotracer synthesis and quality control were performed with the 
same scanning protocol as in our previous publication.13 Scanning 
was performed with a dynamic list mode acquisition starting at 
the time of injection to collect emission data over a 45-minute pe-
riod. The list mode data were reconstructed into 14 frames (5 × 60, 
5  ×  180, 3  ×  300 and 1  ×  600  s). All PET images were iteratively 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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reconstructed (MLEM/OSEM) using five iterations and 21 subsets 
with time-of-flight resolution recovery (TrueX), computed tomog-
raphy (CT)-based attenuation and scatter corrections, and a 3-mm 
Gaussian postprocessing filter.

The postsurgical PET scan was performed with the same study 
protocol ≥ 6 months after pituitary surgery to avoid any interference 
in uptake due to inflammatory activity.

2.5  |  Image analysis

PMOD software v3.8 (PMOD Technologies, Ltd.) was used for image 
analysis. MRI and PET images were co-registered using the ‘Fuse it’ 
toolkit. The PET images were motion corrected by aligning all frames 
to a reference frame created by the mean position of the first three 
frames using the ‘motion correction’ function before co-registration 
to the MRI images. Tumour findings were outlined in transverse 
slices, creating a volume of interest (VOI) around the tumour area. 
For the control group, the VOIs were outlined around the pituitary 
gland.

The VOIs in the postsurgical scans were created in the same 
manner as the presurgical VOIs, around areas of suspected residual 
tumour tissue or inconclusive abnormal findings in postoperative 
MRI scans. Tracer uptake was analysed in the VOI with regard to 
maximum standardized uptake value (SUVmax). Data from the 35- to 

45-min frame was chosen for the statistical analysis. No measure-
ments were performed for patients considered cured on the basis of 
combined biochemical and clinical factors and without any abnormal 
MRI findings.

2.6  |  Tumour classification and 
immunohistochemical analyses

Tumour tissues samples were collected during surgery from the 
PitNET patients. Representative tumour tissue was confirmed in 
routine haematoxylin/eosin-stained sections from formalin-fixed, 
paraffin-embedded tissue blocks. Pituitary tumours were classified 
into histological subtypes according to the 2017 WHO classification 
based on the immunohistochemical expression of anterior pituitary 
hormones (growth hormone [GH], TSH, prolactin [PRL], adrenocor-
ticotropic hormone [ACTH], luteinizing hormone [LH] and follicle-
stimulating hormone [FSH]) and pituitary-specific transcription 
factors (T-Pit, SF-1 and Pit-1). Plurihormonal tumours were catego-
rized as to their clinical presentation.

The following antibodies used were as follows: anti-FSH (mono-
clonal, clone C10, DAKO, catalogue number M3504, dilution 1:300), 
anti-LH (monoclonal, clone 93C, DAKO, catalogue number M3502, 
dilution 1:400), anti-TSH (monoclonal, clone 0042, DAKO catalogue 
number M3503, dilution 1:100), anti-GH (polyclonal, catalogue 

Patient no.
MRI tumour size 
(mm)a 

Age 
(years) Gender

Body 
weight (kg)

68Ga-DOTATOC 
dose (MBq)

#1b  16 × 17 × 19 44 F 65 162.0

#2b  25 × 27 × 37 51 M 87 177.0

#3 22 × 21 × 16 35 F 76 135.0

#4 12 × 13 × 15 43 M 116 240.0

#5 12 × 9 × 10 34 M 88 170.3

#6 14 × 16 × 19 47 M 86 172.0

#7 12 × 11 × 10 61 F 93.2 191.0

#8 11 × 10 × 9 64 M 100 200.0

#9 8 × 3 × 3 74 M 92 188.1

#10 10 × 20 × 10 45 M 128 261.0

#11 5 × 5 × 5 52 F 86 178.0

#12 3 × 3 × 3 43 F 71.4 139.0

#13 11 × 14 × 7 37 F 63 129.5

#14 3 × 3 × 4 51 F 66 132.0

#15 4 × 4 × 4 20 M 88 176.0

#16 20 × 20 × 20 62 F 72 150.0

#17 5 × 5 × 5 25 F 86 175.4

#18 16 × 18 × 19 33 M 100 213.0

Note: Abbreviations: F, female; M, male; MRI, magnetic resonance imaging; PET, positron emission 
tomography.
aLength, width and height dimensions, respectively. 
bPublished previously.13 

TA B L E  1  Baseline data for the clinical 
presentation of 18 pituitary tumour 
patients undergoing 68Ga-DOTATOC PET 
before endoscopic pituitary surgery
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number A0570, dilution 1:3000), anti-ACTH (monoclonal, clone 
02A3, DAKO, catalogue number M3501, dilution 1:1200), anti-Pit-1 
(Novus Biologicals, polyclonal, code no. NBP1-92273, dilution 1:500), 
anti-SF-1 (Thermo Fisher Scientific, monoclonal, clone N1665, dilu-
tion 1:100) and anti-T-Pit (TBX19) (monoclonal, clone CL6251, Atlas 
Antibodies, dilution 1:1000). Normal pituitary gland served as a pos-
itive control for immunohistochemical analyses with the antibodies 
toward anterior pituitary hormones and pituitary-specific transcrip-
tion factors. For each tumour, proliferation index Ki67 was analysed 
(monoclonal antibody, clone MIB1, DAKO, catalogue number IR626/
GA626, ready to use) and assessed by counting the percentage of 
Ki67 immunolabelled cells among 2000 tumour cells in hot spots 
regions. Normal lymph gland served as a positive control for Ki67 
immunostaining. All immunohistochemical staining was performed 
with Dako EnVision FLEX system and DAKO Autostainer.

The immunohistochemical analyses of anterior pituitary hor-
mones, pituitary-specific transcription factors and SSTR were all 
performed with the same protocol, using specific monoclonal anti-
bodies, as described in our previously published study.13 The immu-
noreactive score16,17 (IRS) was used for the quantification of SSTR 
expression, as the product of the proportion of immunoreactive cells 
(0 = 0%, 1 = <10%; 2 = 10%-50%, 3 = 51%-80% and 4 = >80%) and 
the staining intensity (0 = no staining, 1 = weak; 2 = moderate and 
3 = strong). IRS scoring was performed by an experienced patholo-
gist (OC-B) who was blinded to the cl

2.7  |  Statistical analysis

All statistical analyses were performed using Prism 8.0 (GraphPad 
Software, Inc). Normal distribution of data was tested with the 
Shapiro-Wilk test. Variables with continuous data are presented as 
means and standard deviations (SD), and variables not following nor-
mal distribution are presented as medians and interquartile ranges 
(IQR). Mann-Whitney U test was used for comparison of 68Ga-
DOTATOC uptake in patients and controls. Spearman's rank-order 
correlation was used for correlation analyses between SSTR expres-
sion and SUVmax. For all tests, P < .05 was considered as statistically 
significant.

3  |  RESULTS

3.1  |  Preoperative 68Ga-DOTATOC PET in patients 
and controls

Uptake data are presented as median (IQR) values. SUVmax was 15.9 
(11.6-19.7), 6.8 (2.6-9.3) and 41.1 (37.4-60.0) for somatotroph, corti-
cotroph and thyrotroph tumours, respectively (Figure 1) [see Table 2 
for individual values]. The median uptake in all 15 control subjects 
was SUVmax 13.8 (12.1-15.5). Compared to the normal pituitary gland, 
there was a significant difference in uptake in thyrotroph (Mann-
Whitney U = 0; P < .01) and corticotroph tumours (Mann-Whitney 

U = 11; P < .01), but not for somatotroph tumours (Mann-Whitney 
U  =  42; P  =  .27). Representative PET and MRI images along with 
corresponding immunohistochemical images of SSTR expression for 
each type tumour are presented in Figure 2A-C. In addition, dynamic 
data of tracer uptake in tumour subtypes and the normal pituitary 
gland are presented in Figure 3A and B. Dynamic data for gonado-
troph tumours were also presented in a previous publication by the 
authors.13

3.2  |  Postoperative 68Ga-DOTATOC PET

Among the 20 patients who underwent postoperative PET scan, 
nine demonstrated unequivocal signs of complete tumour resec-
tion on postoperative MRI accompanied by corresponding clinical 
remission. The other 11 patients showed an abnormal postopera-
tive MRI with findings of either a suspected residual tumour tissue 
or an inability to distinguish between scar tissue or residual tu-
mour (Table 3). For tumours with preoperative uptake higher than 
the median uptake for controls (SUVmax > 13.8), a cut-off level at 
60% of the preoperative uptake could be observed, dividing the 
cured and noncured patients. A low uptake postoperatively (<60% 

F I G U R E  1  Scatterplot of SUVmax from the 35-45 min frame 
for the 18 patients with different pituitary tumour categories at 
clinical presentation and 15 control subjects with normal pituitary. 
Individual dots represent plurihormonal tumours (red) and 
nonfunctioning tumours with silent corticotroph origin (blue). Two 
corticotroph tumours and controls #1-13 have been presented in a 
previous publication13
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of the preoperative uptake) corresponded with clinical remission 
in all four cases. In these tumours with high uptake, a persistent 
SUVmax postoperatively representing  >  60% of the preoperative 
uptake corresponded with maintained hypersecretion in two 
cases. A figure illustrating these two groups can be found in the 
appendix.

3.3  |  Histopathological characterization of PitNETs

In the eight patients with acromegaly, histopathological assessment 
demonstrated one pure somatotroph tumour, six somatolactotroph 
tumours and one plurihormonal tumour with GH, PRL, TSH, FSH and 
LH expression. Among patients with clinically thyrotroph tumours, 

TA B L E  2  Presenting information from preoperative 68Ga-DOTATOC PET and histopathological data for tumour specimens that 
were removed during endoscopic surgery of 18 patients with pituitary neuroendocrine tumours. Data are presented according to 
histopathological staining of adenohypophyseal hormones. Individual values are presented as SUVmax and IRS. For group data, SUVmax and 
IRS data are presented as the median value for each group

Patient Clinical presentation Tumour typea  SUVmax
b 

IRSc 

SSTR1 SSTR2 SSTR3 SSTR5

PitNET Corticotroph 6.8 1 2 12 12

#1d  Pituitary insufficiency ACTH 4.1 2 × 3 = 6 0 × 0 = 0 3 × 2 = 6 0 × 0 = 0

#2d  Pituitary insufficiency ACTH 1.3 0 × 0 = 0 0 × 0 = 0 4 × 3 = 12 2 × 2 = 4

#11 Cushing's disease ACTH 2.6 1 × 2 = 2 2 × 3 = 6 3 × 2 = 6 4 × 3 = 12

#12 Cushing's disease ACTH 9.3 1 × 3 = 3 2 × 3 = 6 4 × 3 = 12 4 × 3 = 12

#13 Cushing's disease ACTH 7.3 0 × 0 = 0 1 × 2 = 2 4 × 3 = 12 4 × 3 = 12

#14 Cushing's disease ACTH 6.8 0 × 0 = 0 1 × 2 = 2 4 × 3 = 12 4 × 3 = 12

#15 Cushing's disease ACTH 14.6 1 × 1 = 1 1 × 3 = 3 4 × 3 = 12 4 × 3 = 12

PitNET Somatotroph 15.9 0 12 9 12

#3 Acromegaly GH + PRL 10.9 0 × 0 = 0 3 × 3 = 9 3 × 2 = 6 1 × 1 = 1

#4 Acromegaly GH + PRL 14.7 0 × 0 = 0 4 × 3 = 12 3 × 3 = 9 4 × 3 = 12

#5 Acromegaly GH + PRL 17.4 1 × 1 = 1 3 × 1 = 3 4 × 3 = 12 4 × 3 = 12

#6 Acromegaly GH + PRL 7.7 0 × 0 = 0 4 × 3 = 12 3 × 3 = 9 4 × 3 = 12

#7 Acromegaly GH + PRL 15.5 1 × 1 = 1 4 × 3 = 12 2 × 3 = 6 3 × 3 = 9

#8 Acromegaly GH + PRL 16.2 0 × 0 = 0 4 × 3 = 12 3 × 3 = 9 4 × 3 = 12

#9 Acromegaly GH + PR+TSH + FSH+LH 21.1 0 × 0 = 0 4 × 3 = 12 3 × 2 = 6 1 × 2 = 2

#10 Acromegaly GH 20.5 –e  4 × 3 = 12 –e  3 × 3 = 9

PitNET Thyrotroph 41.1 0 12 6 6

#16 TSH hypersecretion TSH + GH+PRL 37.4 0 × 0 = 0 4 × 3 = 12 2 × 3 = 6 2 × 3 = 6

#17 TSH hypersecretion TSH 41.1 0 × 0 = 0 4 × 3 = 12 1 × 2 = 2 1 × 1 = 1

#18 TSH hypersecretion TSH + GH+PRL 60.0 0 × 0 = 0 4 × 3 = 12 3 × 3 = 9 4 × 3 = 12

Note: Abbreviations: ACTH, adrenocorticotropic hormone; GH, growth hormone; IHC, immunohistochemistry, IRS, immunoreactive score; PET, 
positron emission tomography; PRL, prolactin; SSTR, somatostatin receptor; SUVmax, maximum standardized uptake value.
aDetermined by immunohistochemistry with monoclonal antibodies toward adenohypophyseal hormones and tumour-specific transcription factors. 
bPET data from the region of interest containing the tumour with SUVmax measured over the 35- to 45-min frame. 
cIRS determined as the product of the proportion of immunoreactive cells (0 = 0%, 1 =< 10%; 2 = 10%-50%, 3 = 51%-80% and 4 => 80%) and the 
staining intensity (0 = no staining, 1 = weak; 2 = moderate and 3 = strong). Group data presented as median IRS value. 
dPublished previously.13 
eNo histopathological data. 

F I G U R E  2  Preoperative images demonstrating MRI alone and co-registered PET and MRI images plus immunohistochemical images of 
SSTR expression for three patients. (A) Patient with a 10 × 20 × 10 mm large somatotroph pituitary tumour (blue arrow). There is incidental 
uptake in a dural mass in the left sigmoid sinus that was later diagnosed as a meningioma (green arrow). SSTR expression showed IRS 0, 
12, 6, and 2 for SSTR1, SSTR2, SSTR3, and SSTR5, respectively. (B) Patient with a 3 × 3 × 4 mm small corticotroph tumour (blue arrow). 
There is evidently higher uptake in the normal pituitary to the left in the sella (green arrow) than in the tumour to the right (blue arrow). 
SSTR expression showed IRS 0, 2, 12 and 12 for SSTR1, SSTR2, SSTR3 and SSTR5, respectively. The MRI images are affected with imaging 
artefacts. (C) Patient with a 5 × 5 × 5 mm large thyrotroph tumour located in the superior part of the sella, paramedially to the right, in close 
proximity to the pituitary stalk (blue arrow). The scale is adjusted up SUVmax 40 because of high uptake. SSTR expression showed IRS 0, 12, 
2 and 1 for SSTR1, SSTR2, SSTR3 and SSTR5, respectively
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one patient had a pure thyrotroph tumour and two patients had a 
plurihormonal tumours with GH, PRL and TSH expression. Five 
patients with Cushing's disease and two patients with clinically 
NF-tumours had ACTH- and T-Pit-positive corticotroph tumours 
(Table 2).

TSH-producing tumours (two GH  +  PRL  +  TSH plurihormonal 
tumours and one pure thyrotroph tumour) expressed the highest 
degree of SSTR2 (median IRS 12) followed by moderately high ex-
pression of SSTR5 (median IRS 6) and SSTR3 (median IRS 6), but no 
expression of SSTR1 (median IRS 0).

In corticotroph tumours (silent corticotroph tumours included), 
there were low expression for SSTR1 and SSTR2 (median IRS 1 for 
SSTR1 and SSTR2 for SSTR2), high expression of SSTR3 and SSTR5 
(median IRS 12 for SSTR3 and SSTR5).

In patients with acromegaly (six somatolactotroph, one pure 
GH-producing and one plurihormonal tumour), SSTR expression was 
high for all receptors (median IRS 12 for SSTR2 and SSTR5, and 9 for 
SSTR3) except SSTR1 (median IRS 0) (Table 2).

3.4  |  Correlation between 68Ga-DOTATOC 
SUVmax and SSTR expression

Spearman's rank-order correlation coefficient between SUVmax and 
SSTR expression was –0.31 for SSTR1 (P  =  .23), 0.75 for SSTR2 
(P < .01), –0.37 for SSTR3 (P = .14) and –0.18 for SSTR5 (P = .48).

3.5  |  Adverse events and incidental findings

Reported adverse events after PET scanning were headache, diar-
rhoea and nausea. There were no serious adverse events during the 
study. One patient (#10, Table 2) had an incidental finding of a dural 

F I G U R E  3  Demonstrating the uptake levels of 68Ga-DOTATOC 
in different PitNETs subtypes and control subjects over time. 
SUVmax value on the Y-axis and time in minutes in the X-axis. Error 
bars show interquartile ranges. (A) Figure illustrating the uptake 
from somatotroph, corticotroph and gonadotroph tumours as 
well as the uptake in the healthy normal pituitary gland. (B) Figure 
showing the uptake in thyrotroph tumours and normal pituitary 
gland. The Y-axis range up to SUVmax 80 in this graph

TA B L E  3  Pre- and postoperative 68Ga-DOTATOC PET data and postoperative MRI findings in 11 patients with pituitary tumours where 
the postoperative MRI was inconclusive

Patient no. Cell type
Clinically 
cureda 

Postoperative MRI 
tumour size (mm)b 

MRI 
interpretation

Preoperative 
SUVmax (PET1)

Postoperative 
SUVmax (PET2)

PET2/PET1 
SUVmax ratio (%)

#1c  Corticotroph Yes 8 × 3 × 3 Inconclusive 4.1 4.2 102

#2c  Corticotroph No 3 × 4 × 4 Tumour likely 1.3 4.6 308

#3 Somatotroph No 12 × 7 × 18 Tumour likely 10.9 4.6 42

#4 Somatotroph Yes 4 × 3 × 4 Inconclusive 14.0 7.1 51

#6 Somatotroph Yes 2.5 × 3 × 3 Inconclusive 7.7 7.3 95

#7 Somatotroph No 7 × 7 × 7 Tumour likely 15.5 11.0 71

#8 Somatotroph Yes 5 × 5 × 5 Tumour likely 16.2 4.7 29

#18 Thyrotroph Yes 5 × 3 × 5 Inconclusive 60.0 6.0 10

#21c  Gonadotroph No 20 × 20 × 20 Tumour likely 14.4 15.3 106

#22c  Gonadotroph Yes 3 × 4 × 3 Inconclusive 16.6 5.2 31

#24c  Gonadotroph No 2 × 3 × 2 Tumour likely 3.3 4.8 145

Note: Abbreviations: MRI, magnetic resonance imaging; PET, positron emission tomography; SUVmax, maximum standardized uptake value.
aOn the basis of clinical and biochemical factors. 
bLength, width and height dimensions, respectively. 
cPublished previously.13 
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mass located in the proximity of the left sigmoid and transverse 
dural venous sinuses with high 68Ga-DOTATOC uptake (SUVmax 
26) (Figure  2A). Further clinical investigation later confirmed a 
meningioma.

4  |  DISCUSSION

This pilot study evaluated the diagnostic properties of the 68Ga-
DOTATOC tracer for hormone-secreting PitNETs with respect to their 
histopathological features and demonstrates its clinical value in pre- 
and postoperative imaging of thyrotroph tumours. SUVmax correlated 
with SSTR2 expression intensity, which was expressed to the high-
est degree in both thyrotroph (both pure TSH-producing and pluri-
hormonal tumours) and somatotroph tumours. The study also found 
significant differences in tracer uptake between the normal pituitary 
gland and both thyrotroph and corticotroph tumours. This observation 
is of high clinical relevance as the diagnostic procedure of thyrotroph 
tumours is complex and time consuming. The process for confirma-
tion of a thyrotroph tumour is based on proving autonomous TSH 
production through extensive endocrine testing,18 as NF-PitNETs 
are much more common than TSH-producing tumours.19 NF-PitNETs 
were previously demonstrated to have a significantly lower uptake of 
68Ga-DOTATOC compared to the normal pituitary gland in our previ-
ous study.13 Therefore, the tracer adds valuable information in that it 
may distinguish thyrotroph tumours from both NF-PitNETs and the 
normal pituitary gland.

In somatotroph tumours, SSTR2 and SSTR5 receptors were ex-
pressed to the highest degree (median IRS 12 for both), but with a 
similar tracer uptake to normal pituitary tissue (mean SUVmax 15.5 
compared to 13.8 in normal pituitary gland). Interestingly, somato-
troph tumours showed significantly lower tracer uptake compared to 
thyrotroph tumours despite both groups demonstrated equally high 
SSTR2 expression (median IRS of 12 for both groups). In contrast 
to thyrotroph tumours, somatotroph tumours demonstrated much 
higher expression of both SSTR3 and SSTR5, which paradoxically 
rendered a lower tracer uptake value. One hypothesis that could be 
derived from this is that a higher total number of receptors induce 
competitive interference at the receptor level, which results in a 
lower overall tracer uptake. Another explanation could be that the 
IRS scale is an ordinal scale and based on visual, semi-quantitative 
determination. Thereby, there could still be a numerical difference 
in number of receptors between these tumours, even though both 
showed a visually determined IRS score of 12.

On the contrary to thyrotroph and somatotroph tumours, tracer 
uptake in corticotroph tumours was generally lower in the tumour 
region compared to normal pituitary tissue (Figures 1 and 2B). This 
is in line with a previous study that evaluated smaller corticotroph 
tumours with 68Ga-DOTATATE, demonstrating a significant lower 
tracer uptake in these tumours (mean SUVmax 3.5  ±  2.1 in tu-
mours compared to 5.9 ± 2.7 in normal pituitary tissue, P <  .01).14 
Interestingly, we found higher median uptake in these tumours using 
68Ga-DOTATOC compared to the above mentioned study using 

68Ga-DOTATATE,14 even though DOTATATE demonstrates higher 
affinity to the SSTR2 receptor.20 Further comparison is however 
precarious, since other methodological differences also may con-
tribute. Even though both studies found significantly lower uptake 
in corticotroph tumours, the clinical significance is nonetheless lim-
ited, especially in the postoperative image assessment, as the lower 
uptake could not be inferred as a tumour-specific finding.

In total, three tumours demonstrated immunohistochemical ex-
pression of multiple hormones belonging to the Pit-1 cell lineage. 
According to the modified WHO 2017 classification of pituitary tu-
mours, plurihormonal tumours are considered to be a distinct sub-
group of tumours within the Pit-1-positive cell linage apart from 
lactotroph, somatotroph, and thyrotroph tumour groups.21 However, 
in this study, they were classified according to their clinical presenta-
tion as in clinical practice, with two patients in the TSH hypersecretion 
group and one patient in the acromegaly group (Figure 1 and Table 2). 
These plurihormonal tumours demonstrated no significant difference 
in uptake from the pure TSH-producing and somatolactotroph tu-
mours and could not be considered as outliers in their group.

68Ga-DOTATOC PET added limited value to the postsurgical 
evaluation generally. Only thyrotroph tumours demonstrated a 
significantly higher tumour uptake than the pituitary gland, distin-
guishing them from both scar tissue and normal pituitary tissue in 
the postoperative image assessment. As an illustrative case, one 
patient who presented with a thyrotroph tumour had an incon-
clusive abnormal MRI finding postoperatively. The tracer showed 
low uptake in the abnormal MRI finding, which corresponded with 
scar tissue (Figure 4). For the other tumours, there were no signifi-
cant differences in uptake compared to the pituitary gland or high 
enough to be regarded as a tumour-specific finding. However, when 
comparing uptake levels between the pre- and postoperative PET 
in the same patients, tracer uptake level at 60% was observed to 
distinguish clinical and biochemical remission from noncure for tu-
mours with a preoperative uptake above the median uptake of the 
normal pituitary (SUVmax 13.8). For patients with a preoperative up-
take SUVmax > 13.8 but with a postoperative uptake SUVmax < 60% 
of the preoperative uptake, the tracer correctly identified clinical 
remission in all cases and, conversely, patients with no biochemi-
cal remission demonstrated a postoperative SUVmax > 60% in both 
cases (Table 3).

As a major strength of this study, uptake data of the different sub-
groups of PitNETs were accompanied by histopathological data on 
adenohypophyseal cell types based on both transcription factors and 
staining for adenohypophyseal hormones. Also, the degree of SSTR 
expression has been presented in a quantitative scale that provides a 
more detailed description of tumour heterogeneity regarding tracer 
uptake. We found a significant correlation between tracer uptake 
and the expression of the SSTR2 receptor, evoking the hypothesis 
that medical treatment with somatostatin analogues could be mon-
itored in tumours with excessive SSTR2 expression, that is in thy-
rotroph tumours. Analogously, tumours with high degree of SSTR3 
expression, that is corticotroph and gonadotroph tumours, may be 
better detected and monitored by tracers such as DOTANOC, with 
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high affinity to this receptor. This may be within the scope for future 
studies.

The major limitation of our study was the small number of cases, a 
consequence of studying rare tumours. Although this study suggests 
a potential role of the 68Ga-DOTATOC tracer in pre- and postopera-
tive image assessment in thyrotroph tumours, the limited number of 
patients still makes these results somewhat uncertain and further eval-
uation in larger cohorts is needed to confirm this. Uptake differences in 
somatotroph tumours and normal pituitary tissue were indicated in this 
study, but could not be proven with statistical significance, presumably 
because of the small sample size. For smaller tumours, there are several 
methodological limitations by using 68Ga-DOTATOC. First, the rela-
tively high positron energy for 68Ga (mean Emean = 0.83 MeV) needs to 
be considered, which yields a long positron range of Rmean = 3.5 mm,22 
resulting in a limited intrinsic image resolution. Furthermore, the partial 
volume effect displays a confounding factor for tracer uptake, espe-
cially in assessing smaller tumours and smaller postoperative findings. 
SUVmax may be impacted by several other factors than SSTR expres-
sion such as partial volume effect that, in turn, may be influenced by 
both size of the lesion as well as movements of the subjects. However, 
since validated methods for partial volume correction in PitNETs have 
not been published, no adjustments for this potential effect was per-
formed. Instead, we present unmodified uptake data as it was measured, 
with a caveat of possible significant impact of partial volume effect in 

smaller lesion, in particular lesion under 1 cm. Also, the postoperative 
PET evaluations were relatively few, as postoperative evaluations had 
to be delayed because of the current COVID-19 pandemic.

However, even as a small pilot study, this study demonstrated 
a significant difference in uptake levels between thyrotroph and 
corticotroph tumours versus normal pituitary tissue and interesting 
postoperative results that cured patients may be discriminated from 
noncured patients based on PET uptake if tumours preoperatively 
presented with a high uptake. This study also presents interesting 
findings regarding SSTR expression in PitNETs, in particular the high 
SSTR3 expression in both corticotroph tumours, that could be the 
starting point for further, more focused studies.
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APPENDIX A

Figure A1 Figure demonstrating 
postoperative uptake profiles for six 
patients with a preoperative tumor 
uptake of SUVmax > 13.8. Four patients 
with a postoperative uptake with < 60% 
of preoperative uptake corresponded 
with biochemical cure. Conversely, in 
two patients with tumor uptake > 60% 
of the preoperative uptake, the uptake 
corresponded with a persistent tumor

1 = control subject also part of a TAO study (http://www.clinicaltrials.gov; identifier NCT02378298)

2 = preoperative data presented in a previous study. DOI: 10.1111/cen.14144
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