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Abstract

Objective: To evaluate the usefulness of methionine (MET)-Positron Emission Tomography (PET) for the
early diagnosis of Growth Hormone (GH) secreting adenomas, we retrospectively analyzed patients with abnormal
GH dynamics and a histologically confirmed GH secreting pituitary adenoma who underwent pre-operative
fluorodeoxyglucose-/MET-PET.

Materials and methods: Thirty-two patients with abnormal GH dynamics were included in this study. 3 Tesla
(3T) -MRI, [*®F]-flurodeoxyglucose (FDG) -/["C]-MET-PET, and transsphenoidal surgery were performed in all the
patients. We determined correlations among FDG-/MET-PET (maximum standardized uptake value (SUVmax)),
serum GH and IGF-1 levels, the GH response to a 75 g Oral Glucose Tolerance Test (OGTT), Thyrotropin-Releasing
Hormone (TRH) /Luteinizing Hormone-Releasing Hormone (LHRH) loading tests, tumor volume, and proliferative
activity.

Results: The diagnostic sensitivity for early GH secreting adenoma was highest for MET-PET (100%), followed
by TRH/LHRH (80%), 75 g OGTT (67%), and FDG-PET (47%). Significant correlations were observed between:
MET-PET SUVmax and FDG-PET SUVmax (p<0.01), MET-/FDG-PET SUVmax and tumor volume (MET: p<0.01;
FDG: p<0.01) ; MET-/FDG PET SUVmax and MIB-1 labeling index (MET: p<0.01; FDG: p=0.01) ; GH/insulin-like
growth factor (IGF)-1 levels and tumor volume (GH: p=0.01; IGF-1: p<0.01) ; and GH and IGF-1 levels (p<0.01).

Conclusions: All the patients with abnormal GH dynamics detected by MET-PET had GH adenomas, indicating
that MET-PET is useful for the early diagnosis of GH adenomas.
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Introduction

Sustained Growth Hormone (GH) excess resulting from a GH
secreting pituitary adenoma causes acromegaly, the diagnosis of which
ranges from 2.5 to 10 years (mean 8 years) after the onset of symptoms
[1-6]. Acromegaly is associated with a 2-3-fold higher mortality rate and
areduction of life expectancy by 10-15 years compared with the general
population. These outcomes are mainly attributed to the presence
of other severe diseases, such as diabetes mellitus, hypertension,
hyperlipidemia, cardiovascular and respiratory disease, and neoplasms
[1,3,5,7-13]. The duration of the disease is a prognostic factor. Therefore,
establishing guidelines for the early diagnosis or assessment of the disease
activity of acromegaly is a major challenge [1,4,6,10]. Acromegaly,
which sometimes shows a false-negative or false-positive reaction to
various hormone-loading tests, does not always fulfill the established
diagnostic criteria. Moreover, neuroradiological assessments, such as
computed tomography (CT) or Magnetic Resonance Imaging (MRI),
sometimes fail to detect GH secreting adenomas. Recent reports have
demonstrated the usefulness of Positron Emission Tomography (PET)
for identifying pituitary adenomas [14-18]. In fact, methionine (MET)-
PET was able to detect tumor extension when it could not be detected
with conventional imaging [16,18]. In the present study, we reviewed
patients with abnormal GH secretion and a GH secreting adenoma that
was histologically confirmed using a surgical specimen. We analyzed
correlations among Fluorodeoxyglucose (FDG) -/MET-PET (maximum
Standardized Uptake Value (SUVmax)), serum GH and IGF-1 levels,
the GH response to a 75 g OGTT, TRH/LHRH loading tests, tumor
volume, and proliferative activity. We also sought to identify the factors
that facilitated the early diagnosis of GH secreting adenoma.

Methods
Patients

We identified 32 patients who fulfilled at least one of the following
inclusion criteria: (1) high GH and/or IGF-1 levels; (2) no suppression
of GH levels during a 75 g Oral Glucose Tolerance Test (OGTT) ;
and (3) abnormal GH responses to Thyrotropin-Releasing Hormone
(TRH) /luteinizing hormone-releasing hormone (LHRH) loading
tests. Nine patients were male and 23 were female. The mean age was
44.3 years (range 15-68 years). Of the 32 patients with abnormal GH
secretary dynamics, 17 had “overt” acromegaly. The other 15 patients
had no apparent clinical characteristics of acromegaly, corresponding
to pre-clinical acromegaly. All patients underwent neuroradiologic
examinations (MRI and FDG-/MET-PET) and transsphenoidal surgery.

We analyzed the correlations among the following parameters: FDG-/
MET-PET (SUVmax values), GH and IGF-1 levels, the GH response
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to a 75 g OGTT, the GH response to TRH/LHRH loading tests, tumor
volume, and proliferative activity. The objective of these analyses was to
identify parameters that may facilitate early diagnosis. In patients whose
GH and IGF-1 levels were measured several times, we calculated the mean
values and determined their correlations with the other parameters. The
magnitude of the GH fluctuation before surgery was compared between
patients with acromegaly and pre-clinical acromegaly. FDG-/MET-PET
scans were performed in 33 patients without pituitary disorders as a
control. This study was conducted in accordance with the declaration of
Helsinki. All the subjects provided informed consent.

MRI

MRI was performed using a 3 Tesla (3T) -MRI unit (Signa HDx;
GE Medical Systems, Fairfield, CT, USA). A standard circular-polarized
head coil was used. MRI of the brain was performed in the sagittal,
coronal, and axial planes, and consisted of T1-weighted spin-echo
images (TR/TE/number of excitations: 575 ms/10 ms/2; matrix size:
256 x 160) and T2-weighted spin-echo images (TR/TE/number of
excitations: 4400 ms/102 ms/2; matrix size: 480 x 192). The slice
thickness was 2 mm, with a 0.2-mm slice gap. For contrast-enhanced
studies, 0.2 ml/kg body weight of gadolinium-diethylenetriamine
pentaacetic acid was injected intravenously.

PET imaging
PET-CT was performed using a Discovery LS (GE Medical Systems)

in all the patients. The PET machine used bismuth germanium oxide
crystals. All the patients fasted before the procedure and received
intravenous injections of MET (5.6 MBq x body weight (dose range
225.7-558.3 MBg; 6.1-15.1 mCi)). PET scans, with duration of 10 min,
were obtained starting 20 min after injection. At 1 h after MET injection,
all patients received an intravenous injection of FDG (3.7 MBq x body
weight (dose range 155-269.5 MBgq, i. e. 4.2-7.3 mCi)). PET scans,
with duration of 10 min, were obtained starting 1 h after injection. The
FDG-/MET-PET procedure was performed in the three-dimensional
mode, which provided a set of 35 planes with a section thickness of ~4.1
mm. The uptake of FDG and MET during PET scanning was evaluated
as the SUVmax.

Image post-processing

The MRI and PET scans were co-registered to Gd-enhanced T1-
weighted images and T2-weighted images using Advantage Windows
software (GE Medical Systems). For co-registration of MRI and PET
scans, the MRI data were reconstructed using the skull shape ascertained
by PET-CT. This procedure was performed based on anatomical
landmarks, such as the optic nerves, the internal occipital protuberance,
and the vestibular cochlear nerve. The MRI scans were then fused to the
PET scan; the overlaid PET scans were then automatically viewed.

Pathologic examination

Surgical specimens were fixed in 10% neutral-buffered formalin and

Case No Age(Yrs) Sex| Pathology | MET (SUVmax) FDG SUVmax) Volume(CM3) Size MIB-1 (/HP) GH IGF-1 75g-OGTT  TRH/LHRH

1 68,F Acro 2.3 0 0.3,macro 1.5 5.76 553 - NE
28,F Acro 8.3 20.2 4.03,macro 34 23.6 1390 - NE

3 49,F Acro 6.2 10.4 16.1,macro 2 5.77 824 - NE
4 61,F Acro 2.65 4.64 0.84,macro 2.7 13.8 702 - NE
5 54,M Acro 3.8 6.1 4.33,macro 1.7 1 1330 -
6 23,F Pre Arco 2.8 0 0.32, micro 1.7 4.88 393 +
7 61,M Acro 2.3 2 0.63,macro 2 22.02 508 -
8 65,M Acro 49 6.5 2.62,macro 5.4 77 488 - NE
9 47,F Pre Arco 2.5 0 0.27, micro 0.2 7.46 129.3 + -
10 60,M Acro 1.7 0 0.18, micro 1.1 9.05 130 + NE
1 21,M Pre Arco 1.6 0 0.21, micro 3.1 4.02 203 -
12 59,F Acro 2.9 6.6 0.31, micro 6.6 2 472 - +
13 62,F Pre Arco 3.2 7.9 0.76,macro 2 1.09 255 + -
14 31,F Acro 9.5 32.5 1,macro 7.9 19.2 645.5 - +
15 58,F Acro 3.4 6.3 0.82,macro 1.9 7.7 976 - +
16 30,F Pre Arco 4 0 0.2,macro 35 0.85 226 - +
17 44 F Pre Arco 2.8 0 0.1, micro 1.4 0.43 199.5 + +
18 33,F Pre Arco 6.6 0 0.14, micro 71 9.3 187 -
19 57,F 4.1 4.6 2.1,macro 2 38.3 754 NE NE
20 33,F Pre Arco 2.4 0 0.05, micro 0.2 5.83 174.7 - +
21 35,F Pre Arco 9.8 11.1 2.43,macro 2.2 5.88 507.3 - +
22 15,F Pre Arco 25 35 0.018, micro 0 34 369.3 - +
23 17,M Pre Arco 2.1 4 0.006, micro 0.72 0.7 397.2 - +
24 68,F Pre Arco 3.8 5 0.25,macro 0.5 3.37 161 - +
25 34,F Pre Arco 4 3 0.13,macro 0.53 7.68 228 + +
26 53,F Acro 4.6 12.9 0.35,macro 1.84 5.67 438 - +
27 59,F Acro 4.5 41 0.21,macro 8.94 0.07 106.7 + +
28 42.M Acro 2.8 4.5 0.29,macro 3.3 7.22 763 - +
29 16,M Pre Arco 3.6 3.3 0.2, micro 1.6 5.11 291.7 - +
30 51,F Acro 2 4.1 1.68,macro 0.2 9.87 792 - +
31 61,F Acro 3.6 7 4.32,macro 1 23.4 467 - NE
32 25,F Pre Arco 2.3 0 0.14,micro 1.5 2.65 276.5 - +

Table 1: Patient characteristics

Acro: acromegaly; preAcro: preclinical acromegaly; macro: macroadenoma; micro: microadenoma; 75 g OGTT: + = suppression, — = no suppression; TRH/LHRH: + =

paradoxical response; NE: not examined.
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embedded in paraffin. Tissue sections (3 um thick) were prepared and
stained with hematoxylin and eosin. Immunohistochemical staining
was performed using the avidin-biotin complex method with the
following antibodies: polyclonal adrenocorticotropic hormone (DAKO,
Glostrup, Denmark), polyclonal growth hormone (DAKO), polyclonal
prolactin (DAKO), monoclonal thyroid-stimulating hormone- (Neo
Markers, Fremont, CA, USA), monoclonal luteinizing hormone-f (Neo
Markers), monoclonal follicle-stimulating hormone-f (Neo Markers),
polyclonal a-subunit (DAKO), and monoclonal Ki-67 (DAKO). Tumor
proliferative activity was evaluated in terms of the MIB-1 labeling
index, which was calculated as the percentage of MIB-1-positive cells
in a population of approximately 1000 tumor cells.

Statistical analysis

Since none of the parameters showed a normal distribution,
Spearman’s rank correlation test was used. Values of p<0.05 were
considered statistically significant. To compare the differences
between two independent groups, where each group showed a normal
distribution, Welch’s ¢-test was used.

Results

The clinical data for each patient are summarized in table 1. High
FDG accumulation was observed in 22/32 patients (69%), but was
not observed in 4/13 patients (31%) with microadenoma. In contrast,
high MET accumulation was observed in all 32 patients (Figure 1). In
patients with microadenoma, we could delineate the tumor based on
the difference in MET uptake between normal pituitary gland tissue
and adenoma tissue. MET-PET SUVmax was significantly correlated
with FDG-PET SUVmax (p<0.01). Tumor volume was significantly
correlated with MET-PET SUVmax (p<0.01) and FDG-PET SUVmax
(p<0.01). The lesions detected by MET-PET fusion MRI, based on the
high tracer uptake, were confirmed by the operative findings in all 32
patients, illustrating a high level of accuracy. We also found significant
correlations between MET-PET SUVmax and MIB-1 (p<0.01), FDG-
PET SUVmax and MIB-1 (p<0.01), FDG-PET SUVmax and IGF-1
levels (p<0.01), GH levels and tumor volume (p=0.01), IGF-1 levels and
tumor volume (p<0.01), and GH and IGF-1 levels (p<0.01) (Table 2).

Microadenomas were detected in 11/15 patients with pre-clinical
acromegaly (73%) (Table 1). GH levels determined during the 75
g OGTT were not suppressed in 10/15 patients (67%). Meanwhile,
abnormal GH responses to the TRH/LHRH loading tests were observed
in 12/15 patients (80%). High MET accumulation was observed in all
15 patients, whereas high FDG accumulation was only observed in 7/15
patients (47%), including 4/4 patients with macroadenoma (100%) and
3/11 patients with microadenoma (27%). These findings suggest that
the most sensitive diagnostic method for pre-clinical acromegaly is
MET-PET, followed by TRH/LHRH, 75 g OGTT, and FDG-PET.

In the 33 control cases, the mean * standard deviation MET uptake
was 1.7 + 0.47 while that of FDG was 3.1 + 0.56. The fluctuations in
GH levels in patients with pre-clinical acromegaly and acromegaly are
shown in figure 2. The fluctuations in GH levels were greater in patients
with pre-clinical acromegaly as compared to patients with acromegaly
(p=0.03, Welch’s t-test).

Discussion

It is important to diagnose GH secreting adenoma as early as
possible to improve the prognosis, as prompt treatment can stop the
progression of organ failure. Additionally, the surgical remission rate is
high in patients with microadenoma [1,3,4,11,19,20]. For the diagnosis
of acromegaly, it is important to measure the GH response to the 75
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Figure 1: MET-PET fusion 3T MRI (A-C), FDG-PET/MRI (D), Gd-enhanced
MRI (E), hematoxylin/eosin-stained tissue (F), and immunohistochemical
staining of GH (G) in four representative patients.

Patient #9: high GH levels, GH suppression during a 75 g OGTT, normal
GH responses to TRH/LHRH loading tests, and MET-SUVmax = 2.5.

Patient #17: normal GH levels, GH suppression during a 75 g OGTT,
abnormal GH responses to TRH/LHRH loading tests, and MET-SUVmax
=28.

Patient #18: high GH levels, no GH suppression during a 75 g OGTT,
normal GH responses to TRH/LHRH loading tests, and MET-SUVmax =
6.6.

Patient #20: high GH levels, no GH suppression during a 75 g OGTT
suppression, abnormal GH responses to TRH/LHRH loading tests, and
MET-SUVmax = 2.4.

g OGTT suppression test. However, it was recently reported that the
traditional methods used to measure GH have a high cutoff value,
which may result in false-negative diagnosis [1-3,6,21-23]. Freda [24]
concluded that a cutoft value of 1 ug/l fails to identify 50% of patients
with active disease. Moreover, we must consider the influence of GH
and IGF-1 levels in other conditions, such as diabetes mellitus, hepatic
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MET FDG MIB-1 GH IGF-1 volume

MET P<0.01 P<0.01 P=0.19 P=0.24 P<0.01

FDG P<0.01 P=0.01 P=0.26 P<0.01 P<0.01

MIB-1 | P<0.01 P=0.01 P=0.52 P=0.20 P=0.12

GH P=0.19 P=0.26 P=0.52 P<0.01 P<0.01

IGF-1 = P=0.24 P<0.01 P=0.20 | P<0.01 P<0.01
volume | P<0.01 P<0.01 P=0.12 = P<0.01 P<0.01

Table 2: Correlations between the indicated parameters.
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Figure 2: Fluctuations in plasma GH levels in 15 patients with pre-clinical
acromegaly (A) and in eight patients with overt acromegaly (B).

or renal failure, hypothyroidism, pregnancy, adolescence, and anorexia
nervosa, and that they are influenced by oral estrogen, age and sex
[3,8,21,23-25]. About 50% of patients with acromegaly experience a
rapid increase in plasma GH concentrations after stimulation of the
TRH secretion and/or gonadotropin-releasing hormone (GnRH)
secretion. However, this paradoxical GH response to TRH/LHRH also
occurs in conditions not associated with acromegaly such as depression,
psychosis, liver cirrhosis, chronic renal failure, and uncontrolled
type 1 diabetes mellitus, and may also occur in healthy women or
adolescents. Therefore, the results of TRH/GnRH loading tests should
provide part of the reference data sets [3,26]. Some reports attempted
to elucidate tumor localization and the hormone secreting type from
neuroradiological findings, but the results were inconclusive [22,27,28].
For the detection and delineation of tumor location, particularly of
microadenomas, the diagnostic accuracy of superconductive MRI
was reported to range from 10% to 40%, with false-negative and false-
positive rates of 33% and 20%, respectively [16,18,29]. Dynamic MRI is
considered to improve diagnostic accuracy relative to superconductive
MRI. However, Tabarin et al. [30] determined the diagnostic accuracy
of MRI and dynamic MRI using 1.0 Tesla MRI. In that study, the
positive rates were 53% for MRI and 67% for dynamic MRI, and were
not significantly different between the two imaging modalities.

Pituitary tumor cells have a large capacity for synthesizing

immature protein, irrespective of the type of hormone secreted, and a
higher cell density than that found in normal pituitary tissue. MET is
an important component for protein synthesis. Consequently, there is a
marked difference in MET uptake between adenoma tissue and normal
pituitary tissue, which contributes to the detection of tumors, including
microadenomas [16,18]. In the present study, high MET uptake was
observed in all 32 patients. Patients with a MET SUVmax<2.0 tend to
have a microadenoma. In these patients, the difference in MET uptake
between healthy tissue and adenoma tissue enabled us to delineate the
tumor from the normal pituitary gland. In this study, the proportion of
adenomas detected using FDG-PET was 69%, which is lower than that
achieved using MET-PET (100%). We suspect that, in GH secreting
adenoma, the uptake and metabolism of glucose and MET are facilitated
by tumor volume and tumor proliferative activity. Consequently, both of
these parameters were correlated with FDG/MET uptake. Furthermore,
the SUVmax values for glucose and MET uptake were significantly
correlated. Thus, MET-PET is an important factor to aid early diagnosis
of microadenoma. In our study, the variation in GH levels was much
higher in patients with pre-clinical acromegaly and microadenoma than
in patients with acromegaly (Figure 2). However, the GH suppression
after the 75 g OGTT loading test and the GH response to the TRH/
LHRH loading tests were inconclusive. Considering the correlations
between GH/IGF-1 levels and tumor volume, hormone secretion
tended to be much lower in patients with microadenoma compared to
patients with macroadenoma. GH secretion shows a pulsatile pattern in
normal individuals and in patients with acromegaly. Particularly in the
early stages of acromegaly, the endocrine findings vary considerably,
and assessment of GH levels is often unreliable (Figure 2). Considering
these findings we should suspect the presence of GH secreting pituitary
adenoma if high levels of serum GH and/or IGF-1 levels are detected at
least twice, there is no GH suppression following a 75 g OGTT, or there
is an abnormal GH response to TRH/LHRH. In these circumstances,
we recommend that MET-PET fusion MRI should be performed for
early detection of GH secreting pituitary adenoma.

Conclusions

Most patients with an early stage GH secreting adenoma have a
microadenoma, which is often difficult to detect with superconductive
MRI. Additionally, the results of loading tests are often inconclusive
because there are marked fluctuations in plasma GH and IGF-1 levels.
MET-PET fusion 3T-MRI method provides greater sensitivity for
determining the location of and delineating GH secreting adenoma. In
this report, we have emphasized the usefulness of MET-PET fusion MRI
for the diagnosis of GH secreting adenoma if a GH producing tumor is
suspected based on endocrine factors, which ultimately facilitates the
early diagnosis and treatment of a GH secreting adenoma.
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