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Abstract. Purpose: Scintigraphic localisation of parathy-
roid glands is often unsuccessful in patients with renal
failure on chronic haemodialysis who have secondary
hyperparathyroidism (HPT). The purpose of this study was
to investigate the use of ''C-methionine PET/CT to detect
hyperfunctioning parathyroid glands in patients with renal
failure on chronic haemodialysis who had **™Tc-sestam-
ibi-negative HPT.

Methods: ''C-methionine PET/CT was performed in 18
patients (11 women and 7 men, aged 4279 years; mean
age 57.8 years) on haemodialysis for renal failure (2-14
years’ duration), with normo-, hypo- or hypercalcaemia
and HPT not localised by either dual-tracer °°™Tc-
pertechnetate/*”™Tc-sestamibi subtraction scans or dual-
phase **™Tc-sestamibi scans.

Results: In three of ten patients with normo- or hypo-
calcaemic HPT there was increased '' C-methionine accu-
mulation in one gland. Seven of eight patients with
hypercalcaemic HPT showed increased uptake: in five of
these patients increased ''C-methionine accumulation was
present in one gland, while in two it was demonstrated in
two glands. All patients also had high-resolution ultra-
sound of the neck and were treated with subtotal para-
thyroidectomy, leaving a remnant of the smallest of the
four glands. Regardless of their size, all glands with
abnormal ''C-methionine parathyroid uptake were re-
moved, and all demonstrated parathyroid hyperplasia. All
patients developed post-parathyroidectomy hypoparathy-
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roidism and one patient with normocalcaemic HPT re-
lapsed 8 months after surgery.

Conclusion: These data suggest that ''C-methionine PET/
CT may be used to identify hyperfunctioning parathyroid
glands in non-primary HPT, and especially hypercal-
caemic HPT, when conventional **™Tc-sestamibi imaging
is non-localising.
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Introduction

Parathyroid scintigraphy with methionine was first intro-
duced almost 35 years ago using '~ Se-selenomethionine
[1-5]. The success of parathyroid localisation was variable,
and methods were offered to enhance imaging by incor-
porating thyroid subtraction with **™Tc-pertechnetate and
pharmacological manipulation of serum calcium levels
[6]. "°Se-selenomethionine imaging was subsequently
supplanted by more efficacious radiopharmaceuticals
like 2°'T1, **™Tc-sestamibi (MIBI), **™Tc-tetrofosmin and
variations of MIBI or **™Tc-tetrofosmin imaging using
thyroid subtraction with '*’I or *™Tc¢ or, more recently,
dual-phase MIBI or *’™Tc-tetrofosmin scans [7—10]. The
availability of the positron-emitting radioisotope ''C has
allowed a re-evaluation of methionine as a parathyroid
imaging agent, taking advantage of the increased resolution
afforded by positron emission tomography (PET), and ''C-
methionine has been used to identify hyperfunctioning
parathyroid tissues in primary, secondary and recurrent

European Journal of Nuclear Medicine and Molecular Imaging Vol. 33, No. 4, April 2006



(g1 uwnjoo) A1931ns je punoj pue[3 1sa3Ie]

S6tC’0 Aq Aldnnuw ‘/jowu 03 SanjeA 1IAUOD O p
onfea ayeidn pasipiepuels 40§ ‘Quowioy proiAyjered wnios f774 ‘wsiproiAyierediodAy 7477 ‘orewr py orews

oY) jo pue (7] uwn[od) spue[s proifyjered PrAL-OUIUONAW-) | PAJOSSAI JO (Sur) JYSIoM A MOYS ¢] Pue 7] suwnjo)

Kwoyooproifyered
[e101qns oSt - - oaneSoN  spue[S ¢ eaneSoN 0011 86 p  OTWOBO[BOOULION qd 8T
Kwoyooproifyyered
[eroqng 08¢ - - OANESON  SpuB[S ¢ QANRSON (8% I'6 C  OlWded[BOOWLION d L1
Kwoyooproifyyered
reloiqng 0z¢€ - - JAne3oN  spue[d ¢ oAne3aN  0TL 98 [ OIWQBO[EIOUWLION W 9]
Kwoyooproikyyered
[e101qns 0l - - oaneSoN  spue[S ¢ eaneSeN  0vS 88 p  OTWOBO[BOOULION qd ST
Kwoyooproifyyered
[er0qng 08¢ 08¢ v'e 7 pue[3 | spue[3 ¢ 2AUESON  OF€ 44! ¢ omuoedjeoradAy d 4l
Kwoyooproiyyered
reroiqng 09S - - JAIRION pue[d ¢ oAne3aN 06T 1I'6 T OIUIBI[BOOWION q €1
Awoyoaproifyyered
[ejoiqng 065 065 $T 6C pue[3 [ spue[3 ¢ ANESON 6L 8L L Omuoed[eoodAy N 4
Kwoyooproifyyered
[ej01qng 0€9 - - oane3oN  spue[3 ¢ 2Ane3oN  00% S'6 ¥ OIWABO[BOOULION W 1
Kwoyooproiyyered
[e101qng 0rS 0LT 6’1 8T pueS | spue[d ¢ 2ANESON  96¢ '8 9  omwoed[edodAH N 0T
Awoyoaproiyyered
[eroiqns 0LE - - oAne3oN  spue[3 ¢ oAne3oN  S¢ €8 ¢ orwoed[eoodAH a 6
Kwoyooproifyered
[e101qns 06€ - - oAneSoN  spue[3 ¢ oAne3oN  (Op€ ISal y  omueeoeoradAy W 8
Kwoyooproikyyered
[er01qng 018 (043 I'e 6y pueS | spue[3 g 2AneSoN 0061 101 §  OTWOBO[EOOWION d L
KAwoyoaproikyyered
[er01qng 0S¥ 0S¥ LT (4 pueS | spue[3 ¢ oAneSoN ey 9Tl ¢ omudeoedradAy d 9
Kwoyooproifyered
[ezo1qng 0€s 0LE ‘0€S S'1°8°C 1'ecy spueS ¢ spuelS ¢ oAneSoN 681 [ y1  ouuseojeoraddy qd S
Kwoyooproifyyered
[ejoiqng 09 01€ ‘0¥9 6'1°T¢ €T9Y Spue[3 T Spue[3 y 9ANESOIN Tl L1l §  onudeo[edadiy d 14
Kwoyoaproiyyered
[er01qng 0TL 0S¢ (4 0°¢ pueS | spue[3 ¢ 2AneSoN  6CC 11 ¢ omuoeoedradAy N €
Kwoyooproifyered
[ejo)qng LY 0Ly v'T I'¢ pue[S [ spue[d g 9ADESIN  0T€ 011 9 onudeo[eoRdAH W 4
Kwoyooproifyyered
[e03qng (0143 081 9'¢ 6y pued | spue[3 ¢ 2AnESON  8L% 1'Cl L onueeoesredAy d [
(anssn prox (anssn yos
(Swr) pueld (Bur)  -Ayj/onssy [B21AID Synsar synsar (Ju/3d) ( p[p/Sw) (s1K)
paAsouax pue[3 piae proilyjered) /onssn prox  LD/LHd Suiu sjnsax ueds Hld Wnoed SISA[eIp Jo ‘ou
A1381ng 180810 -SUIUONI_AW-]) [ ANS -Agered)ANS -OIIoW-) 1 punosen|n 91N wniesg wnRs  uopemn( adKy 1dH 1epuen) juoned

454

wsiproiAyyerediodAy Areurid-uou 9AIESOU-IqIUIEISES-O], g UM SJuonRd QT UI SINSAI 1D/ LHd QUIUOIYIOW-)) 1 “T JqEL

European Journal of Nuclear Medicine and Molecular Imaging Vol. 33, No. 4, April 2006



hyperparathyroidism [11-14]. In this study we investigated
the value of ''C-methionine PET/CT in a small group of
patients with renal failure on chronic dialysis who had
normo-, hypo- or hypercalcaemic hyperparathyroidism and
non—localisin% conventional parathyroid scintigraphy with
either MIBI/*”™Tc subtraction or dual-phase MIBI imaging
studies.

Materials and methods

Eighteen patients [11 women and 7 men, aged 42—79 years (mean
57.8 years)] with non-primary hyperparathyroidism were studied
with "' C-methionine PET/CT scans. The study was approved by the
Human Experimentation Committee (IRB), and each patient
provided written informed consent prior to PET/CT. Ten patients
had normo- or hypocalcaemic hyperparathyroidism and eight,
hypercalcaemic hyperparathyroidism, the diagnosis being made on
the basis of the relationship between serum calcium and parathyroid
hormone levels (Table 1). All patients had been treated with
haemodialysis for renal failure for 2—14 years.

Initial parathyroid imaging was performed in two centres (the S.
Orsola-Malpighi Hospital, Bologna, Italy and the S. Maria della
Misericordia Hospital, Rovigo, Italy), using dual-tracer **™Tec-
pertechnetate/*”™Tc-sestamibi (MIBI) subtraction scanning in ten
patients and dual-phase °*™Tc-sestamibi imaging in eight cases,
employing previously described methods [15]. High-resolution
ultrasound of the neck was also performed with 7.5- to 10-MHz
transducers, and parathyroid glands were identified as hypoechoic

Fig. 1. Right inferior parathyroid
gland depicted by ''C-methionine
(patient 6, hypercalcaemic
hyperparathyroidism; Table 1).
Upper left, CT scan; upper right,
"C-methionine PET scan [SUV
(parathyroid tissue/cervical soft
tissue)=2.2]; lower left, "'C-me-
thionine PET/CT fusion image;
lower right, right sagittal ''C-
methionine PET scan of the neck

CT Transaxials
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areas located near the thyroid gland that had well-defined margins
and were distinct from thyroid tissue. PET was performed with a
dedicated PET/CT tomograph (Discovery 4ST, GE Corporation,
Milwaukee, WI, USA) 10 min after the intravenous injection of 370—
444 MBq (10-12 mCi) of "'C-methionine. Images of the neck and
thorax were obtained in three consecutive bed positions, each of 4-
min duration, from the base of the skull to the diaphragm. The
standardised uptake value (SUV) was calculated using the region of
interest (ROI, 3x3 pixels, matrix 128x128) method and was
corrected for weight and height.

L-[S-methyl-lIC]-methionine (*'C-methionine) was synthesised
according to the solid phase method, as described by Pascali et al.
[16] Briefly, ''CO, produced by a PET-trace cyclotron (GE Medical
Systems, Milwaukee, WI, USA) was converted into UCH;I by the
conventional LiAlH, /HI reaction. ''CHsl was used for the
methylation of rL-homocysteine thiolactone (freshly dissolved in
0.5 M NaOH in EtOH/H,O 50/50) directly placed on solid phase
support (tC18 Plus SepPak, Waters, Milford, MA, USA). L-[S$-
methyl-''C]-methionine was eluted with 2.5 ml of 0.05 M NaH,PO,
in the collecting vial containing 4.2 ml of saline and 3.3 ml of the
same eluting buffer, sterilised by passage through a 0.22-um filter
and collected in a sterilised vial with a final volume of 10 ml. The
duration of synthesis was 14 min and the radiochemical yield was
72%. Evaluation of radiochemical purity was done using radio-
HPLC equipped with a reversed-phase column, and the concentration
of organic solvents was assessed by gas chromatography. Endotoxin
content was measured by a conventional limulus amoebocyte lysate
(LAL) method (Cambrex Bioscience, East Rutherford, NJ, USA).

PET/CT interpretations were performed by three nuclear medi-
cine physicians (S.F., C.N., D.R.) with extensive experience in both

PET Transaxials
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parathyroid and PET imaging; scan interpretations were done
independently and there were no discrepancies amongst the readers,
i.e. they agreed on all the pathological glands that were seen.

Intact parathyroid hormone was measured by the immunochem-
iluminescent method (Liason, Byk Gulden, Italy; normal range 10—
54 pg/ml). The normal range of serum calcium levels was considered
to be 8.4-10.5 mg/dl.

Results

Serum calcium levels were normal or low (mean 8.9 mg/dl,
range 7.8-10.1 mg/dl) and parathyroid hormone levels
were elevated (mean 705 pg/ml, range 290—1,900 pg/ml) in
10 of 18 patients, while in 8 of 18 patients both calcium and
parathyroid hormone levels were elevated (mean 11.8 mg/
dl, range 11.0-12.6 mg/dl, and 306 pg/ml, range 124—
478 pg/ml, respectively) (Table 1).

Among the 18 patients, high-resolution ultrasound
identified two enlarged parathyroid glands in 11, three
glands in six and four enlarged glands in one (Table 1). In
ten of the 18 patients (55 5%) PET/CT demonstrated ab-
normal accumulation of ''C-methionine (one parathyroid
gland in eight patients and two glands in two patients)
(Table 1). Mean SUV(parathyroid tissue/cervical soft
tissue) was 3.3 (range 2.1-4.9) and mean SUV (parathyroid
tissue/thyroid tissue) was 2.5 (range 1.5-3.6). There was no
significant difference in parathyroid gland "' C-methionine

Fig. 2. Left superior parathyroid
gland depicted by ''C-methio-
nine (patient 1, hypercalcaemic
hyperparathyroidism; Table 1).
Upper left, CT scan; upper right,
'C-methionine PET scan
[SUV(parathyroid tissue/cervi-
cal soft tissue)=4.9]; lower
left, "' C-methionine PET/CT
fusion image

33 184 . 80nm

SUVs between the group with normal or low calcium
levels and the group with hypercalcaemic hyperparathy-
roidism. It is of note that in patlents with normo- or
hypocalcaemic hyperparathyroidism, ' C-methionine PET/
CT identified one abnormal gland in only three of ten
patients (30%), while in the group with hypercalcaemic
hyperparathyrmdlsm seven of eight patients (87 5%) had
abnormal ''C-methionine PET/CT (p<0.01 by X~ test). Of
the latter seven patients, five had one abnormal gland
(Figs. 1, 2) and two, two abnormal glands on PET/CT. The
31gn1ﬁcant difference observed i in the rate of detection of
abnormal parathyroid glands at ''C-methionine PET/CT in
the group of normo- or hypocalcaemic patients versus the
group of hypercalcaemic patients might be explained by
the fact that in hypercalcaemic patients, that is patients
more likely to be affected by tertiary hyperparathyroidism,
autonomous parath?/rmd glands could be blologlcally more
active in trapping 'C- methlomne Further in four of the
ten patients (40%) with abnormal ''C-methionine PET/CT
scans (all of whom had hypercalcaemic hyperparathyroid-
ism), the largest parathyroid gland seen on hlgh-resolutlon
ultrasound did not demonstrate the highest ' C-methionine
avidity. Comparisons of SUV with serum calcium and
parathyroid hormone levels and parathyroid gland weight
by regression analysis did not reveal statistically significant
differences. No patient had co-existing thyroid nodules in
the present series.

European Journal of Nuclear Medicine and Molecular Imaging Vol. 33, No. 4, April 2006



All patients were treated with subtotal parathyroidectomy.
In the majority of patients the remnant parathyroid tissue
was from the smallest of the parathyroid glands. All ''C-
methionine-accumulating glands were resected, regardless
of their size. Pathological evaluation of the resected
parathyroid glands was consistent with glandular hyper-
plasia and there were no differences in the pathological
findings between 'C-methionine-avid parathyroid glands
and non-''C-methionine-avid glands.

Postoperative hypoparathyroidism was seen in all pa-
tients. Serum calcium and parathyroid hormone measure-
ments were obtained at 1 month and then at 3-monthly
intervals after surgery. Follow-up ranged from 3 to 13
months, with a median of 6 months. One case of recurrent
hyperparathyroidism was seen in a woman with normo-
calcaemic hyperparathyroidism (patient 18, Table 1) 8
months after subtotal parathyroidectomy.

Discussion

Contemporary modalities for the localisation of parathy-
roid glands in patients with hyperparathyroidism provide
high-resolution anatomical and functional maps of abnor-
mal hormone secretion. When used in tandem, neck ul-
trasound and MIBI scintigraphy using various imaging
techniques (thyroid subtraction or dual-phase imaging)
have been shown to offer an efficacious approach for
localisation of offending glands, for preoperative planning
and for intra-operative decision making [15, 17-20].
Although controversy remains over the use of scintigraphy
in the initial evaluation of primary hyperparathyroidism
and even more so over its use for localisation of mul-
tiglandular hyperplasia in the context of renal failure,
radionuclide imaging is recommended for recurrent disease
or disease located outside of the neck [19-24].

The retention of MIBI by parathyroid tissue appears to
be related to the predominant cell type (chief versus
oxyphil), the density of mitochondria, the presence of P-
glycoprotein and other multi-drug resistance proteins and,
of course, the inherent spatial resolution of gamma
cameras, which limits scintigraphic identification to glands
that are generally larger than 500 mg in primary hyperpara-
thyroidism [21]. In addition, the cell cycle may play a role
in imaging, especially in secondary hyperparathyroidism,
where parathyroid cells are more likely to be in a Gy or
non-growth phase while autonomous parathyroid tissues
such as adenomas tend to be in a growth phase (G,+S) [21].
MIBI has been used to depict abnormal parathyroid
response to vitamin D therapy in patients with renal failure
on chronic haemodialysis as a means to identify glands
refractory to therapy with selective parathyroidectomy
aimed at preserving parathyroid function [22].

Other tracers have been used with some success for
parathyroid localisation, such as '®F-fluorodeoxyglucose
(FDG), which depicts the process of glucose accumulation
and phosphorylation. However, when using FDG, the
specificity is lower owing to the normal accumulation of
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the tracer by the thyroid and other benign and malignant
processes in the neck [25, 26].

An alternative to conventional single-photon imaging
agents like MIBI and FDG is methionine, an agent that had
demonstrated some value for parathyroid imaging when
labelled with °Se, and can now be labelled with an al-
ternative, positron-emitting isotope, ''C [11-14]. The
mechanisms of accumulation of methionine, a neutral
amino acid, by parathyroid tissues are transmembrane
amino acid transport, protein synthesis and methionine
donor transmethylation [11, 14]. Previous studies in hyper-
parathyroidism demonstrated that accumulation of ''C-
methionine correlated with serum parathyroid hormone
and calcium levels and measurements of SUV, and it was
estimated that the lower limit of detection of parathyroid
adenoma by ''C-methionine PET is ~200 mg [12, 14].
Further, these reports noted that, in comparison with
adenomas, parathyroid hyperplasia exhibited a lower SUV
and other measurements of methionine transport. Lower
accumulation of ' C-methionine in hyperplastlc glands and
the small number of cases in our series, as compared with
other studies, may account for the lack of a statistically
significant relationship between SUV and parameters of
parathyroid hyperfunction and the weight of the resected
glands [13, 14]. Although the number of cases studied
with ''C-methionine PET to date is small, its efficacy in
localising hyperﬁmctlomng glands in hyperparathyroidism
appears super10r to that of MIBI [12-14, 23]. Unfortu-
nately, ''C has a short half-life (~20 mln) necessitating
close proximity to a source of isotope and the synthetic
capacity to produce ''C-methionine; this limits its avail-
ability to only a few centres.

An interesting aspect of the present study is the use of a
hybrid PET/CT tomograph to evaluate the potential role
of ''C-methionine in visualising MIBI-negative enlarged
parathyroid glands in patients with secondary and tertiary
hyperparathyroidism. Very recently, Biggs and Hain [27]
reported a similar study, though with a PET scanner, in
which the role of ''C-methionine in V1sua11smg MIBI-
negatlve or equivocal parathyroid adenomas in patients
with primary hyperparathyr01d1sm was assessed. These
authors found ''C-methionine PET to have a sensitivity of
83%, a specificity of 100% and an accuracy of 88% in a
group of 51 patlents evaluated retrospectlvely The authors
concluded that ''C-methionine PET scannlng is valuable in
patients with primary hyperparathyroidism in whom con-
ventional imaging techniques have failed to localise the
adenoma before proceeding to surgery, or in whom
surgery has been performed but has failed to correct the
hyperparathyroidism.

In the present, admittedly small series, CT appeared to
add little to the functional localisation information derived
from the pattern of '' C-methionine uptake on PET imaging
alone. CT has also appeared to be of limited supplementary
value in studies using combined MIBI SPECT/CT, al-
though SPECT itself has been found to offer some increase
in resolution over planar studies in primary and recurrent
hyperparathyroidism [28, 29]. The reasons for the lack of
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benefit from additional CT information are obscure, since
high-resolution ultrasound was successful in identifying
multiple glandular abnormalities in these patients. It is
possible that no substantial incremental benefit is to be
derived from direct anatomical correlation when hyper-
functioning parathyroid glands are small, as in most cases
(this is especially true of hyperplastic glands), and when a
radiopharmaceutical with high specificity is deployed to
evaluate abnormal function in a very small, circumscribed
region. However, the presence of thyroid pathology, i.e.
multinodular goitre, has an effect upon the efficacy of
MIBI imaging in hyperparathyroidism since thyroid ade-
nomas and carcinomas will accumulate MIBI, resulting in a
reduction in specificity in the search for parathyroid
disease. In this context, high-resolution CT should have
some value in distinguishing parathyroid from non-para-
thyroid MIBI-accumulating lesions. This is less apparent
for ''C-methionine PET/CT, but larger studies in patients
with underlying thyroid pathology will be needed to
answer this question. Our data confirm the results of others
that ''C-methionine PET can be used to identify hyperac-
tive parathyroid glands in patients with non-primary
hyperparathyroidism not detected by conventional single-
photon imaging techniques and that autonomously func-
tioning glands are more readily depicted than functional
hyperplasia [13, 14]. Further, we noted discordance
between the size of some parathyroid glands seen on
high-resolution ultrasound and their functional abnormality
depicted by ''C-methionine PET, which was also reflected
in the absence of a relationship between the SUV and serum
calcium and parathyroid hormone. While the numbers of
patients in this series are small, the data offer interesting
insights into the possibility of using ''C-methionine ac-
cumulation to identify the most functionally abnormal
parathyroid glands in patients with non-primary hyperpara-
thyroidism and perhaps those glands that are becoming or
are already autonomous. This knowledge would be most
useful in predicting the course of development in the
natural history of secondary hyperparathyroidism and,
more importantly, in choosing the optimal time for
selective and limited surgical intervention.

Another limitation of our study is that each patient was
scanned only once with ''C-methionine PET, thus provid-
ing only a single “snapshot” of parathyroid function in
what is obviously a continuum from normal to hyperplasia
to autonomy, the time course of which may differ between
individual patients and individual parathyroid glands.
Despite the shortcomings of the present study, ''C-
methionine uptake in a parathyroid gland appears to
predict hyperfunction in hypercalcaemic hyperparathyroid-
ism and in some patients with normo- or hypocalcaemic
hyperthyroidism, as it does in primary hyperparathyroid-
ism. Our results demonstrate that size may not be the best
determinant of dysfunction and perhaps autonomy and
suggest that ''C-methionine PET may provide additional
information in the evaluation of patients with non-"""Tc-
MIBI-avid parathyroid disease.

In conclusion, the data of the present study suggest
that ''C-methionine PET/CT may be used to identify
hyperfunctioning parathyroid glands in non-primary
hyperparathyroidism, and especially hypercalcaemic hy-
perparathyroidism, when conventional 99MTe-sestamibi
imaging is non-localising.
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