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INTRODUCTION
Positron emission tomography (PET/CT) is a non-inva-
sive diagnostic technique that uses short-lived, beta plus 
isotopes, which, thanks to the combination of substances 
naturally occurring in the human body, allows to track se-
lected metabolic pathways and cell functions quite precise-
ly. The most common tracer used in PET/CT diagnostics 
in Poland and other countries is fluoride-18 deoxyglucose 
(18-FDG), which is widely used in oncology, cardiological, 
neurological and inflammatory diagnostics [1]. Among the 
other tracers, carbon-11 labeled methionine (11C-MET) 
deserves attention. Methionine is one of the exogenous 
amino acids, isolated for the first time in 1921 by John 
Howard Mueller, mainly used for the synthesis of proteins, 
and as a cofactor for the transfer of carbon residues, and 
for energy production by incorporating into the citric acid 
cycle [2, 3]. To obtain a tracer useful for PET/CT one of the 
stable carbon atoms in a methionine molecule is replaced 
by an 11-C isotope atom with a half-life of 20.4min and a 
maximum radiation energy of 0.96MeV in the cyclotron 
as a result of the reaction between nitrogen and protons 
[4]. 11C-MET is a marker whose transport over consid-
erable distances is technically impossible due to its short 
half-life. It is usually used in departments equipped with 
a cyclotron in which this tracer is produced. 11C-MET is 
most widely used in neurooncological diagnostics, as well 
as in the hematology and endocrinology [5, 6]. The short 
half-life means that the exposure to ionizing radiation of a 
patient undergoing a diagnostic procedure using 11C-MET 
is lower than in the case of much more frequently per-
formed procedures with 18-FDG, and the critical organs 

for this marker are the pancreas and liver, in which the 
physiological uptake of 11C-MET is highest due to the 
anabolic functions of these organs, as well as the bladder 
due to urinary marker excretion [7, 8]. The examination is 
performed approximately 10-20 minutes after intravenous 
administration of the tracer, and no serious adverse effects 
associated with the administration of 11C-MET have been 
reported in the available literature [6, 9]. 

PET/CT WITH 11C-METHIONINE IN 
NEUROONCOLOGY
The widest application of PET/CT with 11C-MET is in the di-
agnosis of brain tumors, first of all the most common gliomas, 
which are characterized by high mortality [10, 11]. The big 
advantage is the very low tracer uptake in healthy brain tissue. 
The mechanism of 11C-MET accumulation in pathological 
lesions is not fully expleined. The most likely explanation for 
this phenomenon is damage to the natural blood-brain bar-
rier resulting in passive diffusion of the tracer into the tumor 
tissue with the additional occurrence of active transport to 
the cancer cell caused by increased proliferation. Thanks to 
these two mechanisms, a good tumor/background ratio can 
be obtained [6]. The intensity of 11C-MET uptake in a tumor 
is associated with its grading and malignancy – in tumors 
with higher proliferative potential and higher histological 
malignancy usually higher tracer accumulation is observed 
[6]. This makes 11C-MET often used in the diagnosis of the 
effectiveness of surgical treatment and to confirm or exclude 
recurrence after chemotherapy or radiation therapy. In these 
situations, imaging with radiological techniques is character-
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ized by low specificity (24-44,4%) and may give ambiguous, 
false positive results in connection with post-treatment 
necrotic lesions, fibrosis, edema zones or scar lesions [10, 
12-14]. In morphological studies, these changes may give an 
image similar to proliferative lesions. However, they do not 
show 11C-MET uptake in PET/CT, which allows for fairly 
accurate differential diagnosis of post-therapeutic changes 
and recurrence. The sensitivity and specificity of this type of 
examinations are estimated at over 90% [10]. In pre-thera-
peutic diagnostics, PET/CT with 11C-MET can be used to 
plan radiation therapy and defining tumor boundaries quite 
accurately, which helps reduce irradiation of healthy tissue, 
and by narrowing the irradiation field, allows to intensify the 
absorbed dose in the tumor. PET/CT with 11C-MET may 
also indicate the potentially most favorable site for biopsy by 
selecting the area with the highest tracer accumulation. The 
change in the intensity of 11C-MET accumulation in the 
tumor in subsequent, repeated studies may be an indicator of 
a change in the histological grade of the tumor and indicate 
its differentiation. The clinical manifestations of tumors with 
high, intensive 11C-MET accumulation seen in PET/CT are 
usually more rapid, affecting shorter patient survival and 
mortality. The intensity of 11C-MET accumulation in cen-
tral nervous system tumors is not affected by corticosteroid 
treatment for anti-edema purposes [6].

Benign brain lesions, such as meningiomas, may also be 
characterized by 11C-MET uptake in PET/CT. A comparative 
study in 22 patients found a higher rate of accumulation of 
radiolabeled methionine in meningioma lesions compared 
to the uptake observed in PET/CT with 18-FDG, with better 
quality images and a better tumor/background ratio, which 
is caused by a natural, physiological accumulation of 18-FDG 
in normal brain tissue [15].

Low availability of the tracer in departments that do not 
have a cyclotron for its production remains the main lim-
itation of the PET/CT with 11C-MET. Due to the physical 
properties of the 11C isotope and the energy of the positron 
emitted from its nucleus, the spatial resolution of the method 
is estimated at about 5mm, which may also be a certain limita-
tion of the diagnostic capabilities of PET/CT with methionine 
labeled with this isotope. Currently in Poland, the 11C-MET 
tracer is not reimbursed by the national public health system 
in any of the indications, which is significantly limits its use 
in clinical practice.

A different issue could be pituitary gland tumors. Even 
in normal, unchanged pituitary gland, physiological accu-
mulation of 11C-MET is observed [16]. The mechanism of 
11C-MET uptake in hormonally active adenomas is associ-
ated with increased cellular proliferation and with the fact 
that methionine is one of the substrates needed for hormone 
synthesis by pituitary cells. In the literature, there is evidence 
of the usefulness of the PET/CT with 11C-MET in the pre-
operative diagnosis of pituitary corticotropic adenomas, as 
well as in the diagnosis of recurrence of ACTH-dependent 
Cushing’s syndrome after surgery [17]. This technique is also 
useful in the diagnosis of other hormonally active pituitary 
adenomas, especially in the case of ambiguous or doubtful 
results obtained in magnetic resonance imaging [18, 19].

THE USE OF PET/CT WITH 11C-METHIONINE 
IN HEMATOLOGICAL AND ONCOLOGICAL 
DIAGNOSTICS
Among the various clinical attempts to use the PET/CT 
11C-MET study for oncological diagnosis in recent years, 
the most promising reports show the role of this study in 
monitoring multiple myeloma. A commonly used marker 
in myeloma imaging is 18-FDG, whose effectiveness in 
initial diagnostics and in assessing the effectiveness of 
treatment has been confirmed by many studies [20, 21]. The 
limitation of this method is often low glucose metabolism 
and high heterogeneity of pathological lesions. Initial good 
experiments using 11C-MET PET/CT in the diagnosis of 
myeloma and the results of in vivo and in vitro studies on 
CD138 + cells prompted several teams to further research 
[22, 23]. A two-center study of 78 patients demonstrated the 
superiority of PET/CT with 11C-MET over 18-FDG in the 
detection of myeloid and extramedullary lesions in multiple 
myeloma, what according to the authors could complete 
replace glucose tracer by amino acid one in the future [24]. 
The likely mechanism of 11C-MET uptake in myeloma 
foci is associated with the incorporation of methionine 
into immunoglobulin synthesized in lesions, resulting in 
11C-MET uptake intensity in a simple way correlating with 
disease activity, the degree of bone marrow involvement, ß2 
macroglobulin concentration and the concentration of free 
light chains (FLC), which are important prognostic factors in 
the course of multiple myeloma [24,25]. In another study in-
volving 19 patients with multiple myeloma, higher sensitivity 
of PET/CT with 11C-MET over PET/CT with 11C-choline 
in detection of pathological changes was found [26].

Among the other hematological diseases, use of the PET/
CT with 11C-MET in assessment of the early response to 
methotrexate-based chemotherapy on primary central 
nervous lymphoma (PCNSL), which has a poor progno-
sis, deserves mention. A study assessing 26 patients who 
underwent PET/CT 11C-MET after 4 cycles of high-dose 
chemotherapy (interim-PET) found that high tracer uptake 
in interim-PET was associated with a statistically signifi-
cant reduction in progression-free survival (PFS) and was 
a bad prognostic factor in the PCNLS [27].

In the literature you can also find reports of individual 
cases of patients with various types of lymphoprolifera-
tive hyperplasia, in whom the PET/CT examination with 
11C-MET allowed better assessment of the disease stag-
ing, compared to the standard PET/CT examination with 
18-FDG, but currently it is not a standard procedure for 
lymphoma diagnosis [28].

In the 1990s and at the beginning of the 21st century 
studies assessing the usefulness of PET/CT imaging with 
11C-MET in the diagnosis of solid tumors, especially 
mammary gland cancer and lung cancer were conducted. 
However, this work did not bring the expected result. The 
advantage of diagnostics using 11C-MET over 18-FDG 
has not been proved, with a much more favorable half-life 
time of 18-FDG (109min), which allows transporting the 
tracer even over a considerable distance, which makes PET 
centers independent of having their own cyclotron [29, 30].



Maciej Kołodziej et al. 

2078

Of the ongoing clinical trials, the large study of 650 pa-
tients in St. Jude Children’s Research Hospital in Memphis 
(USA), which aims to assess 11C-MET uptake in all newly 
diagnosed nervous system tumors and lymphomas and 
sarcomas of soft tissues and bones, as well as other cancers 
is worth mentioning. The planned ending of the study is 
expected in 2023.

THE USE OF PET/CT WITH 11C-METHIONINE IN 
THE DIAGNOSIS OF HYPERPARATHYROIDISM
The main method of treating hyperparathyroidism, regard-
less of its cause, is the surgical removal of the autonomic 
parathyroid gland. This is the only effective method to cure 
the disease [31, 32]. Traditionally, in the surgical treatment 
of hyperparathyroidism, to visualize all four parathyroid 
glands bilateral neck exploration was used, which is a large-
scale procedure [33]. Nowadays minimally invasive para-
thyroidectomy (MIP) in surgical treatment is performed 
more often thanks to improvement in imaging diagnostics 
[34]. However, precise preoperative localization of the au-
tonomic parathyroid is necessary for this type of surgery.

For preoperative localization, the double-tracer subtrac-
tion scintigraphy of parathyroid glands using 99mTc and 
99mTc-MIBI and ultrasound remains the gold standard. 
Scintigraphy is a sensitive method of detection of a single 
adenoma, unfortunately its value decreases in the presence of 
multiple lesions or concomitant focal lesions in the thyroid 
gland [35]. Even more than 30% of parathyroid adenomas 
found in primary hyperparathyroidism do not accumulate 
the 99mTc-MIBI tracer [36]. In secondary and tertiary 
hyperparathyroidism, the sensitivity of scintigraphy using 
99mTc and 99mTc-MIBI is lower than in the case of primary 
changes and is assessed 36.6-62.8%, which is a significant 
diagnostic problem [37, 38]. The parathyroid glands may be 
ectopic, located in the mediastinum, being other diagnostic 
problem. 11C-MET is a substrate for the production of the 
parathyroid hormone precursor and is therefore actively 
accumulated in parathyroid gland cells [39]. Studies of the 
efficacy of the PET/CT test with 11C-MET in the diagnosis 
of hyperparathyroidism present in the literature were con-
ducted on small heterogeneous groups of patients, present-
ing various, divergent (from 44 to 84%) results of sensitivity 
and specificity of this examination. However, all the authors 
claim that this study may complement the pre-operative 
localization diagnostics of patients with primary hyperpara-
thyroidism, in whom standard double-tracer subtraction 
scintigraphy and ultrasound do not provide a clear result 
allowing for effective MIP surgery [40, 41]. In addition, 
some authors show evidence of the superiority of PET/CT 
diagnostics with 11C-MET over scintigraphy in patients who 
have previously undergone surgical treatment and who have 
recurrent hyperparathyroidism [42, 43]. Due to the larger 
scope of the PET/CT scan compared to the scintigraphy, it 
may also have an advantage in patients with ectopic lesions 
and multiple lesions, which are more common in secondary 
and tertiary hyperparathyroidism (e.g. in patients under-
going renal replacement therapy) [43, 44]. As for the safety 

of these studies, the absorbed dose that the patient receives 
from the isotope during the PET/CT with 11C-MET made 
to assess the location of the parathyroid glands is more than 
four times lower than the dose absorbed during standard 
scintigraphy [45].

CONCLUSIONS
The PET/CT examination with 11C-MET has its well-es-
tablished position in the diagnosis of brain proliferative 
diseases, which is confirmed by rich literature. It is also 
becoming increasingly important in monitoring the treat-
ment of multiple myeloma. It is also useful in the diagnosis 
of primary, secondary and tertiary hyperparathyroidism.

The limitation of the method is primarily the lack of tracer in 
hospitals without their own cyclotron. In Poland, the tracer is 
not reimbursed by the National Health Fund (pol. Narodowy 
Fundusz Zdrowia) and its use is limited to scientific research.
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