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Abstract

Purpose The usefulness of '*F-FDG PET/CT for bone me-
tastasis evaluation has already been established. The amino
acid PET tracer ['®F]-3-fluoro-alpha-methyl tyrosine (‘*F-
FAMT) has been reported to be highly specific for malig-
nancy. We evaluated the additional value of '®F-FAMT
PET/CT to complement '*F-FDG PET/CT in the evaluation
of bone metastasis.

Methods This retrospective study included 21 patients with
bone metastases of various cancers who had undergone both
'SF-FDG and '"*F-FAMT PET/CT within 1 month of each
other. "*F-FDG-avid bone lesions suspicious for malignancy
were carefully selected based on the cut-off value for malig-
nancy, and the SUVmax of the '*F-FAMT in the correspond-
ing lesions were evaluated.

Results A total of 72 '®F-FDG-positive bone lesions
suspected to be metastases in the 21 patients were used as
the reference standard. '*F-FAMT uptake was found in 87.5 %
of the lesions. In the lesions of lung cancer origin, the uptake
of the two tracers showed a good correlation (40 lesions,
r=0.68, P<0.01). Bone metastatic lesions of oesophageal
cancer showed the highest average of '*F-FAMT uptake.
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Bone metastatic lesions of squamous cell carcinoma showed
higher "®F-FAMT uptake than those of adenocarcinoma. No
significant difference in '*F-FAMT uptake was seen between
osteoblastic and osteolytic bone metastatic lesions.
Conclusion The usefulness of '*F-FAMT PET/CT for bone
metastasis detection regardless of the lesion phenotype was
demonstrated. The fact that '*F-FAMT uptake was confirmed
by '®*F-FDG uptake suggests that '*F-FAMT PET/CT has the
potential to complement '*F-FDG PET/CT for the detection
of bone metastases.

Keywords Bone metastasis - Amino-acid PET tracer -
'"®F.FAMT - 'SF-FDG - PET/CT

Introduction

Average life expectancy after the diagnosis of cancer has
been extended with progress in early diagnosis and improved
treatment of cancer [ 1]. Bone metastasis is commonly seen in
20-30 % patients with all types of cancer and its prevalence
in breast and prostate cancer is up to 70 % [2]. Although
bone metastasis may not be the direct cause of death from
cancer, its presence directly affects the treatment strategy and
thus affects the patient’s prognosis. In addition, acute pain,
morbid bone fracture and bone metastasis-related myelopa-
thy significantly decrease the patient’s quality of life. Thus,
early and accurate detection of bone metastasis is important
for adequate patient management [2, 3].

The current modalities available for bone metastasis detec-
tion include plain radiography, CT and MRI for anatomical
imaging, and bone scintigraphy (BS) and PET for functional
imaging [4]. Recently, whole-body screening for bone metas-
tases has become possible using MRI with diffusion-weighted
image background body signal suppression (DWIBS) [5]. BS
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with *™Tc-methylene diphosphonate (°*™Tc-MDP) is a wide-
ly available functional imaging modality for initial whole-
body screening for bone metastases. Whole-body '*F-NaF
PET, which can visualize elevated bone mineral metabolism
around bone metastatic lesions, is also useful for whole-body
screening for bone metastases, and has been reported to be
more sensitive than BS [6-9]. '"®F-FDG PET/CT which visu-
alizes elevated glucose metabolism is also useful in the eval-
uation of bone metastasis, as well as providing superior de-
tection of the primary cancer lesion [10, 11]. However, '*F-
FDG also accumulates in inflammatory lesions, benign tu-
mours and several normal organs, raising doubts about its
ability to detect malignant lesions, particularly when this is
added to the possibility of false-positive uptake. In addition,
BS and '®F-NaF PET are better for detecting osteoblastic
lesions [6] while "®F-FDG PET/CT is better for detecting
osteolytic lesions [12], indicating that final results from these
imaging modalities might be different depending on the type
of bone metastasis.

Amino acid PET tracers that show more specific accumu-
lation in cancer cells have been developed [13]. Both normal
and neoplastic cells require amino acid transporters for
growth and proliferation [14, 15]. Among these transporters,
the L system, a Na'-independent amino acid transport sys-
tem, provides a major pathway into the cell for large neutral
amino acids which comprise most of the essential amino
acids, such as leucine, isoleucine, valine, phenylalanine,
tyrosine, tryptophan, methionine and histidine [14, 16—18].
For its functional expression in the cell membrane, covalent
association with the heavy chain of 4 F2 cell-surface antigen
(4F2hc) is required [17]. Previous studies have demonstrated
that L-amino acid transporter type 1 (LAT1), a member of the
L-system amino acid transporter receptor family, is highly
expressed in proliferating tissues including tumour cell lines
and primary human tumours [18, 19]. Among the new amino
acid analogue radiotracers, ''C-methionine is the first that
has been reported to be useful for bone metastasis detection
and also provides better diagnostic utility than BS in the
evaluation of bone metastasis [20].

In our facility, we have developed -3-['*F]fluoro-alpha-
methyl tyrosine (‘*F-FAMT), an amino acid PET tracer [21],
and have tested its potential usefulness in the detection of
neoplasms using experimental tumour models [22]. The spe-
cific accumulation of "®F-FAMT in malignant tumours has
been evaluated in the clinical setting and has been shown to be
useful for the diagnosis of various types of malignant tumour
[23-29]. Clinical trials have also shown that '*F-FAMT PET
is useful for discriminating true malignant tumours from be-
nign lesions and inflammatory sites [30, 31]. Wiriyasermkul
et al. have confirmed the underlying molecular mechanism of
this unique phenomenon, that '"*F-FAMT accumulates in tu-
mour cells exclusively via LAT1 [32]. In this study, we
analysed the additional usefulness of '*F-FAMT PET/CT for
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the diagnosis of bone metastases as a complement to routine
PET/CT with '*F-FDG.

Materials and methods
Patients

This retrospective study included 21 patients (15 men and 6
women, age 55-81 years, mean 71 years) with advanced
cancer complicated by bone metastasis who had undergone
both '*F-FDG PET/CT and '*F-FAMT PET/CT between
August 2010 and October 2011. The inclusion criteria were:
(1) less than 1 month between the 'F-FDG-PET/CT and
FAMT-PET/CT scans, and (2) none of the metastatic lesions
had received treatment. The study design was reviewed and
approved by our institutional review board.

The primary tumours were as follows: lung carcinoma
(nine patients), oesophageal carcinoma (six patients), pros-
tate carcinoma (two patients), and one patient each with
pancreatic carcinoma, cholangiocellular carcinoma, thymic
carcinoma and stomach cancer (Table 1). In view of the stage
of the tumours, none of the bone metastases could be con-
firmed histopathologically, and in all patients the diagnosis
of bone metastasis was established from clinical follow-up,
including physical signs, PET imaging, MRI, CT and BS
(Table 2).

PET/CT studies

Both "*F-FDG and '*F-FAMT were synthesized in the cyclotron
facility of Gunma University, with '*F-FAMT produced
according to the methods of Tomiyoshi et al. [21]. Patients were
injected intravenously with 'SF-FAMT (5 MBg/kg, range
128.2-373.4 MBq, average 238.1 MBq) and '‘F-FDG
(5 MBg/kg, range 200-375.2 MBgq, average 276.7 MBq) after
fasting for more than 6 h. PET/CT images were acquired 1 h
(6045 min) after injection using a Discovery STE PET/CT
scanner (GE Healthcare, Milwaukee, WI) or a Biograph 16
PET/CT scanner (Siemens, Malvern, PA) with a 700-mm field
of view (FOV) and a slice thickness of 3.27 mm. Three-
dimensional (3-D) data acquisition was performed for 3 min
per bed position, followed by image reconstruction with the 3-D
ordered subsets expectation maximization method. Segmented
attenuation was corrected by X-ray CT (140 kV, 120-240 mAs)
to produce 128x128 matrix images. CT images were
reconstructed using a conventional filtered back-projection
method. Axial full-width at half-maximum (FWHM) at 1 cm
from the centre of the FOV was 5.6 mm, and z-axis FWHM at
1 cm from the centre of the FOV was 6.3 mm. Intrinsic system
sensitivity was 8.5 cps/kBq for 3-D acquisition. Both PET
scanners were calibrated regularly with a phantom, and their
SUV accuracy was routinely evaluated to ensure that the SUV
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Table 1 Characteristics

of the patients and their No. Age Sex  Primary Histopathological "®E.FDG-positive  '®F-FAMT-positive
positive lesions seen (years) tumour phenotype lesions () lesions (n)
on '*F-FDG and
BE_FAMT 1 60 F Lung Adenocarcinoma 6 6
2 80 F Lung Adenocarcinoma 1 0
3 70 M Oesophagus  Squamous cell carcinoma 1 0
4 66 F Lung Non-small-cell 3 2
5 65 M Oesophagus  Squamous cell carcinoma 1 0
6 77 M Stomach Endocrine cell carcinoma 1 1
7 79 M Lung Unknown 2 2
8 55 F Oesophagus  Squamous cell carcinoma 2 2
9 60 M Oesophagus  Squamous cell carcinoma 1 1
10 70 M Lung Adenocarcinoma 2 1
11 62 F Bile duct Cholangiocellular carcinoma 1 1
12 73 M Pancreas Adenocarcinoma 1 1
13 66 M Lung Squamous cell carcinoma 5 5
14 72 M Thymoma Sarcomatoid carcinoma 3 3
15 76 F Lung Adenocarcinoma 4 3
16 80 M Lung Small-cell and squamous cell 6 4
carcinoma
17 73 M Lung Large-cell neuroendocrine 11 11
carcinoma
18 81 M Oesophagus  Squamous cell carcinoma 2 2
19 72 M Prostate Adenocarcinoma 2 1
20 76 M Oesophagus  Squamous cell carcinoma 8 8
21 73 M Prostate Adenocarcinoma 9 9

values produced were comparable. Patients were scanned from
the thigh to the head in the arms-down position. No intravenous
contrast material was administered for CT scanning. Limited
breath-holding at normal expiration was used during CT to
avoid motion-induced artefacts and allow coregistration of CT
and PET images in the area of the diaphragm.

PET/CT images acquired using '*F-FDG and '*F-FAMT
were interpreted independently by two experienced nuclear
medicine physicians (M.M., T.H.) and were analysed using
an AW Workstation (GE Healthcare) and e.soft (Siemens).
The resolution of the reconstructed images was approximate-
ly 5 mm at FWHM. Colour display with the rainbow or hot
iron scale with the SUV window of 0 to 5 was used. Both
interpreting physicians were blinded to the patients’ data and
clinical history. Discrepant interpretations of the two readers

Table 2 Patient monitoring methods

Monitoring No. of patients
Physical signs + '*F-FDG PET/CT 14
Physical signs + '*F-FDG PET/CT + bone scintigraphy ~ 3
Physical signs + '*F-FDG PET/CT + MRI 2

Physical signs + '"*F-FDG PET/CT + bone scintigraphy 1
+ MRI
Physical signs only 1

were resolved by consensus. For semiquantitative analysis of
tumour uptake of the tracers, rectangular and box-shaped
3-D regions of interest (ROI) were manually drawn around
the rim of the tumour lesion and placed over the area show-
ing the highest uptake of tracer in the tumour. SUVmax, which
was defined as the peak SUV on the pixel with the highest count
within the ROIL, were calculated using the following formula:

Radioactive concentration in the ROI (MBq / g)
SUV =

Injected Dose (MBq) /
Patient’s Body Weight (g)

Side-by-side image review and analysis were performed to
confirm that the SUVmax was derived from the same lesion on
the baseline and follow-up scans. For the evaluation of the
difference in "®F-FDG and "*F-FAMT uptakes in different cat-
egorical groups, '*F-FAMT SUVmax to '*F-FDG SUVmax
ratios (FAMT/FDG SUVmax ratios) were calculated to describe
the relative uptake of '"*F-FAMT compared with that of '*F-
FDG, since absolute uptake of '*F-FAMT is usually much lower
than that of '"*F-FDG.

"F-FDG PET/CT images were initially reviewed for each
patient to screen the extent of bone metastases. Each lesion
for which the uptake on the '®F-FDG PET/CT image was
visually interpreted as abnormal and exceeding the cut-off
value for malignancy (SUVmax >1.9) was confirmed with

@ Springer



Eur J Nucl Med Mol Imaging

its corresponding presence on the '*F-FAMT PET/CT image
[33]. The bone metastases were morphologically evaluated
(osteoblastic or osteolytic type) using the CT images. If the
final classification was difficult, the diagnosis of either oste-
oblastic or osteolytic metastasis was made based on the CT
finding of the lesion where '*F-FDG uptake was prominent.

Statistical analysis

The correlation between '*F-FDG and '*F-FAMT uptakes in
the bone metastatic lesions were evaluated by linear regres-
sion analysis between different categorical groups (primary
lesion origin, histopathological type of the primary lesion and
bone metastatic pathological phenotype). The Mann-Whitney
U test was performed to evaluate the differences between
SUVmax of '8F-FAMT and '®F-FDG. Student’s ¢ test and
Welch’s ¢ test for two samples with unequal variance were
performed to evaluate whether the two PET radiotracers ac-
cumulated differently in adenocarcinoma (AC) and squamous
cell carcinoma (SCC) lesions, and in osteoblastic and
osteolytic lesions. For all statistical analyses, P values less
than 0.05 were considered statistically significant.

Results

The three major primary lesion origins of 72 bone metastatic
lesions found on '|F-FDG PET/CT scans were the lung,
oesophagus and prostate. Among these lesions, 63 (87.5 %)
also showed abnormal accumulation on '*F-FAMT PET/CT
images. Only one false-positive uptake was observed on '°F-
FAMT PET/CT, whereas 38 false-positive uptakes were ob-
served on '*F-FDG PET/CT, including degenerative changes
in the joints. Thus the specificity of '*F-FAMT PET/CT was
97.4 %. The accumulation of '*F-FDG was significantly
higher than that of '"*F-FAMT (P<0.000; mean SUVmax
5.87143.04 vs. 1.804+0.85; as shown in Fig. 1). Since the
variance of '*F-FDG SUVmax was much higher than that of
"F-FAMT SUVmax (Fig. 2a; 9.36 vs. 0.72), correlation
between the SUVmax of the two radiotracers should be
interpreted carefully (#=0.26, P=0.027). However, a high
correlation between SUVmax of '®F-FDG and that of 'F-
FAMT was found for bone metastases of lung cancer origin
(n=40, »=0.68, P<0.01), while similar results were not ob-
served for metastases of oesophageal cancer (n=15, »=0.44)
nor for those of prostate cancer (n=11, r=0.13; Fig. 2b).
"8E.FAMT accumulated differently in bone metastases of
lung, oesophageal and prostate cancer (Fig. 3). FAMT/FDG
SUVmax ratio of bone metastasis from oesophageal cancer
was the highest (0.59), followed by that from prostate cancer
and lung cancer (0.50 and 0.26, respectively). Neither SCC
type (n=20) nor AC type (n=25) tumours exhibited mean-
ingful correlations between SUVmax of '*F-FDG and '®F-
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Fig. 1 '8F-FDG and '*F-FAMT SUVmax in 72 bone metastatic lesions
with positive '®F-FDG uptake. The average SUVmax for '*F-FDG and
"8E_.FAMT were 5.87+3.04 and 1.80+0.85, respectively, and '*F-FDG
showed significantly higher uptake (P<0.01)

FAMT uptakes (data not shown). However, the accumulation
of ""F-FAMT in SCC type tumours was significantly higher
than in AC type tumours (mean FAMT/FDG SUVmax ratio
0.52 vs. 0.35, P<0.05; Fig. 4). Figure 5 shows the analysis
based on the bone metastasis phenotype. '*F-FDG uptake
was higher in the 10 osteolytic lesions than the 31 osteoblas-
tic lesions (z=2.13, P<0.05), while on the contrary, the
accumulation of "®F-FAMT was not different in these two
distinct bone metastasis phenotypes.

Figure 6 shows the typical patterns of tracer accumulation in
osteolytic and osteoblastic bone metastases, and also in degen-
erative changes. Osteoblastic bone metastases showed tracer
uptakes on BS, '"*F-FDG PET/CT and '*F-FAMT PET/CT. On
the other hand, osteolytic bone metastases were not detected
by BS, although positive uptake was noted on both '*F-FDG
and '®F-FAMT. False-positive tracer uptake in degenerative
change lesions were noted on BS and '®F-FDG PET/CT,
while true-negative on '*F-FAMT PET/CT as no '*F-FAMT
uptake was observed, indicating its high specificity.

Typical findings of multiple bone metastasis in a patient
with advanced lung cancer evaluated using '*F-FDG and
"E_FAMT PET/CT are presented on Fig. 7. Although '*F-
FDG uptake was more prominent than that of '*F-FAMT,
visualization of lesions on '*F-FAMT PET/CT images pro-
vided adequate information to determine true malignancy. On
PET/CT fusion images, accumulation of '®F-FDG tended to
spread more widely onto adjacent unaffected bone, resulting
in an apparently larger tumour size compared to the original
bone lesion. '*F-FAMT accumulation, by contrast, provided a
more precise size approximation to the original bone lesion
seen in CT. Additionally, higher contrast as a result of the lack
of nonspecific uptake was observed in the mediastinum and
pelvic region.
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Fig.2 Distribution of "*F-FDG and '®F-FAMT SUVmax and their correlation analysis for in all 72 lesions (+=0.26, P=0.027) (a), and based on the
three major tumour origins (b). The dotted lines in a represent the range of values with a 95 % confidence of the true correlation coefficient

Discussion

In this study, as a complement to the current standard '*F-FDG
PET/CT for evaluation of malignant lesions, '*F-FAMT
PET/CT was able to successfully detect most of the bone
metastases from various primary tumours. The FAMT/FDG
uptake ratios depended on the tumour origin, tumour patholog-
ical type and bone metastatic type, and this additional informa-
tion helped the further characterization of these lesions. It is
well established that physiological and nonspecific uptake in
organs and sites with a high rate of glucose metabolism such as
the brain, heart and inflammatory is common in '*F-FDG PET
images. Instead of providing high specificity for malignancy,
this drawback limits the ability of "*F-FDG PET to discriminate
inflammation and benign tumours from malignant lesions [10,
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Fig.3 FAMT/FDG SUVmax ratios of bone metastatic lesions based on
their primary tumour origin

34]. In cancer patients, who largely comprise the elderly, this
limitation potentially has significant consequences. Particularly
in bone, accumulation of '®F-FDG in the degenerative change
lesions such as compression fractures from osteoporosis, oste-
oarthritis and inflammatory joint diseases often leads to diffi-
culty in the detection of metastatic lesions [35]. On the contrary,
physiological uptake of '*F-FAMT is limited only to the urinary
tract which is its excretion route.

Specific accumulation of '®F-FAMT in malignant cells
provided clear localization of true malignant lesions.
This unique property is facilitated by '*F-FAMT’s exclusive
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Fig.4 FAMT/FDG SUVmax ratios of bone metastatic lesions based on
their histopathological type
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internalization in cancer cells through the LAT1 receptor, and
not by other L system receptors such as LAT2, which is
widely expressed in normal cells [18, 32]. Therefore,
nonspecific accumulation of 'F-FAMT in normal organs is
not observed. As a result, '"*F-FAMT PET/CT provides a high
lesion-to-background contrast ratio, leading to the accurate

Bone Scintigraphy

- ' ‘

-l
Fig. 6 Characteristic findings of osteoblastic (a) and osteolytic (b)
bone metastases and degenerative changes (¢). The osteoblastic lesion
in patient 21 (a) shows tracer uptake on the BS, '*F-FDG PET/CT and

"8E_.FAMT PET/CT images, while the osteolytic lesion in patient 20 (b)
shows no uptake on the BS image, although positive uptake is apparent
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diagnosis of malignancy in various tumour types [24-26, 28,
30, 31], particularly those in the brain [23, 29]. Compared to
"8F_FDG avidity which often spreads to adjacent tissues
around malignancy because of uptake by macrophages and
granulation tissue [36], uptake of 'F-FAMT is low and re-
stricted to the actual site of malignant cells. This additional

'8F.FAMT PET/CT

'8F.FDG PET/CT

on both the '"®F-FDG PET/CT and 'SF-FAMT PET/CT images. The
degenerative change lesion in patient 14 (¢) shows uptakes on both the
BS and '"®F-FDG PET/CT images, while the '*F-FAMT PET/CT image
shows clear background with no uptake in the lesion area
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Fig. 7 A 73-year-old man with
a diagnosis of lung cancer da
(patient 17) examined with 18p.
FAMT PET/CT (left column)
and '"*F-FDG PET/CT (right
column). a, b Whole-body PET
MIP images show multiple
metastatic bone lesions. '8F-
FAMT uptake (a) shows
adequate contrast to confirm
each of the malignant lesions
despite being lower than '*F-
FDG uptake (b). ¢, d Axial PET/
CT images at the thoracic level
show limited '*F-FAMT uptake
in the thoracic spine (c,
arrowhead) but prominent '8F-
FDG uptake at the same site (d,
arrowhead). e, f Axial PET/CT
images at the pelvic level also
show limited '*F-FAMT uptake
in the left iliac bone (e, arrow)
while '"®F-FDG uptake is spread

more widely and is more intense
(f, arrow). However, '*F-FAMT
PET/CT images show no
nonspecific uptake in the
mediastinum, lower abdomen
and right iliac bone

value suggests the potential use of '*F-FAMT for the accurate
measurement of tumour dimensions which might be an ad-
vantage in monitoring response to therapy.

We observed different '®F-FAMT uptake in bone metastatic
lesions of different primary tumour origins. Bone metastases
from oesophageal tumours, which is also SCC type as well as its
primary, showed the highest uptake. It has been reported that
high accumulation of '"F-FAMT in SCC is due to their high
expression of LAT1 [26, 28, 32]. Our findings suggest that
squamous cells tend to have higher LAT1 expression than other
cell types, but this early hypothesis needs to be confirmed in
further studies.

In this study, we obtained clear and prominent '*F-FAMT
uptake in bone metastases regardless of their nature, osteolytic

or osteoblastic. Interestingly, until recently no single imaging
modality available had the ability to detect bone metastasis foci
with high sensitivity and specificity regardless of the bone
lesion phenotype. BS and SPECT with **™Tc-MDP is highly
dependent on bone turnover, and therefore it is known for its
superiority in detecting osteoblastic lesions but limited ability in
detecting pure osteolytic lesions. Both modalities also have
limited specificity and are unable to differentiate the early stage
of bone metastasis from healing fractures, benign tumours and
degenerative disease [37, 38]. On the other hand, even though
'F_NaF PET/CT has higher accuracy than BS and SPECT, its
lesion uptake reflects blood flow and osteoblastic activity, and
therefore evaluation of osteolytic lesions requires careful ex-
amination for osteoblastic activity surrounding the lesion [40].
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Confirmation of '®F-NaF PET findings with CT and MRI is
inevitable [6].

CT and MRI only are impractical for the detection of bone
metastases, which makes their routine use for this indication
unlikely at the present time [10, 37, 38]. A novel MRI tech-
nique, DWIBS, has been reported to be useful for the detec-
tion of bone metastases, but its sensitivity and specificity
regarding bone lesion phenotype has not yet been evaluated
[5, 39]. Despite its ability to detect bone metastases earlier than
other modalities by targeting the glucose metabolism increase,
"F_FDG PET/CT has low sensitivity in detecting osteoblastic
lesions [12, 40, 41]. Our results also confirmed that '*F-FDG
accumulates differently in osteoblastic and osteolytic lesions.
In contrast, similar uptake of '®F-FAMT in the two distinct
bone lesion phenotypes suggests that '*F-FAMT PET/CT
could be used for the detection of bone metastases of either
phenotype. However, further investigation in larger studies is
warranted. Related to bone structure remodelling, the cyto-
kines RANKL, RANK and OPG have recently been reported
to play an important role in the osteolytic process of bone
metastasis [42]. Although the relationship between '®F-
FAMT uptake and proliferative activity evaluated by LAT1
expression in immunohistochemical specimens has already
been reported [27], the relationship between these cytokines
and LAT1 expression is still unclear and needs further study.

Currently, contrast-enhanced CT is used for radiation
therapy planning, while "*F-FDG PET/CT is used to obtain
the metabolic information within the lesions during monitor-
ing of therapeutic efficacy [43, 44]. However, it has been
reported that following conventional radiation therapy or
heavy-ion therapy, '*F-FDG PET/CT is unable to distinguish
recurrence or radiation necrotic lesions from secondary
changes [28]. On the other hand, compared to '*F-FDG,
the absence of accumulation at inflammatory sites and its
high specificity for malignancy are advantages of '*F-FAMT
[28], which might be expected to allow accurate detection of
early response to radiation therapy. This potential of '*F-
FAMT PET/CT as a monitoring tool for radiation therapy
efficacy requires further prospective study.

Due to the patients’ advanced stage disease, obtaining
histopathological confirmation of all bone metastatic lesions
is impractical and is unethical when there is no impact on
clinical management. Therefore, the main limitation of this
study was that our 'F-FAMT PET/CT findings were not
rigorously verified by histopathological examination.
Instead, bone metastasis was confirmed by careful examina-
tion and interpretation of the imaging and clinical follow-up.
As shown in Table 2, most of the patients (20/21) were
followed using '*F-FDG PET/CT as well as clinically, and
in six patients additional BS and/or MRI were also performed
for monitoring purpose. Thus, the accuracy of the final clinical
diagnosis for bone metastasis was considered to be reason-
able. However, to provide robust evidence that '*F-FAMT has
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true potential to replace histopathological confirmation of
bone metastasis when biopsy or surgery is clinically inappro-
priate, further evaluation with post-mortem histopathological
confirmation is warranted. In general, further clinical study
with larger numbers of patients is essential to confirm these
preliminary findings.

Conclusion

In this study, the usefulness of '*F-FAMT PET/CT for the
detection of bone metastases regardless of the bone lesion
phenotype was demonstrated. The fact that '*F-FAMT up-
take was confirmed by '*F-FDG uptake in bone metastatic
lesions with higher lesion-to-background ratio suggests that
"E_FAMT PET/CT has potential for use as a complement to
"F-FDG PET/CT for accurate detection of bone metastases.
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