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This paper described the first clinical study of lung tumor scanning by positron
emission tomography (PET) using C-11-labeled L-methionine ('C-L-Met). Tumor
images were clearly visualized by high contrast in eight lung cancer patients and also
in a patient with a silicotic nodule. Quantitative evaluations of methionine uptake in
tumor tissue and normal tissue by comparing differential uptake ratios suggested that
the extent to which 1C-L-Met accumulates in a tumor is closely correlated to the
tumor’s viability such as benign or malignant, viable or necrotic. 1'C-L-Met is
considered to be an effective tumor marker for PET diagnosis which represents
increased amino acid metabolism of tumors in the mediastinum and lung.
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Mcthionine labeled with Se-75 has been used for
many years in nuclear medicine as an agent for pancreas
scanning (/-3). Its use in tumor imaging has also been
studied in parathyroid tumors (4,5), lymphomas (6,7),
thymoma (8), hepatomas (9,10), neuroblastoma (11),
and lung cancer (12,13). But its diagnostic value is very
limited because of high background activity and poor
resolution.

Recently, positron emission computed tomography
(PET) with C-11-labeled L-methionine (!!C-L-Met) has
been reported to be valuable when diagnosing pancreas
disease (14,15). The increase in amino acid incorpora-
tion into tumor tissue was experimentally demonstrated
using C-14- (16) and C-11- (17) labeled amino acids,
and human brain tumor imagings were also studied by
PET using C-11 amino acids (/8,/9). However, it has
never been applied to body tumor scanning except a case
report which employed it to obtain a clear image of lung
cancer (20).

This report describes the first clinical study of lung
tumor scanning with PET to quantitatively evaluate the
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uptake of !'!C-L-Met in lung cancer and benign tu-
mors.

MATERIALS AND METHODS

Subjects

As shown in the Table 1, a total of ten subjects were
examined. Of these subjects, eight patients had histo-
logically proved advanced lung cancer including seven
with squamous cell and one with large cell carcinoma.
Of the other two patients, one had a large silicotic nodule
and the other had operatively proved tuberculoma. All
ten subjects were studied using positron emission to-
mography ECAT I1.* Four patients with lung cancer
had been given radiotherapy previously and another four
had received no treatment before ‘the PET study. All
patients were clinically evaluated in detail including
chest x-ray and x-ray computed tomography (CT) to
determine the scan level for PET study. The investigation
was approved by the clinical research committee of our
institution and informed consent was obtained from all
subjects.

Radiopharmaceuticals

1C-L-Met used in this study was synthesized from
1ICH;l and homocystein following the modified method
of Comar et al. (21). 11CO, was produced by the proton
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TABLE 1
Clinical Study with 'C-L-Met

DUR* at 30 min
Radiotherapy RI dose Tumor
No. Disease Cell type (Gy) (mCi/kg) Benign Cancer Muscle Lung Blood!
1 Lung cancer Squamous 0 0.13 2.53 0.51 0.30 0.44
2 Lung cancer Large 20 0.1 3.55 0.56 033 0.39
3 Lung cancer Squamous 20 0.09 2.83 0.68 0.44 0.50
4 Lung cancer Squamous 30 0.30 1.67 0.50 034 043
5 Lung cancer Squamous 60 0.18 1.93 0.60 0.32 0.63
6 Lung cancer Squamous 0 0.17 2.41 0.64 0.26 0.47
7 Lung cancer Squamous 0 0.25 2.17 0.56 0.26 0.54
8 Lung cancer Squamous 0 0.15 2.10 0.56 0.24 0.52
9 Silicosis 0.24 1.38 0.53 045 0.52
10 Tuberculoma 0.27 1.12 0.54 0.41 0.49
Mean 0.19 1.25¢% 2.37¢ 0.57 034 0.49
s.d. 0.07 0.18 0.57 0.057 0.08  0.067

* DUR: Differential uptake ratio
Pixel count/pixel volume
Injected Rl activity/body weight
1 Blood activity/sample weight
Injected RI activity/body weight’

$p <0.05.

X calibration factor.

irradiation of a nitrogen gas target system.t 1!CH;I was
synthesized from !'CO, using an on-line automated
system (22). Quality assurance tests of 11C-L-Met for
clinical use were performed according to the safety
guidelines of the clinical research committee of our in-
stitution (23). The specific activity of !'C-L-Met varied
from S to 10 mCi/uM at the time of injection and its
radiochemical purity was 96% to 99%.

Scanning procedure

Transmission scans were performed using a 2 mCi
Ge-68/Ga-68 ring source for the attenuation correction.
HC.L-Met (from 4.8 to 19 mCi, mean 10.9 mCi) in 10
ml of physiological saline was injected intravenously as
a bolus. Following the injection, serial emission scans
were performed at the slice level through the tumor as
determined by CT and transmission scans. The se-
quences of emission scans varied from 2 to 10 min de-
pending on the injected dose and the time after injection.
Scans were finished 45 or 60 min after the injection.
Using a medium resolution shadow-shield and filter
function, spatial resolution was 14 mm. The scans were
corrected for decay and attenuation.

Quantitation of !''C-L-Met concentration was at-
tempted using mean pixel counts in the region of interest
(ROI) by the PET scan. Every ROI was carefully de-
termined by using CT and transmission scans as refer-
ences so that the partial volume effect was minimal and
a maximum count recovery was obtained. In each
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subject, the tumor size was more than 2.5cm X 3cmin
diameter which corresponded to the count recovery of
more than 90% (24). To obtain the differential uptake
ratios (DUR, previously described as differential ab-
sorption ratio) (25,26), counts per pixel data were cali-
brated by the injected dose, body weight, and ECAT-
auto well calibration factor.

_ ___pixel count/pixel volume
injected RI activity/body weight
X calibration factor

RESULTS

11C-L-Met imaging with PET demonstrated very high
radioactivity in all cases of lung cancer. In Case 1, with
a 2.5 cm X 3 cm squamous cell carcinoma in the right
upper lobe, very high radioactivity appeared in the tumor
(Fig. 1a,b). Count ratios per pixel at 30 min were
tumor/blood 5.8, tumor/lung 8.4, tumor/muscle 5.0. In
Case 2, with a large cell carcinoma, a large homogeneous
round mass showed on the CT (Fig. 2b) but a clear ring
shaped “hot” region was seen on the PET scan 30 min
after injection (Fig. 2a). In Case 4, with squamous cell
carcinoma, a ring shaped “hot” region in the lung and
increased uptake along the chest wall were shown on the
PET scan. Operative findings proved a large central
necrotic region corresponding to the center of the ring
lesion and chest wall cancer invasion corresponding to
the abnormality along the chest on the PET scan. In Case
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FIGURE 1
a: Case 1. Lung squamous cell carcinoma image obtained
with PET 40 min after injection of 7 mCi of 1'C-L-Met. b: Chest
CT scan showing lung tumor, giving anatomical reference for
PET image. (Reprinted by permission of Ref. 20)

9, with a large silicotic nodule in which calcification was
diagnosed by chest x-ray and CT, (Fig. 3b), increased
accumulation of !'C-L-Met (Fig. 3a) occurred and it was
difficult to differentiate this accumulation from the
malignant tumor only by observation.

Figure 4 shows the time-activity curves of Case 7, with
squamous cell carcinoma. !!C-L-Met in the blood pool
decreased rapidly to a plateau at 30 min after injection,
whereas its activity in the muscle and in the tumor was
almost constant after injection. This demonstrated that
the optimum tumor-to-blood ratio can be obtained at 30
min after injection. This case had a lymph node metas-
tasis in the mediastinum which became hotter than the
primary tumor. These images are presented in Fig.
Sa,b.

Figure 6 shows the time-activity curves for each
tumor. In Case 2, with large cell carcinoma, the highest
DUR were reached after a rising curve. In Case 10, with
a tuberculoma, the lowest and constant values of DUR
were seen. The other time-activity curves represented
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FIGURE 2

a: Case 2. PET image of lung large cell carcinoma 30 min
after injection of 6.5 mCi of 1'C-L-Met, showing ring-shaped
tumor and lymph nodes. b: Chest CT scan showing round
homogeneous tumor

squamous cell carcinoma which showed a wide variation
of DURSs and time courses.

The DURSs of tumor, muscle, lung, and blood in all
patients at 30 min after injection are shown in Table 1.
Injected doses of 1'C-L-Met per body weight had three
time variations from 0.09 to 0.30 mCi/kg. But the DURs
of the back muscles of each subject remained constant
with only a 10% variation (0.57 £ 0.057) and the DURs
of the peripheral blood plasma had 13% variation (0.49
% 0.067) when taken at 30 min after injection. Thus, the
DURs were considered to be stable and reliable markers
for methionine accumulation in vivo. The average DUR
value in lung cancer was 2.37 £ 0.57. The DURs for the
tumors of Case S which previously received 60 Gy ra-
diotherapy and Case 4 with a large area of necrotic tissue
(operatively proved) were lower than those of other lung
cancers, but not significantly. The DURs of the benign
tumor (1.25 + 0.18) were significantly lower than the
DURs of lung cancer (p <0.05, Mann-Whitney’s U-
test).
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FIGURE 3

a: Case 9. PET image of silicotic nodule 30 min after injection
of 12 mCi of 'C-L-Met also showing hot lesion of the nodule.
b: Chest CT scan showing nodules in both lungs with caici-
fication

DISCUSSION

In this study, all cases of lung cancer were clearly
visualized by PET using ''C-L-Met, and the uptake of
11C.L-Met in the tumors and normal tissues were
quantitatively evaluated by DURs. In addition, the mean
DUR of lung cancer was significantly higher than that
of benign tumors suggesting that '!C-L-Met is accu-
mulated in the tumor according to its viability.

Previously, tumor imaging with Se-75 selenometh-
ionine using a conventional scintillation camera was
studied in lung cancer (/2,/3) and other tumors (4-11).
However, its diagnostic value was very limited because
Se-75 is a nuclide with long half-life (120 days) so the
injected dose must be small (up to 250 uCi) resulting in
high background activity which contaminates the tumor
image and lowers the resolution. In addition, projected
images with conventional scintillation camera are not
sensitive to deep lesions in the body. Because of its short
half-life (20.4 min), the use of amino acids labeled with
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FIGURE 4

Time-activity curves of Case 7, lung squamous cell carci-
noma after injection of 13 mCi of 1'C-L-Met. Regions of in-
terest were set on PET images, and differential uptake ratios
of muscle and tumor were calculated (described in text and
Table). Peripheral blood samples were also counted and
calculated to get blood clearance curve. (®) Tumor; (A)
Muscle, (O) Blood

C-11 permits the injection of large doses. In this study,
a mean injection of !1C-L-Met of 0.19 mCi/kg resulted
in a high specific count for tumor imaging with a low
background 30 min after injection. Also, by using PET
which has improved detection independent of depth, the
diagnostic value of !'C-L-Met is greatly increased.

Tumor uptake of '!C-L-Met was expressed by DUR.
This was not the rate of protein synthesis but the quan-
tiative assessment of !C-L-Met uptake in the tissue
calibrated by the body weight and injected dose. It was
reported that this technique was valid for tumor study
(26). The DURSs of the tumors in this study were closely
correlated to whether the tumor was benign or malig-
nant, previously treated or untreated. The DURSs of the
muscle and blood remained low and very constant with
only a 10% and 13% variation, respectively, 30 min after
injection. Therefore, we considered DUR to be a useful
and reliable marker for comparing methionine uptake
in vivo.

The amino acid uptake is high in organs such as the
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liver, pancreas, as well as in tumors, but low in the heart,
lung, and brain (/7). Accordingly, tumor imaging with
1C-L-Met forms a high contrast to the surrounding
brain (19), lung, and mediastinum.

Hayes et al. (27,28) reported that the uptake of Ga-67
by soft tissue tumor was mediated by a passive diffusion
across the plasma and lysosomal membranes, followed
by binding of Ga-67 to lysosomal proteins. Methionine
is one of the essential amino acids and uptake by eryth-
rocytes was reported to be mediated by passive transport
system across the cell membrane (29). Bush et al. (16)
showed that the largest fraction of injected C-11 amino
acids in the tumor was found in the histone fraction. In
our preliminary experiment using s.c. rat hepatoma,
trichloroacetic acid insoluble fraction of the tumor ho-
mogenate reached a very high level shortly after injection
of 11C-L-Met. !'C-L-Met uptake seems to be induced by
active metabolic utilization of tumor cells such as protein
synthesis.

Capillary permeability may increase in tumor tissue,
but inactive labeled precursor for D,L-amino acid,

FIGURE 5
Case 7. PET image of lung squamous cell carcinoma 30 min
after injection of 13 mCi of 1'C-L-Met showing hot lesions in

tumor and paraaortic lymph node. b: Chest CT scan of Case
7
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11C-aminonitrile (HsC¢NH,!!CN) did not accumulate
in the tumor and showed a rapid clearance pattern
in most organs (30). From this control data, the pos-
sibility that 11C-L-Met is only a marker of increased
capillary permeability in the tumor seems to be re-
mote.

11C-p,L-valine and !'C-D,L-tryptophan were reported
to be effective brain tumor imaging agents using PET
(18). L-Amino acids labeled with C-11 retain their
natural configuration compared to racemic mixtures and
to amino acids labeled with Se-75, and are thought to be
incorporated into proteins rapidly (3/). Tumor images
obtained by !!'C-L-Met also seem to depend on increased
protein metabolism.

Brain metabolism of methionine was studied quanti-
tatively using a two-compartment model to determine
the rate of protein synthesis (37). Further evaluation of
tumor imaging dynamics using a rational metabolic
model seems to be the next problem to be addressed.

Computed and conventional tomography have made
possible the diagnosis of tumors not only in the lung but
also in various parts of the body. But these techniques
visualize only the shape of abnormality and give no in-
formation about the metabolic and biological activity of
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FIGURE 6

Time-activity curves of each tumor. Differential uptake ratio
of the tumors were calculated from PET scan data. (O) Case
1; (@) Case 2; (W) Case 3; (@) Case 4; (A) Case 6; (O0) Case
7; (A) Case 10. Case 5, 8, and 9 were omitted because they
were too crowded
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the abnormality. In contrast, tumor imaging by PET
with '1C-L-Met seems to represent increased protein
metabolism of the organ and the tumor’s viability.
Further metabolic studies with ''C-L-Met will result in
useful information for improved cancer diagnosis.

FOOTNOTES

* EG&G, Ortec, USA.
1166 cm AVF cyclotron, Tohoku University, Sumitomo,
Japan.
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