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L-3-['Zlliodo-a-methyl-tyrosine (IMT) is a modified amino acid that
is avidly taken up by many tumors. Uptake is based on the in-
creased transmembrane transport of amino acids in malignancies.
IMT is the only amino acid tracer suitable for SPECT. The aim of
this study was to determine the feasibility of IMT SPECT in the
detection, staging, and treatment evaluation of non-small cell lung
cancer. Methods: We evaluated 44 IMT SPECT studies in 17
patients with histologically proven non-small cell lung cancer,
stage lll. IMT SPECT and planar imaging of the chest was per-
formed before, 2 wk after, and 3 mo after 60 Gy radiotherapy.
Staging was based on the findings of bronchoscopy, chest CT,
mediastinoscopy, or explorative thoracotomy. After radiotherapy,
CT and bronchoscopy were repeated to assess tumor response.
Results: In 15 of 16 evaluable primary tumors, avid IMT uptake
was present (sensitivity, 94%), with a mean (+=SD) tumor-to-back-
ground ratio (T/B) of 2.95 = 0.78 (range, 1.7-4.9). In 12 of 14
patients (86%) with mediastinal involvement, IMT SPECT detected
one or more mediastinal metastases. However, only 13 of 20
mediastinal metastases were detected in lesion analysis (lesion-
based sensitivity, 65%). For lesions < 2 cm in diameter, sensitivity
was 42%. FDG PET (available for 5 patients) detected more known
and unknown lesions than did IMT SPECT. After radiotherapy, T/B
had fallen to 1.84 = 0.29 (P < 0.001 vs. baseline), and 3 mo later
to 1.61 * 0.41 (not statistically significant vs. second study). Con-
siderable nonspecific uptake was found in irradiated normal lung
tissue (mean ratio to nonirradiated tissue, 1.79 * 0.53), persisting
for > 3 mo. No relationship was observed between various IMT
uptake parameters and the presence of residual viable tumor tis-
sue or survival. Conclusion: IMT SPECT has a high sensitivity for
the detection of primary non-small cell lung cancer. Although
patient-based sensitivity in detecting mediastinal spread was ad-
equate, sensitivity for individual lesions, especially for small me-
tastases (<2 cm in diameter) was too low to be clinically helpful.
Radiotherapy caused considerable nonspecific IMT uptake, which
also limits applicability in evaluating the results of treatment.
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I\/I etabolic imaging of non—-small cell lung cancer is
gaining clinical interest. In contrast to anatomic imaging
methods such as CT, imaging methods such as SPECT and
PET visualize metabolic activity within tumor lesions. This
metabolic information can be used for characterization of
tumor lesions, primary staging, and evaluation of treatment.
The most prominent example of these methods is PET using
18F-FDG (1-4). However, PET has several disadvantages:
its availability is still limited, costs are high, and the tracer
FDG is also taken up by inflammatory lesior. (

Radiolabeled amino acids may be an interesting alterna-
tive in the metabolic imaging of lung cancer. Because amino
acid uptake in inflammatory lesions is less prominent than
FDG uptake, these tracers may be more tumor spe®6iffy. (
This tumor specificity may especially be helpful in evalua-
tion of residual tumor activity after treatment or in detection
of recurrence.

The radiolabeled amino acid-3-[**¥]iodo-a-methyl-
tyrosine (IMT) has been introduced for brain tumor imaging
but is also taken up by many other tumo&9j. Uptake is
based on the increased transport of amino acids, present in
nearly all cancer cellsl0—19. Uptake appears to be related
to tumor proliferation, as shown in vivo in brain and soft-
tissue tumors and in vitro in tumor cell line$3,14. Ap-
plication of IMT in lung cancer patients has not, to our
knowledge, been studied. TH&3 radiolabel makes the
tracer suitable for SPECT. In comparison with PET, use of
SPECT is advantageous because of better availability and
lower costs but disadvantageous with respect to image res-
olution. The aim of this study was to investigate the feasi-
bility of IMT SPECT in detection, primary staging, and
evaluation of radiotherapeutic treatment in patients with
non—small cell lung cancer.

MATERIALS AND METHODS

Patients

Patients with histologically proven non—small cell lung cancer
were included in the study between September 1997 and October
1998. We selected consecutive patients with inoperable or unre-
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sectable stage IlIA or 1lIB cancer who were scheduled for radidamor-to-background ratio (T/B) was calculated. T/Bs were calcu-
therapy. The patients were imaged three times: before radiothiated before and after radiotherapy on corresponding transverse
apy, 1-2 wk after the end of radiotherapy, and 3 mo after ttf&PECT slices. After radiotherapy, ROIs were identically drawn at
second study. Written informed consent was obtained from @&@0% of the maximum pixel value of the remaining tumor, which
patients before inclusion. The study was approved by the medicalually had shrunk through the irradiation. Radiotherapy-induced
ethics committee of Groningen University Hospital. volume changes were not considered in this way, and T/Bs after
Mediastinal lymph node staging was based on histologic oadiotherapy thus represent tracer uptake density in the remaining
cytologic information obtained during endobronchial carinal puncumor volume. To study the effect of radiotherapy on normal lung
tion, cervical mediastinoscopy, or explorative thoracotomy. Wheissue, an additional ROl was drawn in normal lung tissue that had
direct mediastinal tumor involvement (T4 tumor) was observebgeen included in the radiotherapy field. In this way, a radiated-to-
the disease was not further staged using invasive procedures. Imalhirradiated ratio (R/NR) was calculated.
other cases, the mediastinal status was based on hismloQiCS?arltistics

cytologic information. )
. . . . . Paired Studenttests were used to compare T/Bs and R/NRs at
All patients were treated with radiotherapy (60 Gy, in 30 dall\//arious times, because differences did not deviate from normal

fractions) of the primary tumor and mediastinal metastases. As- . . . :

distribution, as evidenced by Kolmogorov-Smirnov tests. One-

sessment of response was based on measurement of remainin .

. . ) - samplet tests were used to compare R/NRs with the expected

tumor size on CT images obtained within 2 wk after the end o .

. . . value 1. Mann-Whitney U tests were used to compare IMT uptake
radiotherapy and on repeated bronchoscopy with biopsy wh

: . ) '88ta in patients with positive versus negative biopsy or mediastinal
possible. Patients were followed up until June 2000. The duratlop P P . 9 psy
) Status. Spearman rank correlation was used to compare tumor area
of survival and the cause of death were recorded.

reduction with IMT T/B reduction. Two-tailed probability val-
Chest CT ues< 0.05 were considered significant.
CT of the chest and upper abdomen was performed with a
Tomoscan SR7000 (120 kV, 125 mA; Philips, Eindhoven, ThRBESULTS
Netherlands) with a slice thickness of 5-10 mm. Scanning ting;tients

was 1 s per slice. Two hundred milliliters of contrast medium Seventeen patients underwent an IMT SPECT study be-
(Omnipaque; Nycomed, Buckinghamshire, U.K.) were adminig- . . .
tered intravenously (1.5 mL/sec). CT images were interpreﬁ%lre radiotherapy (Table 1). In patient 13, the primary tumor

independently by a radiologist and a pulmonologist not aware %P‘d been removed for diagnostic purposes, leaving 16 pri-

IMT or PET findings. Tumor size was determined by measurin'a]ary tumors evaluable. The maximal tumor d'ameter. was
the two largest perpendicular dimensions on a representative tran€tween 1.5 and 7 cm, with a mean of 4.5 cm. In 4 patients,

verse slice. Mediastinal lymph nodes were divided into two cat@n explorative thoracotomy had_ been performed 20, 32, 44,
gories: nodes with a short-axis diameterl cm were interpreted Or 50 d before the IMT study. Five patients had also under-

as benign (negative), nodes 1 cm were considered metastasegone FDG PET.
(positive). The mediastinum was positive for lymph node metastases
IMT SPECT in 14 (82%) of the 17 patients using the staging method
Synthesis of IMT was performed as previously descrit@d ( described qboye. Six patients had d_|rect tumor involvement
After at least a 5-h fast, SPECT of the chest was performed 15 néth the mediastinum (T4). In 11 patients, CT of the chest
after the intravenous injection of 250-300 MBq IMT using devealed one or more mediastinal lymph noged cm in
large-field-of-view double-head gamma camera (MULTISPECTliameter; in the other 6 patients mediastinal lymph nodes
2, Siemens Inc., Hoffman Estates, IL) with a medium-energwere either absent ax1 cm in diameter. The patient-based
all-purpose collimator (64 views, 30 s per view). Additional planagensitivity of CT for the detection of mediastinal metastases
spot views were acquired for 10 min. Transaxial tomograms wefgerefore amounted to 79% (11/14). The 14 patients with
reconstructed using filtered backprojection with a Butterworth,«jiastinal metastases had a total of 20 metastatic loca-
filter (sixth order; cutoff, 0.275 Nyquist). System resolution was 1ﬁons, 8 of which contained metastases between 2 and 4 cm

mm full width at half maximum at a 10-cm distance. L. . .
. . . in diameter. Twelve locations contained metastasé&scm
All images were interpreted from a computer monitor by an . .
diameter, of which 6 were<1 cm.

experienced nuclear medicine physician unaware of other imagilrrlb
information. Planar images were qualitatively analyzed using Rirst IMT SPECT (Tumor Detection and Mediastinal

simple scoring systemt = uptake just above background uptakeStaging)

++ = uptake higher than background uptake, ahd-+ = IMT SPECT clearly depicted 15 of the 16 evaluable primary
uptake much higher than background uptake. Areas of abnormiginors (94%). Examples are presented in Figures 1 and 2. The
IMT uptake were defined as areas with clearly increased SPEGR, tymor that was not detected was the smallest in this study

uptake compared with normal background uptae ( and was 1.5 cm in diameter (patient 16 in Table 1). Tumors
Semiquantitative measurements of IMT uptake were performed

by defining regions of interest (ROIs) around the lesion und¥¥erelus_ually alrgad_y_gl_llslble c()jn_planar :jmﬁge?’ b!'lt SPECT
study. These regions were drawn on transverse SPECT slices Vg{ﬁaty Incréase \{'S' ”t_y and improved localization. IMT
maximum tumor visibility and were drawn in a standardizedmor uptake was high, with a mean T/B of 3:01.0 (SD) and

fashion at 80% of the maximum pixel value in the lesion. A& range of 1.7-6.1 (Table 1)_- o
background ROI was drawn in contralateral normal lung tissue, In 12 of the 14 patients with mediastinal metastases, IMT

and from the uptake intensity (counts per pixel) in both ROIs ti8PECT detected abnormal uptake in the mediastinum,
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TABLE 1
Patients, Primary Tumors, and IMT Uptake

Patient Age Tumor Size Tumor Nodal Clinical IMT uptake, T/B
no. Sex (y) histology (cm) Location stage stage stage planar* SPECT

1 M 66 Squamous 2 RUL T3 N2 A +++ 3.0
2 M 52 Squamous 6 RML T3 N2 A +++ 6.1
3 M 58 Large cell 4 RML T2 N2 A + 1.8
4 M 63 Squamous 6 RUL T3 N2 B +++ 3.4
5 F 55 Adenous 5 RUL T4 NO 1B ++ 2.9
6 F 68 Squamous 5 RML T2 N2 A ++ 2.6
7 M 42 Squamous 3 LUL T3 N2 B ++ 3.1
8 M 67 Squamous 5 LUL T4 NO 1B +++ 3.4
9 M 71 Squamous 6 RUL T4 N2 1B +++ 3.1

10 F 70 Adenous 4 RLL T3 N2 1]=] ++ 3.0

11 M 56 Squamous 4 RLL T4 N2 B + 1.8

12 M 69 Large cell 5 RUL T4 N2 1B +++ 3.6

13 M 50 Excised — LLL — N2 B -

14 F 69 Adenous 7 RUL T4 N2 1B ++ 3.2

15 M 41 Large cell 5 RUL T2 N2 1B ++ 2.7

16 F 62 Squamous 1.5 LUL il N3 1B -

17 F 74 Squamous 4 LUL T3 NO 1B +++ 3.8

* —

— = not visible; + = uptake just above background; ++ = uptake higher than background; +++ = uptake much higher than
background.
RUL = right upper lobe; RML = right middle lobe; LUL = left upper lobe; RLL = right lower lobe; LLL = left lower lobe.

yielding a (patient-based) sensitivity of 86% (Fig. 2B). OndAlthough increased uptake was found in the entire perihilar
patient (patient 4) had multiple small mediastinal metastasegion, the two histologically confirmed metastases could
(1-2 cm in diameter) that were not visible on the IMThot be visualized separately on the IMT SPECT images.
images. In the other patient (patient 11), a 2-cm hilar/ In one patient, IMT SPECT showed clearly increased
paratracheal lesion was not detected, presumably becausepifike in an unexpected supraclavicular lesion. This finding
low uptake. No findings were false-positive. was originally considered to be false-positive, because the
When individual mediastinal lesions were analyzed, IMTIesion had not been found during staging, but 3 mo later
SPECT detected 13 of the 20 metastatic locations (overgdfter radiotherapy, not including the supraclavicular area) a
lesion-based sensitivity, 65%). All 8 locations containingalpable metastatic node was found in this location. Apart
metastases> 2 cm in diameter were detected. Howeverfrom this instance, no other unexpected abnormalities were
only 5 of the 12 locations containing metastase® cm found, in particular no distant metastases.
were detected (small-lesion sensitivity, 42%). Because ofIn five patients, FDG PET had also been performed, and
limited resolution, metastatic locations could not always ke results were compared with IMT SPECT. All primary
clearly separated. For example, patient 12 had a metastasimors were also visualized using PET. In one patient
of 2-cm diameter in the transition zone between the hilgpatient 11), IMT did not detect a 2-cm mediastinal lymph
and paratracheal region and an additional carinal metastasisde, which was positive on PET. However, PET showed

FIGURE 1. Transverse (A) and coronal
(B) SPECT slices through squamous cell
lung carcinoma in right middle lobe (pa-
tient 2) show intense IMT uptake.

IMT SPECTIN Non—SvALL CeLL Lunc CaNcer ¢ Jager et al. 581



FIGURE 2. (A) IMT planar image of
chest shows uptake in primary squamous
cell carcinoma in left upper lobe and up-
take in mediastinum (arrows). Minor, pre-
sumably bone marrow, uptake in sternum
overlies mediastinal lesion (B). Trans-
verse SPECT slice from same patient
shows better delineation of primary tu-
mor in left upper lobe and clear medias-
tinal metastasis (arrows).

two false-positive mediastinal locations (1.5 cm) that weii@ 10 patients adequate histologic or cytologic material was
correctly negative on IMT SPECT. In two other patientsbtained through repeated bronchoscopy.

PET detected unexpected small, distant metastases; one im all patients, T/B had decreased after radiotherapy. An
bone (confirmed with bone scintigraphy; more bone metagxample is shown in Figure 4. The mean T/B decreased
tases developed during follow-up) and one intrapulmonafyom 2.95 + 0.78 to 1.84+ 0.29 @ < 0.001). With a
(clearly grew during follow-up). As expected, image qualposttreatment T/B of 1 representing complete disappearance
ity, anatomic resolution, and lesion-to-background activityf tumor activity, the average reduction of IMT T/Bs was
for PET were superior to those for IMT SPECT (Fig. 3). 5204 + 18%. The data are shown in Figure 5.

Second IMT SPECT (After Radiotherapy) Tumor dimensions after radiotherapy, as measured with

The second IMT SPECT examination, shortly after theT. @lso diminished significantly in all but one patient. The
end of radiotherapy, was performed on 14 patients. In™€an tumor area decreased from214 cn? to 7 + 9 cn¥
patients, scanning was not performed after treatment HE- < 0.01), an average reduction of 60% 37%. No
cause radiotherapy had been canceled. In 1 of these patie¢@gielation was found between IMT T/B reduction and
the disease had progressed shortly after the start of tré§mor size reduction.
ment; the other 2 patients had died. In patient 13, whoseConsiderable uptake was observed in irradiated normal
primary tumor had been removed for diagnostic purposesiuag tissue (Fig. 6), with mean R/NR of 1.7290.53 (range,
3-cm mediastinal metastasis had been irradiated. This lesibA5—2.27) being significantly different from P & 0.001).
was used in the response analysis. In all 14 patients, tunidre mean uptake ratio between tumors and the adjacent
size after treatment was determined using CT. Additionalliradiated lung tissue was 1.27 0.34.

FIGURE 3. IMT SPECT and FDG PET
images of patient 1. (A) IMT SPECT coro-
nal slice through 1.5-cm squamous cell
lung carcinoma (arrow) in apex of right
upper lobe. Nonspecific uptake in lower
right chest wall was caused by thoracot-
omy 20 d earlier. (B) Corresponding FDG
PET coronal image, obtained before tho-
racotomy, shows intense FDG uptake (ar-
row) in this lesion and hilar metastasis. (C)
IMT SPECT coronal slice through hilar
region shows intense uptake (arrow) in
this large metastasis. (D) Corresponding
FDG PET coronal image through middle
of this hilar metastasis (small arrow) with
higher contrast. Additional lesion in right
middle field (large arrow) that was missed
on IMT SPECT image was found on PET.
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Before RT

FIGURE 4. Corresponding transverse
IMT SPECT (B) and CT (A) slices
through squamous cell carcinoma
(white arrows) in right upper lobe, be-
fore radiotherapy (left) and shortly after
(right). CT images show significant tu-
mor regression, but IMT SPECT shows
reduced but lightly persisting uptake
— (black arrows). Viable tumor cells were
A found after bronchoscopic biopsy. Also

After RT note increased uptake in irradiated field

(arrowheads).

Biopsies from the tumor area after radiotherapy stiliptake different (Fig. 5), although the number of studied
contained viable tumor cells in 4 (of 10) patients. Thpatients was low. Also, in patients with and without medi-
reduction in IMT uptake in these 4 patients was not differemistinal metastases, IMT T/Bs before and after radiotherapy
from that in patients with negative biopsy findings aftewere not different.

radiotherapy, nor was the absolute pre- or posttreatmqrig]t

ird IMT SPECT (Follow-Up)
Three months after the second IMT scan, 13 patients
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FIGURE 5.

IMT T/Bs shortly after radiotherapy and 3 mo later,

given as percentage of T/B before radiotherapy. Circles denote FIGURE 6. Planar IMT image obtained 1 wk after 60 Gy
patients with (@) or without (O) residual tumor, based on bron-  radiotherapy was applied to tumor on right middle lobe of
choscopic biopsy shortly after radiotherapy. A = patients with-  patient 2 (Fig. 1). Increased uptake is present in entire irradiated

out biopsy.

field (arrow). Diaphragm is at very bottom of image.
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between the second and third studies. The mean T/B hatll have predictive value for evaluating the response of
decreased slightly from 1.84 0.29 to 1.61+ 0.41, but this individual patients.
change between the second and third scans was not signifRadiolabeled amino acids have hardly been applied in
icant. Only in 1 of the 4 patients with positive biopsylung cancer imaging. Because amino acids play a minor role
findings, but also in 2 patients with negative biopsy findinga the metabolism of inflammatory cells, the theoretically
after radiotherapy, had T/Bs risen again. better specificity may be advantageous in comparison with
At the end of the follow-up period, 6 patients were stilFDG (5—7,15. A high specificity of 91% was indeed re-
alive; all others had died from their lung cancer. Mediaported in a recent study by Yasukawa et dl6)( who
survival was 20 mo. Cox regression analysis showed netrospectively analyzeHC-methionine PET for mediasti
significant relationship between survival and IMT T/B benal staging @ = 41). PET correctly revealed 10 of 14
fore or after radiotherapy (relative risk, 0.9, with a wideenlarged lymph nodes to be tumor-negative, but intense
95% confidence interval of 0.45-1.8), but more observaiethionine uptake was also present in many histologically
tions are required to study this relationship. negative lymph nodes, independent of si6)(Nettelbladt
Average R/NR had decreased from 179.53to 1.50+ etal. (L7) found both FDG and!C-methionine PET to show
0.50, which was a significant difference &£ 0.05) but still positive results in four patients with mediastinal metastases
much higher than 1R < 0.001). The tumor-to-irradiated but also found methionine (and FDG) to be taken up in
lung tissue ratio was 1.2% 0.31, which was not different postobstructive pneumonia and in mucous membranes of
from the ratio after the second study. the carina and proximal main bronchi. Kubota et 4i8)(
could separate a group of patients with early tumor recur-
rence from a group with late recurrence usingmethyl-
DISCUSSION 11C]-methionine uptake in a study similar to ours but found
This study showed that non—-small cell lung cancer I€T to be better for predicting ultimate local recurrence.
sions can be visualized using IMT SPECT. Apparently, thigowever, the increased amino acid uptake in irradiated lung
simple and potentially widely available SPECT method igssue observed in our study has not been described before.
able to reveal the increased amino acid metabolism in thesg@mT, as a relatively new metabolic tracer and the only
tumors. This ability has not, to our knowledge, been shovgimino acid tracer suitable for SPECT, compares well with
before. However, some serious drawbacks that will limit iféther sing|e_photon tracers apphed in |ung cancer. Using
clinical applicability were noted. First, although all primaryor| 9onTc-MIBI, or 6’Ga, sensitivities between 50% and
tumors> 1.5 cm were detected, a smaller primary tumagog, have been reported for primary tumor detection, with
was missed. Second, lesion-based sensitivity for mediastin@Bs between 2.4 and 3.89-24. Few studies have ad-
metastases was low (65%) and for small lesion® €m) dressed mediastinal staging, but in nearly all of these, sen-
even as low as 42%. Because of this detection limit of 1.5sgjvity for small lesions €1.5 cm) was too low to be
cm, IMT SPECT does not appear helpful in mediastingfinically helpful and uptake in benign processes frequently
staging and will not reduce the need for invasive stagingkcreased specificity28—25. In addition, most authors
procedures. have reported only patient-based sensitivities, whereas le-
Shortly after radiotherapy, we found a considerable dgion or lymph node station-based sensitivities are usually
crease in IMT uptake intensity in the remaining tumoiower. Although as sensitive as these other SPECT agents,
indicating decreased amino acid metabolism induced ke sensitivity of IMT SPECT is too low to be clinically
radiotherapy, although the reduction in size in itself madcceptab|e_ Apparenﬂy, amino acid uptake is not h|gh
also contribute to the decreased uptake. We did not obsegtfugh to compensate for the limited resolution of SPECT.
a relationship between the presence of residual viable tum{erefore, negative scan ﬁndings do not rule out the pres-
tissue and IMT uptake or changes in uptake, but this relance of (especially small) metastases, so that invasive stag-
tionship requires further study and a certain degree of safig with mediastinoscopy or surgery is still needed. How-
pling error might have influenced it. However, we also didver, one should realize that CT alone does not perform

not find a correlation between survival, another outcomgstter than single-photon studie), as is suggested also in
parameter, and IMT uptake. Furthermore, considerable Upis study using IMT SPECT.

take was found in normal lung tissue that had been included

in the irradiated field. This phenomenon was present in

nearly all patients shortly after radiotherapy and haONCLUSION

scarcely diminished 3 mo later. It was not related to the SPECT using the radiolabeled amino acid IMT is able to
occurrence of radiation pneumonitis or other radiotherapew@veal non—small cell lung cancer lesions with a high sen-
tic lung damage. Apparently, tissue changes after radiothsitivity for the primary tumor. However, IMT SPECT ap-
apy (inflammation, fibrosis, apoptosis) are associated wiplears to have a detection limit of approximately 1.5 cm. For
increased amino acid demand, limiting the specificity ahediastinal staging, this limit results in a sensitivity that is
IMT for evaluation of the results of radiotherapy. Therefordpo low to be clinically helpful. Although tumor uptake
it seems unlikely that, even in larger groups, IMT SPECSignificantly decreased after radiotherapy, relatively high
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and persistent uptake was observed in irradiated normil Jager PL, de Vries EGE, Piers DA, Timmer-Bosscha H. Uptake mechanisms of

lung tissue. The specificity of IMT is therefore lower than
expected, limiting its application in treatment evaluation. 12
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