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Chapter 10
 

Summary, conclusions and 
future perspectives

10.1 SUMMARY

In this thesis, a new tumor imaging tracer in nuclear medicine is studied. This
tracer, L-3-[ I]Iodo-alpha-methyl-tyrosine (IMT), is an artificial amino acid123

suitable for SPECT imaging. The thesis starts with an overview of radiolabeled
amino acids in general, continues with a method for the production of IMT, a
study about tracer behavior in tumor cells in vitro, a pilot study in patients and
ends with application in three specific groups of cancer patients. One related
clinical side issue involving a well known bone tracer is also included.

The INTRODUCTION explains some of the basic principles of Nuclear
Medicine, a medical speciality that deals with applications of radioactive
substances for diagnosis and therapy. Nuclear medicine techniques such as
planar scintigraphy, SPECT and PET are explained, and a method to assess
diagnostic research is introduced. As Nuclear Medicine deals with tracers and
imaging devices, much research in this field is aimed at finding better tracers.
In general, tracer methods are available for many different medical specialties
and their clinical problems. This thesis focuses on a new tracer to be used in
oncology: L-3-[ I]Iodo-alpha-methyl-tyrosine (IMT), an artificial and123

radiolabeled amino acid. 
Amino acids are theoretically interesting tracers to study tumors, because

the increased growth and proliferation of cancer cells requires increased
uptake of (radiolabeled) amino acids. Furthermore, amino acid imaging might
be less troubled by interfering uptake in inflammatory tissue, which can be a
problem in oncological applications of other tracers like FDG. German
research had indeed demonstrated that IMT is a suitable tracer to image brain
tumors, but the tracer had not been applied in other tumor types. 
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The study of basic properties and potential application of IMT in 
patients with tumors outside the brain became the aim of the research
described in this thesis.

In CHAPTER 2 an overview is given about amino acids, their radiolabeled
counterparts and clinical applications of radiolabeled amino acids. Synthesis
of proteins is a fundamental process for all cellular functions, such as growth.
Because of the uncontrolled and accelerated growth of cancer, the process of
protein synthesis in tumors is increased. As a consequence, the demand for
amino acids, the building blocks of proteins, is increased. Therefore, it is
expected that radiolabeled amino acids tracers will also accumulate in tumors,
and subsequent imaging of the amino acid metabolism could provide useful
information on the metabolism of tumors.

Tracers must be produced, which firstly requires stable attachment or
incorporation of a radioisotope in the molecule. Secondly, a method must be
developed to synthesize the radiolabeled amino acid in a convenient and
practical way. Thirdly, after administration to a patient, the tracer must not be
metabolized before imaging. Nearly all amino acids and slightly modified
variants have been radiolabeled, but only a few have passed these three
prerequisites in a degree sufficient to be clinically usable. Among these few
are C-methionine (MET) and C-tyrosine (TYR) for PET imaging and I-11 11 123

iodo-methyl-tyrosine for SPECT imaging. 
To understand what cellular processes are actually represented on the

images obtained after administration of amino acid tracers, much preclinical
research has been performed. Grossly, protein metabolism can be divided into
amino acid transport (from plasma into the cell) and protein synthesis
(incorporation in protein). IMT uptake appears to represent the increased
transport into tumor cells, TYR uptake represents both transport and protein
synthesis and MET uptake represents transport but partly also protein
synthesis and partly other cellular processes. It appears, however, that these
differences do not translate in different clinical applicability. Amino acid
imaging is less influenced by inflammation, which is advantageous in
comparison with FDG PET imaging. However, also for amino acids tumor
specificity is not perfect.

In brain tumor imaging, the use of radiolabeled amino acids is quite
established, and includes tumor grading, delineation, evaluation of treatment
and recurrence detection. The use of IMT SPECT for these purposes appears
clinically equally valuable as PET methods. Diagnostic accuracy of amino acid
imaging in brain tumor imaging is adequate, and the diagnostic value probably
advantageous. However, the true therapeutic value and final value in patient
outcome still needs to be established. In other tumors, such as head-and-neck
cancer or lung cancer, findings suggests reasonable diagnostic accuracy, but
inferior diagnostic value in comparison with FDG PET. In most other tumors,
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data do not permit definitive conclusions yet, but the general feasibility of
amino acid imaging has sufficiently been demonstrated. In nearly all tumor
types more research is required, in larger patient series and in well defined
clinical settings.

Based on this information, IMT imaging was considered worth being
tested. As the tracer cannot be obtained commercially, we had to
synthesize IMT ourselves. Derived from a description in the literature,
we developed our own method of synthesis. This resulted in a very
reliable process, with a final product that met all quality standards.
After many manual IMT syntheses, the idea arose to build an
automatic device:

CHAPTER 3 describes an automatic module for the production of IMT. The
module must be prepared with disposable tubes, valves, precursor, reagentia,
buffers, a filter column and radioiodine. A microprocessor controlled system
then runs the module, and without operator dependency IMT is produced in a
standardized way within 45 minutes. Comparing the manual and automated
synthesis (using Iodine-131 instead of Iodine-123 to reduce costs), no
differences in the quality of the final product were found. Also overall
radiochemical yield for both methods were equal, although -  presumably due
to differences in specific activity - lower than routinely achieved using Iodine-
123. Therefore, the module works well, and can also be adapted for the
production of other tracers or high dose applications.

Now that IMT can reliably be produced, we wondered whether uptake
is indeed related to amino acid metabolism, as demonstrated
elsewhere in brain tumors, and whether this relation is also present in
tumors not derived from neural tissue 

The study described in CHAPTER 4 investigates the uptake mechanism of
IMT in the human GLC4 small-cell lung cancer cell line in comparison with C-14

tyrosine (TYR) from which IMT is derived. Various well known general amino
acid transport systems (entitled system A, system ASC, system L) were
analyzed for their contribution to IMT and TYR uptake. 

It appeared that cellular IMT uptake is very fast and reaches a plateau
within 5 min. Based on steady state experiments, > 90% of IMT uptake can be
attributed to amino acid transport activity. The L amino acid transport system
is the most important contributor, both for IMT and TYR. These results are
quite similar to the already known behavior of IMT in brain tumor tissue, both
in vitro and in vivo. Translating these observations to the in vivo situation, it
appears that IMT is a metabolic tracer whose uptake is related to increased
amino acid transport, also in tumors not derived from brain tumor tissue.
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Now we know that IMT uptake, at least in tumor cells in vitro, reflects
amino acid transport activity also in non brain tumors, application in
cancer patients was initiated. The aim of this pilot study was to study
tracer behavior in vivo and the tumor visualization potential.

In CHAPTER 5 the first application of IMT in patients is described. We studied
20 patients with different tumors: 5 patients with breast cancer, 4 patients with
lung tumors, 2 patients with carcinoid liver metastases, 4 patients with a soft
tissue tumor, 3 patients with a malignant lymphoma and 2 patients with a
primary brain tumor. All primary tumors were visualized. Tumor to background
(T/B) ratios, that describe the degree of tumor uptake in comparison with a
reference tissue, ranged from 1.1 - 3.8 on planar and from 1.3 - 6.2 on SPECT
images, which is quite good. Uptake in some benign processes was found to
be lower than in malignant tumors. 

Tumor uptake peaked in the first hour, and scans obtained later appeared
not useful. The normal pattern of tracer distribution was established: some
uptake in brain, liver, spleen, muscles, pancreatic region, intestinal structures
and massive uptake and excretion in kidneys and bladder. Clearance of IMT
from plasma is rapid, leaving only 10% of the dose in plasma 10 min after
injection. The iodine label appears tightly attached, as < 1% of the radioactivity
is converted to free Iodine-123. No other metabolites are found.

It appears that IMT SPECT has clear tumor visualization potential.
Furthermore, the fast tracer clearance make it a rapid and convenient
procedure, with a low radiation dose for patients.

Because of the good IMT uptake in various tumors, we continued to
study IMT in larger groups of patients with the same tumor type. We
also investigated whether the degree of IMT uptake was related to
biological aspects of the tumor, such as its benign or malignant nature,
tumor grade, proliferation speed and speed of division (all parameters
for tumor �aggressivess�). 

In CHAPTER 6 these questions are addressed in a group of  32 patients with
a tumor suspect for a soft-tissue sarcoma. Before surgery or biopsy, IMT
SPECT was performed. Eleven patients had a benign tumor: six of these
demonstrated minor IMT uptake, five lipomas had no uptake. All 21 malignant
tumors demonstrated high tracer uptake and were clearly visualized. Tumor-
background ratios in malignant tumors were considerably higher than in benign
tumors, with minimal overlap. This provided a quite accurate prediction of the
malignant or benign nature. Small (<5 mm) metastases in two patients were
not detected. IMT uptake increased significantly when tumors had higher
grade, divided and proliferated faster and harbored more cells. It appeared that
IMT SPECT could non-invasively provide information on tumor biology. 
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Another nuclear medicine procedure frequently used during staging of
sarcoma patients is the bone scan. From daily practice we had the
impression that the yield of routine bone scanning was low, but after
searching the literature, this issue had not been separately studied.

Therefore, CHAPTER 7 was added to this thesis, especially because in our
hospital bone scans had routinely been obtained in all sarcoma patients. We
retrospectively studied the value of routine radionuclide bone scanning in 109
consecutive patients with a intermediate or high grade soft-tissue sarcoma. 

In only 8/109 patients (7%) bone metastases were found. Six of of these
8 patients had bone pain and all had additional lung-, bone marrow- or lymph
node metastases. Equivocal scans were present in 11%, in all of which bone
metastases were excluded after additional investigations. Normal bone scans
were found in 81%. The rate of bone metastases was 55% in patients with
bone pain, versus 2% in patients without pain. Bone metastases were at least
as frequent as lung metastases (4%) and were the only site of systemic
disease in 4%. We concluded from these findings that bone scans are
important in staging of soft-tissue sarcoma patients, but can safely be reserved
for patients with symptoms of skeletal involvement, such as pain, only.

Next IMT SPECT is applied in a second special group: patients with a
carcinoid tumor. Because these special tumors frequently secrete a
variety of vasoactive substances (such as serotonin) from the amino
acid precursors tryptophan and tyrosine, we wondered whether
visualization with IMT would be possible and, if so, whether uptake
would be related to the secretory activity.

CHAPTER 8 describes IMT scintigtraphy in 22 patients with metastatic
carcinoid tumors. These patients had a total of 145 lesions as determined by

In-octreotide scintigraphy, that was considered the gold standard. In total,111

IMT SPECT detected only 43% of these lesions. Performance was relatively
best in the liver, where 60% of lesions were found. The low detection rate did
not appear to be caused by low resolution, since both large and small lesions
could be IMT negative. Apparently, IMT uptake is an intrinsic property of these
tumors. This is also supported by the observed correlation between IMT
uptake and markers of serotonin and dopamine metabolism. This correlation
was better for IMT than for In-octreotide. Although the uptake of IMT is of111

interest, large scale clinical application does not appear feasible. The findings,
however, may help in the search of better tracers to detect and possibly treat
these patients.
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The third special group studied using IMT, are patients with non-small-
cell lung cancer, chosen because the pilot study (chapter 5) had
suggested good uptake in such tumors. The aim was to determine the
feasibility of IMT SPECT in the detection, staging and treatment
evaluation of these patients. 

In CHAPTER 9 an analysis of 44 IMT SPECT studies in 17 patients (with stage
III non-small-cell lung cancer stage III) is presented. IMT imaging was
performed prior to radiotherapy (6 weeks, 60 Gy) and repeated 2 weeks and
3 months after the end of radiotherapy.

In 15 of 16 evaluable primary tumors IMT uptake was found, with an
adequate mean tumor-to-background (TB) ratio of 3. In 12 of 14 patients (86%)
with mediastinal involvement IMT SPECT also detected one or more of the
mediastinal metastases. However, when individual metastatic lesions were
analyzed, only 13 of 20 (65%) could be detected and even less in small
metastases (42%). FDG PET, that had been performed in 5 patients,
performed better and detected more lesions.  

After radiotherapy, TB ratios had fallen to 1.8 and three months later to
1.6. No relation was observed between IMT uptake and presence of residual
viable tumor tissue. Considerable aspecific uptake was found in irradiated
normal lung tissue. Although IMT SPECT appears at least as good as other
SPECT methods, we concluded from this preliminary study, that the method
does not appear helpful in staging or evaluation of treatment.

10.2 CONCLUSIONS AND FUTURE PERSPECTIVES.

This thesis described the first applications of IMT, the only amino acid
tracer for SPECT, in cancer patients with a tumor outside the brain. The tracer
can reliably be produced (chapter 3), the uptake mechanism is relevant in
representing malignancy (chapter 4), the tracer is taken up in many tumors
(chapters 5,6,8,9) and uptake is related to tumor proliferation in vivo in
sarcoma (chapter 6) and carcinoid secretory activity (chapter 8). These are
important conclusions for a new tracer, and establish IMT as a true and unique
aspecific metabolic tracer suitable for SPECT imaging. This enables
widespread application, although the need for local synthesis (absence of a kit
formulation) and the cost of Iodine-123 might present limitations. 

In lymph node staging of cancer, however, clinical impact of IMT SPECT
appears limited. Important limitations were demonstrated in non-small-cell lung
cancer patients (chapter 9): low sensitivity for small lesions and aspecific
uptake in irradiated normal lung tissue. Also in sarcoma patients (chapter 6)
small lesions were missed. It appears that the limitations of IMT SPECT are
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caused by uptake that is too low to compensate for the limited resolution of the
SPECT technique. Although in general, it would be preliminary to base a
conclusion on a few tumor types only, the detection limit of IMT SPECT
appears intrinsic. Lymph node staging applications should therefore not be
pursued further.

In the special case of carcinoid tumors, staging using IMT SPECT is
inferior to In-octreotide scanning. The demonstration of tracer uptake,111

however, is still of interest in the ongoing search for new and specific tracers
for this tumor type, with possible better evaluation of treatment or radionuclide
therapy in mind. Although we have characterized IMT as an aspecific tumor
tracer, uptake in carcinoid tumors can be regarded as specific uptake, because
of the relation between uptake and secretory pathways.

In the analysis of tumors, in sarcoma, IMT SPECT was quite successful.
It is however, unlikely that even adequate prediction of the benign or malignant
nature would lead to omission of histological/cytological confirmation in tumors
that are generally well accessible. In selected cases, however, IMT SPECT
findings may influence the diagnostic or therapeutic strategy.

Many believe that evaluation of tumor treatment presents the best
application for metabolic imaging methods. As stated in the Introduction
(chapter 1), the a priori relevance of this application is considerably lower than
in the case of tumor staging. For this kind of application of IMT SPECT outside
the brain little information is available. Unpublished own data from a few
lymphoma patients after chemotherapy suggest potential in the detection or
exclusion of remaining vital tumor tissue. Aspecific uptake in irradiated normal
tissue however may again cause interpretation problems. More study is
required for this purpose.

The search for new and better radiolabeled amino acids should continue.
It appears that many of the drawbacks of IMT imaging are caused by low
SPECT resolution, which may be overcome by using PET tracers and PET
imaging. It is expected that the scarce availability of PET, still the most
important disadvantage, will decrease more and more. As reviewed in chapter
2, the development of fluorine-18 labeled amino acid variants may result in
better methods. 

Since every new tracer generates much renewed research of the same
kind, the future appears filled with more work. Driven by the prospects of better
staging and restaging of cancer patients, which will lead to better treatment,
and will prevent fruitless diagnostic procedures and treatments, it is tempting
to keep searching for new tumor tracers, and test these in many patients and
tumor types. Although this type of research should surely continue (and include
the field of amino acids), much work should also be devoted to establish the
true clinical value of the more established new methods, such as FDG PET,
in well defined, homogeneous and large scale clinical studies. For this
purpose, continued cooperation between �imaging specialists� and �treating
physicians� is necessary.
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