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VOORWOORD

Het gereedkomen van mijn proefschrift geeft een gevoel van grote voldoening.
Dat ik de mogelijkheid heb gekregen dit project te initiëren en uit te voeren was
een bijzondere en leerzame ervaring. Zonder de hulp van velen zou er echter
niets zijn bereikt, en graag wil ik diegenen mijn dank betuigen.

Allereerst Dr. Bert Piers, mijn opleider in de Nucleaire Geneeskunde,
afdelingshoofd, collega, maar bovenal een uiterst aimabel en sympathiek
mens, waar het heel goed mee samenwerken is. Veel ruimte kreeg ik van jou
om het IMT onderzoek zelfstandig uit te voeren, hetgeen ik zeer heb
gewaardeerd. Op beslissingsmomenten ondervond ik altijd je steun. Veel van
de taken van een zelfstandige AZG afdeling bleven door mijn
onderzoeksactiviteiten voornamelijk bij jou liggen. Vrijwel altijd was je ook
bereid het dagelijks werk op de afdeling en de supervisie op je te nemen. Je
nuchtere, praktische en relativerende slimheid, je afkeer van dikdoenerij en je
persoonlijke benadering en aandacht voor mensen vervullen mij met respect
en sympathie, en ik weet, velen met mij. Bedankt dat je me destijds hebt
aangenomen!

Prof. dr. Liesbeth de Vries, dank ik voor de begeleiding van het gehele project
en de bereidheid als promotor op te treden. Je nuchtere oncologische
redeneringen werkten soms ontnuchterend en hebben mij behoed voor
dwalingen. De allereerste IMT scan werd door jou aangevraagd. Veel
bewondering heb ik voor de ongelofelijke snelheid waarmee je manuscripten
weet te retourneren, ook nog voorzien van uiterst nuttig commentaar. Ik
beschouw het als een eer iemand met jouw werktempo, efficiency en kwaliteit
als promotor te hebben. 

Alle medewerkers van de afdeling Nucleaire Geneeskunde hebben hun
steentje bijgedragen aan dit onderzoek. Rika v.d.Werff en Bea Vennema,
jarenlang samen het administratieve �gouden duo� van onze afdeling, zorgden
voor een soepele planning en verwerking van de IMT studies, bestelden op de
meest bizarre momenten Jodium-123 en vroegen ontelbare foto�s en andere
gegevens voor mij op. De radiofarmaceutische werkers in het blauw, Chris
Harms, Jelle Boorsma, Gert Luurtsema en Annie van Zanten bereiden bij
toerbeurt ca 150 maal de IMT tracer, meestal handenwrijvend succesvol. Die
ene mislukking was niet jullie schuld. Hans Pol telde honderden buizen voor
mij, en probeerde mij laboratorium manieren aan te leren. De medisch nucleair
werkers behandelden de patiënten dermate vriendelijk dat herhalingsscans
nooit een probleem vormden. Ook de hulp bij het uitwerken, afdrukken en
archiveren scheelde mij veel tijd, maar vooral dank ik Hans ter Veen, Geertje
Akkerman, Joke Stolk, Marijke Broersma, Hedy Vrakking, Olga Bolumba,
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Susan Stapel,  Klaas van der Woude, Judith Streurman en Clara Lemstra voor
de goede werksfeer die het werken op de afdeling zo leuk maakt.

Dr. Eric Franssen, radiofarmaceutisch ziekenhuis-apotheker (inmiddels AZVU
Amsterdam), dank ik voor het ongeëvenaarde enthousiasme tijdens de eerste
jaren van het IMT project (onze �jodium-lijn�), de vele goede discussies en de
vrolijke zelfspot. Drs. Roland Kengen, wiens vertrek naar het zuiden ik zo
betreurde, ben ik ook weer dankbaar voor het kunnen overnemen van zijn
baan. Ik ben blij dat je, als mede-opleider en nucleaire vriend, paranimf wilt
zijn. Ook drs. Marjolijn de Hooge, aanstormend radiofarmaceutisch talent, en
ing. Gert Luurtsema, radiofarmaceutisch uitvinder (AZVU Amsterdam),
bedankt voor jullie enthousiaste bijdrage aan het slot van het IMT project. Mr.
Annie van Zanten, beheerder, jurist, analist en manager leverde achter de
schermen ongetwijfeld een grotere bijdrage dan ze zelf ooit zou willen
toegeven. Ir. Walter Kool, drs. Louke Que en dr. Jaep de Boer dank ik voor het
meedenken, invallen en jullie adviezen.

De enthousiaste inzet van dr. Harald Hoekstra is de voornaamste reden voor
het welslagen van het onderzoek rond de patiënten met een weke-
delensarcoom, maar ook de leuke samenwerking met dr. Boudewijn Plaat gaf
dit gedeelte meerwaarde. Dr. Harry Groen, drs. Anneija van der Leest en drs.
John van Putten dank ik voor hun hulp, van begin tot eind, bij het onderzoek
naar de waarde van IMT bij longkanker patiënten. Dr. Ido Kema is het gelukt
mij (kortdurend?) het catecholamine metabolisme bij te brengen bij de
carcinoid studie. Ook de samenwerking met drs Wim Meijer heeft hierbij sterk
geholpen, to be continued. Dr. Hetty Timmer-Bosscha en alle medewerkers
van het Oncologie lab dank ik voor de gastvrijheid tijdens de tumorcellijn
studies, en speciaal T.K. Phuong Le voor de miljoenen cellen. Een bijzondere
en zeer leerzame ervaring voor een dokter. Bovendien weten jullie nu ook zelf
hoe groot zo�n GLC4 cel nou precies is. Dr. Harry Hendriksen hielp mij verder
op gang in de wereld van de tumorcel, al discussiërend over de voors en
tegens van eerst promoveren en dan een opleiding volgen, of omgekeerd.
Jeroen Raspe hielp (als student) bij het uitwerken van IMT studies en
analyseren van botscans. Prof. dr. Wim Vaalburg en dr. Jan Pruim dank ik
voor hun hulp, suggesties en adviezen tijdens diverse stadia van het gehele
project. Verder dank ik Prof. dr. H Schraffordt Koops, Prof. dr. J.J.M. Mooij,
Drs. Gustaaf van Imhoff, Prof. dr. Ben Szabo, dr. Winette van der Graaf, dr.
Pax Willemse, drs. Remge Pieterman (mooi begin!), Prof. dr. Ineke Molenaar,
dr. Eduard Mooyaart, dr. Els ten Vergert, dr. Bert Geertsma, ing. Jan Dijks, dr.
Bert Windhorst en drs Bert Leeuw. 

In every IMT article in this thesis at least one paper by Prof. dr. K.J. Langen,
from the Research Center Jülich, Germany and pioneer in the development of
IMT, is cited.  I feel honored that you are willing to be part of the reading
committee of this thesis and I thank you for your contribution to the review
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article and your compliments. Ook Prof. dr T. Wiggers en Prof. dr. G.J.J. Teule
(AZVU Amsterdam) dank ik voor het zitting willen nemen in de
beoordelingscommissie van dit proefschrift. 

Veel dank ben ik ook verschuldigd aan de mensen van Amersham Cygne, ir.
Ton Witsenboer, dr. ir. Leonie Rijks, ir. Ton Jansen en ir. Gert van Wijnhoven,
voor de interesse en de steun bij het onderzoek naar de toepassingen van
IMT. Ook de JK de Cockstichting en  het Academisch Ziekenhuis (regeling
Stimuleringsgelden)  verleenden financiële steun waarvoor ik dankbaar ben.
Het enthousiasme van Dr. Stoffer Reiffers (afdeling Nucleaire Geneeskunde,
ziekenhuis �De Weezenlanden� te Zwolle) voor zijn vak heeft mij er destijds (na
een omweg) toe gebracht zelf ook in dit vak verder te gaan. 
Dr. Johan Wempe�s bereidheid nu als paranimf voor mij op te treden, brengt
onze aloude verhouding ook op het academische vlak weer geheel in
evenwicht.

Vooral dank ik hierbij de vele patiënten die bereid waren aan het onderzoek
deel te nemen in een voor hen onzekere fase.

Mijn ouders, aan wie dit proefschrift is opgedragen, hebben mij altijd gesteund
en gestimuleerd bij vele keuzes, beslissingen en veranderingen op een manier
zoals ik het zelf ook zou willen doen.

Hoewel het niet altijd eenvoudig is om ambities als echtgenoot, vader van
jonge kinderen, huisman, medisch specialist en wetenschapper allemaal in
dezelfde levensfase te combineren, weten en voelen Andrea, Eline en Peter
dat zij de peilers zijn van mijn bestaan.
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Chapter 1

Introduction

1.1 PRINCIPLES OF NUCLEAR MEDICINE

Nuclear medicine techniques use radioactive tracers and imaging devices,
mainly to provide diagnostic information, but in some cases also for
therapeutic purposes. Radioactive tracers are usually administered to patients
by intravenous injection. Tracers contain two components, a pharmacon with
specific properies and a radionuclide (the label) to enable detection with an
imaging device (Figure 1). The image, obtained after a certain period, then
shows the distribution of the tracer in the human body. Depending on the
properties of the pharmacon, various organs or organ systems can be
visualized. The images do not show the exact anatomy of an organ or organ
system, but show the amount of tracer uptake, which is based on local tissue
activity and physiology. Therefore, nuclear medicine methods generate a
different kind of information than radiological techniques, such as X-rays, CT
scans, ultrasound and MRI. This different information is sometimes sufficient
in solving a clinical problem, but often complementary to the anatomical
images provided by radiology. 

Apart from the different imaging principle, another fundamental difference
between radiological and nuclear medicine methods, is that radiological
images are based on differential absorption of radiation from an external
source, whereas in nuclear medicine the patient himself is the source of
radiation (Figure 2). Since radiation is emitted in all directions, it is difficult to
obtain sharp images. Despite solutions to improve image resolution, such as
collimators on gammacameras or coincidence detection in PET cameras,
nuclear medicine images generally have low anatomic resolution in
comparison with most radiological methods. 

In most countries, nuclear medicine is a separate medical specialty.
However, nuclear medicine is a multi disciplinary speciality, in which chemistry,
pharmacology (tracer synthesis and behavior), physics (radioactivity, detection
devices) and medical aspects come together. Although the number of specially
trained medical nuclear medicine specialists is increasing, also chemists,
pharmacists, physicists, cardiologists, radiologists, internal medicine specialist
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Figure 1. The principle components of a tracer (radiopharmacon).

and others provide important contributions to the field. Applications of nuclear
medicine are in no way confined to oncology (a frequently encountered
misunderstanding) but cover many fields in medicine.

Within nuclear medicine, two main techniques exist: conventional nuclear
medicine and PET (positron emission tomography) (Table 1). Conventional
nuclear medicine employs methods such as planar spot view scintigraphy,
planar whole body scintigraphy and SPECT (single photon emission
tomography). In planar scintigraphy, the gammacamera is in a fixed position
near the patient, and produces a two dimensional image of that part of the
patient that is within the field of view. In SPECT, the gammacamera rotates
around the patient, and from a 360 degree set of planar images, a three
dimensional volume is reconstructed, from which coronal, transverse or
sagittal slices can be obtained. The imaging device of conventional nuclear
medicine is the gammacamera (equipped with a collimator). The tracers used
are usually conveniently produced by adding the radionuclide to the
pharmacon as a kit preparation. Technetium-99m, the mostly used
radionuclide, is always available, as it is obtained from an in-house generator,
that is renewed weekly. Tracers usually emit low energy gamma radiation
(between 70 and 350 KeV). 

The other main technique is PET. The tracers used in PET emit positrons.
These annihilate (disappear) immediately and produce high energy gamma
radiation (two photons of 511 KeV) in exactly opposite directions. The imaging
device is the PET camera, that is able to detect the source of the positron
emission with great precision, based on the coincident detection of the two
photons. Apart from the relatively good resolution, another advantage of PET
is that the amount of radioactivity can be quantitatively determined. Many of
the atoms in organic molecules, such as carbon, oxygen or nitrogen have a
radioactive isotope that emits positrons. This makes many organic molecules
theoretically suitable for radiolabeling and use in PET. In the tracer synthesis
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process, one of the atoms in the organic molecule is then replaced by a
positron emitting isotope. In this way the radiolabel does not interfere with the
properties of the pharmacon or, in other words, the radiopharmacon is
chemically identical to the pharmacon (Figure 1). This is a third special
advantage of PET.  In summary, PET uses the same principles as
conventional nuclear medicine, but different tracers and different imaging
devices. A comparison of advantages and disadvantages of PET vs
conventional nuclear medicine is given in Table 1.

1.2 RESEARCH IN NUCLEAR MEDICINE

As nuclear medicine deals with imaging devices, tracers and clinical
applications, research focuses on all of these issues. Concerning imaging
devices, the basic design of gammacameras has not changed much since the
pioneer work of  Anger in the end of the 1950's, although detector technology
and electronics have improved. PET cameras have been around for a shorter
time, and technical improvements are still ongoing. Recently, hybrid cameras
with both PET and SPECT capacity are gaining interest, although true PET
quality has not been reached. 

Figure 2. Principles of imaging. Left: röntgen imaging. Radiation from an
external source is emitted through the patient. The image is a sharp
�shadow� image. 
Right: nuclear medicine imaging. The patient himself is the source of
radiation. A collimator (a leaden plate with many small holes) allows only
perpendicularly entering radiation from the patient to produce the image.
Radiation from other angles is absorped in the collimator.
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Table 1.  Characteristics of PET and conventional Nuclear Medicine.

PET Conventional Nuclear Medicine

Available in 3 ~75
Dutch hospitals

Type of camera PET camera gammacamera

Infrastructure complex more simple

Costs expensive much cheaper

Isotopes O, N, C, F Tc, I, In, Tl, Ga, I15 13 11 18 99m 123 111 201 67 131

Half life isotopes 2 min - 2 hrs 6 hrs - 8 days

Radioactivity from on-site cyclotron* from purchased generator*

Type of radiation 511 keV gamma 70 - 511 keV gamma

Tracer synthesis in on-site lab or on site kit preparation or
from external after from external*
rapid transport**

Scanning possible 0 - 2 ** hours < 24 hrs - 10 days 
after injection

Camera axial field-of-view 11-16 cm 40 cm

Image type tomographic, planar spot views or
whole body** planar whole body or

tomographic (SPECT)

Image resolution high lower

Tracer uptake quantitative qualitative
determination

--------------------------
*) in most cases
**) not for all tracers possible
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Much research in nuclear medicine is devoted to the development of new
tracers. As general scientific knowledge of disease is expanding, new
mechanisms, new biomolecules and new processes are discovered.
Frequently, tracers are developed  to provide imaging of these processes,
which may provide better insight and new information. Current examples are
the development of tracers to image apoptosis, multidrug resistance or gene
expression. Research is also more and more devoted to radionuclide therapy,
where tracers are labeled with high amounts of radioactivity in order to
produce a therapeutic effect at the specific target. Much of the diagnostic
research is oriented on tracer development for PET where the relatively high
resolution and quantification possibilities are advantageous. 

The ultimate goal of all research is improvement in patient care. Although
some nuclear medicine procedures already exist for a long time, the correct
place in diagnostic algoritms and the true impact on patient care is not always
clear and therefore still subject of study. The same holds true for many more
�established� methods in medicine.

In analyzing the clinical value of diagnostic methods in general, one
should keep in mind the levels of diagnostic performance (Table 2). The first
level are technical possibilities of a technique and the �a priori feasibility� of a
new method. The second level is determination of the �diagnostic accuracy�,
where sensitivity and specificity are determined in comparison with a perfect
gold standard. In the third level the �diagnostic value� of the method is studied,
in comparison with other diagnostic methods for the same problem. Level four
studies the �therapeutic value�, in other words �does the new diagnostic
information results in better treatment for patients?�, and finally in level five the
value for individual patients and society is studied: does the diagnostic
information and the resulting improvement of treatment result in better survival
and quality of life for patients, and at acceptable cost for society?

1.3 NUCLEAR MEDICINE RESEARCH IN ONCOLOGY

An important issue in diagnosis and treatments of cancer patients is the
determination of the nature of lesions that are found through other, usually
radiological, methods. Nuclear medicine methods contribute in this field. In
dealing with potential lethal disease, clinicians will rely on histological
confirmation of the benign or malignant nature of such lesions, as that is 
considered the ultimate gold standard. It is indeed unlikely that other diagnostic
methods will replace histological evaluation, but if reliable and non-invasive
determination of malignant or benign nature would be available, this may still
influence diagnostic strategy, especially when histological proof is difficult to
obtain. For example, when gallium-67 scintigraphy does not show uptake in
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Table 2.  Levels of diagnostic tests*.

level type Searches answers to

1 feasibility studies application possible/ feasible?

2 accuracy sensitivity, specificity?

3 diagnostic value performance in relation to other tests?

4 therapeutic value results in better treatment?

5 patient/society value results in better survival, quality of life, 
at acceptable cost?

------------------------
*) Slightly adapted from ref 1.

a residual Hodgkin�s lymfoma localization after chemotherapy, it appears safe
to conclude that there is no vital tumor left and further radiotherapy can be
omitted. Another example can be found in the large amount of literature on
detection or exclusion of malignancy in solitary pulmonary nodules using FDG
PET, although the ultimate question (�is it safe to withhold treatment in nodules
without FDG uptake?�) has not been fully answered yet.

Apart from this �tumor analysis�, nuclear medicine methods may
contribute to tumor staging. Usually radiological methods are based on
assessment of lesion size to determine whether a lesion is a metastasis or a
benign lesion. In general, these methods are quite excellent, but they may be
complemented with metabolic imaging methods. For example, metabolic
imaging methods may still  find metastatic disease in radiologically
unsuspicious tissue, or the opposite, no uptake in abnormal tissue. A well
known example is the high sensitivity of bone scintigraphy to detect bone
metastases, but also In-octreotide scanning has proven very valuable in111

whole body staging of carcinoid patients. More recent, FDG PET scanning
even appeared better than CT in mediastinal staging of non-small-cell lung
cancer patients (2). 

Finally, nuclear medicine methods may be used in the monitoring of
therapy, as they may be able to detect tissue activity in areas difficult to assess
by radiological methods because of post therapy scarring, edema or
inflammation. However, the true clinical impact is a priori more difficult to
prove. Therapy has already been given, and what consequence could
diagnostic imaging then still have: different new therapy?, omission of planned
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new therapy? How would final outcome be influenced? It will be difficult to
come up with �level 3 and 4' answers. Potentially more consequences could
result, if imaging methods could reliably predict the final effect early during
therapy.

1.4 TRACERS IN ONCOLOGY  -  [ I] IODO-METHYL-TYROSINE.123

In conventional nuclear medicine many different tracers have been applied to
study a great multitude of tumor types. The mechanism of uptake of such a
tracer is quite relevant in estimating the rationale for clinical application.
Uptake in tumors should be high, and there should be a theoretical model of
uptake, supported by in vitro or other preclinical data. Irrespective of the
responsible mechanism, the degree of tumoral uptake should have a clear
relationship with the tumor �aggressiveness�, as indicated by tumor grade
systems, histological parameters or ultimately patient survival and clinical
status data.

The rationale to study radiolabeled amino acids such as IMT in oncology
seems plausible. It has been sufficiently demonstrated that tumor cells have
increased protein and amino acid metabolism. Since inflammatory tissue
generally has low protein metabolism, amino acid imaging might be less
disturbed by such tissue and therefore be more tumor specific. Furthermore,
protein metabolism might constitute a metabolic target that is more directly
related to the malignant nature than other metabolic targets, such as
mitochondrial activity and Na-K-ATPase activity, that appear responsible for
uptake of two other well known SPECT tracers, Tc-MIBI and Tl-chloride,99m 201

respectively.

Figure 3. Structure of L-3-[ I]iodo-alpha-methyl-tyrosine (IMT).123

The artificial amino acid L-3-[ I]iodo-alpha-methyl-tyrosine (IMT) (Figure123

3) was already synthesized in the 1970's by the group of Stöcklin in Germany
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(3). It was investigated as a melanoma seeking agent and used to visualize the
pancreas, both with limited success (4). A more important clinical application
arose in the end of the 1980's, when again German research groups
discovered IMT uptake in brain tumors (5). It was subsequently demonstrated
that IMT uptake in brain tumors is a measure of amino acid transport activity
(6). IMT appeared to be rapidly taken up into tumor cells, is not incorporated
in protein and slowly leaves the cell again without metabolization. Since the
first paper about brain tumor imaging, much research has been carried out up
to the present day - nearly all by Germany groups - to further study basic and
clinical possibilities of this amino acid tracer for SPECT, but still only in brain
tumor imaging.

Over the last 10 years amino acid imaging for PET has also been
developed by various research groups in the world. One of these is the group
of Vaalburg in Groningen, who developed carbon-11 labeled tyrosine (7). This
amino acid is highly incorporated in protein, and is suitable to study protein
synthesis. A metabolic model was described and validated, automated
radiosynthesis was developed, and clinical studies were started around 1990.
It appeared that many human tumors could be visualized and analyzed using
this tracer. 

Because of the good brain tumor uptake of IMT through specific transport
systems and the good  uptake of its �mother� amino acid C-tyrosine in many11

tumors, we hypothesized that IMT might also be usable to study tumors
outside the brain. Because IMT is a single photon tracer (for conventional
nuclear medicine) potential clinical application would not be restricted to the
scarce PET centers, but be possible in every nuclear medicine department. A
priori, the lower resolution of SPECT systems would be a disadvantage, but
if tumor uptake would be high enough, it could still be possible to detect small
lesions. These considerations became the start of the research project (1996)
now described in this thesis. 

1.6 AIM OF THIS THESIS

It is the aim of this thesis to study the basic properties and potential clinical
application in general oncology of the radiotracer L-3-[ I]iodo-alpha-methyl-123

tyrosine (IMT) in conjunction with the SPECT technique.  

1.7 OUTLINE OF THIS THESIS

Chapter 2 gives an extensive overview on radiolabeled amino acids. First it
describes basic aspects of amino acids and their radiolabeled counterparts
and continues with a review of clinical applications with a strong emphasis on
diagnostic value.
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Chapter 3 focuses on an automated synthesis module to be used for the
preparation of IMT and compares this automated synthesis with the manual
procedure.

Chapter 4 describes studies of the uptake mechanism and kinetics of IMT
uptake in a tumor cell line.

Chapter 5 continues with a pilot study on the feasibility of in vivo tumor
imaging with this tracer in various types of human cancer outside the brain.

Chapter 6 describes clinical application for tumor analysis in a well defined
patient group of patients with soft-tissue sarcoma. Tracer uptake is compared
with immunohistologic parameters for proliferation, mitotic activity, tumor cell
density and vascularity.

In chapter 7 the same tumor type is studied, now with the bone scan tracer
Tc-MDP, and describes the clinical usefulness of routine screening for bone99m

metastases in soft-tissue sarcoma

Chapter 8 focuses on clinical application for tumor staging of IMT in carcinoid
tumors, as these are expected to have increased amino acid uptake. Findings
are compared with the reference method In-octreotide scintigraphy and with111

biochemical activity of these special tumors.

Chapter 9 describes clinical application in tumor detection, staging and
evaluation of radiotherapeutic treatment in patients with non-small-cell lung
cancer.

Chapter 10 contains the summary including future perspectives, 

Chapter 11 contains introductory information in Dutch for those unfamiliar with
nuclear medicine.

and Chapter 12 contains the summary and future perspectives in Dutch
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Chapter 2

Radiolabeled amino acids: basic aspects
and clinical applications in oncology.

Pieter L. Jager , Willem Vaalburg , Jan Pruim , 1 2 2
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2.1 SUMMARY

As the applications of metabolic imaging are expanding, radiolabeled
amino acids might gain increased clinical interest. This review describes first
the basic aspects of amino acid metabolism, continues with basic aspects of
radiolabeled amino acids and finally describes clinical applications, with an
emphasis on diagnostic value. A special focus is on C-methionine, C-11 11

tyrosine and I-iodo-methyl-tyrosine studies. 123

The theoretical and preclinical background of amino acid imaging is quite
sound, and supports clinical applications. Amino acid imaging is less
influenced by inflammation, which may be advantageous in comparison with
FDG PET imaging although tumor specificity is not perfect. In brain tumor
imaging, the use of radiolabeled amino acids is quite established, the
diagnostic accuracy of amino acid imaging seems adequate, and the
diagnostic value advantageous.  The general feasibility of amino acid imaging
in other tumor types has sufficiently been demonstrated, but more research is
required, in larger patient series and in well defined clinical settings.
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2.2 INTRODUCTION.

Over the last years clinical interest in metabolic imaging of cancer is growing.
The most prominent example is the increasing application of F-fluoro-2-18

deoxy-D-glucose (FDG) and positron emission tomography (PET). FDG PET
is now successfully used in many types of cancer, both in staging and
restaging of patients, but also to better differentiate between malignant and
benign lesions. Increased anaerobic glycolysis, present in nearly all cancer
cells, is the target for uptake of FDG (1).

Another interesting target for metabolic tumor imaging is the increased
protein metabolism in cancer cells, for which radiolabeled amino acids can be
applied. It is expected that with the increasing clinical applications of FDG,
clinical interest in imaging protein metabolism through radiolabeled amino
acids, will also increase. It is suggested that these amino acid tracers may help
in areas where FDG imaging has its limitations, such as in brain imaging due
to high background FDG uptake, or in differentiation of tumorous from
inflammatory lesions (e.g. after radiotherapy) due to high FDG uptake in
macrophages. 

In this review, we give a short overview of amino acid metabolism,
describe the basic aspects of radiolabeled amino acids and review published
clinical applications in various types of cancer with a special emphasis on
diagnostic value. We will especially focus on radiolabeled methionine (L-
[methyl- C]-methionine, abbreviated as MET) as this is mostly used, and on11

tyrosine (L-1-[ C]-tyrosine, TYR) and L-3-[ I]Iodo-alpha-methyl-tyrosine (IMT)11 123

because of local experience.

2.3 AMINO ACID AND PROTEIN METABOLISM

Proteins play crucial roles in virtually all biological processes. Nearly all
chemical reactions in biological systems are catalyzed by enzymes, and nearly
all enzymes are proteins. Many small molecules are transported and stored
through specific proteins. Proteins are the major component of muscles, they
are important in mechanical support (collagen), in immune protection
(antibodies), nerve impulse transmission (receptors) and in control of growth
and differentiation (growth factors, DNA control proteins etc)(2).

Proteins are built from a set of 20 amino acids, characterized by an
amino- and a carboxyl-group and twenty kinds of side chains, varying in size,
shape, charge, hydrogen-bonding capacity and chemical reactivity.
Polypeptide chains (proteins) are formed by linking amino acids through
peptide bonds. Of the basic set of 20 amino acids, 11 are synthesized from
intermediates of the citric acid cycle and other major metabolic pathways,
whereas the other 9 must be obtained from dietary sources (�essential� amino
acids), because humans are unable to synthesize them. Amino acid
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biosynthesis is generally regulated through feedback inhibition mechanisms.
The rate of synthesis depends mainly on the amounts of biosynthetic enzymes
and their activity, processes that are in themselves also subject to complex
regulations (3). 

Genes specify the unique amino acid sequence of proteins. After DNA
transcription to mRNA in the cell nucleus, protein synthesis (�translation� of
mRNA) starts at the cytoplasmatic ribosomes. Cells regulate which specific
proteins are synthesized and also the total amount of protein synthesis (4).
The process of protein synthesis is a coordinated interplay of more than
hundred macromolecules and subject to very complex regulation, involving
factors such as ribosome synthesis, transport and dissociation rates, mRNA
synthesis and degradation rates, transfer RNA supply and binding properties,
amino acid supply and many more (5). Amino acids either enter the cell from
outside, or are derived from intracellular protein recycling.

Besides being the building block of proteins, amino acids are precursors
for a great many other biomolecules, such as the DNA or RNA precursors
adenine and cytosine, sphingosine (derived from serine), histamine (derived
from histidine), thyroxine, adrenaline and melanine (all derived from tyrosine),
and serotonin (derived from tryptophan) (3). In addition to being metabolic
precursors, amino acids can be crucial in metabolic cycles. For example, the
amino acid methionine, derived from the diet, is part of the activated methyl
cycle. In this important metabolic cycle, S-adenosylmethionine serves as a
methyl group donor in many biosynthetic steps (3).

Amino acid degradation and recycling is a constant and dynamic process
that contains two elements. Internal recycling represents reutilization of amino
acids within the same cell, external recycling represents the exchange of
amino acids between various tissues. In degradation, the alpha amino groups
are removed and usually converted into urea. The resulting molecule is
converted into metabolic intermediates that may be transformed in fatty acids,
ketone bodies or glucose (6). In the same way, surplus amino acids are used
as metabolic fuel, since they cannot be stored. Both in internal and external
recycling amino acids must cross cell membranes. With radiolabeled amino
acids in mind, this transmembrane transport is an important factor in protein
metabolism.

Amino acid transport across cell membranes.
Although all amino acids can diffuse into cells, the main movement of amino
acids into cells occurs via carrier-mediated processes (7,8). Two groups of
carriers can be designated. First, many carriers require sodium for maximal
activity. The driving forces that energize amino acid transport are provided by
the sodium chemical gradient as well as the membrane electric potential. This
gradient is maintained by the energy requiring sodium/potassium adenosine
triphosphatase ion transporter (Na /K  ATP ase). Secondly, sodium+ +

independent transport mechanisms exist. In general, amino acid movements



CHAPTER 2

26

depend on the relative concentrations of the amino acid inside and outside the
cell, but frequently transport is associated with countertransport of a second
amino acid, whose gradient has been established by one or more of the
sodium-dependent carriers. Transport kinetics can be characterized through
Michaelis Menten kinetics, and thus depend on transporter affinity (Km) and
the number of active transporters in the cell membrane (Vmax). 

Few of the membrane transporter proteins have been identified, so
investigators have relied on kinetic and competitive-inhibition analyses to
define and characterize individual systems. Some 20 systems have been
identified; they are designated by letters. Among the main sodium dependent
systems, found in all tissues of nearly all species, are system A, system ASC
and system Gly (7-11). These systems usually transport short, polar or linear
side chains such as alanine, serine and glycine. The most important and
ubiquitously found sodium independent system is system L, but other systems
such as system B , system y  also exist. Sodium independent systems are0,+ +

usually responsible for uptake of branched chain and aromatic amino acids,
such as leucine, valine, tyrosine and phenylalanine. In addition, some transport
systems have only been found in specific tissues, such as sytem T, that
specifically transports tyrosine, phenylalanine and tryptophan into erythrocytes
(7). Amino acid transport kinetics can be studied in cultured cells, regional
perfusion models or membrane vesicles. The contribution of individual
transport systems to the transport of a single amino acid may vary somewhat
between different types of cells and species (7,8,10). 

Regulation of amino acid transport is complex (8,12). Effects of nutrients
are important: cells respond to changes in nutrient availability by regulating
individual transport systems. For example, in starvation, system A activity is
increased by increasing the number of active A carriers, whereas system ASC
appears unchanged (12,13). Apart from these adaptive responses to amino
acid availability, hormones and cytokines regulate transport. For example,
system A has been found to be very sensitive to glucocorticoids, glucagon and
insulin. Growth factors, such as human growth hormone or epidermal growth
factor, but also cell volume changes (e.g. cell swelling in hypotonicity) were
shown to be involved in transport regulation (14-16). Changes in the amino
acid transporter proteins themselves require de novo RNA and protein
synthesis. Interestingly, some transporter proteins may have a role as
retrovirus receptor, and may be used by virus to gain entry in cells (17).

Amino acid metabolism in malignancy

Amino acid transport is generally increased in malignant transformation
(18,19). This increase in transport may be associated with specific cell surface
changes in transformed cells (20). For example, amino acid transport system
A is one of the few identified transport systems that is expressed strongly in
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transformed and malignant cells and appears to be a target of proto-oncogene
and oncogene action (21). In general, however, the process of malignant
transformation requires that cells acquire and use nutrients efficiently for
energy, protein synthesis, and cell division. Therefore, it is most likely that
increased transport of amino acids is mainly an aspecific net result of
increased demand of amino acids. Of the two major steps in protein
metabolism, amino acid uptake and protein synthesis,  the increased transport
rate of amino acids may be more increased than protein synthesis.
Biochemical cellular processes as transamination and transmethylation (3), the
specific role of methionine in initiation of protein synthesis, but also important
use of amino acid (such as glutamine for energy (22) or as precursors of non-
proteins contribute to amino acid transport rather than to protein synthesis.

2.4 RADIOLABELED AMINO ACIDS - PRECLINICAL DATA.

Nearly all amino acids have been radiolabeled to study potential imaging
characteristics, usually for PET, since the replacement of a carbon atom by

C, does not chemically change the molecule (23). These radiolabeled amino11

acids differ with regards to the ease of synthesis, biodistribution and formation
of radiolabeled metabolites in vivo. For these reasons, mainly [ C-methyl]-11

methionine and tyrosine have been studied clinically. More recently, artificial
amino acids such as L-3-[ I]iodo-alpha-methyl-tyrosine (IMT) or L-3-123

[ F]fluoro-alpha-methyl-tyrosine (FMT)(24), O-2-[ F]fluoroethyl-L-tyrosine18 18

(FET) (25) ,[ F]fluoro-L-phenylalanine (26), ( F]fluoro-L-proline (27) and (11C-18 18

methyl]-alpha-aminoisobutyric acid (28) have been studied.

C-Methionine11

The most frequently used radiolabeled amino acid is L-[methyl- C]-11

methionine. The main reason is the convenient radiochemical production, that
allows rapid synthesis with high radiochemical yield without the need for
complex purification steps (29). However, this tracer has a considerable non-
protein metabolism (see above, role in activated methyl cycle) and generates
substantial amounts of non-protein metabolites (30,31). Attempts to develop
a metabolic model in muscle have been published, in which usually these
alternative pathways are neglected (32,33). In tumors, metabolism may be
even more complicated, making correct quantification of protein synthesis
rather difficult.

As most clinical applications of MET have focused on brain tumors,
studies of the uptake mechanisms have frequently used the same tissues and
models. The accumulation rate of radiolabeled methionine, both in normal
human brain tissue and in gliomas without disruption of the blood-brain barrier,
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decreased by 35% after infusion of branched chain amino acids. In addition,
radiolabeled L-methionine accumulated 2.4 times as much as D-methionine
(34). These findings by Bergstrom et al. indicate specific carrier mediated
uptake as an important factor governing MET uptake. However, O�Tuama et
al. could not confirm these results using phenylalanine overload in patients,
although the total amount of unlabeled MET in the brain did decrease (35).
The importance of blood flow in tumor MET uptake was demonstrated by
Roelcke et al., which suggests that at least part of MET uptake may results
from passive diffusion, possibly in areas with damaged blood-brain barrier
(36). In cell uptake studies, MET transport is usually mediated through the L
transport system, with minor contributions of A and ASC (11).

Preclinical studies validating possible use of MET in evaluation of chemo-
or radiotherapy, generally demonstrate that MET uptake is rapidly reduced,
more rapid than FDG, but less rapid and less severe than DNA/RNA tracers
such as [ F]fluoro-deoxyuridine (FuDR) (37,38). Autoradiography confirmed18

MET uptake predominantly in viable tumor cells, with low uptake in
macrophages and other cells. In agreement, Minn et al.  found that MET
uptake correlated better with tumor proliferative activity in squamous cell head
and neck cancer cell lines than FDG (39). 

Despite these findings that suggest MET uptake to be a good marker for
tumor viability after chemo- or radiotherapy, other studies have reached
opposite conclusions. For example, Higashi et al. and Schaider et al. found
increased MET uptake after irradiation and chemotherapy in ovarian
carcinoma cells and colon carcinoma cells, respectively (40, 41). Apparently,
in vitro studies do not result in a consistent view regarding the background of
MET uptake for evaluation of therapies. In vivo data will have to provide the
answer.

C-tyrosine.11

In search of a radiolabeled amino acid to quantify protein synthesis, L-[1- C]-11

tyrosine was studied (23,42-44). Although radiosynthesis of this amino acid is
more difficult, a reliable automated synthesis system was developed and a
metabolic model to quantify the protein synthesis rate was described and
validated (45,46). TYR is largely incorporated in protein, and generates only
a small amount of labeled tissue metabolites on the time scale of C PET11

studies (31,44,46). On the other hand, plasma metabolites (labeled proteins,
labeled CO  acid soluble metabolites such as C-L-DOPA) rise to 50%2, 

11

approximately 1 hr after injection, requiring arterial sampling and metabolite
correction for quantitative protein synthesis rate (PSR) determinations. 

Preclinical studies validating the application of TYR have been published
in the early 1990's. In a rat rhabdomyosarcoma model, Daemen et al.  found
good agreement between tumor growth rate and TYR uptake, better than for
FDG (43). Heat-induced inhibition of TYR uptake correlated well with tumor
regression (47), but irradiation combined with hyperthermia did not result in
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uptake reduction (48). Avid uptake of TYR in prolactinomas indicating protein
incorporation, has been described (49).

I-iodo-methyl-tyrosine123

The artificial amino acid IMT has generated much interest, after the
demonstration by Langen et al., that the I label did not interfere with123

recognition by amino acid transport systems in the blood-brain barrier (50). In
addition, its relative ease of preparation and its applicability for SPECT are of
clinical interest (51). In fact, after application of [ Se]selenium-methionine in75

the 1970's and 1980's, it is the first radiolabeled amino acid for tumor imaging
to be used for SPECT. The large applicability of SPECT tracers is
advantageous, although the lower resolution is a disadvantage. Therefore,
PET analogues FMT and especially FET are now also being studied (24,52).

IMT is rapidly taken up in brain tumor cells, but also in normal brain tissue
(53). Uptake peaks around 15-30 min after injection. It is not incorporated in
protein and slowly washes out of the tumors (~30% at 1 hr p.i.)(53,54). Tumor
to background ratios are generally between 1.5 - 2.5. When patients were
infused with a mixture of naturally occurring amino acids, absolute IMT uptake
decreased by 53% in gliomas, by 24% in two meningiomas and one
metastasis and by 45% in normal brain tissue (50). This study by Langen et al.
is now frequently cited as proof that IMT, despite its artificial nature including
a large iodine atom, is still substrate for the specific amino acid carriers in the
blood-brain barrier. Similar findings were published by Kawai et al. , who found
IMT uptake in the canine brain to closely coincide with a 2-compartment model
of cerebral amino acid transport (55). IMT is metabolically stable, and is only
subject to minor deiodination (53-55).

Although these observations were originally believed to be only valid for
brain tumors, Jager et al. found very similar kinetics in a variety of extra cranial
tumors, such as breast cancer, lung cancer, soft-tissue sarcoma and
lymphoma (54). Apparently IMT transport in tumors is similar to transport
through the blood-brain barrier. These findings have widened the scope for
clinical studies.

The main amino acid transport system involved in IMT uptake appears
to be the L system, as found by three independent studies on IMT kinetics in
glioma and lung cancer cell lines (56-58). Dependent on the applied
methodology, various but minor contributions of other transport systems were
described. IMT uptake seems to follow the same uptake route as the native
amino acid TYR (58). In contradiction with these findings, Carnochan and
Deehan found IMT and TYR uptake to be mainly governed by blood flow and
diffusion in a rat sarcoma model, and suggested tumor growth status not to be
related to amino acid uptake (59,60). Apart from being contradictory to cell line
studies, this finding also contrasts with findings in human sarcoma patients
where IMT uptake significantly correlated with tumor proliferation indexes (Ki-
67, mitoses), and was not related to microvessel count (61).
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Figure 1. Whole body IMT scintigrams in normal person, 30 min after
injection with anterior view (left) and posterior view (right), showing low
grade brain, liver and spleen uptake and intense uptake in the kidneys
and urinary system.

Other amino acids
Metabolic behavior of IMT and its fluorinated PET variants FMT and FET
appear similar (24,52,62). Both FMT and FET rapidly accumulate (within 30
min) both in normal brain tissue and in brain tumors. Although FMT had minor
uptake in the lipid-, RNA/DNA- and protein fractions of mice bearing a human
colorectal carcinoma, FMT slowly diffused back into blood. Tumor uptake in
mice was higher than for FDG, with tumor-to-muscle ratios around 3 and
uptake significantly decreased after administration of large neutral amino acids
(63). 
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Figure 2. Maximum intensity projection from a TYR PET study showing
normal distribution in chest and upper abdomen. Note low uptake in bone
marrow, liver, stomach and intense uptake in the pancreas.

FET, that can be produced with high radiochemical yields, also specifically and
rapidly accumulated in SW707 colon carcinoma cells. Like IMT and TYR, this
tracer seems to use the L amino acid transport system for entry into cells, and
most likely shows passive back diffusion out of cells (25,52).

An Iodine-123 labeled variant of IMT, [ I]iodo-O-methyl-alpha-methyl-L-123

tyrosine (OMIMT), appeared to share the distribution pattern of IMT and MET,
but due to significantly lower tumor-background ratios, appears less usable in
clinical practice (64).

The tryptophan metabolite carbon-11 labeled 5-hydroxy-tryptophan has
been used to study carcinoid tumors (65). Uptake in neuroendocrine tumors
appears to be irreversible and specific.

Normal distribution and image acquisition.
A detailed description of normal and variant uptake of MET has recently been
published (66). In brief, low grade uptake is found in the brain, somewhat
higher uptake in salivary glands, the lacrimal glands, bone marrow and
occasionally in the myocardium. Abdominal uptake in the liver and the
pancreas can frequently be seen, as well as intestinal uptake of varying
degree. IMT, as it is renally excreted, demonstrates very high uptake in the
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kidneys and bladder but is otherwise similar to other amino acids (54) (Figures
1,2). In contrast with IMT, uptake of MET and TYR in the pituitary gland and
pancreas is generally high. MET and TYR may only give moderate cortical
renal uptake.

Images in amino acid studies are usually acquired within the first hr after
tracer administration, as uptake and equilibration with tumor washout is usually
rapid. For example, IMT washout is estimated as 35% within the first hr. For
clinical purposes the assumption of steady state within the first 45 min is
reasonable (53,54). Patients are usually studied after in fasting condition, since
extracellular amino acid concentration in vitro clearly influences transport (7-9).
In vivo evidence for studying fasting patients is limited to a small study by
Lindholm, who found decreased MET uptake after food ingestion in 5 patients
(67). However, due to differential influence on various tissues the impact of the
nutrition state is rather complex. Lower uptake both in normal brain and in
gliomas will result in unchanged tumor-background ratios, but image quality
may decrease (50). In other tumor types (meningioma, metastases) however,
unchanged tumor uptake and lower background will cause higher ratios. For
these reasons, it is preferable to study patients in fasting conditions.

Amino acid transport or protein synthesis markers?
Originally it was believed that radiolabeled amino acids that enter protein
synthesis (such as TYR, partly MET) are more specifically taken up in
malignancy compared to amino acids that are only transported into the cell
(such as IMT, partly MET, FMT, FET, and C-amino-isobutyric acid). This idea11

is based on the increased proliferation rate of malignant cells, that requires
increased protein synthesis. As a consequence, however, amino acid transport
is increased as well in malignancy, and not all amino acids taken up are
shuttled into protein synthesis (3,19,20). For example, the activity of the
activated methyl cycle may be increased in malignant cells,  cells may use
amino acid intermediary metabolites for �metabolic fuel�, and some tumors
produce secretory products out of amino acids (3,22). For example, carcinoid
tumors have presumably increased their L transport systems, in order to obtain
tryptophan for serotonin synthesis (68). This upregulation presumably also
causes increased uptake of IMT that enters the cell through the same carrier
system (69). All these processes contribute to increased transport rather than
to increased protein synthesis. 

The importance of transport is further supported by studies by Daemen
and Ishiwata, who reported significant MET uptake in murine tumors (in the
non-protein fraction) despite inhibition of protein synthesis  (70,71). These
authors suggested that partial protein synthesis tracers such as MET may also
reflect repair mechanisms, whereas pure transport tracers (such as C-amino-11

isoburic acid) better show tumor viability. Also in vivo studies using IMT (e.g.
in soft-tissue sarcoma and gliomas) have demonstrated significant correlations
between tracer uptake (amino acid transport) and proliferation (56,61,72). For
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these reasons it appears that amino acid transport tracers can be at least
equally valuable in clinical applications.

Specificity of amino acids.
It is frequently suggested that amino acids are less troubled by interfering
uptake in inflammatory tissues such as FDG, making them more tumor specific
(73). This is based on the fact that inflammatory cells have lower protein
metabolism, as compared to glucose metabolism. Indeed, several reports
(especially in vitro studies) exist in which interfering uptake in inflammatory
tissue is reported to be smaller than for FDG (74-76). However, the list of non-
tumoral uptake of all radiolabeled amino acids is also quite long, and includes
ischemic brain areas, infarction, scar tissue, abscess, sarcoidosis, irradiated
areas, haemangioma and many other benign processes (54,76-84) (Figure 3).
It seems most likely to conclude that the tumor specificity of amino acids is not
an on-off phenomenon, but a more gradual process. Active inflammatory
tissue will also exhibit some degree of increased amino acid demand to
perform its functions. The increased perfusion of infections may even further
contribute to uptake of amino acids. Therefore, the tumor specific nature of
amino acids is probably better than for FDG, but surely not perfect.

Figure 3. Planar IMT image obtained 1 week after 60 Gy radiotherapy in
a patient with a non-small cell lung carcinoma in the right middle lobe.
Aspecific increased uptake is present in the irradiated field (arrows).
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2.5 CLINICAL APPLICATIONS.

In analyzing the clinical value of diagnostic methods in general, one should
keep in mind the five levels of diagnostic performance (Table 1)(85,86). The
first level are technical possibilities and feasibility studies. The second level is
determination of diagnostic accuracy, where sensitivity and specificity are
determined in comparison with a perfect gold standard. In the third level the
diagnostic value of the method is studied, in comparison with other diagnostic
methods for the same problem. Level four studies the therapeutic value, in
other words does the new diagnostic information results in better treatment for
patients, and finally in level five the value for individual patients and society is
studied: does the diagnostic information and the resulting improvement of
treatment result in better survival and quality of life for patients, and at
acceptable cost for society?.

Analyzing radiolabeled amino acid studies in this way, it seems clear that
most of the studies mentioned above, can be assigned to level 1, as they
provide preclinical evidence on possible applications in human cancer. In the
following section, describing clinical applications, we will see that studies on
the use of radiolabeled amino acids usually address level 2. Although some
studies compare radiolabeled amino acids with other methods, these other
methods are usually other tracer studies using PET or SPECT.

Table 1.  Levels of diagnostic tests*.

level type Searches answers to

1 feasibility studies application possible/feasible?

2 accuracy sensitivity, specificity?

3 diagnostic value performance in relation to other tests?

4 therapeutic value results in better treatment?

5 patient/society value results in better survival, quality of life, 
at acceptable cost?

---------------
*) Slightly adapted from refs 85 and 86.
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Brain tumors

The vast majority of amino acid studies has been performed in brain tumors.
In contrary to the high FDG metabolism, background uptake or amino acids in
normal brain tissue is low, because of low cortical protein metabolism. This
provides adequate contrast with tumors. The majority of brain tumor studies
has been performed with MET in combination with PET. However, the amount
of studies using the SPECT tracer IMT is rapidly increasing, since the first
application in 1989 (87). Also C-labeled tyrosine and 2-[ F]fluoro-tyrosine11 18

have been applied to some extent (88). 
In brain tumor management nuclear medicine techniques might

supplement the excellent anatomic imaging modalities like CT and MRI. For
example, information on tumor grade, optimal biopsy locations, visualization
of the degree of intracerebral infiltration, recurrence detection provided by PET
or SPECT methods are likely to be clinically helpful (89,90).

In general good sensitivities are reported in the detection of tumors. For
example, Ogawa et al. found an excellent 97% sensitivity of MET PET in 32
high grade tumor patients but considerably lower (61%) in low grade tumors
(91). Mosskin et al. found a patient-based sensitivity of 84% (n=38), in a study
comprising multiple stereotactic biopsies from tumor and normal areas. In 5
cases biopsies demonstrated MET uptake in non-tumor tissue and in 5 other
cases no radioactivity was found in tumor tissue, indicating that tumor
specificity of MET is not perfect (92). 

Experience with TYR is more limited. Pruim et al. used TYR PET in both
primary and recurrent brain tumors, and found 20 of 22 positive (91%) An
example is presented in Figure 4. Also metastases and cerebral lymphomas
were visualized (78). Wienhard et al. studied another tyrosine based tracer, 2-
[ F]-fluoro-tyrosine (n=15) and found increased tumor uptake and transport18

rates in brain tumors.  Uptake appeared more related to amino acid transport
than to protein synthesis (88).

Also the SPECT tracer IMT is taken up in nearly all brain tumors, both
astrocytomas and oligodendrocytomas, but also in lymphoma and metastases,
as evidenced by many studies now. Reported sensitivities in detection of
malignancy are generally in the range of 85 - 100% (Table 2 ). 

Grading
Nearly all studies on tumor detection also addressed the feasibility of tumor
characterization and grading, comparing uptake both between benign and
malignant processes and between various grades of malignancy. This clinically
useful aspect was supported by various in vitro studies, where MET uptake
was shown to correlate with the proliferation marker PCNA (proliferating cell
nuclear antigen) in human gliomas, and with NOR (nuclear organizing regions)
and Ki-67 proliferation markers in meningioma (101,102). Likewise, a relation
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Table 2. Clinical studies using IMT in brain tumors.

Author (ref) year #pat purpose sensitivity remarks/findings

Biersack(87) 1989 10 detection 100% first study
Langen (53) 1990 32 detection 88%
Kuwert(73) 1995 53 detection 50-82 differentiation high - low- benign. 

specificity 83-100%
Weber (93) 1997 19 detection 97% IMT uptake ratios superior 

to FDG PET
Langen(94) 1997 14 detection 100% similar to MET PET
Woesler (95) 1997 23 detection 83% differentiation high- low grade,

IMT similar to FDG PET
Grosu (96) 2000 30 detection 100% significant impact on 

radiotherapy planning
Guth (97) 1995 17 evaluation 82% recurrence detection
Molenkamp(98) 1998 11 evaluation 100% detection of progression in low

grade childhood tumors
Kuwert (99) 1998 27 evaluation 78% recurrence detection,

 specificity 100%
Bader (100) 1999 30 evaluation 75-100% detection of recurrence grade 2 - 4, 

superior to FDG PET

of IMT uptake with Ki-67 was found in glioma patients (72). Somewhat
surprising de Wolde et al. could not confirm these relations with proliferation
markers for TYR uptake (n=20)(103).

Different MET accumulation in vivo was demonstrated between low-grade
astrocytomas and oligodendrogliomas, uptake in astrocytoma being slightly
above or even slightly below background uptake, whereas oligodendroglioma
always demonstrated clearly increased uptake (104). In this study by Derlon
et al., the authors suggested that this difference could be clinically useful.
Good and possibly clinically useful differentiation (without overlap) between
skull base meningiomas and benign neuromas was suggested by Nyberg et
al. (total n=18) (105). The largest study was performed by Herholz et al. who
found a 79% accuracy in distinguishing glioma from non-neoplastic lesions in
196 patients with a suspected brain tumor (106).

Using IMT for tumor grading, Kuwert et al. could differentiate high grade
tumors from benign lesions with 82% sensitivity at 100% specificity, in the
largest study reported (n=53). Separating high grade from low grade tumors
resulted in 71% sensitivity and 87% specificity, whereas differentiation of low
grade tumors from non-neoplastic lesions, that also demonstrated minor 
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Figure 4. Coronal, transverse and sagittal sections using H O2
15

(perfusion - left column), FDG (middle column) and TYR (right column) in
a patient with a large low grade astrocytoma in the left temporo-parietal
region. The tumor is not intensely perfused, and demonstrates low
glucose metabolism. Amino acid uptake, however, clearly demonstrates
irregularly increased uptake in a large area. Note amino acid uptake in
the lacrimal gland.

uptake, was much more difficult, with sensitivity of 50% at 100% specificity
(77). In that study uptake of IMT, albeit minor, is also described in some non-
neoplastic lesions, such as infarction, and inflammation. More recently much
higher uptake was described in another benign process, a desmoplastic 
ganglioneuroma (107). It is remarkable that nearly all papers comparing IMT
SPECT to FDG PET or to MET PET suggested IMT SPECT equally useful for
routine clinical purposes (Table 2, Figure 5)(93-95,100). One has to realize,
however, that frequently PET resolutions are converted to SPECT resolution
in such studies, and tumor-brain ratios are still higher for MET PET than for
IMT SPECT (50,64)
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Figure 5. IMT SPECT (upper row) and MET PET (lower row) images of
the brain in a patient with a glioma, demonstrating very similar uptake and
tumor delineation. The resolution of MET PET was converted to SPECT
resolution.

Tumor delineation.
Many studies have demonstrated that the margins of tumors, as assessed by
MET or IMT uptake, are frequently wider than the anatomical boundaries, 
as assessed by MRI or CT (92,96,108-114). This is explained by the lack of
contrast enhancement in CT/MRI studies in areas within the tumor with an 
intact blood-brain barrier. This phenomenon may be even more pronounced
in low grade tumors and in diffuse gliomatosis (113). Also in comparison with
FDG-PET this better tumor delineation is reported (110,114) both for MET and
IMT (93). In a recent study using MRI and IMT SPECT fusion images, IMT
SPECT led to a significant change in planning of irradiation volumes (96).

Derived from these good delineation properties, an interesting new
application is recently arising: MET or FDG scanning is used to localize the
tumor extension, in combination with activation studies using radiolabeled
water (H O) (115,116). Using this combination, the location of the tumor can2

15

be depicted in relation to functional brain areas, which might contribute to
planning of surgical margins.
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Table 3. Clinical studies using TYR PET.

Author (ref) year n tumor type sensitivity remarks/findings

Pruim (78) 1995 22 primary brain 92% specificity 67%, no correlation 
with grade

Heesters (123) 1998 10 primary brain - PSR* after radiotherapy within
remainng tumor unchanged

Braams (130) 1996 11 oral cavity 83% in nodal staging, better than
 MRI/CT. specificity 95%

Kole (131) 1997 13 breast cancer 100% for primary tumor, visually less
uptake than FDG in
 fibrocystic disease

Ginkel (132) 1999 17 sarcoma 82% for difference partial-complete
remission after chemoth, 
specificity100%. 

Plaat (133) 1999 21 sarcoma - PSR correlates with Ki-67, 
not with grade.

Kole (79) 1999 25 sarcoma - FDG better for grading, TYR better
 correlation with proliferation.

Kole (134) 1998 10 non-seminoma 20%
Kole (135) 1997 22 various types 94% chondrosarcoma not visualised
Que (136) 2000 10 cervix 80% interfering bone marrow and

 intestinal uptake

---------------------
*) PSR=protein synthesis rate

Biopsy localization.
Stereotactic biopsies of localizations based on either MET or FDG PET were
demonstrated to be more successful in finding tumor tissue, than when biopsy
trajectories were based on CT only (117). Especially strong uptake reduction
of MET in necrotic parts or very high uptake in anaplastic parts, may influence
the planning and the results of brain biopsies. Also using TYR, planning of 
biopsy trajectories was suggested to improve, especially in low-grade glioma
(118).

Evaluation of therapy
Detection of recurrent or residual viable tumor can be troublesome in brain
tumors treated by surgery or irradiation. As stated above, in vitro evidence is
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somewhat conflicting, but clear demonstrations that MET PET is suitable to
follow such treatment effects have been published (119-121). For example,
Wurker et al. demonstrated a dose dependent reduction in uptake in low-grade
glioma (n=10) up to 1 year after brachytherapy, while FDG uptake was
unchanged (119). Sonoda et al. found no MET uptake in 6/7 cases of
radionecrosis, that were very difficult to assess using MRI or CT (122). Also
using IMT, several studies demonstrated good sensitivity and specificity for the
detection of viable tumor tissue in previously treated patients (Table 2). IMT
SPECT is suggested to complement MRI/CT in cases where detection of
recurrent disease was difficult (97). Again remarkable, the protein synthesis
rate determinated using TYR PET was unchanged in 8/10 patients after
radiotherapy (123).

Conclusion for brain tumors
Diagnostic accuracy (level 2, Table 1) of radiolabeled amino acids studies in
brain tumors has been sufficiently demonstrated. In detection, both MET, IMT
and TYR show adequate sensitivity and specificity. In grading, most studies
demonstrate rather clear differences among various grades and histological
tumor types, but frequently thresholds are defined retrospectively, which is
methodologically not optimal. The true clinical impact therefore is unclear. Also
the true clinical impact of better localization of biopsies is not fully clear. There
is reasonable evidence that radiolabeled amino acids have supplemental value
in evaluation of treatment and in recurrence detection. 

What about �the diagnostic value� - level 3?. There seems to be
considerable evidence that radiolabeled amino acids provide better diagnostic
information than FDG. However, nearly all studies have used amino acid
imaging in addition to CT or MRI, and it does not seem very likely that these
excellent anatomic modalities will be used less or differently, so PET or
SPECT studies will be added to the diagnostic evaluation. 

Finally, for nearly all these issues many �level 4 and 5 questions� (Table
1) addressing �therapeutic value� are still unanswered. For example,  �Can
these studies replace, diminish or change the current practice of biopsies,
surgery and chemo- or radiotherapy?� , �Do they result in better treatment and
survival of patients?�  More research should provide answers.

Head and neck cancer

Management of head and neck cancer, usually both with surgery and radiation
therapy, critically depends upon accurate assessment of the extent of local
invasion and presence of nodal metastases. Detection of occult metastases
in clinically negative patients (N0) is important in selection of patients for neck
dissections and radiotherapy (124). An accurate method to detect lymph node
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Figure 6. Coronal and sagittal projection of a TYR PET study in a patient
with a large recurrent squamous cell carcinoma of the right maxillary
sinus extending into the skull base. Irregularly increased TYR uptake in
the tumor is present (thick arrrows). Due to irradiation uptake in both
parotic glands and the right submandibular glands has disappeared,
uptake in the left submandibular gland is visible (thin arrows).

involvement might therefore contribute to nodal staging (125). Such a method
might also detect recurrencies, requiring additional therapy, that may be hard
to detect using other techniques, because of post-therapy scarring or edema.

Tumor detection, staging and grading.
The Finnish group from Turku has extensively used MET PET to study head
and neck cancer patients. They have demonstrated good uptake (using 
standardized uptake values (SUV) and transport rate analysis) of MET in these
cancers. Their largest study (n=47) reports a sensitivity for detection of the
primary tumor of 91%, in selected tumors > 1 cm (126). No explicit study of
tumor staging has been published using MET. No relation with tumor grade
could be assessed (126-128)

In a small study using TYR PET, Braams et al. found a 83% lesion-based
sensitivity at a specificity of 95%, similar to FDG PET (129) (Table 3).
Undetected metastases were either small (<5 mm) or in the vicinity of salivary
glands with interfering physiological uptake. They found TYR PET to be
superior to CT or MRI (129,130). An example is presented in Figure 6.
Somewhat lower performance was reported by Flamen et al. using the SPECT
tracer IMT. They found a 91% sensitivity for the primary tumor but only a 56%
lesion-based sensitivity for metastases (137) (Table 4).
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Evaluation of treatment.
All published studies come from Finland. The largest study comprises 15
patients with 24 tumor sites (128). In none of 9 sites, where uptake after
radiotherapy remained high (SUV > 3.1), a complete response was found. In
contrast, when post-treatment uptake was low (SUV <3.1), most patients
(70%) had a complete response. Pre-treatment level of MET uptake was not
associated with histological response (67,140). 

In a study published 3 years later no relation was found between initial
MET uptake and overall survival. It was suggested that the absolute value of
post treatment uptake had predictive value (128). However, in the study by
Nuutinen there was no predictive value of SUV ratios before and during early
treatment; both in relapsing and responding patients SUV decreased by 30%
(141). 

Conclusion for head and neck cancer
Although we now know MET is avidly taken up in head and neck cancer, nodal
staging using MET has not been formally studied. There is only one small
study using TYR that suggests good performance in nodal staging and one
study using IMT SPECT suggesting less performance. MET uptake does not
have prognostic meaning, and early monitoring of radiotherapy does not
appear feasible. However, post-treatment imaging could separate complete
responders from non-responders, which might have clinical meaning.

In terms of diagnostic performance (level 2) for nodal staging, accuracy
of amino acid PET methods is presumably adequate, although evidence is
limited and uncertainty remains regarding detection of small lesions. However,
the diagnostic value (level 3) does not seem to be better than for FDG PET,
where sensitivities between 70 and 90% in detection of metastatic lymph node
involvement are reported (142,143). More research is currently carried out, but
based on the limited available data, amino acid imaging does not appear
clinically helpful.

Lung cancer

Unfortunately, only a minority of patients with lung cancer can be cured. The
most important factors determining chances at survival, are tumor resectability
and presence of mediastinal metastases. For this latter purpose currently CT
and mediastinoscopy are the most important staging tools, but due to rather
imperfect detection of mediastinal metastases, many patients undergo fruitless
thoracotomies (estimated as high as 30-50%). The recent demonstrations that
FDG PET is very helpful in characterization of solitary nodules and in
mediastinal (and distant) staging may result in fewer invasive procedures
(144,145) What value can radiolabeled amino acids have in this field?
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Table 4. Studies using IMT in other than brain tumors.

Author (ref) year #pat tumor type sensitivity remarks/findings

Flamen (137) 1999 11 head-neck 91% for primary tumors, ~60% for 
nodal spread

Jager (54) 1998 20 various types - feasible in breast, lung,sarcoma, 
and lymphoma. 

Jager (69) 2000 22 carcinoid 43-60% correlation with secretory activity
Boni (138) 1997 7 melanoma 37% for lesion detection
Jager (61) 2000 32 sarcoma 100% for difference benign-malignant, 

specificity 88%,correlation
 with proliferation.
Jager (139) 2000 17 lung cancer 94% for primary tumors, for 

mediastinal lesions 60%

All studies have reported avid uptake of amino acids in primary lung
cancer, both in small-cell and non-small-cell lung cancer. The intrinsic ability
of tumors to concentrate MET, or TYR or IMT does not seem to be different.
False negative results are generally caused by small tumor size in combination
with technical factors such as resolution of PET/SPECT devices. 

Solitary pulmonary nodules.
Many patients initially present with a solitary pulmonary lesion. A method that
could reliably predict whether such a nodule is malignant or benign, could be
of clinical benefit. Using MET PET in 24 patients, Kubota et al. found a
sensitivity for the detection of malignancy of 93%, however at a 60%
specificity. Calculated from these data the negative and positive predictive
values are 86% and 76%, respectively (146). These figures are too low to
reduce the need for invasive biopsies or surgery and therefore are unlikely to
be clinical helpful, especially since surgery is the only chance of curation in
lung cancer. However, a comparison with FDG PET (sensitivity and specificity
around 90% (147,148)) is lacking and experience with amino acids is very
limited. Difficulties in separation of malignant from benign disease using MET
are also reported by Nettelbladt et al. using SUV and transport rate analysis
(n=17)(84). 
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Figure 7. Coronal chest IMT SPECT section through a 6 cm squamous
cell carcinoma in the right middle lobe, demonstrating high IMT uptake
(Same patient as in figure 3).

Staging
Very few studies have employed radiolabeled amino acids to address this
problem. The largest study (n=41) was performed by Yasukawa, who showed
that in detection of mediastinal metastases MET was superior over CT in
sensitivity (86% vs 53%) and specificity (91% vs 84%). However, these figures
are based on a retrospective cut-off point of 4.1 for a tumor-to-muscle ratio,
which demonstrates that considerable MET uptake (TMR 2.9) was present in
non metastatic nodes (149). As clearly analyzed by Hubner, there is no
evidence from this study that MET PET would be more clinically helpful than
FDG PET (150). 

Limited information is available from other studies, e.g. Nettelbladt who
found the correct mediastinal lymph node status using MET and FDG in 4
patients with and in 10 patients without lymph node involvement (84).

A SPECT study using IMT (n=17) detected mediastinal metastases in
86% of involved patients but only 60% of all mediastinal lesions (Figure 7,8).
Especially lesions < 1.5 cm were frequently not detected and aspecific uptake
was found in irradiated normal lung tissue (Figure 3). Therefore, IMT SPECT
does not appear clinically helpful (139).
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Figure 8. Transverse chest IMT SPECT image in patient with a large cell
carcinoma of the left upper lobe (black arrow) and a mediastinal
metastasis (white arrow).

Evaluation of therapy
Despite treatment with radiotherapy, chemotherapy, or combinations of these,
survival is extremely low. Evaluation of the effect of treatment is currently
based on reduction in tumor size, as assessed by chest X-ray or CT in addition
to clinical parameters. Even in local control, many patients die of metastatic
disease. The a priori relevance of imaging studies aimed at measuring therapy
evaluation is therefore low. At the best, prediction of ineffectiveness early
during treatment or presence of (a large percentage of) viable tumor tissue
after treatment, might influence further treatment options, such as a change (or
even stop) in chemotherapy or addition of chemotherapy after unsuccessful
radiotherapy (151). However, accurate assessment of prognosis might be of
value to individual patients. 

As a prerequisite for successful treatment evaluation, Miyazawa
demonstrated in lung cancer cells that uptake of MET is representative of
tumor growth, based on good correlations between MET uptake versus DNA
content, S-phase and S+G2/M phase fractions (n=24)(152). The main clinical
description on the use of MET is from Kubota et al. (153). They found MET
uptake to be drastically reduced in chemo- or radiotherapeutically treated
patients (n=21) without local recurrence (although most of these patients died
from metastatic disease on average 1 year later). However, in patients with a
late recurrence (11-18 months) post treatment MET uptake was reduced to the
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same degree. When MET uptake was not reduced after treatment, early
recurrence was quite likely. Assessment of tumor volume changes using CT
performed better in separation of patients with local control from those likely
to relapse. MET PET therefore had no added value. 

Only anecdotal evidence exists in analyzing early amino acid uptake
reduction in relation to prognosis. MET uptake began to decrease within the
first week of radiotherapy (154). Also reduction of TYR uptake and protein
synthesis rate calculations appeared to take place within the first weeks of
chemo- or radiotherapy (unpublished observations). 

Conclusion for lung cancer.
The paucity of clinical data in lung cancer hardly permits a definitive
conclusion. Diagnostic levels 1 and 2 seem to be adequate. However
analyzing �diagnostic value� (level 3), current data do not show a clinical benefit
over FDG PET, neither in the determination of the nature of solitary pulmonary
nodules, nor in mediastinal staging. The value of radiolabeled amino acids in
the evaluation of chemo- or radiotherapy, in itself already of questionable
clinical value, has not been proven.

Breast cancer

Only very limited clinical results are available. MET uptake correlated well with
the proliferation rate (S-phase fraction) in primary and metastatic breast cancer
lesions (n=11), suggesting amino acids to be suitable for treatment evaluation
(155). Kole et al. studied the detection properties of TYR PET in 11 patients
with breast cancer and 2 patients with only benign breast tumors (131). They
found better visual uptake of FDG in malignant lesions, although uptake in
fibrocystic diseases was less prominent using TYR. In contrast, Jansson found
MET uptake to provide better tumor contrast, in comparison with FDG (156).
In addition, they found very early reductions in MET uptake (within 1-2- weeks)
after the onset of chemotherapy (n=11). Similar findings were reported in
breast cancer metastases (n=8)(157). Uptake of the SPECT tracer IMT has
been reported in 4 patients (54). These limited data only permit a �level 1 - 2
conclusion�  that amino acid studies are feasible in breast cancer. Clinical
relevance remains to be defined.

Lymphoma

Traditionally, gallium-67 scintigraphy is applied in evaluation of post
chemotherapy masses. FDG PET is now more and more used for this same
purpose, and studies in primary staging are currently in progress. Using amino
acids very limited data are available. Two studies have demonstrated that MET



AMINO ACID IMAGING IN ONCOLOGY

47

accumulated strongly in most lymphomas, both of low and high malignancy
grades. In one of these, MET was more sensitive than FDG (n=14)(158), in the
other (n=23) both tracers were similar (159). Uptake of MET does not appear
to be related to grade. This contrasts with FDG uptake that clearly increases
in higher grading (n=14) (157). Kinetic analysis of MET data in 32 patients,
however, allowed separation of high grade from other grade patients (159).
However, final outcome of patients did not seem to be related to MET uptake.
Further research is necessary, and appears most challenging in the evaluation
of post-treatment tissue. Significant competition from FDG PET and 67-
Gallium scintigraphy is to be expected.

Figure 9. Coronal IMT SPECT sections through the upper legs of a
patient with a high grade malignant fibrous histiocytoma, before (left) and
after (right) regional hyperthermic cytostatic perfusion of the leg. The
irregular intense IMT uptake has completely disappeared after perfusion,
in agreement with complete tumor necrosis, found after surgery.

Soft-tissue sarcoma

Intensive uptake of both IMT and TYR has been described in soft-tissue
sarcoma patients (Table 2,4) (61,79,132). Both IMT and TYR uptake correlated
with various histological parameters of proliferation, such as Ki-67, mitotic
index and AgNOR (61,79,133)(Figure 9). Using IMT SPECT benign and
malignant tumors could be differentiated with high accuracy, and minimal
overlap (61). TYR uptake appeared useful in evaluation of regional cytostatic
perfusion, although it could not replace histology (132). In comparison with
FDG, however, uptake appeared to be less influenced by inflammatory tissue.
Staging of sarcoma patients using radiolabeled amino acids has not been
described. Especially improved lymph node staging may be of clinical benefit.
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Melanoma

MET PET detected all lesions > 1.5 cm in 10 patients, but missed smaller
lesions (161). Tyrosine, being a precursor in melanin synthesis, is theoretically
an interesting tracer in melanoma detection. Studies using IMT have been
performed in melanoma, as early as the 1970's (162). Although several small
case descriptions exist on ocular melanoma, a recent study in detection of
known melanoma lesions, provided disappointing results for IMT total body
scintigraphy (138). Only large lesions (>1.5 cm) were detected using SPECT.

Neuroendocrine tumors

Since tyrosine is a precursor in catecholamine synthesis, uptake of IMT and
TYR might be expected in pheochromocytomas, neuroblastomas and
carcinoid tumors. Jager et al. reported uptake of IMT in roughly 50% of
carcinoid lesions, which correlated both with serotonin and catecholamine
metabolism in these tumors (69). Similarly MacFarlane et al. found uptake of
p-[ I]-iodo-DL-phenylalanine in carcinoid tumors (68). Since carcinoids have125

a high amino acid demand, further studies could be successful, and might
contribute to improved staging and treatment evaluation.

        
Miscellaneous tumors

TYR uptake was detected in only 20% of metastatic nonseminoma patients
(134). MET uptake was found in 78% (18/23) of bladder cancers but was not
very helpful in assessing response to chemotherapy (163,164), although on
theoretical grounds the low urinary excretion of MET and TYR could provide
adequate images of bladder tumors. Similar findings were done for TYR
(unpublished data). For primary tumor detection or evaluation, clinical use is
unlikely, as the bladder is easily accessible by other means (such as
cystoscopy). Possibly in nodal staging, MET might play a role, but has not
been studied yet. MET uptake is described in 7/7 ovarian cancers and 14/14
uterine carcinomas is described (165,166). From our own experience, TYR has
not proven valuable in nodal staging of cervix or vulva cancer(136). Interfering
and rather unpredictable bowel uptake frequently interfered with visualization
of small metastases. There are no data regarding radiolabeled amino acids in
colorectal cancer.
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2.6 CONCLUSIONS

The theoretical and preclinical background of amino acid imaging is quite
sound, and supports clinical applications. There is no convincing evidence that
radiolabeled amino acids that are only transported into the cell are inferior for
clinical applications in comparison with amino acids that enter protein
synthesis, arguments for the opposite also exist. Amino acid imaging is less
influenced by inflammation, which may be advantageous in comparison with
FDG PET imaging, however, tumor specificity is not perfect.

In brain tumor imaging, the use of radiolabeled amino acids is quite
established. The use of IMT SPECT appears to be equally valuable as PET
methods. Diagnostic accuracy of amino acid 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.

Limited data in head and neck cancer and in lung cancer, suggests
reasonable diagnostic accuracy, but inferior diagnostic value in comparison
with FDG PET. In most other tumors, data do not permit definitive conclusions
yet, but the general feasibility of amino acid imaging has sufficiently been
demonstrated. However, in nearly all tumor types more research is required,
in larger patient series and in well defined clinical settings. In these continuing
efforts also newer radiolabeled amino acids such as [ F]- fluorethyl-tyrosine18

will be of interest.
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3.1 SUMMARY

L-3-[ I]Iodo-alpha-methyl-tyrosine (IMT) is an artificial amino acid suitable for123

SPECT imaging of various tumours. Manual radiosynthesis of this tracer is
reliable, but time consuming and requires careful handling of radioactivity. We
developed an automated IMT synthesis module, that automatically prepares
a ready-to-inject end product that meets (radio)pharmaceutical requirements
and is identical to the manually synthesised equivalent. Advantages include
better standardisation, decreased operator time and reduced radiation
exposure. Application can possibly be extended to other tracers, including
high-dose preparations.
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3.2 INTRODUCTION

Interest in metabolic imaging of cancer using PET and SPECT is currently
increasing. L-3-[ I]Iodo-alpha-methyl-tyrosine is an artificial amino acid123

suitable for SPECT imaging. It is avidly taken up both in brain tumours (1, 2)
and in various tumours outside the brain (3,4). Uptake represents the
transmembrane transport of amino acids which is generally increased in
malignancy (2,5,6). IMT tumour accumulation is related to the tumour
proliferation rate and histopathological grade, as demonstrated in soft-tissue
sarcoma (7) and in brain tumours (8). IMT is not metabolised except minor
deiodination (2,3). To comply with increasing clinical interest,  there is a need
for a simple and reliable synthesis.

Different methods to synthesise IMT have been described (10-12). In our
laboratory we use a method slightly modified from Krummeich et al (12). This
labelling method is based on Iodo-gen iodination of the precursor alpha- 

methyl-tyrosine in a borate buffer (pH 8) with solid phase purification using a
Sep-Pak cartridge (Figure 1). The method does not require HPLC, except for
quality control and has proven reliable, fast and easy. Overall radiochemical
yield is typically 55% and radiochemical purity >98% in all cases. The method
requires over one hr of work and, depending on the numberofpatients, involves
handling of large quantities of radioactive iodide. 

To reduce synthesis time and to minimise radiation exposure we have
developed an automated module for the synthesis of IMT. Although common
in the production of radiopharmaceuticals for PET, this type of automated
preparation is still infrequently used in a conventional nuclear medicine
radiopharmacy. After preparation with disposable sterile materials, the module
is able to prepare automatically a ready-to-inject end product under aseptic
conditions in a standardised way. Although the system was developed for IMT,
it can easily be modified to produce other tracers as well, including high-dose
radiopharmaceuticals for therapeutic purposes. In this paper we describe the
design and validation of this synthesis module. Therefore, we compared
characteristics of the end product as produced by the automated module with
those produced by the manual procedure. Comparison experiments were
performed with I sodium-iodide instead of I sodium-iodide, because of the131 123

more appropriate half-life time and the lower costs.

3.3 METHODS

3.3.1 Materials.
Two buffers were used, designated as buffer A, consisting of 0.11 M H BO ,3 3
0.056 M NaOH and 0.044 M HCl (pH 8), and buffer B consisting of 0.22 M
H BO , 0.056 M NaOH and 0.088 M HCl (pH 1.7). The precursor L-alpha-3 3
methyltyrosine, obtained from Aldrich (Netherlands), was dissolved in buffer
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Figure 1. Reaction scheme for synthesis of IMT.

B (4.4 mg/mL). Sodium metabisulfite (Na S O ), obtained from Brocades2 2 5
(Netherlands), was dissolved in buffer A (2 mg/mL, 10.4 umol/mL). Iodo-gen 

(Pierce, Netherlands) was dissolved in chloroform (0.75 mg/mL). Chloroform,
ethanol and acetic acid were obtained from Merck (Darmstadt, Germany). Na-

I and Na- I were obtained from Amersham Cygne (Eindhoven, the123 131

Netherlands). Na- I had a specific activity of > 185 TBq/mmol (5x10  Ci/mol) 123 6

iodide. The specific activity of Na- I  was < 3.7 TBq/mmol (10  Ci/mol). Millex131  5

GV sterile filters (0.22 um) were obtained from Millipore (Molsheim, France)
and Sep-Pak C-18 cartridges were obtained from Waters (Milford, MA, USA).
All reactions were carried out in borosilicate vials. 

3.3.2 Manual synthesis of IMT.
Synthesis of IMT was carried out slightly modified from Krummeich et al. (12).
A Sep-Pak C-18 cartridge was conditioned with 15 mL of absolute ethanol
followed by 15 mL of saline containing 5% ethanol. A 200 uL solution of Iodo-
gen in chloroform was placed in a 3 mL reaction vessel and the organic
solvent was evaporated under a flow of nitrogen. Next buffer A (in a volume
of 500 uL minus the volume of the radioiodide and precursor solution) was
added to 90 uL of the precursor L-alpha-methyltyrosine dissolved in borate
buffer B. This solution was transferred by syringe to the Na- I (T½=8.0 days)131

or Na- I (T½=13.2 hr) solution. After thorough shaking of the mixture, the123

solution containing radioiodide and the precursor was transferred directly into
the septum screw capped Iodo-gen coated vial by the same syringe. The reac-
tion is allowed to proceed for 10 min at room temperature with occasional
shaking. After this time the reaction mixture was removed from the Iodo-gen
vial by means of a syringe and transferred to an Eppendorf cup, after which
250 uL of Na S O  in buffer A was added. The reaction mixture was loaded2 2 5 
onto the conditioned Sep-Pak cartridge which was then eluted with saline
solution containing 5% ethanol. The first 3 mL of eluent were discarded. In the
next 10 mL no carrier added (n.c.a.) [ I]-IMT was eluted into a sterile vial123/131

through a sterile 0.22 um filter.  



CHAPTER 3

62

Routine application of this method for manual [ I]-IMT synthesis in our123

department (n>60) generally resulted in overall radiochemical yields around
55% ± 5%, radiochemical purity > 98% and a specific activity in the same
range as the used radioiodide [typically > 185 TBq/mmol]. Radioiodinated by-
products, probably resulting from oxidative byprocesses remain on the
cartridge. The oxidant Iodo-gen does not take part in the purification step, 

because it remains coated on the wall of the reaction vial. The overall manual
synthesis time, including purification of [ I]-IMT, is about one hr. After123/131

filtration through a sterile 0.22 um filter the final product is a colourless,
isotonic, apyrogenic and sterile solution. [ I]-IMT synthesis was performed 10131

times: 5 times by the manual procedure and 5 times by the automated
procedure. 

3.3.3 The synthesis module.
The module is a device with dimensions of 72 x 34 x 53 cm. It is located in a
lead shielded furn-cell, and can be controlled by a small control-box outside
this cell. The backside of the module houses the hardware: a microcontroller
(Philips, PCB 80C552-16 WP, Farnell Netherlands BV, Maarssen, the
Netherlands), a flow controller (0-500 mL N -gas, Bronkhorst, Arnhem, the2
Netherlands) and electromotors (9904-120-52605 (12 V DC geared) Airpax,
Farnell Netherlands BV, Maarssen, the Netherlands). On the frontside of the
module sterile disposable materials can be attached, such as infusion valves,
tubes, syringes containing the chemicals and the C-18 Sep-Pak cartridge. The
Iodo-gen coated reaction vial, the vial containing Na- I, a waste vial and a 123

sterile vial to hold the end product are placed in a plateau with fixed positions
in front of the module. The module is run through a microprocessor driven
program that opens and closes valves and depresses syringes in the right time
and order. Liquid is transported through the tubes by nitrogen gas pressure.
A schematic representation of the module is depicted in Figure 2.

3.3.4 Automated synthesis of IMT.

Preparation of the module.
First a 200 uL solution of Iodo-gen in chloroform is dried under nitrogen gas in 

a 3 mL reaction vial. The vial is then closed and connected to the module
(Figure 2). A C18 Sep-Pak cartridge is placed in the module after conditioning
with 15 mL of absolute ethanol followed by 15 mL of ethanol 5% in saline.
Disposable valves and tubes are placed in the module and connected to the
Sep-Pak cartridge. Four syringes are filled under laminar air flow with
thefollowing chemicals: Syringe 1 (1mL): 90 µL precursor-solution in buffer B
with buffer A added to 500 µL. Syringe 2 (1mL): 250 µL sodium metabisulfite
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Figure 2. Schematic representation of the module.

solution. Syringe 3 and 4 (both 20 mL) contain 4 mL and 10 mL of ethanol 5%
in saline respectively. The 4 syringes are then connected to the module. Two
sterile vials of 11 mL and 25 mL, intended to contain the liquid waste and the
end-product respectively, are placed in the module. As a final step, the
radioactive sodium-iodide is added to sodium-iodide vial. The module is now
ready for the automated synthesis.

Running the module. 
After pressing the start button, a program of 45 steps runs the module. The
entire contents of syringe 1 is added to the sodium-iodide vial. All of the
resulting solution is transported into the Iodo-gen coated reaction vial by
nitrogen flow. The reaction solution is slowly stirred by a small proportional
flow for 10 min. When the reaction time is completed, the reaction is
terminated by adding the sodium metabisulfite solution from syringe 2. The
total reaction mixture is then transported through the Sep-Pak cartridge. L-3-
[ I]Iodo-alpha-methyl-tyrosine retains on the column and the passing131/123

solution is collected in the waste vial. The column is subsequently flushed with
4 mL of ethanol 5% in saline to remove free iodide. The final product is then
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eluted with 10 mL of ethanol 5% in saline and collected in a 25 mL sterile vial
after filtration over a 0,2 µm filter. 

The overall synthesis time, including time of preparation, is about 45 min.

3.3.5 Analysis and quality control of the end product.
Chemical and radiochemical purity of the final product, both from the manual
and the automated IMT synthesis, were monitored by HPLC using a
Pharmacia LKB HPLC pump on a reversed phase column (Pharmacia, RP-18
multisorb 100 x 4,6 mm) employing  H 0/ethanol/acetic acid 92,5/5/2,5 v/v/v2
as the mobile phase at a flow of 0.5 mL/min. The eluent was monitored for UV
absorbance (280 nm) using a Pharmacia LKB UV/VIS filter photometer (model
Uvicord VW2251) and for radioactivity using a NaI(Tl) well type scintillation
detector. The retention times of the precursor L-alpha-methyl-tyrosine, free
[ I]Iodide and the end-product L-3-[ I] Iodo-alpha-methyl-tyrosine were131/123 131/123

2.75, 3.1 and 10.1 min respectively. 
Radiochemical purity was further explored by comparing the retention

time of L-3-[ I] Iodo-alpha-methyl-tyrosine with the retention time obtained131/123

from the non radioactive reference compound L-3-Iodo-alpha-methyl-tyrosine
('stable' IMT). This reference compound had previously been synthesised and
characterised by H-NMR, FTIR and elemental analysis. 1

The main source of chemical impurity was L-alpha-methyl-tyrosine. The
concentration of this unlabelled precursor was analysed after construction of
a calibration line using the starting compound.

Finally the pH of the final product was measured and the end-product was
tested for sterility and apyrogenity using standard methods. 

3.4 RESULTS AND DISCUSSION

The end product of both methods of synthesis were clear, colourless, sterile
and apyrogenic solutions with a pH of  7-8, in agreement with
radiopharmaceutical requirements. All synthesis products contained < 15
µg/mL precursor (L-alpha-methyl-tyrosine) and < 5% free radioiodide. 

In Table 1 the results of both synthesis methods for [ I]-IMT are shown.131

For both the manual and the automated method, mean radiochemical purity
of the final product [ I]-IMT was over 95% ( 95.4 ± 2.8 (SD) % for the131

automated synthesis and 97.0 ± 0.8 for the manual synthesis). The
concentration of unlabelled precursor (L-alpha-methyl-tyrosine) was < 11 µg
/ mL in all cases (8.0 ± 0.5 for the automated synthesis and 10.7 ± 1.6 for the
manual synthesis). Comparing the results of the manual and automated
synthesis of [ I]-IMT, the radiochemical yield did not differ significantly131

(Wilcoxon test). The variation in yield was slightly higher using the module.
Total recovery of radioactivity using the module was somewhat lower 
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Table 1: Results of automated and manual [ I]IMT synthesis.131

% yield (sd) % rec (sd) %r.c.p methyl-tyrosine ( µg / ml)

module (n=5) 30.9 ± 9.0 77.0 ± 8.0 >95% < 10
manual (n=5) 27.7 ± 2.7 91.6 ± 2.7 >95% < 10

-------------------
Yield = I-IMT as % of total added radioactivity. 131

Rec = recovery = % ( I-IMT + waste + remaining on column) / total added radioactivity.131

Remaining activity present in tubing and valves.  
r.c.p. = radiochemical purity

compared to the manual procedure (Wilcoxon test, p<0.02). This can be
attributed to remaining radioactivity in tubings and valves. Considering this loss
of activity, the similar yield in the end product for the module implies that the
reaction itself must be more efficient in the automated synthesis. HPLC
analysis of the end-product [ I]-IMT gave results fully identical to those131

obtained from the reference product (stable IMT). 
In daily practice, preparation of the module can be performed within 20

min, assuming that buffers A and B are already prepared. Running of the
module can be performed without an operator and after less than 30 min the
final product is ready. Manual synthesis is more time consuming (operator time
on average 60 min) and requires careful handling of materials. Quality control
using the HPLC method (as described above), which takes an additional 15
min, is still always performed. However, since over 98% (59/60) syntheses are
successful, this could be debated.

A limitation of this study is the use of I instead of I, chosen because131 123

of high cost of I and to allow for more convenient planning and analysis, due123

to the longer half life of I. This use of Na- I probably explains the lower131 131

yield of both the automated and the manual synthesis in this study, as
compared to the general yield of 50-60% reached during routine [ I]-IMT123

syntheses for patient studies. The difference is probably related to the lower
specific activity of Na- I  as compared to Na- I. 131 123

The module synthesis proved very easy to use with minimal operator
dependency. It is clear from Figure 2 that it can be used for synthesis of other
radiopharmaceuticals as well. Naturally, expanding the module's applications
is limited by the number of required syringes and columns and will require
different programming of the microprocessor. Since the automated synthesis
can be performed with very limited operator dependency, it would be very well
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suited for high-dose labelling of therapeutic radiopharmaceuticals. However,
for each new radiopharmaceutical, renewed optimisation of the system is
necessary, which does not seem worthwhile for infrequently required tracers.

3.5 CONCLUSION

In conclusion, the automated synthesis module proved suitable for the
synthesis of [ I]-IMT and [ I]-IMT. Although some radioactivity retains in131 123

tubings and valves, the final yield of the manual and automated syntheses did
not differ. The end product is entirely comparable with the manually
synthesised product and meets the pharmaceutical requirements including
(radio)chemical purity, sterility and apyrogenity. Advantages of this module,
among the first for conventional nuclear medicine departments, include better
standardisation of synthesis and labelling procedures, decreased operator time
and most likely reduced radiation exposure. Furthermore, the module can be
adapted for the synthesis of other radiopharmaceuticals, including high-dose
tracer preparations for therapeutical purposes.
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4.1 SUMMARY

The radiolabelled amino acid analogue L-3-[ I]-Iodo-alpha-methyl-tyrosine125

(IMT) is under evaluation in brain tumours, where it reflects amino acid
transport activity, but is also taken up in many other tumor types. This study
investigated the uptake mechanism of IMT in tumour cells not derived from
brain tumors, in comparison with the native amino acid C-tyrosine (TYR) from14

which IMT is derived. 
Human GLC4 small-cell lung cancer cells in log-phase were incubated

with IMT and TYR. Tracer uptake was determined in various buffers,
incubation periods, concentrations of specific amino acid transport blockers,
pH and temperature. 

IMT uptake was very fast, reaching a plateau within 5 min, while TYR kept
on accumulating for > 60 min. Based on steady state experiments, > 90% of
IMT uptake could be attributed to amino acid transport activity. The L transport
system was the most important, both for IMT and TYR. 

IMT uptake into GLC4 tumor cells is almost completely the result of amino
acid transport activity (especially the L system) and is very similar to TYR
uptake. Therefore, also outside the brain, IMT is a metabolic tracer that may
reflect the increased amino acid transport that is characteristic for malignant
tumors.
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4.2 INTRODUCTION

Interest in metabolic imaging of tumors is growing. The most prominent
example is the increasing application of F-fluoro-2-deoxy-D-glucose (FDG)18

and PET imaging. Increased anaerobic glycolysis, present in nearly all cancer
cells, is the target for uptake of FDG (1). Another interesting target for
metabolic tumor imaging is the increased protein metabolism in the generally
rapidly proliferating cancer cells (2,3). Cellular protein metabolism begins with
the transmembrane transport of amino acids, followed by entry in an
intracellular amino acid pool and finally entry into protein synthesis. These
processes can be visualized using radiolabeled amino acids. Although
radiolabeled amino acids that enter protein synthesis (e.g. L-1-[ C]-Tyrosine)11

are theoretically a better marker of protein metabolism, studies employing
amino acids that are only transported into the cell and hardly enter protein
synthesis (e.g. L-1-[ C]methionine) have provided similar clinical results (4-9).11

There are many different amino acid transport mechanisms each with
their own specificity and relative contribution. The most important amino acid
transport systems are system A, system ASC and system L (10-13) (Table 1).
Although many more systems have been described in a large variety of cell
types, these three systems are presumably present in all cells, both normal
cells and tumor cells (11-14). Using specific blocking agents such as methyl-
amino-isobutyric acid (MeAIB) for system A, and 2-aminobicyclo-[2,2,1]-
heptane-2-carboxylic acid (BCH) for system L in sodium containing and
sodium free media, determination of the relative contribution of the individual
systems is possible (Table 1). This method has been described by Shotwell
and is frequently used to study amino acid transport (12).

L-3-[ I]iodo-alpha-methyl-tyrosine (IMT) is an artificial amino acid,123

derived from the natural amino acid tyrosine. IMT is successfully applied in
brain tumor imaging, but recent studies have demonstrated that also tumors
outside the brain, can successfully be imaged with this agent. IMT SPECT is
under evaluation for tumor staging, tumor grading and therapy evaluation in
various tumors (15-18). It has been demonstrated that IMT does not enter
protein synthesis and that uptake in brain tumors is indeed a measure of
amino acid transport activity (19-21). This means that the Iodine label and the
methyl group, the two additions that constitute the difference with tyrosine, do
not affect affinity for amino acid transporters in the blood-brain barrier.
Whether this also holds true in tumors not derived from brain tissue is not
known.

Since it is crucial for interpretation of clinical studies to know what
processes determine tracer uptake, we undertook the current study to unravel
the mechanism of uptake of IMT in tumor cells other than brain tumor cells. To
eliminate contributions of tumor tissue heterogeneity, tumor perfusion and to
facilitate the use of specific transport blockers, we performed our studies in a
tumor cell line. IMT is derived from TYR, modifications include the Iodine label
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and a methyl group. To analyze the effect of these modifications, IMT findings
were compared with L-1-[ C]-tyrosine (TYR). Therefore, the aim of this study14

was to (1) determine to what extent cellular uptake of IMT is mediated by
amino acid transport activity, (2) which transport systems are involved and (3)
how the behaviour of IMT compares with the native amino acid C-tyrosine14

(TYR). For this purpose, a method modified from Shotwell et al. to characterize
amino acid transport systems was applied in the human small-cell lung cancer
cell line GLC4 (12). 

Table 1. Simplified overview of ubiquitous neutral amino acid transport systems.

System Amino acid affinity Properties Inhibitor

A short, polar side chains sodium dependent MeAIB*
e.g. alanine energy dependent

ASC e.g. serine, cysteine sodium dependent -

L branched chain, aromatic sodium independent BCH�

e.g. phenylalanine, leucine

----------------
* MeAIB = α-(methylamino)-isobutyric acid. 
 BCH = 2-aminobicyclo-[2.2.1]-heptane-2-carboxylic acid. �

4.3 MATERIALS AND METHODS

Materials
Synthesis of [ I]-IMT was carried out as described by Krummeich et al.125

(22). Briefly, Iodo-gen  iodination with Na I (Amersham Cygne, Eindhoven,TM 125

the Netherlands) of the precursor L-alpha-methyl-tyrosine was performed in a
borate buffer. IMT was purified by elution with saline containing 5% ethanol
over a C-18 SepPak® cartridge (Waters, Milford, MA, USA) preconditioned
with 100% ethanol followed by saline containing 5% ethanol. After filtration
through a sterile 0.22 um Millex GV filter (Millipore®, Sa, Molsheim, France)
a colorless ready-to-inject solution was obtained. Samples were demonstrated
to be sterile and pyrogen-free. Quality control was performed by HPLC on a
RP-18 column (Multosorb 100 4.6) using H O/Ethanol/Acetic-acid 87.5/10/2.52
v/v/v %. The resulting solution was diluted with the relevant buffer (see below)
to ~2 MBq/ml. Radiochemical purity was over 99% in all cases, specific activity
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of the solution used for experiments ~300 Ci/mmol. Radiochemical yield was
50 - 65%.

TYR was purchased commercially (DuPont NEN, Boston, MA, USA) and
diluted with the relevant buffer to 0.12 MBq/ml. Specific activity of the solution
used for experiments was ~50 mCi/mmol.  

MeAIB, BCH and cholinebicarbonate were purchased from Sigma (Sigma
Chemical Company, Zwijndrecht, the Netherlands). Sodium free and sodium
containing buffers were used as described by Shotwell et al. (12): the sodium
containing buffer was derived from a standard phosphate-buffered saline
(PBS) solution (137 mM NaCl, 2.7 mM KCl, 10.6 mM Na HPO , 1.5 mM2 4
KH PO ; pH=7.4). In the sodium-free buffer (the PBC buffer) equimolar2 4
amounts of choline chloride replaced NaCl, and choline phosphate replaced
sodium phosphate.  Choline phosphate was obtained by boiling a mixture of
choline bicarbonate (45% solution) and a 85% phosphoric acid solution until
all CO  was eliminated. To both buffers GMC (5.6 mM D-glucose, 0.49 mM2
MgCl  and 0.68 mM CaCl  ) was added. The pH of the resulting PBS-GMC and2 2
PBC-GMC buffers was adjusted to 7.4 with sodium- or potassium-hydroxide.

Not radioactive (�cold�) IMT was produced by upscaling a method similar
to the radiosynthesis but using non-radioactive sodiumiodide. The resulting
product was verified using H-NMR spectroscopy to be identical to pure IMT.1

Cell culture method. 
Experiments were performed with GLC4 cells, a cell line derived from small-
cell lung carcinoma (23). Cells were maintained in 75 cm  culture flasks2

containing 20 ml RPMI-1640 medium supplemented with 10% fetal calf serum
(FCS) (both obtained from Life Technologies, Breda, the Netherlands). RPMI-
1640 medium contains tyrosine in a concentration of 20 mg/l (110µmol/l),
leucine 50 mg/l, tryptophan 5 mg/l, arginine 240 mg/l and all other essential
amino acids in concentrations between 5 and 50 mg/l. Cells were grown in a
humidified atmosphere of  37° C containing 5% CO . Cell doubling time for2
GLC4 cells in log phase was 14 hr. Cells were routinely subcultured every 3-4
days. To obtain log-phase cultures, cells were diluted 1:1 one day or 1:5 two
days before an experiment. Typically, cells had grown to a concentration of 1
x10  cells/ml when used for experiments.6

The cellular volume of GLC4 cells was calculated from cell area
measurements performed on vital cells in a hemocytometer. Area
measurements were performed in three different cultures using Olympus DP-
Soft software on computer images imported from an Olympus DP-10 camera.
In each culture 100 cells were measured. The calculated mean cellular volume
of GLC4 cells was 0.92 ± 0.06 x 10  ml.-9

Cells were harvested by centrifugation (180 g) and resuspended in RPMI-
1640 without FCS or in the required buffer (either PBS-GMC or the sodium
free analogue PBC-GMC). Viable cell number was assessed by the trypan
blue dye exclusion technique. Experiments were performed when cell viability
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was >90%. Cell suspensions were dispensed in 15 ml polystyrene tubes at 2
ml per tube, tubes were placed in a waterbath at 37° C and cells were
incubated for 30 min to allow for depletion of the internal amino acid pools.
Then individual uptake experiments were started by addition of 50 µL of the
solution containing the radiolabeled tracer. Cells were resuspended by gentle
shaking every 10 min during all experiments. 

Determination of intracellular tracer uptake. 
At the conclusion of the uptake period tubes were quickly placed in ice, diluted
with 5 ml ice-cold PBS-GMC or PBC-GMC buffer to stop all active cell
functions and centrifuged at 4° C for 5 min (180 g). After removal of the
residual buffer, cells were washed once with the same ice-cold buffer and
centrifuged again. The resulting cell pellet was lyzed with 2 ml water, vortexed,
and counted in a calibrated gamma-well counter (Compugamma, LKB Wallac,
Finland) for I (IMT) measurements. For ( C) TYR experiments, the cell pellet125 14

was lyzed, mixed with 4 ml water and counted in a calibrated liquid scintillation
counter (Compugamma, LKB, Wallac, Finland) after addition of 4 ml of
Packard Ultima Gold XR liquid scintillation fluid (Packard Chemical Operations,
Groningen, the Netherlands). It was determined that one washing step reduced
the error of inperfect separation of supernatant and pellet to less than 1%.
Further washing would be more time consuming which might results in tracer
diffusion. In all cases a known dilution of the radioactive stock solution was
simultaneously counted. 

All uptake measurements were expressed as percentage of the
radioactive dose per 1 x 10  cells and were corrected for aspecific uptake (see6

below). In addition, an accumulation ratio was defined as the ratio between
intracellular vs extracellular tracer concentration and was calculated using cell
and media volumes. Individual experiments were carried out in duplicate or
triplicate. The resulting uptake figures represent the mean of 3-5 experiments
± standard error of the mean (SEM). To correct for inter-experiment variations,
results are expressed relative to baseline conditions or to maximal uptake
levels.

Effect of amino acid depletion and aspecific uptake. 
To study the effect of amino acid depletion on subsequent tracer uptake in the
PBS-GMC buffer, cells were both pre-incubated in the PBS-GMC buffer (the
�poor� medium) and in RPMI-1640 medium (the �rich� medium). After 30 min,
50 µL of the radiolabeled tracer solution was added and after 5 min (TYR) and
30 min (IMT) cellular uptake was determined. In this way, the observed tracer
uptake is the summed result of adaptation of cells to low amino acid
concentrations and the low concentrations itself.

To determine aspecific cell bound radioactivity, cell suspensions both in
PBS-GMC medium and in RPMI-1640 were placed in ice for 30 min (this stops
all active cellular processes except diffusion) and then incubated with both
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tracers. The thus determined uptake is determined by diffusion and passive
membrane adhesion only which was considered aspecific uptake.

Both in the PBS-GMC buffer and in the sodium free PBC-GMC buffer, cell
viability was checked regularly using the trypan blue dye exclusion method and
typically remained > 80% for 1-2 hr.

Time course of tracer uptake. 
After the standard 30 min amino acid depletion period, incubations times
ranging from 30 sec to 60 min were used in PBS-GMC medium using both
tracers. Cellular uptake was then determined as described above.

Blocking and competition experiments. 
To determine the adequate blocking concentration, various concentration of
blocking agents (for system A: MeAIB, for system L: BCH) or competitor (cold
IMT) were used: tubes were prefilled with 1 ml of the buffer solution containing
the relevant blocking/competition agent in a concentration to produce the
desired final concentration after addition of the cell suspension. For MeAIB,
concentrations from 0 - 100 mM, for BCH 0 - 20 mM and for IMT 0 - 1000 µM
were tested. After dispensing 2 ml of cell suspension to the tubes and the 30
min depletion period, tracer incubations were performed and cellular uptake
determined as described above.

Characterization of transport systems using Shotwell�s method (12).
Cells were incubated in PBS-GMC with and without MeAIB and in sodium

free PBC-GMC with and without BCH. First total uptake in the PBS-GMC buffer
is determined, comprising sodium dependent and sodium-independent uptake.
Then uptake in the sodium free choline buffer (PBC-GMC) is determined,
indicating sodium independent uptake. Subtracting sodium-independent
uptake from total uptake in the PBS-GMC buffer results in the net sodium-
dependent uptake. That part of the net sodium dependent uptake, inhibitable
by MeAIB is designated as system A transport, the remaining sodium
dependent uptake is attributed to system ASC. That part of the sodium-
independent uptake inhibitable by BCH is defined as system L transport, the
remaining uptake as non-saturable uptake or passive diffusion.

pH dependent tracer uptake. 
All experiments were carried out at pH 7.4. To study the effect of lowering pH,
uptake experiments were repeated for both tracers at pH 7.0, pH 6.5 and pH
5.9 by adding HCl. Transport characterizations were performed at pH 5.9. 
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4.4 RESULTS

Effect of amino acid depletion and aspecific uptake.
Incubation in the PBS-GMC medium resulted in a dramatically increased
uptake of IMT and TYR as compared to the RPMI 1640 culture medium
(Figure 1). Aspecific binding in the PBS-GMC buffer, determined at 4° C, was
13.0±5.6% for IMT and 25.3±5.8% for TYR. In RPMI medium, however, these
figures were 56% and 72% for IMT and TYR respectively. Given the higher
uptake in the poor medium, the total amount of aspecific uptake was therefore
not dependent on the medium (Figure 1).

Figure 1. Uptake of IMT and TYR in GLC4 cells in rich (RPMI-1640) and
poor medium (PBS-GMC buffer) . Uptake in poor medium depicted
relative to rich medium. Horizontal line through bars show aspecific
uptake. Error bars show SEM.
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Time-course of tracer uptake
IMT uptake appeared to be very rapid, reaching a plateau within 5 min

and remained stable for at least 1 hr (Figure 2A). Longer incubation periods
were not used to avoid deterioration of cell viability in these buffers.
Apparently, cellular uptake of IMT is very quick but also efflux is rapid,
resulting in a very fast equilibrium. The uptake of TYR followed a completely
different pattern: an almost linearly rising accumulation curve. No plateau was
reached during >1 hr, presumably because TYR enters protein synthesis in
these amino acid deprived cells. Both tracers were avidly concentrated
intracellularly, as evidenced by high accumulation factors. (Figure 2B).

Further characterizations of amino acid transport systems were carried
out using a 5 min tracer incubation period for TYR because at that time uptake
is still rising with a constant slope and therefore still largely represents
transport processes, although protein synthesis probably also contributes.
Although incubation times of 1-2 min better represent transport system activity,
such short times are less reliable with our model of tumor cells in suspension,
because centrifugation based separation of cells from medium lasts relatively
long. Therefore, IMT transport system characterization experiments were
performed at steady state level, 30 min after tracer addition.

 A

Figure 2. Time course of tracer uptake for IMT and TYR (± SEM) in GLC4
cells. (A) Absolute uptake (B) Accumulation factor (intra/extracellular
concentration).
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Figure 3. (A) IMT and TYR
uptake (± SEM) in GLC4 cells
versus MeAIB concentration
(system A block) in PBS-GMC
buffer and 

(B) versus BCH concentration
(system A block) in the sodium
free PBC-GMC buffer.

Blocking experiments
To determine the MeAIB concentration required to block amino acid

transport system A in GLC4 cells, we determined steady state IMT uptake at
various MeAIB concentrations in the sodium containing buffer. IMT uptake was
maximally inhibited by 10-20 mM MeAIB at a level of ~65% baseline uptake.
For definitive blocking experiments 20 mM was used (Figure 3A).

The BCH concentration required to block amino acid transport system L
in GLC4 cells (determined in the absence of sodium (PBC-GMC buffer))
appeared to be higher for TYR than for IMT, indicating different affinity for
system L of both tracers. However, at 20 mM BCH uptake of both tracers was
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similarly and (nearly) completely depressed and this concentration was further
used (Figure 3B). In the sodium containing (PBS-GMC) buffer, 20 mM BCH
resulted in >80% uptake inhibition.

Uptake measurements as a function of substrate concentration (after
addition of increasing amounts of non-radioactive IMT) gave a S-shaped
curve, with uptake severly declining when IMT concentration was > 100 umol/l
(Figure 4), which is higher than the plasma level of tyrosine (around 50 umol/l).

Figure 4. Steady state IMT uptake (± SEM) in GLC4 cells in response to
increasing concentrations of unlabeled IMT. 

Characterization of transport systems
Mean steady state IMT uptake in the sodium containing medium was 1.25

± 0.38 %dose / 10  cells versus 0.67 ± 0.10% in medium devoid of sodium.6

MeAIB inhibition resulted in IMT uptake of 0.92 ± 0.28% and BCH inhibition (in
sodium-free medium) in 0.10 ± 0.09%dose/10  cells. Similarly, TYR uptake at6

5 min was 1.01 ± 0.35 (sodium), 1.03 ± 0.36(sodium free), 0.62 ± 0.14 (MeAIB
inhibition), 0.12 ± 0.03 (BCH inhibition) %dose/10  cells, respectively. 6

Analyzing these data according to Shotwell�s characterization method
(described above), both cellular uptake of IMT and TYR appeared for >90%
to result from amino acid transport activity of which roughly 50% can be
attributed to system L. The contributions of individual transport systems are
depicted in Figure 5. Passive diffusion (non-saturable uptake) was around 10%
for both tracers. Differences between the two tracers exist in their affinity for
system A and ASC transport, the first system being more involved in IMT
uptake and the latter more in TYR uptake (Figure 5).
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Figure 5. Individual contributions of the most important amino acid
transport systems (A, ASC and L) in the uptake of IMT and TYR in GLC4
cells, based on steady state experiments.

pH dependent uptake
Lowering pH from 7.4 to 5.9 resulted in a nearly two-fold increase in IMT

uptake, but interestingly in a significant decrease in TYR uptake (Figure 6A).
Subsequent characterization of the involved transport systems for IMT (Figures
6B) indicate that system L uptake activity is relatively unaffected, whereas
system ASC  now transports more IMT into the cell. For TYR the relative
contribution of all systems is largely unchanged in acid conditions (Figure 6C).

4.5 DISCUSSION

This study indicates that almost the entire uptake of the artificial amino
acid IMT into GLC4 tumor cells can be attributed to amino acid transport
system activity. Only a minor part (<10%) is the result of passive diffusion.
Based on steady state uptake experiments, it appears that the L amino acid
transport system dominates the uptake of IMT and TYR, although systems A
and ASC also contribute. Amino acid transport activity is an important factor
in protein metabolism, and is generally enhanced in all malignant tumors
(2,24). Although obtained in vitro, these observations support the
argument that in vivo IMT tumor uptake is also related to amino acid transport.
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Figure 6. (A) Uptake of
IMT and TYR in acid
medium, depicted relative
to uptake in physiological
pH (7.4) conditions. 

Contribution of individual
amino acid transport
systems in medium with
physiological (pH 7.4) and
acid conditions (pH=5.9)
regarding the uptake of 

(B) IMT and 

(C) TYR.
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The strong increase in both TYR and IMT uptake after pre-incubation in
a  medium devoid of amino acids illustrates the dramatic effect of cellular
starvation. This effect is well known and, although artificial, the preincubation
method is generally used to study amino acid uptake (25-27). Especially
system A is very sensitive to this starvation induced enhancement (26). Other
studies have demonstrated that this increase is presumably caused by
upregulation of membrane carriers, since the increase could completely be
blocked after inhibition of protein synthesis (using cycloheximide)(26). While
total uptake clearly increased in poor medium, aspecific uptake (radioactivity
�sticking� to cell surfaces) was largely unchanged (Figure 1). This means that
aspecific uptake is indeed only dependent on the number of cells and not on
metabolic activity.

While the effect of amino acid depletion was identical for IMT and TYR,
the time course of tracer uptake showed distinct differences. IMT was very
rapidly taken up in the cells, reaching a maximum within the first minutes after
which cellular concentrations did not change up to 1 hr. In contrast, TYR
uptake continued to rise during the 1 hr experiments. Most likely this difference
is caused by entry into protein synthesis of the native amino acid TYR,
whereas the artificial amino acid IMT does not. In both animal and clinical
studies, IMT is indeed shown to slowly washout (30% in 1 hr) of tumor tissue
without being metabolized or taken up into proteins (16,20). The fast onset of
the equilibrium phase, as found in this study and also observed with the similar
artificial amino acid O-2-[ F]fluoroethyl-L-tyrosine, suggests that cellular18

washout is also a very fast process (28). This suggests that IMT is substrate
for bidirectional transmembrane transport, which is a well-known property of
system L transport (13). 

The observed fast kinetics of IMT and TYR also represent a limitation of
this study. Ideally, uptake should be determined within 1-2 min after tracer
addition when uptake is still fully dominated by transport activity. However,
these very short incubation times are unpractical in our experimental setup
using cells in suspension, since handling of tubes, cooling to 4° C and
centrifugation relatively lasts long in comparison with the uptake period and
are therefore less reliable. For this reason IMT uptake was studied after
equilibration of influx and efflux. Therefore, our results may not be fully
representative of transport system activity only. However, BCH and MeAIB are
known to have a selective effect on influx in virtually every cell type studied.
Finding a lower steady state level after addition of these influx inhibitors is than
most likely caused by a change in influx, although effects on tracer efflux or
intracellular handling cannot be fully excluded.

With these limitations in mind, characterization of the involved transport
systems showed similarities and differences for both tracers. Both IMT and
TYR were similarly transported by system  L and both to the same extent
(roughly 50%), but differences were found in the affinity for systems A and
ASC. Compared with IMT, TYR had very low affinity for system A transport, but
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much higher affinity for system ASC. The most likely explanation is that the
methyl group and the iodine label of IMT (the two differences with TYR) cause
differences in electric charge distribution in the molecules which changes
affinity for the amino acid carriers. Our data are in general agreement with
Riemann et al., although the precise amount of system L contribution varies
(14,29). Those studies were performed in rat C6 glioma cells. Also recent
studies on O-2-[ F]fluoroethyl-L-tyrosine have found similar uptake inhibition18

by BCH and concluded that uptake of this tracer therefore is mainly mediated
through system L (28). Based on our experiments it is very likely that system
A and ASC also significantly contribute to the transport of IMT and TYR, in
agreement with studies in melanoma cells (30). Others studying uptake of all
essential amino acids have found comparable results as in the present study
(31). 

Another striking difference in the behavior of both tracers was found in the
reaction to acid medium: While IMT uptake almost doubled in acid medium,
TYR uptake halved. Characterization of the involved carriers in acid medium
showed only slight differences: IMT transport through system ASC was
relatively increased, whereas TYR transport throught this carrier was
somewhat decreased. Transport through system A showed the inverse pattern.
The increased uptake of IMT may be caused by acid induced changes in
electric charge distribution that increase affinity for the amino acid carrier
systems. This is in agreement with Shotwell et al. who also found a striking
increase in system L mediated uptake in acid medium (12). Why TYR uptake
did not react in the same way is not clear. The stress reaction of cells in acid
medium possibly includes deminished protein synthesis, which might decrease
the demand for amino acids. Although the precise mechanism is unclear, the
increased uptake of IMT in acid circumstances might contribute to increased
uptake in tumors in vivo also, since the pH especially in (hypoxic parts of)
tumors can be acidic (32). On the other hand these findings show pH as
another factor that influences tracer uptake in vivo, in addition to the
dependency of the amino acid supply.

In addition to the uptake inhibition by specific transport blockers, another
argument that IMT uptake is carrier mediated can be found in the S shape of
the curve relating uptake to substrate concentration (Figure 4). Apparently,
transport can be significantly saturated at substrate concentrations over 100
µmol/L, which is more than 100,000 times the used tracer concentration. We
used non-radioactive IMT for these competition experiments to have the purest
competition possible. It would appear logical that a same curve would have
been obtained when increased concentrations of tyrosine or phenylalanine
were used. Therefore, major competition in vivo is not expected, since plasma
tyrosine levels are in the order of 50 umol/l. This carrier saturation effect is
probably another reason for the low uptake in RPMI medium as compared to
poor medium (PBS-GMC) (Figure 1). 
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Although this study provides further insight into the uptake mechanism of
IMT in general, the kinetics of amino acids are very complex. Transport
systems A, ASC, and L seem to be ubiquitous but specificities and affinities for
individual carrier systems can differ among different cell types (11,13,26).
Another complicating factor is that amino acid uptake, especially through the
low-gradient system L is bidirectional and very much dependent on
concentrations and types of amino acids present inside the cell (this process
is called trans-stimulation)(11,13). Christensen, one of the experts and
pioneers in this field, and others have even suggested that the main
physiological function of system L might be outward transport, especially in
tumor cells (13). Therefore, the contribution of various transport systems
involved for a single amino acid, may also depend on these intracellular
concentrations of the amino acid itself and others. Additionally, the effects of
upregulation in response to starvation may be different for individual transport
systems (26). For example, the substantial contribution of system ASC to TYR
transport may be only detectable in cells previously depleted of amino acid
(33). This makes in vitro experiments dependent on the culture media. In
clinical studies one tries to compensate for this effect by studying patients in
a fasting condition (34). In addition, the growth phase of cells may severly
influence amino acid transport. Finally, one should realize that all
chacterization systems and models are only a simplification of the complex
truth. All these factors together limit comparison of individual studies.
Translation of these findings to the in vivo situation even further increases
complexity, because of additional factors as inhomogeneous tumor perfusion
and tracer clearance. 

4.6 CONCLUSION

Despite many complexities, it seems clear that IMT uptake in GLC4 lung
cancer tumor cells is almost completely the result of amino acid transport
activity. IMT largely follows the same uptake routes as the natural amino acid
TYR, from which it is derived.  Passive diffusion does not seem to be very
important. Both uptake of IMT and TYR is dominated by transport system L,
with minor contributions of systems ASC and A. Cellular IMT uptake therefore
is related to amino acid transport and protein metabolism, also in tumors not
derived from brain tissue. These processes are generally increased in
malignant tumors. This finding provides the backbone for the interpretation of
clinical studies.
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Chapter 5

Feasibility of tumor imaging using 
L-3-[ I]Iodo-alpha-methyl-tyrosine 123

in extra-cranial tumors.
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5.1 SUMMARY

L-3-[ I]-iodo-alpha-methyl-tyrosine (IMT) is a modified amino acid. It is123

reported to be avidly taken up in brain tumors reflecting amino acid transport
and is suitable for SPECT.  

Methods: To determine whether tumors outside the brain can accumulate
this tracer, we injected 300-450 MBq IMT in 20 patients with different tumors
(5 breast cancer, 4 lung tumors of which 1 benign, 2 carcinoid liver
metastases, 4 soft tissue tumors of which 1 benign, 3 malignant lymphoma
and 2 primary brain tumors). Tumor size ranged from 1 - 12 cm. Imaging was
repeated after radiotherapy in 2 patients with breast cancer. Histology was
available in all cases. Dynamic scans, whole body imaging and SPECT were
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performed in the first hour and repeated 3 hr after injection. Plasma samples
were analyzed for IMT, free Iodide and other metabolites.123

Results: All primary tumors were visualized. Tumor to background (T/B)
ratios ranged from 1.1 - 3.8 on planar and from 1.3 - 6.2 on SPECT images.
Tumor uptake peaked in the first hour. Two carcinoid lesions in the liver tumors
exhibited no IMT uptake above liver background. T/B ratios in a benign bone
inflammatory process and a focal pulmonary vasculitis were less than 1.2
(planar) and 1.9 (SPECT) and could be differentiated from uptake in all
malignant non brain tumors. IMT was rapidly cleared from the plasma
(3.6%±0.6(s.d.) %I.D (injected dose)/L at 10 min p.i.). Minor in-vivo
deiodination was present (<1% of I.D. 1 hr p.i.). No other metabolites were
found. Normal distribution consists of some uptake in brain, liver, spleen,
muscles, pancreatic region, intestinal structures and massive uptake and
excretion in kidneys and bladder.  Conclusion: IMT has potential as a
metabolic tracer also in tumors outside the brain. 

5.2 INTRODUCTION

Considerable interest has been shown in metabolic imaging of tumors using
positron emission tomography (PET) with F-fluoro-deoxyglucose (FDG) or18

radiolabeled amino acids such as L-[ C-methyl]-methionine or L-[1- C]-11 11

tyrosine (1-3). Uptake of these tracers in tumors is based on the increased
metabolic demand of tumor tissue compared to normal tissue and is
hypothesized to represent tumor vitality (4-6). Potential use in oncology
includes characterization of anatomic lesions, tumor staging and evaluation of
therapy. FDG is avidly taken up by almost all kinds of tumors, representing
increased glucose consumption, but it also accumulates in inflammatory
tissues (7,8). Several studies have suggested that imaging with radiolabeled
amino acids visualizes protein synthesis and amino acid transport phenomena
(9-11). These processes are generally accelerated in tumors (12). Since amino
acids play a minor role in the metabolism of inflammatory cells, these tracers
might be more tumor specific than FDG (13,14).

Because of the limited availability and the cost of PET there is a demand
for similar compounds for use in a conventional nuclear medicine department.
SPECT using FDG is an option but, aside from the limited specificity, clinical
oncological application is hampered by detection difficulties such as a limited
resolution, low sensitivity for small lesions and septal penetration in ultra high
energy collimators (15). 

The I-labeled amino acid L-3-[ I]-iodo-alpha-methyl-tyrosine has been123 123

introduced for imaging of brain tumors. It was demonstrated that uptake in
brain tumors represents amino acid transport and thus a step in tumor
metabolism (16-20). IMT is not incorporated into protein. Increased
transmembrane transport is thought to be the main determinant of the uptake
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process (16). Sensitivity and specificity both between 80% and 100% are
reported (18,19,21). Interestingly, the uptake increases with higher grading of
gliomas and differentiation between high and low grade gliomas appears to be
feasible (21). IMT uptake changes may predict the response to chemo- and
radiotherapy and detect recurrent brain tumors (22-24).

Thus far, no data exist on the use of IMT in human tumors outside the
brain. It was applied as a melanoma seeking agent and used for scintigraphy
of the adrenals and pancreas, both mainly in animal studies some 20 years
ago (25,26). In experimental rat tumors IMT uptake was found to be associated
with amino acid transport, tumor perfusion and diffusion (27). Because of the
good uptake of C-tyrosine demonstrated with PET in various tumors outside11

the brain (28-30) and the initial common step (amino acid transport from
plasma into the cell) in the proposed uptake mechanism, we undertook a study
to determine whether IMT is taken up in human tumors outside the brain, and
if so, to what extent and at what time. In addition, normal uptake patterns were
qualitatively studied.

 
5.3 METHODS

Patients
Twenty patients (10 male, 10 female, mean age 61 yr, range 23 - 81 yr),
randomly recruited from various clinical oncological departments, with known
or suspected malignancies were studied. In all patients histopathological
material was obtained by biopsy or operation after the IMT study. The selection
criterion was the availability of a histological diagnosis and location outside the
vicinity of the kidneys and the urinary tract (because IMT is excreted by the
kidneys).  All patients were studied 1-3 weeks before therapy was started.
Eighteen of the 20 patients had a malignant tumor, in two cases benign
inflammatory processes were confirmed by histology. Two patients with breast
cancer were studied twice: before and 6 weeks after the termination of external
radiotherapy. Table 1 summarizes patient characteristics.

Written informed consent was obtained from all patients. The study was
approved by the Medical Ethics Committee of the Groningen University
Hospital.

Synthesis and quality control
Synthesis of IMT was carried out as described by Krummeich et al. (31).
Briefly, Iodo-gen  iodination with high quality Na I (specific activity > 5000TM 123

Ci/mmol, obtained from Amersham Cygne, Eindhoven, the Netherlands) of the
precursor L-alpha-methyl-tyrosine was performed in a borate buffer. IMT was
purified by elution with saline containing 5% ethanol over a C-18 SepPak®
cartridge (Waters, Milford, Mass. USA) preconditioned with methanol followed
by saline containing 5% ethanol. After filtration through a sterile 0.22 µm Millex
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GV filter (Millipore®, Sa, Molsheim, France) a colorless ready-to-inject solution
was obtained. Samples were demonstrated to be sterile and pyrogen-free.
Quality control was performed by HPLC on a RP-18 column (Multosorb 100
4.6) using H O/Ethanol/Acetic-acid 87.5/10/2.5 v/v/v, containing 2.5 g/l2
ammoniumacetate as eluent. Radiochemical purity was over 99% in all cases.
The overall synthesis time, including purification and quality control was less
than 1 hr. Radiochemical yield was 50 - 65%. 

Imaging
After an overnight fast, imaging was started immediately after the intravenous
injection of 300-450 MBq IMT. Fifteen min prior to injection 10 drops of Lugol's
solution were given orally to prevent possible thyroid uptake of free Iodine.123

A large-field-of-view double headed gamma camera (MULTISPECT 2,
Siemens Inc, Hoffman Estates, Illinois, USA) was used with a medium energy
all purpose collimator and a 15% window centered on the 159 keV photopeak
of Iodine. System resolution was 12 mm FWHM at 10 cm distance.  123

A 30 min dynamic scan (60 frames of 30 seconds each) of the tumor area
was acquired in a 128 x 128 matrix, followed by whole body scanning or
SPECT of the tumor area. After SPECT additional spot views were recorded
to obtain whole body information in all cases. SPECT included 64 views (2 x
32; 5.6°/step) of 40 seconds duration each in a 128 x 128 matrix format with
a zoom factor of 1.45. This corresponds to a pixel dimension of 3.3 mm.
Whole body scans were carried out with a scan speed of 15 cm/min. The initial
scan procedures took 60-80 min. After these initial scans patients were
allowed to eat. SPECT with additional spot views or total body scanning was
repeated 3 hr p.i. and in the first 3 patients also at 24 hr p.i.  

Transaxial tomograms were reconstructed without prefiltering using
filtered back-projection with a Butterworth filter of 6th order and a cutoff
frequency of 0.275 Nyquist. No attenuation correction was performed except
for brain SPECT studies where first order correction using Chang's method
was applied with an attenuation coefficient of 0.11 cm . An estimation of tumor-1

washout during SPECT acquisition was obtained by analyzing tumor ROI's on
the first and last SPECT image.

The reported radiation burden of IMT is 0.007 mSv/MBq, yielding an
effective dose equivalent of 2.5 - 3.5 mSv (32).

Analysis of metabolism
At 0, 10, 20, 30 min, 1, 3 and 24 hr p.i. heparinized blood samples were
collected in the first 10 patients. After centrifugation (3,000 G, 10 min) plasma
samples were analyzed for total and tri-chloro-acetic-acid (TCA) precipitable
radioactivity using a gamma counter (Compugamma, LKB Wallac, Finland)
together with a defined 1% aliquot of the injected material as reference. The
measured radioactivity was expressed as percent of the injected dose per liter
plasma [%ID/l]. In addition, relative fractions of parent compound IMT, Iodide123 
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and possible other metabolites were determined by elution of plasma samples
over a C18 Sep-Pak cartridge, preconditioned with methanol followed by 
 saline containing 5% ethanol. In two patients 3 and 24 hr urine portions were
collected and analyzed for total radioactivity and metabolites in the same way
as the plasma samples.

Table 1.  Patient characteristics and IMT scintigraphic findings

Nr Age Tumor histology Size ---Visual score*-- ----T/B ratio*-- Remarks
Sex (cm) planar SPECT planar SPECT� �

1 70F Carcinoid liver metastasis 1 � � -Small lesion, no SPECT
2 73M Carcinoid liver metastasis 5 � � -No SPECT
3 76M Lung cancer (non-small-cell) 4 + ++ 1.4 2.5 -No other lesions

present
4 72F Lung cancer (non-small-cell) 4 + ++ 2.0 3.8 -Mediastinal involvement

(CT) detected
5 52M Lung cancer (small-cell) 3 ++ +++ 1.8 3.0 -All lymph node

metastases detected
6 62M Lung vasculitis lesion (benign) 2 � + 1.1 1.7 -Benign very active

inflammatory process
7 76F Breast cancer (ductal) 4 ++ +++ 2.6 6.2 -Axillary lesion 3 cm

detected, T/B ratio 6.2
7A  --after radiotherapy 0 + + 1.2 2.3 -No tumor palpable
8 54F Breast cancer (ductal) 4 ++ 3.6 -2 small bone

metastases not detected
8A --after radiotherapy 1 + + 1.6 2.1 -
9 57F Breast cancer (ductal) 3 + ++ 1.6 4.0 -Axillary micrometastasis

not detected
10 81F Breast cancer (ductal) 3 + ++ 1.3 2.1 -1 possible bone

metastasis not detected
11 45F Breast cancer (ductal) 3 + +++ 2.3 4.8 -No other lesions
12 82M Malignous fibrous histiocytoma 8 +++ 3.0 -No other lesions

present
13 57F Bone tumor femur (benign) 12 � + 1.1 1.9 -MRI: osteoblastoma.

biopsy: inflammation
14 29M Chondrosarcoma elbow 2 + 1.7 -Axillary micrometastasis

not detected
15 66M High grade sarcoma (knee) 8 ++ +++ 3.8 4.8 -No other lesions
16 23M Mixed oligo-astrocytoma 5 � + � 1.3 -Low grade process
17 76F Glioblastoma multiforme 3 � + � 1.2 -
18 69M Non Hodgkin's lymphoma arm 5 ++ 1.5 -T-cell lymphoma skin
19 48M Hodgkin's lymphoma chest 4 ++ +++ 1.5 2.4 -No other lesions
20 55F Hodgkin's lymphoma chest 5 ++ +++ 1.8 2.8 -No other lesions

____________
T/B ratio = tumor to background ratio,  planar 20 min p.i., SPECT 60 min p.i.. 
F=female. M=male. 
* � = not visible, + = just visible, ++ = visible, +++ = clearly visible
�  empty table entry: no SPECT performed
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Data analysis
Without knowledge of the clinical and histopathological data all images were
visually analyzed for tumor uptake and abnormal extra-tumoral uptake. Normal
uptake patterns were visually assessed from whole body scans and from spot
views. Regions of interest (ROIs) were placed manually over areas of
abnormal uptake on 10 min summed initial dynamic images, on the SPECT
slices with maximal lesion visibility and/or on spot views. ROIs were drawn at
80% of the maximal pixel value around the lesion under study  (33). A
representative, usually contralateral background region was defined and ROI-
size normalized tumor-to-background ratios were calculated. To relate tumor
uptake to normal organ uptake, tumor-to-bloodpool ratios and tumor-to-liver
ratios were calculated using a ROI method.  All IMT scintigraphic findings were
finally compared to standard conventional images (CT, MRI, mammography,
ultrasound) and histology.

5.4 RESULTS

Metabolism
IMT was rapidly cleared from the plasma: 10 min after injection only 3.6% (±
0.6% s.d.) of total radioactivity was present per liter plasma. Therefore
approximately 90% of the tracer has left the plasma compartment within the
first 10 min (figure 1). The shape of the plasma disappearance curve was bi-
phasic. Minor deiodination took place starting from 7.5% (of plasma
radioactivity, 10 min after injection) and rising to 24.5% free Iodide 3 hr after123

injection (table 2). This amounts to mean plasma iodide levels at 10 min, 1 hr
and 3 hr of 0.8% ID (range 0.4 - 1%), 0.7% ID (range 0.4 - 0.9%) and 0.6% ID
(range 0.4 - 0.7%) of the injected dose respectively .

Renal excretion amounted to 40-50% within the first three hr and to 65-
85% of the injected dose in 24 hr. In the urine excreted in the first 3 hr 95% or
total radioactivity consisted of intact IMT and the remaining 5% of free iodide.
In the 24 hr-urine 10-15% free iodide was found, the remainder was intact IMT.
Since intact IMT and free iodide together accounted for ~100% of the
radioactivity both in plasma and in urine, it was concluded that no other labeled
metabolites are formed.

A slowly decreasing fraction of plasma activity was TCA precipitable, but
IMT added to plasma in vitro also gave a TCA precipitable fraction of 24%
(table 2). These data indicate co-precipitation of IMT with plasma proteins. 

No immediate nor delayed side effects were observed after the
administration of the radiopharmaceutical.
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Figure 1. Plasma clearance of L-3-[ I]-Iodo-alpha-methyl-tyrosine. Total123

radioactivity (%ID/l plasma) with standarddeviation (sd) vs time (hr).

Table 2.  Analysis of plasma radioactivity after administration of IMT (±SD).

Time p.i %Intact IMT %Iodide-123 %Rest* %TCA
precipitable�

10 min 89.8 ± 3.3 7.5 ± 2.8 2.3 ± 1.1 23.4 ± 4.5
20 min 86.3 ± 4.6 10.8 ± 4.7 2.2 ± 1.2 23.5 ± 4.6
30 min 83.5 ± 7.5 12.8 ± 4.9 3.2 ± 3.3 22.0 ± 4.4
1 hr 78.9 ± 8.0 18.0 ± 6.5 2.6 ± 2.2 20.5 ± 3.8
3 hr 73.0 ± 8.5 24.5 ± 7.9 2.1 ± 2.1 19.6 ± 5.0
24 hr 32.5 ± 3.1 61.6 ± 8.0 3.6 ± 1.4 15.8 ± 4.4
----------
* Activity remaining on the C18 SepPak column
� Control experiment: (after in vitro addition of IMT to plasma) 23.7±5.8% TCA precipitable
   TCA=tri-chloro-acetic acid
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Figure 2. Whole body scans in normal person acquired 0.5, 3 and 24 hr
after injection of 350 MBq L-3-[ I]-Iodo-alpha-methyl-tyrosine.123

Normal scintigraphic appearance
The images indicate a high concentration in the kidneys and urinary tract. In
the brain diffuse uptake was noted in the first hour, which had disappeared
after 3 hr. Some uptake in the naso/oropharyngeal area, salivary glands,
thyroid and stomach was seen on the early scans, slightly increasing after 3
hr. No uptake was observed in the thoracic region, except for minor bloodpool
and myocardial activity (n=2) during the first 3 hr. Modestly intense uptake was
present in the liver without the typical pattern of hepatobiliary clearance (no
gallbladder or bile duct visualization). Some splenic uptake was observed.
Accumulation in the pancreatic region and intestinal structures was noted in
the first hour after injection but was quite variable between patients and
between the first and third hour in individual patients. Possible pancreatic
uptake was present in 7 of the 20 patients (35%) during the first hour only, but
was hard to separate from neighboring structures. In general, the 3-hr images
showed slowly increasing bowel activity. In obese patients it was clearly noted
that uptake in muscles was higher than in subcutaneous fat. The scintigrams
obtained 24 hr after administration showed uptake in the thyroid,
naso/oropharynx and salivary glands and rather high uptake in stomach and
small-intestinal structures. Most radioactivity (including tumor uptake) had
disappeared by this time and therefore these 24-hr scintigrams were omitted
after the first 3 patients. In figure 2 an example is shown.



PILOT STUDY OF  I-METHYL-TYROSINE 123

95

A B

C D

Figure 3 (A) Posterior  planar  image 20 min p.i. and (B) coronal, (C)
transverse and  (D) sagittal  SPECT slices 60 min p.i. of the knees in
patient 15 with a high grade sarcoma dorsolateral to the right distal femur
showing intense tumor uptake after administration of 400 MBq L-3-[ I]-123

Iodo-alpha-methyl-tyrosine.

Tumor uptake
 All malignant primary tumors were visualized. Examples are presented in
figures 3 and 4. Only the two metastatic carcinoid tumors in the liver were not
visualized, one of which was very small. Tumor to background ratios (table 1)
peaked within the first hour after administration and had decreased
significantly in nearly all cases 3 hr p.i. (Figure 5). During the ~30 min SPECT
acquisition tumor washout was estimated between 10 and 20% of the initial
uptake, in the same range as neighboring normal tissues. After 24 hr most
radioactivity had disappeared and no tumor uptake was observed anymore.
When SPECT was performed (n=16) this greatly improved the tumor to
background ratio and lesion detectability. 

In patient 5 with small cell lung cancer, pathological IMT uptake was
observed in mediastinal and supraclavicular metastases (Figure 4). In 2 cases
of breast cancer, axillary metastases were present: in patient 7 intense IMT
uptake was noted in an axillary lymph node metastasis while a microscopic
metastasis was missed on the IMT SPECT scan of patient 9. Another



CHAPTER 5

96

BA

microscopic axillary lymph node metastasis could not be distinguished on
planar IMT images of patient 14. In two cases of bone metastases, as shown
on a bone scintigram, no IMT uptake could be assessed on planar images
(patients 8,10).

Patient 1 was imaged two weeks after ileocecal resection of a large
carcinoid tumor. During operation a 1 cm liver metastasis was suspected after
liver palpation, but biopsy showed only normal liver tissue. No abnormal IMT
uptake was noted in the liver postoperatively. Patient 2 had a 5 cm carcinoid
liver metastasis that showed no IMT uptake above the liver background. No
SPECT was performed in this patient. 

Compared to the non brain tumors, the IMT uptake in the 2 brain tumors
(one low grade mixed oligo-astrocytoma and one high grade glioma) was fairly
low, with tumor uptake only slightly above the brain background.

In two patients with breast cancer imaging was repeated 6 weeks after
the termination of radiotherapy. In both cases a marked decrease in uptake
was present, in accordance with the clinical assessment (in patient 4 complete
disappearance and in patient 8 partial disappearance of palpable lesions)
(Figure 6). 

Figure 4. (A) Anterior planar image and (B) coronal SPECT slice of the
chest in patient 5 showing intense uptake in the primary tumor near the
right pulmonary hilus, lower and upper mediastinal lymph nodes and
bilateral supraclavicular metastases. Image obtained 20 min (planar) and
60 min (SPECT) after administration of 450 MBq L-3-[ I]-Iodo-alpha-123

methyl-tyrosine.
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Uptake in benign processes
In patient 13 very faint uptake, just above background and only detectable

by SPECT, was observed in a large bony process dorsolateral to the right
upper femur. MRI suggested this to be a osteoblastoma, on incisional biopsy,
however, a non-specific cortical thickening was found with some inflammatory
cells. In patient 6 a 2 cm coin lesion in the right lung showed very faint IMT
uptake (exclusively on SPECT) and proved to be a very active focal vasculitis
after pathological examination. 

In patient 1 minor IMT uptake was observed in the operation field in the
lower right abdomen 2 weeks after ileocecal resection of the large carcinoid
gut tumor. In patient 10 multiple pulmonary granulomata exhibited no IMT
uptake. Also another benign lesion, a fibrous nodular hyperplastic lesion in the
liver of patient 11, showed no IMT uptake.

Figure 5. Tumor uptake,
represented by the
tumor/background ratio
(T/B ratio) in time, for all
patients. (A) Data
obtained from dynamic
planar images and spot
views. (B) Data obtained
from early anddelayed
SPECT images (n=16).
(C) Average values (sd)
for T/B ratios, tumor-to-
bloodpool and tumor-to-
liver ratios vs time.
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5.5 DISCUSSION

While considerable experience exists in the imaging of brain tumors with the
artificial amino acid IMT, no data are available regarding the use in other
tumors. This study shows the feasibility of IMT and SPECT for the detection
and therapy evaluation of extra cranial tumors: we found good tumor uptake
in breast tumors, lung tumors, malignant lymphomas and soft tissue sarcomas.
Tumor to background ratios in these non-brain tumors were even the same or
higher than those reported in primary brain tumors (17,18,21,34). Tumor
uptake appeared to peak rapidly after administration, within the first 15-30 min,
as was also observed in brain tumors (18.). All tumors remained visible during
the first hour, but after 3 hr T/B ratios had considerably decreased in nearly all
cases. 

The uptake mechanism of IMT in brain tumors was studied by Langen et
al. They showed that IMT is not incorporated in protein, is not further
metabolized and after rapid uptake, slowly washes out of the brain. In addition,
they demonstrated that brain and primary brain tumor uptake can be
diminished by infusion of amino acids and therefore concluded that the uptake
is mediated by amino acid transport, presumably by the large neutral amino
acid carrier system in the blood-brain barrier (16,17). This competitive effect
of amino acid loading on IMT uptake was much lower in 1 metastasis and 2
meningeomas. This finding suggests a different way of uptake in non brain
tumors. However, the presence of the blood-brain barrier and the potential
differences in the Michaelis-Menten constant for amino acid transport in brain
tissue versus non-brain tissue, make the translation of observations in brain
tumor to tumors elsewhere in the body very difficult (35) 

The uptake mechanism of IMT in these tumors outside the brain is not
known. However, some clues can be derived from our data and from the
literature. The first clue is that IMT tumor-to-background ratios peaks around
30 minutes, while at that time total plasma-activity has already decreased to
~6% of the injected dose (Figure 1). Minor bloodpool activity can be caused by
uptake into erythrocytes, a known phenomenon of amino acids. The second
clue: tumor to bloodpool ratios rise during the first hour and then remain stable
(Figure 5C). Although non-specific uptake by passive diffusion related to tumor
bloodflow could surely be present, these rising ratios may suggest (partial)
specific uptake. The third clue: during the 30-40 minutes SPECT acquisition
normal tissue washout was not different from tumor washout (both 10-20% of
the initial value). The fourth clue is that the tumor to background ratios of many
patients may be too high for just non-specific uptake. Although we did not
separately assess tumor bloodflow, a limitation of this study, it is unlikely that
tumor perfusion is e.g. 4 - 6 times higher than perfusion in neighboring normal
tissues. 

Together these clues may lead to the hypothesis that cellular tumor
uptake is rapid and higher in malignant tissue than in normal tissue, while 
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Figure 6. SPECT images (volume rendered projections) of patient 7
showing intense uptake in a 3 cm left-sided breast carcinoma and in a 3
cm axillary metastasis. Minor uptake in the cardiac bloodpool is observed.
(A) Before radiotherapy. (B) 6 weeks after the termination of radiotherapy
a marked reduction in tumor uptake is noted. Images obtained 1 hr after
administration of 340 MBq L-3-[ I]-Iodo-alpha-methyl-tyrosine.123

cellular washout of this artificial amino acid is the same for tumors and normal
tissues. However, Deehan et al. suggested IMT, but also C-labeled amino11

acids uptake in artificial rat tumors to be related to bloodflow and diffusion and
to a lesser extent amino acid transport phenomena. On the other hand they
observed good tracer penetration in poorly vascularized areas (27). In contrast
with their findings, other studies have demonstrated that (at least for C-11

labeled amino acids) specific tumor uptake is present (10). In addition, all
amino acids can enter cells by passive diffusion (36) Therefore, the exact
uptake mechanism for IMT and the possible fraction of non-specific uptake
remain unclear. Although some influence of tumor perfusion is evident (and
even necessary) for any tumor tracer, like Tl, Tc-Sestamibi or F-FDG,201 99m 18

this may not be clinically relevant as long as specific tumor uptake is also
present. It is evident that more research is warranted in this area.

In addition to the tumor uptake analysis, normal whole body patterns of
IMT uptake were qualitatively established. IMT is rapidly cleared from the
plasma (fig 1), but minor bloodpool activity but also myocardial uptake is noted
on the images of a minority of our patients (also on the images provided by
Schmidt et al). This may be caused by amino acid transporter activity of
erythrocytes and myocardial cells (36). Uptake in the brain is present during



CHAPTER 5

100

the first hour but has almost completely disappeared at 3 hr. Although IMT is
a stable tracer (deiodination in plasma of 0.6% of the injected dose, range 0.4 -
0.7%, 60 min p.i.), uptake in the thyroid, salivary glands, stomach and intestine
was seen at 1 hr and 3 hr and more at 24 hr. Langen et al. found lower rates
of deiodination in 3 patients (18). Uptake in liver and spleen was present at 1
and 3 hr p.i. Although biodistribution studies in mice have shown high uptake
in the pancreas (26) we only observed possible pancreatic uptake in 35% of
our patients, which was low and hard to distinguish from neighboring tissue
uptake. In all patients uptake in intestinal structures was present on the early
images. The pattern of this was variable between patients and changing over
time in individual patients. Intestinal uptake cannot be attributed to
hepatobiliary clearance, since gallbladder or bile duct visualization was absent
in all dynamic studies were the liver was in the field of view. These intestinal
uptake patterns are also noted on PET amino acid studies and may be caused
by amino acid uptake in metabolically active intestinal tissue. All patients were
imaged after an overnight fast, but possibly intestinal and pancreatic uptake
depends on dietary conditions of the preceding day. Our findings regarding the
normal uptake and metabolic behavior of IMT are in close agreement with a
recent publication by Schmidt et al., who quantitatively described whole body
kinetics in six brain tumor patients (32).

The combination of intense renal and bladder activity, liver uptake and
variable uptake in intestinal structures, stomach and pancreas makes
abdominal pathology hard to investigate. Especially on SPECT filtered
backprojection reconstructions bladder/kidney artefacts are to be expected and
therefore, in this study, we excluded patients with tumors in these areas. More
experience is required,  but organ uptake may seriously limit clinical
application in the abdominal area.

While good uptake in various primary tumors and their metastases was
present, microscopic disease in axilla and bone was below the detection limit
as this is the case for virtually every non-invasive and even invasive
procedure.. The iso-intense uptake in the patient with a 5 cm carcinoid liver
metastasis may be attributed to a very low metabolic rate in this tumor, that
had been present for many years, but probably also the omission of SPECT
in this case. Although minor uptake in some inflammatory processes was
observed, this could be distinguished from the more intense uptake in all other
malignant tumors outside the brain (SPECT T/B ratio > 1.9 and planar T/B ratio
> 1.2 in all cases), but not from the two brain tumors. Kuwert also found minor
uptake in some non tumorous brain processes limiting the differentiation
between benign and low grade malignant brain processes (21).

Some studies have suggested IMT SPECT to be of value in determining
the response to radiotherapy of brain tumors, information that is hard to obtain
by means of CT or MRI investigations (6,24). The correspondence between
the IMT uptake and the clinical response after radiotherapy in the two patients
with breast cancer in our study may lead to the speculation that IMT SPECT
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can provide useful clinical information on treatment evaluation in tumors
outside the brain as well. Further work is warranted in this field.

Although our patient group is rather small and only contains a few tumor
types, general tumor uptake of IMT appears to be of the same magnitude as
uptake of Tl, Tc-MIBI or Ga. The extent of uptake appears not different 201 99m  67

from uptake in brain tumors.  Also, uptake kinetics in peripheral tumors are
similar to brain tumor kinetics. Since uptake in brain tumors reflects transport
of amino acids, it is tempting to suggest that some part of the uptake in
extracranial tumors is associated with amino acid transport.  Addition of a
general amino acid SPECT tracer might be a valuable addition to diagnosis
and therapy evaluation although interfering normal abdominal uptake and not
completely neglectable free iodide production may limit whole body analysis.
Furthermore it remains to be demonstrated whether IMT uptake is indeed a
measure for amino acid transport activity in vivo.

Like in brain tumors, the optimal scan protocol requires imaging within the
first ~60-90 min after administration because of the highest tumor to
background ratios. SPECT is recommended. The procedure proved to be a
simple, patient friendly, one-day investigation with a reported low radiation
burden. Further work in carefully selected patient groups is necessary to
validate this method for tumor detection, staging and restaging as well as
further elucidating the uptake mechanism in non brain tumors.

5.6 CONCLUSION

In this study we have shown that tumors outside the brain can be visualized
using the labeled amino acid L-3-[ I]-Iodo-alpha-methyl-tyrosine.123
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6.1 SUMMARY

The radiolabeled amino acid L-3-[ I]-iodo-alpha-methyl-tyrosine (IMT) is a123

new tumor tracer that accumulates in many tumors and is suitable for single
photon emision computed tomography (SPECT) imaging. Using IMT SPECT,
we studied 32 patients with a soft tissue tumor suspected to be a soft-tissue
sarcoma to determine whether: (1) tumors can be visualized, (2) benign and
malignant lesions can be distinguished and (3) IMT uptake is related to tumor
grade and proliferation. 
Methods: Whole-body imaging was performed 15 min after administration of
300 MBq IMT, biopsy or resection 1-2 weeks later. IMT uptake was quantified
using a region-of-interest method resulting in tumor-to-background (T/B) ratios.
These were compared with tumor grade, mitotic index, tumor cellularity,
vascularity and the Ki-67 proliferation index. 
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Results: Eleven patients had a benign tumor, and 21 patients had a soft-tissue
sarcoma. Six benign tumors demonstrated minor IMT uptake, and five lipomas
had no uptake. All malignant tumors had high uptake and were clearly
visualized. T/B ratios in malignant tumors (3.83±1.16) were higher (P<0.001)
than in benign tumors (1.52±0.60). Small (<5 mm) metastases in two patients
were not detected. Taking T/B ratio 2.0 as the cut-off level, the sensitivity for
detection of malignancy was 100% and specificity was 88%. IMT uptake
correlated with histological grade (r=0.82; P<0.001), mitotic index (r=0.75;
P<0.001), tumor cellularity (r=0.73; P<0.01) and with the Ki-67 proliferation
index (r=0.63;P<0.01). 
Conclusion: IMT SPECT visualized all soft-tissue sarcomas. Uptake in
sarcomas was clearly higher than in benign lesions, yielding 100% sensitivity
for detection of malignancy at 88% specificity. Uptake increased with higher
tumor grade and higher proliferation rate.

6.2 INTRODUCTION

Soft-tissue sarcomas are a heterogeneous group of malignant tumors that can
arise from mesenchymal structures at any site of the body. These tumors
constitute 1% of all cancers. A large proportion (60%) is located in an
extremity. They often reach a large size before a diagnosis is established.
They grow locally aggressive, frequently invade surrounding tissues and often
disseminate to distant sites (1). Treatment planning depends on information
regarding the presence or absence of metastases, the local situation and
histological parameters. Chest CT is commonly used to screen for pulmonary
metastases and magnetic resonance imaging (MRI) to assess the local
situation and resectability. The most important prognostic factor is tumor
malignancy grade, i.e. a higher tumor grade is associated with a worse
prognosis (1-4).

Considerable interest exists in non-invasive determination of the
malignancy grade of sarcomas (5-9). For this purpose, various nuclear
medicine techniques such as SPECT and more recently positron emission
tomography (PET), using various tracers have been applied. Radiolabeled
amino acids are potentially suitable tracers; because of the increased protein
metabolism of malignant tumors, the uptake in malignancy is increased (10).
Furthermore amino acid uptake is less disturbed by uptake in inflammatory
tissue than the frequently used tracer F-fluoro-2-deoxy-D-glucose (FDG) (11 -18

15). However, most carbon-11 labeled amino acids are difficult to synthesize
and require the  infrastructure of PET. 

The radiolabeled amino acid L-3-[ I]iodo-alpha-methyl-tyrosine (IMT) is123

avidly taken up in many tumors (16, 17). The agent has been introduced for
imaging of brain tumors where tumor uptake was shown to represent amino
acid transport activity, an important step in protein metabolism (18-21).
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Because at present IMT is the only amino acid tracer suitable for SPECT,
imaging with this tracer might combine the specificity of amino acids with the
wide availability of SPECT. 

The goals of this study were to determine: (a) whether IMT SPECT can
visualize soft-tissue sarcomas; (b) whether IMT uptake can discriminate
between benign and malignant tumors; and (c) whether uptake is related to
tumor grade and the degree of proliferation, using the mitotic index and the Ki-
67 proliferation index as markers. 

6.3 PATIENTS AND METHODS

Patients
Patients referred to the University Hospital Groningen between October 1997
and February 1999 for management of a suspected soft-tissue sarcoma were
asked to participate in this study. Suspicion for malignancy was based on rapid
growth, size, consistency at palpation, location and radiographic appearance
of the tumor. Selection criteria included age > 18 years and planned
histological confirmation within 2 weeks after the IMT study.

Thirty-two patients [16 male, 16 female; median age 45 yr (18-82)] were
included in the study. Patient and tumor data are presented in Table 1. All
patients were studied 1-2 weeks prior to biopsy or definitive resection. All
patients were clinically staged with a chest CT, MRI or CT of the soft-tissue
mass as well as ultrasound of the liver and bone scintigraphy. The study was
approved by the Medical Ethics Committee of the University Hospital
Groningen. Written informed consent was obtained from all patients.

Tracer synthesis
Synthesis of IMT was carried out slightly modified from Krummeich et al. (22).
Briefly, Iodogen iodination with Na I [specific activity > 185 TBq/mmol (5000123

Ci/mmol), Amersham Cygne, Eindhoven, the Netherlands] of the precursor L-
alpha-methyl-tyrosine was performed in a borate buffer. IMT was purified by
elution with saline containing 5% ethanol over a C-18 SepPak® cartridge
(Waters, Milford, Mass. USA) preconditioned with 100% ethanol followed by
saline containing 5% ethanol. After filtration through a sterile 0.22 µm Millex
GV filter (Millipore, S.A., Molsheim, France) a colorless ready-to-inject solution
was obtained. Samples were demonstrated to be sterile and pyrogen free.
Quality control was performed by high-performance liquid chromatography on
a RP-18 column (Multosorb 100 4.6) using H O:ethanol:acetic acid 87.5:10:2.52
v/v/v % as eluent. Radiochemical purity was > 99% in all cases. The overall
synthesis time, including purification and quality control was < 1 hr.
Radiochemical yield was 50-65%. 
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Imaging
Patients were injected intravenously with 200-300 MBq IMT after at least a 4
hr fast. They were given 10 drops of Lugol's solution orally 15 min before
injection to prevent thyroid uptake of possibly formed free I. A large-field-of-123

view double- headed gamma camera (MULTISPECT 2, Siemens Inc., Hoffman
Estates, IL) was used with a medium-energy all-purpose collimator and a 15%
window centered on the 159 keV photopeak of I. System resolution was 12123

mm full-width at half-maximum at 10 cm distance.  
Fifteen min after injection, SPECT imaging of the tumor area was

performed usually followed by a planar spot view. After imaging the tumor
area, additional spot views were recorded to obtain whole-body information.
In 20 patients the thorax was additionally imaged using SPECT. 

All SPECT acquisitions included 64 views (2 x 32; 5.6° /step) of 30
seconds duration each in a 128 x 128 matrix format with a zoom factor of 1.23.
This corresponds to a pixel dimension of 4.1 mm. Transaxial tomograms were
reconstructed without prefiltering using filtered back-projection with a
Butterworth filter of sixth order and a cutoff frequency of 0.275 Nyquist. Ten
minutes spot views were recorded in a 128 x 128 matrix. Total imaging time
was ~1 hr.  

The reported radiation burden of IMT is 0.007 mSv/MBq, yielding an
effective dose equivalent of 1.4-2.1 mSv (23).

Figure 1. Coronal SPECT slice through the lower legs and knees of
patient 4 with a low grade myxoid liposarcoma showing a region-of-
interest through the tumor drawn at 80% of the maximum count value in
the tumor and a contralateral background region.
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Image analysis.
Without knowledge of the staging and histopathological data, two experienced
readers analyzed all images visually for tumor uptake and abnormal
extratumoral uptake. Regions of interest (ROIs) were manually placed over
SPECT tumor slices with maximum visibility and on planar spot views.
Reference ROIs were placed over representative background muscle tissue,
usually contralaterally. ROIs were drawn at 80% of the maximal pixel value
around the lesion under study; in some cases this procedure resulted in more
than one ROI per tumor (24). An example is presented in Figure 1. The T/B
ratio was calculated by dividing uptake intensity (counts/pixel) in the tumor ROI
by uptake intensity in the background ROI.

All IMT scintigraphic findings were compared with the results of
conventional imaging. T/B ratios were compared with tumor grade, mitotic
index, tumor cellularity and vascularity and the Ki-67 proliferation index.

Pathological examination
The histological diagnosis was made on H&E-stained paraffin sections with or
without additional immunohistological stains. All tumors were classified
according to Enzinger and Weiss (1) into 10 different histological types. Soft-
tissue sarcomas were graded according to the grading system of Coindre et
al. in which points are assigned to differentiation level, mitotic index, and
necrosis (25).

In 27 of the 32 lesions determination of the mitotic index, Ki-67
proliferation index, cellularity and vascularity was performed. In the five
remaining cases (three benign and two malignant) there was not enough
material left for these determinations. The number of mitotic figures per 2 mm 2

was counted in H&E-stained paraffin sections. Proliferating cells were detected
using the monoclonal antibody MIB-1 (Immunotech S.A., Marseille, France),
which recognizes an epitope of the Ki-67 antigen. This is a nuclear antigen
present in all phases of the cell cycle except for the G0 phase, in which the
cells are withdrawn from the cell cycle, and the early G1 phase, the phase
before the start of DNA synthesis (26). Immunohistochemistry was performed
on paraffin sections according to a method modified from Shi et al. (27) and
Emanuels et al  (28). In brief: after heating on a hot plate, the slides were
dewaxed in xylene and rehydrated in serial ethanol washes (100, 96 and
70%). After heating twice in an autoclave for 10 minutes at 110° C in boiling
solution pH 6.0, the slides were incubated with a 1:400 dilution of the antibody
in bovine serum albumin pH 7.4. The primary antibody was detected with a
biotinylated secondary antibody (multilink) followed by a streptavidine-alkaline
phosphatase conjugate (Ready-to-Use Link and Label; Biogenex, San Ramon,
CA). Final colour was developed using bromochloroindolyl-phosphate
4-nitroblue-tetrazolium chloride (Boehringer Mannheim, Mannheim, Germany).
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Table 1. Patient characteristics and IMT uptake.

Nr Age Tumor histology Location Size Tumor IMT
Sex (cm) grade T/B ratio

MALIGNANT LESIONS
1 33F Liposarcoma (sclerosing) upper leg 10 low 2.3
2 58M Liposarcoma retroperitoneal 23 low 2.6
3 32F Liposarcoma upper leg 6 low 2.8
4 45M Liposarcoma (myxoid) lower leg 13 low 2.9
5 47F Liposarcoma (myxoid) knee 6 intermediate 3.8
6 36M Malignant fibrous histiocytoma abdominal wall 8 intermediate 3.8
7 82M Malignant fibrous histiocytoma lower leg 7 intermediate 5.4
8 43M Sarcoma not otherwise specified upper leg 12 intermediate 4.0
9 35F Synovial sarcoma upper leg 6 intermediate 3.2
10 18M Extra skeletal osteosarcoma chest wall 5 high 2.7
11 29M Extraskeletal mesenchymal elbow 2 high 4.1

chondrosarcoma
12 58M Liposarcoma chest wall 9 high 5.2
13 46M Liposarcoma (pleiomorphic) upper leg 20 high 3.6
14 46F Malignant fibrous histiocytoma upper leg 8 high 5.1
15 75M Malignant fibrous histiocytoma upper leg 10 high 5.8
16 64M Malignant fibrous histiocytoma chest wall 6 high 6.1
17 19M Malignant schwannoma gluteal 7 high 3.2
18 18F Sarcoma not otherwise specified gluteal 7 high 2.2
19 54 F Sarcoma not otherwise specified knee 10 high 3.5
20 66M Sarcoma not otherwise specified knee 10 high 4.8
21 52F Synovial sarcoma lower leg 10 high 3.4

BENIGN LESIONS
22 24F Fibromatosis - locally invasive neck 5 1.8
23 23F Fibromatosis - locally invasive chest wall 6 2.5
24 41M Intramuscular haemangioma back 2 1.5
25 42F Intramuscular haemangioma lower leg 8 1.8
26 74F Lipoma axilla 15 1.0
27 52F Lipoma shoulder 6 1.0
28 56M Lipoma upper leg 7 1.0
29 53F Lipoma upper leg 8 1.0
30 42F Lipoma back 5 1.0
31 28M Neurofibroma groin 10 2.6
32 58F Non specific fibrosis upper leg 10 1.5
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To measure the Ki-67 proliferation index and tumor cellularity we used
ocular micrometry on a Leica microscope (Rijswijk, the Netherlands) with an
eyepiece grid at x400. Fifteen fields were randomly selected throughout
histologically viable areas. Tumor cellularity (cellular density) was defined as
the total number of cells excluding endothelial cells, inflammatory cells and
necrosis and presented as number per 2 mm . MIB-1-positive nuclei were2

identified, and the number of these nuclei was divided by the total number of
nuclei in each of the 15 fields to calculate an index/ field. The Ki-67
proliferation index (also named Ki-67 labelling index), representing proliferative
activity, was defined as the mean of the indices of the 15 fields. Vascularity in
each tumor was estimated by quantification of the total number of small blood
vessels or parts of large vessels in H&E-stained paraffin sections. Ten fields
were randomly selected and the total number of vessels in 10 fields at x400
magnification (corresponding to 2 mm ) was counted. 2

Statistics
To determine the ability to distinguish malignant from benign tumors, a
Student�s t-test was performed on T/B ratios (normally distributed) in both
groups. Spearman�s correlation coefficient was used to correlate T/B ratios
with Ki-67 proliferation index, mitotic index, tumor vascularity and cellularity.
Kruskall Wallis nonparametric ANOVA with Dunnett�s T3 post-hoc multiple
comparisons test was performed to relate tumor grade with T/B ratios. Two-
tailed P-values <0.05 were considered significant.

6.4 RESULTS

Eleven patients were found to have a benign lesion; the remaining 21 had a
soft-tissue sarcoma. Three patients had been treated previously for a soft-
tissue sarcoma (2, 3, and 4 years earlier) and were now diagnosed to have a
local recurrency. Eighteen tumors were localized in an extremity (56%), and
14 in the trunk (44%). Tumor size was between 2 and 23 cm (median 8.6 cm).
There were 4 low-grade (grade I), 5 intermediate-grade (grade II) and 12 high-
grade sarcomas (grade III)  (Table 1). Benign lesions were assigned grade 0.

All 21 soft-tissue sarcomas were visualized on the IMT SPECT images.
Tumors in the extremities and in the chest were well visualized because of
high tumor uptake and low background uptake, whereas tumors near excretory
systems (kidneys, bladder, and ureters) were more difficult to evaluate. IMT
uptake in tumors was often inhomogeneous, in accordance with the typical
histological appearance of sarcomas where areas of necrosis and hemorrhage
are interspersed with areas containing vital tumor cells.  Typical examples are
presented in Figure 2 and 3.
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Figure 2. Coronal SPECT
slice through the upper legs
of patient 13 with a high
grade liposarcoma showing
intense and heterogeneous
uptake of IMT. The central
defect is presumably
caused by necrosis.

Figure 3.
(A) Planar anterior image of the
abdomen of patient 12 with a
liposarcoma of the chest wall
showing heterogeneous IMT uptake
in a lesion that projects over the liver
(circle and arrow). Physiological  IMT
uptake is present in the liver (L), both
kidneys and pyela (K), intestine (int)
and bladder (bl). 

(B) Transverse SPECT slices
through the liver region (from cranial
upper left to caudal lower right)
better demonstrate the localisation of
the tumor (arrows) ventral of the liver
(L), increased contrast and a central
defect, presumably caused by tumor
necrosis..
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In 5 of the 11 benign lesions no IMT uptake was found; in four faint
uptake and in two avid uptake. No uptake was found in all five lipomas, and
faint uptake in two large intramuscular haemangiomas, an aspecific fibrotic
lesion and in one aggressive fibromatosis lesion. Avid uptake was present in
a growing neurofibroma and in another agressive fibromatosis lesions (these
latter are considered �borderline malignant�).

Figure 4. IMT uptake (T/B ratios) in benign and malignant tumors (open
symbols). Mean and SD (closed symbols). In malignant lesions uptake is
higher than in benign lesions: 3.83±1.26 versus 1.52±0.60, P<0.001.

Figure 5. IMT uptake (T/B ratio) versus tumor grade for all tumors (open
symbols). Mean and SD (closed symbols). Benign tumors are assigned
grade 0. Spearman correlation coefficient r=0.82, P<0.001.
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Figure 6. (A) Scatterplots showing IMT uptake (T/B ratio) in correlation
with 

(A) the Ki-67 proliferation index: r=0.63, P<0.01 
(B) mitotic index: r=0.75, P<0.001, 
(C) tumor cellularity: r=0.73, P<0.001, 
(D) tumor vascularity: no correlation.

The average T/B ratio in benign tumors was 1.52±0.60 whereas IMT
uptake in the malignant tumors was much higher: 3.83±1.16 (P<0.001)(Figure
4). There was minimal overlap in individual values, attributable to avid uptake
in the aggressive fibromatosis and in the growing neurofibroma (Figure 4).
When a T/B ratio of 2.0 was chosen as the cut-off point, sensitivity for the
detection of malignancy in a soft-tissue mass was 100% with a specificity of
88%. Using 2.7 as the cut-off point, sensitivity was 89% but specificity was
100%.

T/B ratios correlated with histological grades (r=0.82, P<0.001); IMT
uptake increased with higher tumor grade. Post-hoc analysis revealed that the
difference between benign tumors versus grade 1, 2 and 3 tumors caused the
significance. Grades 1 versus grade 2 and grade 2 versus grade 3 could not
be distinguished from each other. However, low-grade tumors could be
discriminated from benign tumors in this group (Figure 5). In addition, benign
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and grade 1 tumors together had lower IMT uptake than grade 2 and 3 tumors
together (P<0.0001).

Interestingly, IMT uptake correlated with markers of cell proliferation; IMT
T/B ratio versus the Ki-67 proliferation index gave r=0.75, P<0.001 (Figure 6A)
and versus the mitotic index r=0.63, P<0.01 (Figure 6B). IMT uptake correlated
also with tumor cellularity (r=0.73 P<0.001; Figure 6C), wheras no relation with
tumor vascularity could be established (Figure 6D).

Since whole-body images were available in all patients, the ability of IMT
scintigraphy to detect metastatic disease was also studied. But because of the
low number of metastasized tumors no reliable assessment of staging could
be obtained. Only two patients in this series were found to have metastatic
disease; one had small pulmonary metastases (2 mm on chest CT) that were
negative on the IMT chest SPECT study, and the other patient had multiple
small (<5 mm) intraperitoneal metastases, negative on all pre-operative
investigations but detected during surgery.

6.5 DISCUSSION

This study demonstrates high uptake of IMT in soft-tissue sarcomas and low
uptake in benign processes. All malignant tumors were visualized, leading to
100% sensitivity. Tumors in the direct vicinity of bladder or kidneys were
somewhat more difficult to assess, because of renal excretion of IMT causing
high background activity. IMT uptake could differentiate benign from malignant
tumors with high accuracy. Uptake increased with higher tumor grade, higher
Ki-67 proliferation index, mitotic activity, and tumor cellularity, whereas no
correlation with tumor vascularity was found. Therefore, this relatively simple
non-invasive technique provides information on parameters of tumor activity.

To understand what processes are visualized by IMT uptake, it is
important to know the mechanism of uptake. Using competition experiments
in vivo, Langen et al (19) demonstrated that IMT is a substrate for the amino
acid transport systems in the blood-brain barrier. This has not been
demonstrated for tumors outside the brain yet. However, in vitro data suggest
that also in non-glioma tissue, uptake of IMT is almost entirely mediated by
amino acid transport activity (29). Because in the present study no correlation
with the amount of tumor vessels was found, tumor perfusion is not the
dominating factor that governs IMT uptake, as was suggested by Deehan (30)
in a rat model. One could argue that uptake in the two haemangiomas must be
related to blood flow and diffusion, but these tumors were also very cellular.
The presumed mechanism of uptake of IMT is the accelerated protein
metabolism and the resulting increased demand for amino acids. This is
further supported by the relation with tumor proliferation factors, as found in
this study. 
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To non-invasively determine the malignancy grade in soft-tissue tumors,
magnetic resonance spectroscopy (9) and various nuclear medicine
techniques and tracers have been used such as Tl, Tc-MIBI, Tc-MDP,201 99m 99m

Gallium (31, 32) and more recently FDG and radiolabeled amino acids such67

as L-[1- C]-tyrosine (6, 7, 33, 34). Different biochemical processes in tumors11

are visualized by all these tracers; most likely Tl uptake is related to cellular201

Na K -ATPase activity, Tc-MIBI to membrane functions and mitochondrial+ + 99m

integrity, MDP to calcium/phosphate metabolism, Ga to transferrine receptors67

in tumor cells or inflammatory cells. In all cases there is more or less effect of
tumor vascularization. Sensitivity of tumor detection using IMT appears better
than other single photon tracers in soft-tissue sarcomas, and the presumed
uptake mechanism might more directly reflect tumor viability than the above-
mentioned mechanisms, but our results need to be confirmed by other studies.

Many studies have used PET to study sarcomas. FDG generally shows
high uptake in tumors and has proven to be of value in the visualization and
grading of soft-tissue sarcomas. In the study by Nieweg et al. (6) all 18
sarcomas were visualized using FDG PET and a correlation was found
between the calculated glucose consumption and tumor grade. Schulte et al.
(8) found high sensitivity using FDG PET for the detection of malignancy in 102
patients, but lower specificity caused by high uptake in aggressive benign
tumors and a patient with myositis ossificans. Uptake of L-1-[ C]-tyrosine also11

showed a correlation with tumor grade, mitotic rate and proliferation in soft-
tissue sarcoma (7, 34). Because of lower uptake in inflammatory reactions
caused by radiotherapy, systemic chemotherapy or regional cytostatic
perfusion, it is suggested that radiolabeled amino acids are better suited to
monitor treatment effects than FDG (7,11,33). The results of the present study
using IMT SPECT are well in line with these PET studies, with somewhat
higher correlation factors than reported for L-[1- C]-tyrosine (7, 34).11

Almost all studies on soft-tissue tumors have found some uptake in
benign lesions, regardless of the used tracer (6-8, 31, 32). Also using IMT we
found minor uptake in haemangiomas and more avid uptake in a neurofibroma
and in aggressive fibromatosis lesions. These latter are actually considered to
be �borderline malignant� and therefore presumably have increased amino acid
metabolism leading to IMT uptake. Similar to our observations Kuwert et al.
(35) found some IMT uptake in non-neoplastic brain lesions such as
inflammatory lesions and infarctions. Recently very high uptake was described
in a low-grade desmoplatic infantile ganglioglioma, another benign neoplasm
(36). Therefore, it seems most likely to conclude that IMT is an aspecific tumor
tracer that targets amino acid metabolism in tumors. Difference in uptake
between malignant and benign disease is based on the degree of accelerated
protein metabolism.

In this study we found IMT uptake also to be related with the number of
tumor cells. Whether this also holds true for other tracers is largely unknown.
Since cellular density can be high in tumors, the mere fact of many cells per
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volume (in comparison with adjacent tissues) could already cause increased
uptake. However, it seems unlikely that this effect only would results in T/B
ratios between 3 and 6, as found in many high-grade tumors. Moreover, others
have found no relation between IMT uptake and cellular density in brain
tumors (37). 

The heterogeneity of soft-tissue sarcomas is a frequently occurring
difficulty in analyzing the relationship between tracer uptake and histological
parameters. This heterogeneity may cause sampling errors in the histological
evaluation. In the present study IMT uptake was based on a standardized ROI
analysis encompassing the entire tumor. Histopathological parameters,
however, were based on a representative tissue sample obtained from the
removed tumor (or large biopsy). Although we tried to reduce sampling errors
as much as possible, by analyzing randomly selected microscopic areas within
the sample, some degree of sampling error could still be possible. This may
influence the significance of the correlations.

Although our results appear comparable with those using FDG and L-[1-
C]-tyrosine PET, it could be argued that the lower resolution and limited11

quantification possibilities of SPECT make the method inferior to PET.
However, in these generally large tumors the lower resolution is presumably
not a large problem, although partial volume effects may decrease tumor
heterogeneity. Limited quantification possibilities are also controversial,
because some authors successfully use T/B ratios also in FDG PET studies
(8), whereas others disagree as to what PET uptake parameters gives the best
results in separation of benign from malignant disease (6, 38-40). Furthermore,
absolute quantification of protein synthesis (as possible in PET) both in tumor
tissue and in �background� tissue may be disturbed by systemic influences and
vary largely from day to day (33). The use of ratios might compensate for this
effect, and might therefore even be more reliable.

The good correlation of IMT uptake with parameters of tumor activity may
be of interest in evaluation of new treatment strategies such as angiogenesis
inhibition, matrix metalloproteinase inhibition or antisense therapy. These new
drugs exert their action through new mechanisms and may require new
evaluation methods. In these methods, assessment of metabolic tumor activity
may complement the classic response parameter, the change in tumor size.
In current routine clinical practice, however, non-invasive studies of tumor
activity or its benign/malignant nature is of limited value. In general patients
and physicians rely on histological evidence, and only in exceptional cases will
these studies influence diagnostic or therapeutic strategies, although the good
separation beftween grade 1 versus higher grade tumors may assist in
determination of the prognosis.
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6.6 CONCLUSION

IMT scintigraphy clearly visualized all soft-tissue sarcomas in this group.
Uptake in malignant tumors was higher than in benign lesions, leading to a
sensitivity for the detection of malignancy of 100% at a specificity of 88%.
Uptake increased with higher tumor grade and higher proliferation rate.
Therefore, IMT SPECT non-invasively provides information about tumor
activity.
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7.1 SUMMARY

Background: The incidence of bone metastases in soft-tissue sarcoma (STS)
patients seems to be low, but has not been separately studied. In this study we
aimed to determine the value of routine radionuclide bone scanning in
preoperative staging of STS patients.
Methods: Preoperative bone scans were retrospectively evaluated in 109
consecutive patients (median age 44 year, range 1 - 86) with intermediate or
high grade STS. Scans were scored in 3 categories: 1=metastases very likely,
2=equivocal and 3=normal or benign lesions.
Results: Category 1 scans  were found in 8/109 patients (7%), in all eight
patients bone metastases were confirmed. Six of these 8 patients had pain, all
had additional lung-, bone marrow- or lymph node metastases. The highest
rate (17%) was found in the rhabdomyosarcoma subgroup (n=18). Category
2 (equivocal) scans  were present in 12/109 (11%), in all of which bone
metastases were excluded through additional investigations. Category 3
(normal) scans were found in 81%. Bone metastases were at least as frequent
as lung metastases (4%) and were the single site of systemic disease in 4%.
The rate of bone metastases was 55% in patients with bone pain, versus 2%
in patients without pain.



CHAPTER 7

122

Conclusions: Bone metastases in primary STS patients are rare (7%), yet in
this study at least as frequent as lung metastases. The low rate in
asymptomatic patients versus the high rate in symptomatic patients supports
the use of bone scanning in symptomatic patients only. The yield of routine
bone scanning is low.

7.2 INTRODUCTION

Soft-tissue sarcomas are a heterogeneous group of malignant tumors that can
arise from mesenchymal structures at any site of the body. These tumors
constitute 1% of all cancers. A large proportion (45-55%) is located in an
extremity (1, 2).  They often reach a large size before a diagnosis is
established. Soft-tissue sarcomas grow locally aggressive, frequently invade
surrounding tissues and disseminate to distant sites. Treatment planning
depends on information regarding the presence or absence of metastases, the
local situation and histological tumor parameters such as tumor grade. After
combined modality treatment in patients without metastases, the overall 5 year
survival rate is reported to be around 70% (3). However, depending on various
prognostic factors these survival rates may vary between 32% and 81% (4,5)..

At presentation, systemic metastases are not very common with reported
frequencies between 7 and 25%, but they may develop in up to 30% of
patients within the first year after diagnosis (2,5-8). Most often systemic
metastases are found in the lungs, but bone may also be involved. Screening
for pulmonary metastases is usually performed using CT scanning of the chest
(9). To detect bone metastases radionuclide bone scintigraphy is generally
applied.
 Bone scintigraphy is a very sensitive method to detect bone metastases,
but not very specific. Trauma, degenerative or inflammatory disease may also
cause increased tracer uptake. However, the pattern of abnormalities together
with clinical information (e.g. presence of pain) increases specificity: in case
of multiple lesions randomly spread throughout the skeleton the likelihood of
bone metastases is very high. Conversely, when scans are completely normal,
the absence of bone metastases is quite certain. In many cases, however, the
pattern of abnormalities is not typical, and further imaging studies are required
to confirm or exclude metastatic disease. This can lead to increased costs.

The yield of routine bone scintigraphy in primary staging of soft-tissue
sarcoma has not been formally studied. Although in clinical practice the
incidence of bone metastases in soft tissue sarcoma seems to be low, the
finding of bone metastases will severely influence treatment. Therefore the aim
of this study was to evaluate the usefulness of routine bone scintigraphy in the
staging of patients with a soft-tissue sarcoma.
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Table 1. Patient characteristics (n=109).

sex (n, % of total))
male 64 59%
female 45 41%

age (in years)
median 44
range 1 - 85

tumor site (n, % of total)
head and neck 11 10%
upper limb / shoulder 12 11%
chest 6 6%
abdomen 5 5%
trunk 7 6%
(retro)peritoneum / pelvis 10 9%
lower limb / hip 58 53%

tumor histology (n, % of total)
liposarcoma 23 21%
rhabdomyosarcoma 18 17%
sarcoma not otherwise specified 13 12%
malignant fibrous histiocytoma 12 11%
synovial sarcoma 12 11%
malignant schwannoma 9 8%
leiomyosarcoma 7 6%
angiosarcoma 4 4%
fibrosarcoma 4 4%
epitheloidcell sarcoma 4 4%
extraskeletal osteosarcoma 2 2%
haemangioendothelial sarcoma 1 1%

7.3 PATIENTS AND METHODS

Patients
All 109 patients with an intermediate or high grade soft-tissue sarcoma who
had undergone bone scintigraphy between 1989 and 1996 in the University
Hospital Groningen (a hospital with a tertial referral function for the northern
part of The Netherlands) were retrospectively analyzed. Pathological diagnosis
was based on tumor material, obtained from an incision biopsy or complete
resection. The studied patients form a subgroup of all ~350 soft-tissue
sarcoma patients treated in this period; all other patients had undergone bone
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scintigraphy in local referring hospitals from which original and complete
imaging data were not available.

Bone scintigrams were obtained before resection of the tumor. The
presence or absence of skeletal pain and the location of this pain (tumor area
itself or elsewhere) was recorded from clinical records. All patients had
undergone CT scanning of the chest to screen for pulmonary metastases. We
analyzed in all patients whether the results of bone scintigraphy had prompted
further investigations and what results these gave. Finally, when bone
metastases were present, we analyzed the impact on subsequent treatment.

Bone scintigraphy and interpretation.
Bone scintigraphy was performed using standard technology. Patients

were injected with 500 - 700 MBq Tc-methylenediphosphonate. Whole body99m

scans and additional spot views were obtained 3-5 hr later using a single or
double head gammacamera (Orbiter, Diacam or Multispect, manufactured by
Siemens Inc, Hoffman Estates, IL) equipped with high-resolution-low-energy
collimators.

Bone scans were originally, at the time of acquisition, interpreted by an
experienced nuclear medicine physician as part of standard clinical care. This
physician was blinded to the results of other staging procedures but usually
aware of patient symptoms and the location of the tumor. All original images
were reanalyzed by another nuclear medicine physician, only aware of the
location of the primary tumor. The original interpretation was independently (by
a third person) classified as category 1 (almost certainly bone metastases),
category 2 (equivocal malignant or benign abnormalities) or category 3
(completely normal of almost certainly benign abnormalities). The second
reading was directly classified. The three categories were defined in advance
of the study and were chosen because they comply with the general practice
of bone scan interpretation, based on translating a pattern of abnormalities into
a likelihood of metastatic disease. In 98% of cases both readers agreed on the
classification, in 2 cases (2%) there was one category difference (both:
category 2 vs 3) that could easily be resolved by consensus. 

The gold standard for the presence or the absence of bone metastases
was the combination of the bone scan reading, the results of further
investigations (absence or presence of typical sclerotic lesions on X-rays,
appearance of tumor tissue in bone, cortex defects or signal changes as
visible on CT or MRI) and a two year clinical follow up period in patients with
an equivocal bone scan reading.

7.4 RESULTS

The 109 patients included ranged in age from 1 to 85 year, median age was
44 year. Patient and tumor characteristics are presented in Table 1. Nineteen



ROUTINE BONE SCANS IN SOFT-TISSUE SARCOMA

125

patients (17%) were younger than 18 year. Tumors observed in this group
were: rhabdomyosarcoma (n=14), epitheloidcell sarcoma (n=1), fibrosarcoma
(n=1), synovial sarcoma (n=1), not specified (n=2).

Category 3 bone scans (normal or almost certainly benign abnormalities)
were present in 89 patients (81%, Table 2). Lesions scored as �almost certainly
benign� were usually the result of degenerative disease in spine or joints, or
clearly caused by a recent trauma. Three of these 89 patients had bone pain
not associated with the primary tumor itself, that could have been caused by
metastases, but in all bone scanning showed a typical pattern of degenerative
lesions. This was confirmed with radiographs of involved areas. In 12 of these
89 patients (13%) further imaging studies were performed that always
confirmed benign disease.

Table 2. Characteristics per scan reading category.

Scan reading Normal Equivocal Bone metastases

Category 3 2 1

Number (% of total) 89 (81%) 12 (11%) 8 (7%)

Number with bone pain
(% of category) 3 (3%) 2 (17%) 6  (75%)

Number with metastases elsewhere 
(% of category) 0 (0%) 2 (17%) 8 (100%)

Further imaging after bone scan
(% of category) 12 (14%) 7 (58%) 8 (100%)

Category 2 bone scans (equivocal malignant/benign abnormalities) were
present in 12 patients (11%). In 7 of these 12 (58%) further investigations were
performed, that always excluded metastatic disease (diagnoses in these
patients: degenerative disease (n=4), hyperparathyroidism (n=1), osteitis
condensans (n=1), traumatic rib lesion (n=1)). In 3 patients no further
evaluations were carried out, because the treating surgeon considered bone
metastases unlikely despite the report. In these 3 patients no metastases were
found during >2 year follow-up. In the remaining 2 patients, no additional
studies were performed because metastases elsewhere (in one lymph node-
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and in the other lung metastases) already determined further treatment. In
neither one evidence of bone metastases was found during follow-up. No
patient in category 2 received chemotherapy. Bone pain was only present in
2 patients but appeared to be due to severe degenerative lumbar disease. If
bone scanning would have been omitted in this group, treatment would not
have been different.

Category 1 bone scans (almost certainly bone metastases) were found
in 8 patients (7%). In all, additional investigations were carried out and bone
metastases were confirmed in all. Six patients (75%) had severe bone pain in
one or more of the metastatic locations (Table 3), the other 2 patients were
painfree. One of these 2 asymptomatic patients (no 4, Table 3) had severe
anemia, trombocytopenia and a leuco-erythroblastic blood smear, that was the
result of diffuse bone marrow infiltration. The other asymptomatic patient with
multiple bone metastases (no 2, Table 3) had doubtful lung metastases at
presentation that became overt 2 months later.

In total, 10 patients (9%) presented with metastatic disease: lung
metastases were found in four patients (4%), one in the equivocal bone scan
group (category 2) and three in the bone metastases group (category 1 scan).
Lymph node metastases were found in 5 patiens (5%), four in the bone
metastases group, one in the equivocal bone scan group. One patient (from
the category 1 group) presented with bone marrow metastases. There were
no indications of liver metastases in the entire studied group.  All patients with
bone metastases apparently had additional other metastatic locations (both
locoregional and distant), although in 4% bone was the only distant location of
metastatic disease. Calculated from these data, sensitivity of bone scintigraphy
for the detection of bone metastases was 100% since all patients with bone
metastases were detected. Specificitity was 88% (89/(89+12)), based on the
(conservative) assumption that category 2 readings are false positives.

Overall, bone pain was present in 11 patients, which turned out to be the
result of bone metastases in 6 (55%), while only 2 of the 98 (2%) pain free
patients had bone metastases.

In all patients the finding of bone metastases changed treatment
significantly: in 6 out of 8 primary surgery was cancelled, whereas in the other
2 patients surgery now had a palliative intent (Table 3).  In 2 patients a
hyperthermic isolated limb perfusion was performed, for palliative reasons.
Five patients received primary chemotherapy, and also in 5 patients
radiotherapy was given both on the primary tumor and on painful metastatic
lesions.
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Table 3. Clinical features of patients with bone metastases.

nr sex / age tumor histology primary sites of metastases treatment
location bone pain elsewhere

1 f / 40 rhabdomyosarcoma orbita multiple LN, BM ct,rt
2 f / 51 myxoid liposarcoma left leg no pain Lung hilp,ct
3 f / 73 MFH left knee pelvis Lung rt
4 f / 20 rhabdomyosarcoma right foot no pain BM ct
5 f / 63 myxoid liposarcoma right leg ribs Lung hilp,surg,rt
6 m / 10 rhabdomyosarcoma left leg right hip/leg LN ct,rt
7 m / 60 angiosarcoma left thorax left ribs, LN none

right shoulder
8 m / 58 leiomyosarcoma bladder left hip LN surg,rt

-------------------
*) LN = lymph node, BM = bone marrow, ct = chemotherapy, rt = radiotherapy
 surg= surgery, hilp = hyperthermic isolated limb perfusion

7.5 DISCUSSION

In this study routine bone scintigraphy had a relatively low yield: bone
metastases were found in 7% of all patients with an intermediate or high grade
predicted on clinical grounds, because of bone pain not attributable to the
primary tumor. Therefore, if bone scans had been obtained in the 11
symptomatic patients only, 98 bone scans and 14 further investigations would
have been saved (Table 2). In that case, bone metastases would have been
missed in 2 patients  (patient 2 and 4, Table 3). However, one of these missed
patients developed lung metastases shortly thereafter, while the other had
overt clinical symptoms of metastatic bone marrow involvement. Therefore, the
clinical yield would have been almost the same when bone scans had only
been performed in symptomatic patients. Although we did not perform cost
calculations, it is evident from these data that routine use of bone scanning is
not cost-effective in patients with primary soft-tissue sarcoma.

Despite the relatively low frequency, in all patients the finding of bone
metastases changed treatment significantly.  Naturally, these changes in
management were not exclusively induced by the bone metastases, but also
by co-existing other metastases, that were always present. However, there
were 5 (4%) patients with bone metastases as the only site of distant disease,
although they had regional lymph node metastases. In fact, in this study bone
metastases were somewhat more frequent as lung metastases, although the
difference is not significant. This is in contrast with the population based study
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in 508 soft-tissue sarcoma patients by Gustafson, who reported lung
metastases to be the first site of metastatic disease in the large majority of
patients (5). However, in that study it is not clear which patients had undergone
bone scintigraphy during staging. Since treatment may differ in systemically
versus locoregionally metastasized disease, it appears that bone scintigraphy
provides relevant information and cannot be cancelled totally.

In general, one could debate on which frequency of metastases justifies
routine application of imaging in all patients. This depends on the frequency
of the searched abnormalities in the population studied, the sensitivity and
specificity of the search tool and the therapeutic consequences. Bone
scanning with its high sensitivity but low specificity, is generally only cost-
effective when applied in subgroups with an increased risk. For example, the
2% rate of positive bone scans makes bone scintigraphy not cost-effective in
T1 and T2 breast cancer patients 10, in contrast with the yield of ~25% positive
scans in stage III patients. 11 In prostate cancer, the yield of bone scintigraphy
in newly diagnosed patients was less than 1% when the prostate-specific
antigen (PSA) level was low (<20 nmol/ml) (12). In lung cancer staging, bone
scans are only advised when pain or increased alkaline phosphatase levels
are present (11,13).  The present findings of a low rate of bone metastases in
asymptomatic soft-tissue sarcoma patiens and a high rate in symptomatic
patients are in agreement with the situation in these above-mentioned tumors.
This same discussion can be applied to searching for lung metastases using
CT scanning. The American Joint Committee on Cancer recommends chest
CT scanning only when tumor size exceeds 5 cm or in moderate or poorly
differentiated soft-tissue sarcomas (14).

As a method to detect skeletal metastases, bone scintigraphy proved to
be accurate. All cases with a category 1 reading (bone metastases very likely)
indeed had bone metastases, as evidenced by other imaging studies and
follow-up, whereas all cases with a category 3 reading (normal or nearly
normal) were free of bone metastases. The equivocal group was relatively
small (11%) and in none bone metastases were found. There were no false
positives in category 1. The positive predictive value of a category 1 reading
therefore amounts to 100% and the negative predictive value of a category 2
or 3 reading again to 100%.

Although routine bone scintigraphy in the study group as a whole does
not seem worthwhile, one could argue on its application in subgroups. In a
recent review on rhabdomyosarcoma in children by Arndt and Crist, routine
bone scanning was recommended, although supporting references were
lacking (15). Cogswell found a 18% frequency of bone metastases at
presentation in 40 children with a rhabdomyosarcoma, but did not mention
whether metastases elsewhere were co-existing or whether symptoms were
present (16).  Three patients in our small rhabdomyosarcoma subgroup (n=18)
had bone metastases, two of which (aged 10 and 40 years) had metastatic
bone pain and would therefore also have been detected using a strategy
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employing bone scintigraphy in symptomatic patients only. The third patient
(aged 20) had symptomatic trombocytopenia based on diffuse bone marrow
involvement. Therefore, although in disagreement with current clinical practice
and study protocols and only based on a small subgroup, the strategy to
perform bone scintigraphy only in symptomatic patients may also apply in
rhabdomyosarcoma patients. Naturally, all patients too young to report their
symptoms reliably are excepted and should be studied routinely.

Apart from staging, another reason for performing routine bone
scintigraphy could be the determination of local bone involvement by the soft-
tissue sarcoma. However, MRI and CT studies seem more precise for this
purpose, because especially CT reliably detects defects in the bone cortex (
17). A bone scan, however, can already be positive if a sarcoma causes local
hyperaemia near the periost without true bone involvement. Since MRI or CT
are considered standard investigations in the local staging of sarcoma patients
nowadays (18,19), bone scans for this indication are only necessary in doubtful
cases.

Another parameter that could lead to the suspicion of bone metastases,
is the serum level of alkaline phosphatase. Unfortunately, we do not have
complete records for this parameter, but there were at least 5 in the 8 patients
with bone metastases that had a normal alkaline phosphatase level (data not
shown). The sensitivity therefore seems limited. Furthermore, the alkaline
phosphatase level may also be increased due to local bone destruction by the
primary tumor, so also the specificity for systemic bone metastases cannot be
very high. Therefore, this parameter does not appear very helpful.

Since this is a retrospective study from a tertial referral center, some
selection bias cannot be excluded. We selected patients that had undergone
bone scanning in our own center of which all original scan data were
completely available. It is possible that especially patients with symptoms
attributable to bone metastases would already have undergone bone
scintigraphy in the primary local hospital before referral to our center, and
therefore not be included in this study. This would then lead to a too low rate
of bone metastases in our study. Although this selection bias cannot be
excluded, its influence appears small, because the rate of lymph node
metastases in our study (5%) is well in line with large population based studies
without this bias, where rates between 3 and 8% are found (2,20). Also the
overall rate of primary metastasized disease in this study (9%) is in the same
range as in population based studies (2,5,7).  Furthermore, even if in the case
that selection bias would have significantly affected the observed rate of bone
metastases, it is very unlikely that it would have influenced the association
between pain and bone metastases. Therefore, the main conclusion, that bone
scans should be performed in symptomatic patients only, is not affected. 

Another limitation of this study is that not all findings in patients with a
normal or nearly normal bone scan reading were verified. However, in none
of the patients with an even more abnormal bone scan (category 2), that did
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have extensive clinical and imaging follow-up, bone metastases were
confirmed. It is therefore quite unlikely that in patients in category 3, with a less
abnormal bone scan, metastatic diseases would still have been present, which
minimizes possible verification bias.

7.6  CONCLUSION

In conclusion, in this study the frequency of bone metastases in soft-tissue
sarcoma patients was found to be low (7%), but in the same range as the
frequency of lung metastases (4%), that are frequently considered the first site
of systemic spread. Therefore, bone scintigraphy is relevant in the staging of
soft-tissue sarcoma patients. However, the very low rate of bone metastases
in asymptomatic patients (2%) versus the high rate in symptomatic patients
(55%) supports the use of bone scanning in symptomatic patients only.
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8.1 SUMMARY

Carcinoid tumors can produce serotonin and catecholamines from the
precursors tryptophan and tyrosine. Aim: To evaluate the tyrosine analogue
L-3-[ I]Iodo-alpha-methyl-tyrosine (IMT) in the detection and in the123

determination of biochemical activity of these tumors in comparison with In-111

octreotide scintigraphy. 
Methods: SPECT and planar whole body imaging was performed 15 min after
administration of 300 MBq IMT in 22 patients with metastatic carcinoid tumors.
The number of lesions detected was compared with In-octreotide111

scintigraphy. Size and intensity of uptake of all lesions were graded using a
simple scoring system, yielding a total body uptake score for both tracers.
These scores were compared (non-parametric correlation) with biochemical
markers of serotonin and catecholamine metabolism. 
Results: IMT SPECT detected only 63 of 145 lesions detected by In-111

octreotide imaging (43%). IMT SPECT performance was relatively best in the
liver (60% detection rate). Both IMT uptake and In-octreotide uptake scores111
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correlated with markers of serotonin metabolism: [urinary 5-HIAA: r=0.67/0.48,
p<0.001/0.05]; [urinary serotonin: r=0.56/0.40, p=0.002/0.05]; [platelet
serotonin: r=0.57/0.45, p<0.01/0.05]. No correlation with adrenaline or
noradrenaline metabolites was found. However, IMT uptake, but not In-111

octreotide uptake, correlated with dopamine metabolites excretion [HVA:
r=0.60, p<0.05 and �dopamine relative sum�: r=0.61, p<0.05]. IMT uptake was
higher in patients with increased dopamine metabolite excretion (p=0.05).
Conclusion: IMT uptake can be demonstrated in carcinoid lesions, but the
method detected only 43% of carcinoid lesions positive on In-octreotide.111

Uptake of both tracers is related to serotonin secretory activity. However, IMT
but not In-octreotide uptake, was related to tumor dopamine metabolism.111

These findings may be of interest in metabolic targeting of carcinoids.

8.2 INTRODUCTION

Carcinoid tumors are neuroendocrine tumors that can occur anywhere in the
human body and are traditionallly described as originating from the foregut,
midgut, or hindgut (1). They are considered to be derived predominantly from
enterochromaffin cells. These cells possess the specific property to take up
and decarboxylate amine precursors and usually produce a variety of peptides
and biogenic amines of which serotonin (5-hydroxytryptamine) is the most
prominent (2). When these generally slowly growing tumors have
metastasized, secretory products are no longer subject to primary
metabolization in the liver, enter the systemic circulation and can cause the
�carcinoid syndrome� (3). This syndrome is characterized by flushing, diarrhea
and, less commonly, wheezing, right heart-valve fibrosis or pellagra (4,5).
Often these symptoms are the first clinical manifestation of the tumor, although
in some cases the primary tumor in the abdomen may cause early mechanical
symptoms (4). When the disease has metastasized, partial liver resection or
transplantation may be curative in selected patients, but in general, curative
treatment (surgery) is no longer possible (6). Treatment is then aimed at tumor
load reduction, inhibition of secretion and symptom management (7).

Important investigations in diagnosing and staging carcinoid tumors are
biochemical measurement of secretory products and imaging studies.
Biochemical measurements include analysis of metabolites from the serotonin
and catecholamine metabolic pathways and measurement of various gut
hormones. Quite specific for the often dominating serotonin secretion is
measurement of urinary 5-hydroxyindoleacetic acid (5-HIAA), the main
serotonin metabolite (Figure 1). Imaging of carcinoids has greatly improved
since the introduction of somatostatin receptor scintigraphy with In-DTPA-D-111

Phe(1)-octreotide ( In-octreotide). Together with various radiological methods111

(CT, ultrasound), In-octreotide scintigraphy is a reliable and effective method111

to visualize carcinoid tumor locations throughout the body (8-10).



IMT SCINTIGRAPHY IN CARCINOID TUMORS

135

Despite improved imaging, it remains difficult to follow the effects of
treatment. Although In-octreotide scintigraphy is effective in staging,111

conflicting data exist regarding the relation between somatostatin receptor
expression and secretory activity: while secretory activity clearly decreases
under nonradioactive octreotide therapy, the uptake of In-octreotide is111

unaffected or may even increase (11,12). Also radiological techniques are less
reliable for following treatment effects, since the size of carcinoid lesions often
does not change despite metabolically effective therapy (13). Therefore, there
is a continued search for better methods to detect and evaluate treatment
effects on these tumors. Methods using radiolabeled metabolic precursors are
potentially suitable for this purpose.

Radionuclide imaging using L-3-[ I]iodo-alpha-methyl-tyrosine (IMT), a123

modified amino acid that is avidly taken up in many malignant tumors, could
therefore be of interest (14,15). It has recently been shown that uptake of this
agent is mediated through amino acid transport systems (16,17).
Transmembrane transport of amino acids has to be greatly increased in
actively secreting carcinoid tumors. Usually the amino acid tryptophan (the
precursor for serotonin synthesis - Figure 1) and tyrosine (precursor for
catecholamine synthesis - Figure 2) share the same membrane transporter
(18). Since IMT also enters cells through this transporter as an analogue of
tyrosine (16,17), the artificial amino acid IMT might be taken up in carcinoid
tissue, especially when catecholamines are produced.

We therefore performed a study in patients with metastasized carcinoid
tumors to assess whether IMT is taken up in these lesions, and if so, whether
uptake is related to serotonin and catecholamine secretory activity. In-111

octreotide scintigraphy was used as the reference method for lesion detection.
Secretory activity was assessed by biochemical analysis of blood and urine for
serotonin, catecholamines and their metabolites.

8.3 PATIENTS AND METHODS

Patients
Twenty-two patients (10 male, 12 female, mean age 63 yr , range 43-76), with
a metastasized carcinoid tumor of midgut (n=20) or hindgut (n=2) origin were
included in the study. The primary carcinoid tumor had been removed in all
patients. All patients had histologically proven carcinoid in at least one
localization. Patients were recruited between August 1997 and February 1999
at the outpatient clinic of our University Hospital with a referral function in
diagnosis and treatment of carcinoid tumor patients. Symptoms and use of
medications were registered at inclusion. All medications was continued during
the period of the IMT and In-octreotide study and during biochemical111

measurements. Written informed consent was obtained from all patients. The
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Table 1. Patient characteristics, biochemical markers and tracer uptake scores

Nr Age Location Symptoms Relevant Biochemical markers IMT OCT
Sex of lesions (#) Medic 5-HIAA HVA Meta   scores

  

1 70F  Liver (3) abd pain - 9.7 - - 0 3�

2 73M  Liver, abd (4) dia + flush - 15.6 - - 1 12�

3 76F Liver, abd, neck (10) dia + pain INFα 33.5 5.7 72 1 16� � �

4 63F Liver, abd, lungs (11) abd pain - 18 5.8 - 8 22� �

5 44F Liver, abd (17) flush octr 65.8 5.8 98 11 36� � �

6 59M Liver (11) flush INFα 37.3 2.2 60 6 21�

7 67F Liver, abd (4) dia - 2.8 - - 0 5
8 67F Liver, abd, neck (8) dia + flush octr 10.9 3.7 143 4 12� �

9 66M Supraclav(1) none - 8.9 - - 2 2�

10 72M Liver, lung (1) none - 1.1 - - 2 2
11 63M Liver, abd, lungs (6) dia - 25.8 2 48 2 11�

12 64M Abd, mediast (9) dia + flush octr 7.3 - - 5 14�

13 75F Abd, supraclav (7) dia - 4.6 - - 0 7�

14 58M Liver, neck (5) dia + flush octr, INFα 135 4.5 129 10 10� �

15 74M Abd, lungs (9) flush octr 10.5 2.8 75 1 12� �

16 58M Liver, abd, bones (9) abd pain - 3.4 - - 2 12
17 64M Liver, abd (1) dia - 8.6 3.1 92 1 2� �

18 56F Liver, abd (12) none octr 51.2 - - 8 20�

19 55F Abd, supraclav (4) dia + flush - 2.1 8.1 117 3 11� �

20 50F Abd (1) dia - 4.3 6 - 0 1� �

21 69F Liver (8) flush - 91.5 9.8 100 11 13� � �

22 54F Liver, abd (4) dia + flush - 151 3.4 98 9 5� �

------------------------
*) Selected markers : 5HIAA as serotonin-, HVA as dopamine and  Meta(mephrines) as
catecholamine marker. Units: see text.
) value elevated �

Medic=medication, abd=abdominal, supraclav=supraclavicular lymph nodes, mediast=mediastinal,
dia=diarrhea, INF=interpheron, octr=octreotide.

study was approved by the Medical Ethics Committee of the Groningen
University Hospital.

IMT synthesis.
Synthesis of IMT was carried out as described by Krummeich et al. with minor
modifications (19).  Briefly, Iodo-gen  iodination with Na I (T½=13.2 hr,TM 123

obtained from Amersham Cygne, Eindhoven, the Netherlands) of the precursor
L-alpha-methyl-tyrosine was performed in a borate buffer. IMT was purified by
elution with saline containing 5% ethanol over a C-18 SepPak® cartridge
(Waters, Milford, Mass. USA) preconditioned with 100% ethanol followed by
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saline containing 5% ethanol. After filtration through a sterile 0.22 µm Millex
GV filter (Millipore®, Sa, Molsheim, France) a colorless ready-to-inject solution
was obtained. Samples were demonstrated to be sterile and pyrogen-free.
Quality control was performed by HPLC on a RP-18 column (Multosorb 100
4.6) using H O/ethanol/acetic-acid 87.5/10/2.5 v/v/v % as eluent.2
Radiochemical purity was over 99% in all cases, specific activity ~300
Ci/mmol. The overall synthesis time, including purification and quality control
was less than 1 hr. Radiochemical yield was 50 - 65%. The reported effective
dose equivalent is 2 mSv (20).

IMT imaging.
After at least a 5 hr fast, SPECT imaging of the abdomen was performed 15
min after the intravenous injection of 250-300 MBq IMT. Fifteen min prior to
tracer injection 10 drops of Lugol's solution were given orally to prevent thyroid
uptake of possibly formed free Iodine. After SPECT a whole body scan was123

acquired using three adjacent spot views. A large-field-of-view double headed
gamma camera (MULTISPECT 2, Siemens Inc, Hoffman Estates, Illinois,
USA) was used with a medium energy all purpose collimator and a 15%
window centered on the 159 keV photopeak of Iodine. System resolution123

was 12 mm FWHM at 10 cm distance.  
IMT SPECT included 64 projections (2 x 32; 5.6° /step) of 30 seconds

duration each in a 128 x 128 matrix format. Spot views lasted 10 min and were
recorded in a 128 matrix. The total scan procedure took ~60 min. Transaxial
tomograms were reconstructed without prefiltering using filtered back-
projection with a Butterworth filter of 6th order and a cutoff frequency of 0.275
Nyquist. Attenuation correction was performed for abdominal SPECT studies
using Chang's method with an attenuation coefficient of 0.11 cm . -1

In-octreotide imaging.111

Twentyfour hr after administration of 200 MBq In-octreotide (Octreoscan,111

Mallinckrodt, Petten, the Netherlands) planar total body scans (3 spotviews of
10 min in a 128 matrix) were obtained using the same camera/collimator
system as used for the IMT studies. Both 173 and 247 keV photopeaks of In111

were used (15% windows for each).  In addition SPECT acquisition and
processing was performed using the same specifications as for IMT with the
exception of a Butterworth cutoff filter frequency of 0.35. When necessary
because of interfering bowel activity, additional 48 hr images were recorded.

In-octreotide imaging was performed within 14 days of the IMT scans111

in 17 patients. In 12 of these In-octreotide was administered immediately111

after the end of the IMT procedure with imaging the next day. In-octreotide111

images were not disturbed by the preceding IMT scan because of rapid
excretion of IMT and the lack of significant overlap between the I and the123

In windows. In the five patients with longer intervals (14,26,52,85 and 120111

days), it was verified that no change in medical treatment had been introduced,
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no operations had been performed, that the entire disease progression was
slow in comparison with the interval, and that biochemical secretory activity
had not changed.

Image interpretation
All IMT and In-octreotide images were read blinded for other imaging and111

biochemical information. For both tracers the number of lesions was scored for
3 region categories: liver, abdominal and extra-abdominal. In addition, for each
lesion an uptake score was established grading uptake intensity and lesion
size: 1 point = small lesion (< 2cm) with low uptake (slightly more than normal
liver uptake), 2 points = either small lesion with intense uptake (clearly more
than normal liver uptake) or large lesion (2-5 cm) with low uptake, 3 points =
large lesion with intense uptake. Size estimations were based on CT or
ultrasound data. When lesions appeared to be larger than 5 cm or confluent,
they were considered to be made up from 5 cm unit lesions, and more than
one lesion could be scored. In this way a simple semi-quantative uptake score
was established grading the amount of whole body tumor uptake for both
tracers. In-octreotide imaging was considered as a gold standard for the111

presence of lesions.

Figure 1. The major steps in
serotonin metabolism.

TRP=tryptophan; 
5-HTP=5-hydroxytryptophan; 
5-HT=5-hydroxytryptamine
(serotonin); 
5-HIAA=5-hydroxyindolacetic
acid; 
AADC=aromatic L-amino acid
decarboxylase; 
MAO= monoamine oxidase;
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Biochemical measurements
As biochemical parameters for serotonin metabolism urinary 5-HIAA, serotonin
in a 24 hr urine collection and serotonin levels in platelets were measured
(Figure 1). Measurement of serotonin in platelets is less influenced by dietary
serotonin and more sensitive for the detection of serotonin overproduction than
5-HIAA up to intermediate 5-HIAA levels (21-23).  Catecholamines are
dopamine, adrenaline and noradrenaline.

Catecholamine metabolites were analyzed in two groups: the first group
are metabolites from dopamine, the second group from adrenaline and
noradrenaline (Figure 2). Parameters for dopamine metabolism were urinary
levels of 3,4-dihydroxyphenylacetic acid (DOPAC), dopamine, homovanillic
acid (HVA) and 3-methoxytyramine (3-MT)(24). In addition, a �dopamine-
relative-sum� was defined as the sum of DOPAC, HVA and 3-MT levels each
devided by their upper normal values. It should be noted that the urinary
dopamine concentration itself is influenced by renal dopamine production from
other catecholamine metabolites. Parameters for adrenaline and noradrenaline
metabolism were: urinary levels of adrenaline, noradrenaline, metanephrines
and normetanephrine, VMA (vanillylmandelic acid) and MPHG (3-methoxy-4-
hydroxyphenylethylene glycol. Measurements were performed as previously
described (25,26).

Catecholamine metabolites were determined in hydrolyzed urine samples
and thus represent free and conjugated fractions. Catecholamines were
determined as free fraction. Upper reference limits were for 5-HIAA 3.8
mmol/mol creatinine, for serotonin in platelets 5.4 nmol/10  platelets, for9

urinary serotonin 66, for 3-methoxy-tyramine 170,  for noradrenaline 30, for
adrenaline 10, for dopamine 300, metanephrines 70, normetanephrines 260
µmol/mol creatinine and for HVA 5.5, DOPAC 2.0, VMA 2.5, MHPG 1.5
mmol/mol creatinine. 

Biochemical analysis was carried out within one month of the In-111

octreotide and IMT scintigrams. All three markers of serotonin metabolism
were available for all patients. One or more valid markers of catecholamine
metabolism were available in 19 of 22 patients. Valid dopamine markers were
available in 13 patients. Missing values were due to logistic problems
regarding reliable urine sampling or intervals between measurement and
scans in which the secretory pattern was not in steady state.

Statistics
The number of lesions in each patient and the uptake scores using both
tracers were non-parametrically compared with parameters of serotonin,
catecholamine and dopaminergic metabolite levels using Spearman�s
correlations coefficient. Subgroups (catecholamine secreting carcinoid
patients, patients on medication) were compared using the Mann-Whitney U
test. Significance level was p<0.05.
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Figure 2. A simplified overview of catecholamine metabolism. 
Only the most important enzymes and metabolites including the ones
determined in this study are shown. AADC=aromatic L-amino acid
decarboxylase; MAO= monoamine oxidase;PHE=phenylalanine;
TYR=tyrosine; DOPA= 3,4-dihydroxyphenylalanine; DA= dopamine;
NORADR=noradrenaline; ADR=adrenaline; DOPAC= 3,4-
dihydroxyphenylacetic acid; 3-MT=3-methoxytyramine, HVA=homovanillic
acid; NM= normetanephrine; M= metanephrine;VMA= vanillylmandelic
acid; MHPG=3-methoxy-4-hydroxyphenylethylene glycol;
DBH=dopamine-β-hydroxylase, PNMT=phenylethanolamine-N-methyl
transferase.
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8.4 RESULTS

Table 1 summarizes patient characteristics. In all 22 patients one or more
lesions were found at In-octreotide imaging. In 18 of these patients IMT111

SPECT detected abnormalities (patient-based sensitivity: 82%).  In total 145
lesions were detected by In-octreotide imaging, of which 63 were found111

positive on IMT imaging (overall lesion-based sensitivity: 43%). On average
6.6 lesions were found in each patient using In-octreotide, and 2.9 using111

IMT. The detection rate of IMT SPECT was relatively best in the liver (42/70
lesions, sensitivity 60%). In the extra-hepatic abdomen only 9 of 44 (21%)
lesions were scored positive on IMT imaging, and in the extra-abdominal area
12 of 32 (38%). In all patients In-octreotide images were of better quality,111

due to higher contrast between lesion and background. Carcinoid lesions that
were negative on IMT but positive on In-octreotide were both small and111

large. Examples are shown in Figure 3 and 4. There were no lesions with
evident IMT uptake which were negative on In-octreotide. 111

On IMT images, the eight patients using secretion inhibiting medication
(�cold� octreotide or interferon-alpha) tended to have more lesions (4.0±3.3 vs
1.8±2.0, NS) and higher uptake scores (5.8±3.8 vs 4.1±3.7, NS) compared to
patients without this medication, but the difference was not significant. On In-111

octreotide imaging however, these medication users had significantly more
lesions (10.1±3.5 vs 4.6±3.2, p<0.01) and higher uptake scores (17.6±8.4 vs
7.7±6.0, p<0.01).

Figure 3. Planar images of the liver and chest in a patient with small
lesions of a midgut carcinoid  (arrows) in the right liver lobe and a large
lesion including the entire left lobe. (A) IMT image (B) In-octreotide111

image. Images show the same uptake pattern but higher contrast for In-111

octreotide.
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Figure 4. Planar images of the abdomen in a patient with metastases
from a midgut carcinoid tumor in the mediastinum, para-aortic region and
mesentry. (A) IMT image showing no uptake (B) In-octreotide image111

with intense lesion uptake (arrows).

Twenty patients had biochemical evidence of increased serotonin
secretory activity (Table 1). Eleven of these also had increased levels of
catecholamine metabolites. In 8 of these 11 catecholamine producing
carcinoids, especially dopamine metabolites excretion was increased (Figure
1). All 16 patients who were troubled by the carcinoid syndrome had
hypersecretion of serotonin. Three patients had abdominal pains. Three
patients were completely asymptomatic: one had no hypersecretion, one had
serotonin hypersecretion but used medication and one had evident
hypersecretion but no carcinoid syndrome. 

Despite the low detection rate of IMT for carcinoid lesions, significant
correlations were found between tumor IMT uptake and all three biochemical
parameters of serotonin secretory activity (Table 2, Figure 5). Also for the In-111

octreotide uptake score significant, but lower correlations with serotonin
metabolism were present. No correlations were found with catecholamine
metabolites from adrenaline and noradrenaline. However, IMT uptake but not

In-octreotide uptake, correlated with excretion of dopamine metabolites111

(Table 2). Furthermore, IMT uptake scores were higher in the dopamine
secreting subgroup than in those without elevated dopamine metabolites
(6.0±4.5 vs 2.4±3.0, p=0.05). 
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Table 2. Correlations (Spearman) between tracer uptake and biochemical
activity.

IMT uptake In-Octreotide uptake111

Biochemical parameter r p r p  

Serotonin markers
Platelet serotonin 0.57* 0.006 0.45* 0.05
Urinary serotonin 0.62* 0.002 0.44* 0.05
5-HIAA excretion 0.67* < 0.001 0.51* 0.03
 
Dopamine markers
Dopamine -0.02 0.93 -0.08 0.60
DOPAC 0.47 0.12 0.26 0.41
HVA 0.60* 0.03 0.46 0.11
3-Methoxy-tyramine 0.46 0.15 0.24 0.47
Relative sum dopamine metab 0.61* 0.02 0.38 0.20

Other catecholamine markers
Adrenaline -0.01 0.96 -0.05 0.86
Noradrenaline 0.10 0.70 -0.16 0.55
VMA 0.18 0.57 0.01 0.96
MHPG -0.28 0.34 -0.02 0.95
Metanephrines 0.47 0.14 -0.21 0.53
Normetanephrines 0.01 0.97 0.07 0.84

-------------------
* significant correlation 

8.5 DISCUSSION

This study demonstrates IMT uptake in carcinoid lesions: IMT scintigraphy
detected 43% of all lesions and 60% of liver lesions positive on In-octreotide111

scintigraphy. Uptake of IMT was lower than uptake of In-octreotide, leading111

to lower lesion contrast and image quality. Interestingly, despite the low
detection rate, total IMT uptake was related to the carcinoid biochemical
activity, especially to serotonin and dopamine markers.  In-octreotide uptake111

only correlated with serotonin metabolism.
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Figure 5. Scatter plot showing relation between IMT uptake and (A)
urinary 5-HIAA excretion, (B) serotonin platelet level, (C) urinary
serotonin excretion (D) HVA excretion (marker of dopamine metabolism).
Correlation coefficients are in table 2.

How can IMT uptake in carcinoid tumors be explained? In tumor cell lines
and in brain tumors IMT is a substrate for amino acid transport systems of
which the L-transporter for large neutral amino acids is the most important
(16,17). Therefore, uptake of IMT in serotonin producing carcinoids, as found
in this study, may be increased because of increased tryptophan transport
causing upregulation of the shared amino acid transporter (18). In
catecholamine producing carcinoids, the relation between IMT and dopamine
metabolites, which is the first catecholamine in the catecholamine pathway
(Figure 2), suggests that IMT serves as a false metabolic precursor. An
alternative explanation in these latter carcinoids could be binding of IMT to the
tyrosine-hydroxylase enzyme, since the unlabeled compound (methyl-tyrosine)
is known as a catecholamine synthesis blocking agent through inhibition of this
enzyme (27-29). Increased uptake in catecholamine producing carcinoids
cannot be attributed to co-existing serotonin hypersecretion, since no
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correlations were found between markers of serotonin metabolism and
catecholamine metabolism (data not shown).

To explain the lack of IMT uptake in some carcinoid lesions, several
reasons can be thought of. Firstly, the uptake of this potential metabolic
precursor is probably low in lesions with only minimal secretory activity. This
is supported by the positive correlation between IMT uptake and secretory
activity. Secondly, interfering uptake in abdominal organs (kidneys, bladder,
intestine) undoubtedly contributes to the negative results (especially in the
extrahepatic abdomen). Thirdly, IMT may possibly act a false precursor for
catecholamine synthesis but most carcinoids secrete only limited amounts of
catecholamine. This is supported by the higher uptake in dopamine producing
carcinoids in this study, and the correlation with the dopamine metabolite
excretion. Since both small and large lesions could be IMT negative, lesion
size apparently does not influence visibility.

Attempts to image carcinoid tumors through a radiolabeled metabolic
precursor date back to the late nineteensixties. Costello et al. demonstrated
uptake of [ I]-iodotryptophan in human carcinoid tumors using recti-linear131

scans (30).  Macfarlane et al. published studies using 5-[ I]-iodotryptophan,125

6-[ I]-iodotryptophan, p-[ I]-iodo-DL-phenylalanine, in which they125 125

demonstrated tumor uptake in an mouse model (31). Their subsequent
negative studies in 4 human carcinoid patients using p-[ I]-iodo-DL-131

phenylalanine, that had showed the best uptake in mice, were troubled by a
very low dose, the I label and the use of the racemic mixture instead of the131

L-isomer. To the best of our knowledge no other studies using labeled tyrosine
(analogues) have been performed in carcinoid patients. Interestingly, the
molecules p-iodo-L-phenylalanine and IMT in the current study are somewhat
similar, with one hydroxy and one methyl group as difference.

Since the introduction of receptor imaging with In-octreotide, metabolic111

targeting of carcinoids has lost interest of many researchers for a long time.
In-octreotide scintigraphy is an accurate method to detect metastatic111

carcinoid lesions with a 80 - 90 % sensitivity (8,9,32). This method often
detects more lesions than conventional radiological imaging (8,9). Also
scintigraphy using MIBG is a sensitive method to detect carcinoid lesions,
although reported sensitivities are lower and results are more variable than for

In-octreotide (33,34). MIBG is actively transported into the cell and localizes111

in neurosecretory granules. Whether MIBG preferentially localizes in
catecholamine producing carcinoids, is currently unknown but appears logical.
Attempts to image carcinoid tumors using F-fluoro-deoxyglucose (FDG) were18

unsuccessful, presumably because of the generally high differentiation grade
and low anaerobic glycolysis (35). 

A potentially interesting application of labeled metabolic precursors is
analysis of therapy induced changes, for which neither In-octreotide receptor111

imaging, nor radiological imaging have proven very suitable (11-13). Recently
Orlefors et al. studied the metabolic precursor 5-hydroxytryptophan (5-HTP)
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labeled with C for PET scanning (36). They found high uptake in multiple11

carcinoid lesions in 18 patients, and observed a close correlation in 5-HTP
uptake decrease and 5-HIAA decrease in 10 patients after medical treatment.
This has revived interest in metabolic imaging of carcinoid tumors. Although
our attempt at metabolic imaging with the SPECT tracer IMT is only partly
successful, this study demonstrates that many carcinoid lesions take up IMT.
It could be argued that �cold� octreotide or interferon medication might have
(negatively) influenced our results since these secretion inhibitors may
decrease the demand for amino acid precursors and could therefore deminish
IMT uptake. This cannot be excluded, but on the other hand, we found no
significant difference in IMT uptake between patients on and off secretion
inhibiting medication. It seems most likely that patients on medication have
more extensive carcinoid disease, which is also supported by the higher In-111

octreotide uptake despite medication. Furthermore, since lesion sensitivity in
patients off medication was no higher than ~50%, it is unlikely that sensitivity
for the whole group would have risen to acceptable levels (80-100%) only by
discontinuing medication.

The relation between total IMT uptake and various secretory products can
be of interest, although not directly for clinical purposes. Identification of
catecholamine producing lesions among others could be relevant for selective
embolization of these symptom causing lesions. Clearly, there is a need to
search for better tracers in this field that show higher uptake and better lesion
contrast. Keeping therapeutic options in mind, the ideal tracer should be
selectively localized and trapped in one of the specific metabolic pathways of
the carcinoid tumor.

8.6 CONCLUSION

The artificial amino acid IMT localizes in many but not all carcinoid
lesions: IMT scintigraphy detected 43% of all lesions and 60% of liver lesions
positive on In-octreotide scintigraphy. IMT uptake in lesions was lower than111

In-octreotide uptake leading to lower lesion contrast. Total IMT uptake was111

related to the carcinoid secretory activity, especially to markers of serotonin
and dopamine metabolism. These findings may be of interest in metabolic
targeting of carcinoids, especially in catecholamine secreting tumors. They
may lead to development of better tracers to follow the effect of treatment on
these tumors. 
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9.1 SUMMARY

L-3-[ I]Iodo-alpha-methyl-tyrosine (IMT) is a modified amino acid which is123

avidly taken up in many tumors. Uptake is based on the increased
transmembrane transport of amino acids in malignancies. IMT is the only
amino acid tracer suitable for SPECT imaging. 
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 III. IMT SPECT and
planar imaging of the chest were performed before, 2 weeks after and 3
months after 60 Gy radiotherapy. Staging was based on bronchoscopy, chest
CT scanning, mediastinoscopy or explorative thoracotomy. After radiotherapy,
CT and bronchoscopy were repeated to assess tumor response. 
Results: In 15/16 evaluable primary tumors avid IMT uptake was present
(sensitivity 94%), with a mean tumor to background ratio (TB ratio) of 2.95 ±
0.78 (range 1.7 - 4.9). In 12/14 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 diameter sensitivity was 42%. FDG PET
(available in 5 patients) detected more known and unknown lesions than IMT
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SPECT. After radiotherapy, TB ratios had fallen to 1.84 ± 0.29 (p<0.001 vs
baseline) and three months later to 1.61 ± 0.41 (NS vs second study).
Considerable non-specific uptake was found in irradiated normal lung tissue
(mean ratio to non-irradiated tissue 1.79 ± 0.53), persisting for over three
months. No relation was observed between various IMT uptake parameters
and presence of residual viable tumor tissue or survival. 
Conclusion: IMT SPECT has a high sensitivity for the detection of primary
non-small cell lung cancer. Although patient-based sensitivity to detect
mediastinal spread was adequate, sensitivity for individual lesions, especially
for small metastases (< 2 cm diameter) was too low to be clinically helpful.
Radiotherapy caused considerable non-specific IMT uptake, which also limits
applicability in  evaluating the results of treatment. 

9.2 INTRODUCTION

Metabolic imaging of non-small cell lung cancer is gaining clinical interest. In
contrast with anatomical imaging methods like computer tomography (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 2-[ F]-fluoro-2-deoxy-D-18

glucose (FDG) (1-4). However, PET has several disadvantages as its
availability is still limited, costs are high, and the tracer FDG is also taken up
in inflammatory lesions (5). 

Radiolabeled amino acids may be an interesting alternative in the
metabolic imaging of lung cancer. Since amino acid uptake in inflammatory
lesions is less prominent than FDG uptake, these tracers may be more tumor
specific (6,7). This tumor specificity might especially be helpful in evaluation
of residual tumor activity after treament or in the detection of recurrence.

The radiolabeled amino acid L-3-[ I]Iodo-alpha-methyl-tyrosine (IMT)123

has been introduced for brain tumor imaging, but is also taken up in many
other tumors (8,9). Uptake is based on the increased transport of amino acids,
present in nearly all cancer cells (10-12). Uptake appears to be related to
tumor proliferation, as demonstrated in vivo in brain and soft-tissue tumors and
in vitro in tumor cell lines (13,14). Application of IMT in lung cancer patients
has not been studied. The Iodine-123 radiolabel makes the tracer suitable for
SPECT. In comparison with PET, this an advantage becuse of better
availability and lower costs, but a disadvantage with respect to image
resolution. The aim of this study was to investigate the feasibility of IMT
SPECT in detection, primary staging and evaluation of radiotherapeutic
treatment in patients with non-small cell lung cancer.
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9.3 PATIENTS AND METHODS

Patients
Patients with histologically proven non-small cell lung cancer were

included between September 1997 and October 1998. We selected
consecutive inoperable or irresectable patients with stage IIIA or IIIB who were
scheduled for radiotherapy. Patients were imaged three times: prior to
radiotherapy, 1-2 weeks after the termination of radiotherapy and 3 months
after the second study. Written informed consent was obtained from all
patients prior to inclusion. The study was approved by the Medical Ethics
Committee of the Groningen University Hospital. 

Mediastinal lymph node staging was based on histology or cytology,
obtained during endobronchial carinal punction, cervical mediastinoscopy or
explorative thoracotomy. When direct mediastinal tumor involvement (T4
tumor) was observed, patients were not further staged using invasive
procedures. In all other cases the mediastinal status was based on histological
or cytological information.

Assessment of tumor size before and after treatment was based on CT
(Philips Tomoscan SR7000, 5-10 mm slice thickness, Omnipaque (Nycomed)
contrast). Size measurements were performed by measuring the two largest
perpendicular dimensions on a representative transverse slice through the
tumor. The criterium for malignancy in mediastinal lymph nodes was a
diameter > 1 cm. Patients were all treated with radiotherapy (60 Gy, in 30 daily
fractions) on the primary tumor and mediastinal metastases. Assessment of
response was based on measurement of remaining tumor size on CT images
obtained within 2 weeks after the termination of radiotherapy and on repeat
bronchoscopy with biopsy when possible.

Patients were followed until June 2000. The duration of survival and the
cause of death were recorded. 

IMT SPECT.
Synthesis of IMT was carried out as previously described (9). After at

least a 5 hr fast, SPECT imaging of the chest was performed 15 min after the
intravenous injection of 250-300 MBq IMT using a large-field-of-view double
headed gamma camera (MULTISPECT 2, Siemens Inc, Hoffman Estates,
Illinois) with a medium energy all purpose collimator (64 views, 30
seconds/view). Additional planar spot views were acquired for 10 min.
Transaxial tomograms were reconstructed using filtered back-projection with
a Butterworth filter (6th order, cutoff 0.275 Nyquist). System resolution was 12
mm FWHM at 10 cm distance.  

All images were interpreted from a computer monitor by an experienced
nuclear medicine physician, blinded for other imaging information. Planar
images were qualitatively analyzed using a simple scoring system: + = uptake
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Table 1. Patients, primary tumors and IMT uptake.

No Sex Age Tumor Size Location* T N Clinical IMT uptake TB ratio
histology cm stage stage planar SPECT§

1 male 66 Squamous  2 RUL T3 N2 IIIA +++ 3.0
2 male 52 Squamous  6 RML T3 N2 IIIA +++ 6.1
3 male 58 Large cell 4 RML T2 N2 IIIA + 1.8
4 male 63 Squamous 6 RUL T3 N2 IIIB +++ 3.4
5 female 55 Adeno 5 RUL T4 N0 IIIB ++ 2.9
6 male 68 Squamous 5 RML T2 N2 IIIA ++ 2.6
7 male 42 Squamous 3 LUL T3 N2 IIIB ++ 3.1
8 male 67 Squamous 5 LUL T4 N0 IIIB +++ 3.4
9 male 71 Squamous 6 RUL T4 N2 IIIB +++ 3.1
10 female 70 Adeno 4 RLL T3 N2 IIIB ++ 3.0
11 male 56 Squamous 4 RLL T4 N2 IIIB + 1.8
12 male 69 Large cell 5 RUL T4 N2 IIIB +++ 3.6
13 male 50 excised - LLL - N2 IIIB
14 female 69 Adeno 7 RUL T4 N2 IIIB ++ 3.2
15 male 41 Large cell  5 RUL T2 N2 IIIB ++ 2.7
16 female 62 Squamous 1.5 LUL T1 N3 IIIB � �
17 female 74 Squamous 4 LUL T3 N0 IIIB +++ 3.8 

-----------------------
*) RUL=right upper lobe, RML=right middle lobe, RLL=right lower lobe, LUL=left upper lobe,
LLL=left lower lobe
§) � = not visible, + = uptake just above background, ++ = uptake higher than background, +++ =
uptake much higher than background.

just above background, ++ = uptake higher than background, +++ = uptake
 much higher than background uptake. Areas of abnormal IMT uptake were
defined as areas with clearly increased SPECT uptake compared to normal
background uptake (9). 

Semi-quantative measurements of IMT uptake were carried out by
defining regions-of-interest (ROI) around the lesion under study. These regions
were drawn on transverse SPECT slices with maximum tumor visibility, and
were drawn in a standardized fashion at 80% of the maximum pixel value in
the lesion. A background ROI was drawn in contralateral normal lung tissue,
and from the uptake intensity (counts per pixel) in both ROI's the tumor-to-
background ratio (TB ratio) was calculated. TB ratios were calculated before
and after radiotherapy on corresponding transverse SPECT slices. After
radiotherapy, ROIs were identically drawn at 80% of the maximum pixel value
of the remaining tumor, that usually had shrunk through the irradiation.
Radiotherapy induced volume changes were not taken into account in this
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way, and TB ratios after radiotherapy thus represent tracer uptake density in
the remaining tumor volume. 

To study the effect of radiotherapy on normal lung tissue, an additional
ROI was drawn in normal lung tissue that had been included in the
radiotherapy field. In this way a radiated-to-non-irradiated ratio (RNR ratio) was
calculated.

Statistics.
Paired Student�s t-tests were used to compare TB ratios and RNR ratios

at various time points, as differences did not deviate from normal distribution,
as evidenced by Kolmogorov-Smirnoff tests. One sample t-tests were used to
compare RNR ratios with the expected value 1. Mann Whitney U tests were
used to compare IMT uptake data in patients with positive versus negative
biopsy or mediastinal status. Spearman�s rank correlation was used to
compare tumor area reduction with IMT TB ratio reduction. Two tailed P values
< 0.05 were considered significant.

9.4 RESULTS

Patients
Seventeen patients underwent an IMT SPECT study before radiotherapy

(Table 1). In patient 13, the primary tumor had been removed for diagnostic
purposes, leaving 16 primary tumors evaluable. The maximal tumor diameter
was between 1.5 and 7 cm with a mean of 4.5 cm. In 4 patients an explorative
thoracotomy had been performed 20, 32, 44 and 50 days before the IMT study.
Five patients had also undergone FDG PET scanning. 

The mediastinum was positive for lymph node metastases in 14 of the 17
(84%) patients using the staging method described above. Six patients had
direct tumor involvement of the mediastinum (T4). In 11 patients CT of the
chest revealed one or more mediastinal lymph nodes > 1 cm diameter, in the
other 6 patients mediastinal lymph nodes were either absent or smaller than
1 cm diameter. The patient-based sensitivity of CT for the detection of
mediastinal metastases therefore amounts to 79% (11/14). The 14 patients
with mediastinal metastases had a total of 20 metastatic locations, 8 of which
contained metastases between 2 and 4 cm in diameter. Twelve locations
contained metastases < 2 cm diameter of which six were < 1 cm.

First IMT SPECT: tumor detection and mediastinal staging.
IMT SPECT clearly depicted 15 of the 16 evaluable primary tumors

(94%). Examples are presented in Figure 1 and 2. The only tumor that was not
detected was the smallest in this study and was 1.5 cm in diameter (patient 16
in table 1). Tumors were usually already visible on planar images, but SPECT
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Figure 1. Transverse (A) and coronal (B) SPECT slice through a
squamous cell lung carcinoma in the right middle lobe (patient nr 2),
showing intense IMT uptake. 

Figure 2.(A) IMT planar image of the chest showing uptake in a primary
squamous cell carcinoma in the left upper lobe and uptake in the
mediastinum (small arrows). Minor, presumably bone marrow, uptake in
the sternum overlies the mediastinal lesion (B) Transverse SPECT slice
from the same patient, showing better delineation of the primary tumor in
the left upper lobe and a clear mediastinal metastasis (arrows).
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greatly increased visibility and improved localization. IMT tumor uptake was
high with a mean TB ratio of 3.0 ± 1.0 (sd) with a range of 1.7 - 6.1 (Table 1).

In 12 of the 14 patients with mediastinal metastases IMT SPECT detected
abnormal uptake in the mediastinum, yielding a (patient-based) sensitivity of
86% (Figure 2B). One patient had multiple small mediastinal metastases (1 -
2 cm in diameter) that were not visible on the IMT images (patient 4). In the
other patient a 2 cm hilar/paratracheal lesion was not detected, presumably
due to low uptake (patient 11). There were no false positive findings.

Analyzing individual mediastinal lesions, IMT SPECT detected 13 of the
20  metastatic locations (overall lesion-based sensitivity 65%). All eight
locations containing metastases over 2 cm in diameter were detected.
However, only five of the twelve locations containing metastases < 2 cm were
detected (small lesion sensitivity 42%). Due to limited resolution, it was not
always possible to clearly separate metastatic locations. For example, patient
12 had a metastasis of 2 cm diameter located in the transition zone between
the hilar and paratracheal region and an additional carinal metastasis.
Although increased uptake was found in the entire perihilar region, the two
histologically confirmed metastases could not be visualized separately on the
IMT SPECT images.

In one patient IMT SPECT showed clearly increased uptake in an
unexpected supraclavicular lesion. This was originally considered to be false
positive, since the lesion had not been found during staging, but 3 months later
(after radiotherapy, not including the supraclavicular area) a palpable
metastatic node was found on this location. Apart from this case, no other
unexpected abnormalities were found, in particular no distant metastases. 

In 5 patients FDG PET had also been performed and the results were
compared with IMT SPECT. All primary tumors were also visualized using
PET. In one patient IMT did not detect a 2 cm mediastinal lymph node, which
was positive on PET (patient 11). However, PET showed 2 false positive
mediastinal locations (1.5 cm) that were correctly negative on IMT SPECT. In
two other patients PET detected small distant metastases (one in bone, one
intrapulmonary). As expected, PET image quality, anatomic resolution and
lesion to background activity were superior to IMT images (Figure 3).

Second IMT SPECT: after radiotherapy
The second IMT SPECT, shortly after the end of radiotherapy, was

performed in 14 patients. In 3 patients post treatment scan were not performed
as radiotherapy had been canceled, due to disease progression shortly after
the start of treatment in one patient, and two patients had died. Patient 13,
whose primary tumor had been removed for a diagnostis purpose, had been
irradiated on a 3 cm mediastinal metastasis. This lesion was used in the
response analysis. In all 14 patients post-treatment tumor size was determined
using CT. Additionally, in 10 patients adequate histological or cytological
material was obtained through repeat bronchoscopy. 
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In all patients the TB ratio had decreased after radiotherapy. An example
is shown in Figure 4. The mean TB ratio decreased from 2.95 ± 0.78 to 1.84
± 0.29 (p<0.001). Considering a posttreatment TB ratio = 1 as a complete
disappearance of tumor activity, the average reduction of IMT TB ratios was
52% ± 18%. Data are shown in Figure 5.

Tumor dimensions after radiotherapy, as measured with CT, also
diminished significantly in all but one patient. The mean tumor area decreased
from 21 ± 14 cm  to 7 ± 9 cm  (p<0.01), an average reduction of 60 ± 37%. No2 2

correlation was found between IMT TB ratio reduction and tumor size 

Figure 3. IMT SPECT (left) and FDG PET (right) images of patient 1. 
 (A) IMT SPECT coronal slice through a 1.5 cm squamous cell lung
carcinoma located in the apex of the right upper lobe (arrow). Non-
specific uptake in the lower right chest wall is caused by a thoracotomy
20 days earlier (B) Corresponding FDG-PET coronal image, obtained
before thoracotomy demonstrating intense FDG uptake in the primary
tumor and in a hilar metastasis. (C) IMT SPECT coronal slice through the
hilar region also shows intense uptake in this hilar metastasis (arrow). (D)
Corresponding FDG-PET coronal image through the middle of the hilar
metastasis with higher contrast.  Furthermore, an additional lesion in the
right middle field (thick arrow) is found on PET that is missed on the IMT
SPECT image.
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reduction.
Considerable uptake was observed in irradiated normal lung tissue

(Figure 6), with a mean RNR (radiated-to-non-radiated) ratio of 1.79 ± 0.53 
(range 1.05 - 2.27)  being significantly different from 1 (p<0.001). The mean
uptake ratio between tumors and the adjacent irradiated lung tissue was 1.27
± 0.34.

Biopsies from the tumor area after radiotherapy still contained vital tumor
cells in 4 (out of 10) patients. The reduction in IMT uptake of these 4 patients
was not different from those with a negative biopsy after radiotherapy, neither
was the absolute pre- or post-treatment uptake (Figure 5), although the
number of studied patients is low. Also in patients with and without mediastinal
metastases, IMT TB ratios before and after radiotherapy were not different.

Figure 4.  Corresponding transverse IMT SPECT (lower row) and CT
(upper row) slices through a squamous cell carcinoma (thin white arrows)
in the right upper lobe, before radiotherapy (left) and shortly after (right).
CT images demonstrate significant tumor regression, but IMT SPECT
shows reduced, but lightly persisting uptake (arrows). Vital tumor cells
were found after bronchoscopic biopsy. Also note increased uptake in the
irradiated field (arrowheads).   
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Figure 5. Figure 5. IMT TB ratios shortly after and 3 months later, given
as percentage of TB ratio before radiotherapy. Circle symbols denote
patients with residual tumor (black circles) or without (open circles)
residual  tumor, based on bronchoscopic biopsy shortly after
radiotherapy. Triangles denote patients without biopsy.

Third IMT SPECT: follow-up.
Three months after the second IMT scan 13 patients underwent a third

IMT SPECT. One patient had died between the second and third study. The
mean TB ratio had decreased slightly from 1.84 ± 0.29 to 1.61 ± 0.41, but this
change between second and third scan was not significant.  Only in one of the
four patients with a positive biopsy, but also in 2 patients with a negative
biopsy after radiotherapy, TB ratios had now risen again.

At the end of the follow-up period 6 patients were still alive, all others had
died from their lung cancer. Median survival was 20 months. Using Cox
regression analysis no significant relation was observed between survival and
IMT TB ratio before or after radiotherapy (Relative Risk 0.9, with a wide 95%
Confidence Interval 0.45 - 1.8), but more observations are required for this
purpose.

Average RNR had decreased from 1.79 ± 0.53 to 1.50 ± 0.50, a
significant difference (p<0.05) but still much higher than 1 (p<0.001). The
tumor-to-irradiated lung tissue ratio was 1.21 ± 0.31, not different from the ratio
after the second study.
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Figure 6.  Planar IMT image obtained 1 week after 60 Gy radiotherapy on
the right middle lobe tumor of patient 2 (see figure 1). Increased uptake
is present in the entire irradiated field (arrow). The diaphragm is located
at the very bottom of the image

9.5 DISCUSSION

This study shows that non-small cell lung cancer lesions can be
visualized using IMT SPECT. Apparently, this simple and potentially widely
available SPECT method is able to visualize the increased amino acid
metabolism in these tumors, which has not been demonstrated before.
However, there were serious drawbacks that will limit its clinical applicability.
Firstly, while all primary tumors over 1.5 cm were detected, a smaller primary
tumor was missed. Secondly, lesion-based sensitivity for mediastinal
metastases was low (65%) and for small lesions (< 2 cm) even as low as 42%.
Because of this detection limit of 1.5 - 2 cm,  IMT SPECT does not appear
helpful in mediastinal staging, and will not reduce the need for invasive staging
procedures.

Shortly after radiotherapy we found a considerable decrease in IMT
uptake intensity in the remaining tumor, which indicates decreased amino acid
metabolism induced by radiotherapy although the reduction in size in itself may
also contribute to the decreased uptake. We did not observe a relation
between the presence of residual viable tumor tissue and IMT uptake or
changes in uptake, but more study is required for this purpose and a certain
degree of sampling error might have influenced this finding. However, we also
did not find a correlation between survival, another outcome parameter, and
IMT uptake. Furthermore, considerable uptake was found in normal lung tissue
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that had been included in the irradiated field. This phenomenon was present
in nearly all patients shortly after radiotherapy and had hardly diminished 3
months later. It was not related to the occurrence of radiation pneumonitis or
other radiotherapeutic lung damage. Apparently, tissue changes after
radiotherapy (inflammation, fibrosis, apoptosis) are associated with increased
amino acid demand. This limits the specificity of IMT for evaluation of the
results of radiotherapy. Therefore, it seems unlikely that even in larger groups,
IMT SPECT will have predictive value in response evaluation for individual
patients.

Radiolabeled amino acids have hardly been applied in lung cancer
imaging. Since amino acids play a minor role in the metabolism of
inflammatory cells, the theoretically better specificity may be advantageous in
comparison with FDG (5-7, 15). A high specificity of 91% was indeed reported
in a recent study by Yasukawa who retrospectively analyzed C-methionine11

PET for mediastinal staging (n=41). PET correctly diagnosed 10/14 enlarged
lymph nodes as tumor-negative, but intense methionine uptake was also
present in many histologically negative lymph nodes, independent of size (16).
Nettelbladt found both FDG and carbon-11-methionine PET positive in 4
patients with mediastinal metastases, but also found methionine (and FDG) to
be taken up in post-obstructive pneumonia and in mucous membranes of the
carina and proximal main bronchi (17). Kubota could separate a group of
patients with early tumor recurrence from a group with late recurrence using
L-[methyl- C]-methionine uptake in a similar study as the current,  but found11

CT to be better in the prediction of ultimate local recurrence (18). Increased
amino acid uptake in irradiated lung tissue, as observed in our study, however,
has not been described before.

IMT, as a relatively new metabolic tracer and the only amino acid tracer
suitable for SPECT, compares well to other single photon tracers applied in
lung cancer. Using Thallium-201, Tc99m-MIBI or Gallium-67, sensitivities
between 50 and 90% are reported for primary tumor detection with TB ratios
between 2.4 and 3.8 (19-24). Few studies have addressed mediastinal staging
but in nearly all of these sensitivity for small lesions (<1.5 cm) was too low to
be clinically helpful, and frequently uptake in benign processes decreased
specificity (23-25). In addition, most authors report only patient-based
sensitivities, whereas lesion or lymph node station based sensitivities are
usually lower. Although as sensitive as these other SPECT agents, the
sensitivity of IMT SPECT is too low to be clinically acceptable. Apparently,
amino acid uptake is not high enough to compensate for the limited resolution
of SPECT. Therefore, a negative scan does not rule out the presence of
(especially small) metastases, which still necessitates invasive staging with
mediastinoscopy or surgery. However, one should realize that CT alone does
not perform better than single photon studies (26), as is suggested also in this
study using IMT SPECT.
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9.6 CONCLUSION.

SPECT using the radiolabeled amino acid IMT is able to visualize non-small
cell lung cancer lesions with a high sensitivity for the primary tumor. However,
IMT SPECT appears to have a detection limit of approximately 1.5 cm. For
mediastinal staging this results in a sensitivity that is too low to be clinically
helpful. Although tumor uptake significantly decreased after radiotherapy,
relatively high and persistent uptake was observed in irradiated normal lung
tissue. The specificity of IMT is therefore lower than expected, which will also
limits application in treatment evaluation.
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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.



CHAPTER 10

168

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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Chapter 11.  

Introductie en uitleg over 
Nucleaire Geneeskunde - voor leken

Dit proefschrift gaat over Nucleaire Geneeskunde en de toepassing ervan bij
kanker patiënten. 

Nucleaire Geneeskunde is een zelfstandig medisch specialisme dat zich
bezig houdt met de medische toepassing van radioactieve stoffen. Het
merendeel van deze toepassingen betreft diagnostiek bij patiënten, een klein
deel is gericht op de behandeling van patiënten. Nucleair geneeskundige
diagnostiek wordt in het algemeen uitgevoerd op verzoek van andere
medische specialisten. Daarmee kan het als een �derde-lijns� specialisme
worden beschouwd. De diagnostische toepassingen strekken zich uit over
vrijwel alle medische specialismen. Soms leveren nucleair geneeskundige
onderzoeken op zichzelf voldoende informatie voor het stellen van een
diagnose, maar vaak moet de informatie door de behandelend specialist
gecombineerd worden met de resultaten van andere beeldvormende
methoden, zoals röntgen-, echo- of MRI onderzoek, die thuishoren bij de
radiologie. 

Nucleaire Geneeskundige beeldvorming werkt door het toedienen aan de
patiënt van een minieme hoeveelheid van een radioactieve verbinding, ook
wel �radiofarmacon� of �tracer� genaamd. Dit radiofarmacon bestaat uit 2
gedeelten: het ene deel (het farmacon) is een stof die de eigenschap heeft
zich in een bepaald orgaan of weefsel op te hopen. Het andere deel is een
radioactief isotoop (�radionuclide�, ook wel �het label� genoemd), dat stevig is
gekoppeld aan het farmacon (Zie figuur 1 in hoofdstuk 1). Kort of langer na de
toediening van het radiofarmacon worden met een zgn gammacamera
opnamen van de patiënt gemaakt (figuur 1). De gammacamera vangt de
straling die het radionuclide uitzendt, op en zet die om in een beeld van de
patiënt. Dit beeld toont daarmee het verdelingspatroon van de radioactieve
stof en geeft zo informatie over een bepaald  orgaan. De hoeveelheid straling
die een patiënt ontvangt is over het algemeen gering en in dezelfde orde van
grootte (of lager) als röntgen toepassingen. Vanwege de extreem kleine
hoeveelheid actieve stof hebben tracers geen bijwerkingen.
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Figuur 1. Een voorbeeld van een twee kops gammacamera.

Een bekend voorbeeld is de �botscan�: hierbij wordt het radiofarmacon
Tc-MDP ingespoten. Het farmacon deel, MDP (methyleendifosfonaat) heeft99m

de eigenschap zich sterk te binden aan actief botweefsel. Het eraan
gekoppelde radionuclide deel, Tc (technetium-99m) is een radioactief99m

isotoop die gammastraling uitzendt. Na inspuiten van dit radiofarmacon wordt
3 uur gewacht (om de verbinding de tijd te geven zich aan het bot te hechten).
Dan worden met de gammacamera foto�s van de patiënt gemaakt, soms van
een klein deel van het lichaam, maar vaak van het hele lichaam. Zie het
voorbeeld in figuur 2. Deze foto�s laten dan zien in welke mate het skelet de
stof heeft opgenomen. Als op een bepaalde plaats het skelet ook maar een
klein beetje is geprikkeld, door bijvoorbeeld een uitzaaiing van een tumor, door
slijtage van een gewricht, door een breuk of door nog andere oorzaken, zal
daar meer Tc-MDP worden opgenomen dan in normaal bot, waardoor die99m

plaats op de gammacamera foto�s zichtbaar wordt. Deze methode blijkt zeer
gevoelig om allerlei afwijkingen in het skelet op te sporen, soms in een veel
eerder stadium dan röntgen foto�s. De botscan is echter niet �specifiek� voor
een bepaalde aandoening, en wordt door vele soorten medisch specialisten
gebruikt.

 Nucleaire Geneeskunde werkt dus volgens een heel ander principe dan
beeldvorming m.b.v. röntgenstraling. Bij röntgenonderzoek wordt de patiënt
doorstraald vanuit een uitwendige stralingsbron, en de foto is een scherp
schaduwbeeld. Bij nucleaire geneeskunde is de patiënt zelf de bron van de
straling. Het omzetten van straling in een scherp beeld is moeilijk, omdat de
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Figuur 2. Total body botscans. Linker plaatje: normaal beeld, met links
aanzicht van voren, rechts van achteren. De activiteit in het skelet is
gelijkmatig. De prikplek in de elleboog is nog zichtbaar, doordat wat
tracer onderhuids is achtergebleven na een moeilijke injectie. Het
rechter plaatje toont talloze plaatsen met verhoogde activiteit. Oorzaak:
uitzaaiingen in het skelet van een kwaadaardig gezwel.

straling vanuit de patiënt in alle richtingen wordt uitgezonden. Met speciale
hulpmiddelen (bijv. een �collimator�) is dit probleem opgelost, maar
desondanks zijn de afbeelding in het algemeen niet zo scherp als
röntgenfoto�s (Zie figuur 2 van hoofdstuk 1).

Naast dit geheel andere principe van beeldvorming is er nog een ander
fundamenteel verschil met radiologische beeldvorming. Het beeld dat in de
Nucleaire Geneeskunde ontstaat, toont niet zozeer de structuur (�de anatomie�)
van een orgaan, maar de mate van tracer opname. Dit is meer een uiting van
de activiteit van het afgebeelde weefsel. Daarom is de Nucleaire
Geneeskunde meer gebaseerd op de functie van weefsels (fysiologie) dan op
de anatomie. Een voorbeeld: na behandeling van een tumor met chemo- of
radiotherapie tonen radiologische afbeeldingen vaak restweefsel aan. Of dit
restweefsel puur littekenweefsel betreft (onschuldig) of nog restanten actief
tumorweefsel bevat (verdere behandeling nodig), kan met die methoden vaak
niet worden aangetoond. Echter, door het afbeelden van de activiteit van het
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Tabel 1. Enkele radiofarmaca en hun toepassingsgebied.
radiofarmacon orgaan of geeft informatie over

weefsel

Tc-MIBI hartspier doorbloeding, vaat vernauwingen, infarcten99m

Tc-Pertechnetaat hart pompfunctie99m

Tc-MAG3 nier nierfunctie, urine afvloed problemen99m

Tc-MDP skelet allerlei skeletaandoeningen99m

Tc-MAA long long doorbloeding, opsporen van longembolie99m

In-octreotide endocriene mate van verspreiding in het lichaam111

tumoren
Tc-leucocyten ontsteking opsporen allerlei infecties99m

Iodium schildklier diagnostiek schildklieraandoeningen123

Iodium schildklier behandeling schildklieraandoeningen131

Strontium skelet behandeling pijn bij botmetastasen89 

restweefsel kan littekenweefsel worden onderscheiden van resterend actief
tumorweefsel.

De eigenschappen van de tracer bepalen welk aspect van de functie van
een orgaan in beeld wordt gebracht. Een aantal toepassingen staat vermeld
in tabel 1. De beelden van de Nucleaire Geneeskunde bestrijken soms een
deel van het lichaam, maar vaak het hele lichaam (total body scan). Ook is de
zgn SPECT techniek (single photon emission computer tomography) mogelijk:
hierbij wordt een drie dimensionaal beeld van de tracer in het lichaam
verkregen. Een geheel nieuwe variant van de Nucleaire Geneeskunde is PET
(positron emissie tomografie), waar hetzelfde afbeeldingsprincipe wordt
gebruikt, met een ander soort straling, een ander soort tracers en een andere
camera. PET is een complexe en kostbare nieuwe techniek die nog beperkt
beschikbaar is, maar veelbelovend lijkt. In vergelijking met de �conventionele
Nucleaire Geneeskunde� zijn de PET beelden beter van kwaliteit, omdat de
PET techniek een hoger oplossend vermogen heeft. (Zie voor een overzicht
over voor- en nadelen van PET tabel 1 in hoofdstuk 1).

Naast diagnostiek en therapie vindt in de Nucleaire Geneeskunde
wetenschappelijk onderzoek plaats. Een belangrijk aspect daarvan is het
onderzoek naar nieuwe tracers, en de toepassingen daarvan. Het onderzoek
dat is beschreven in dit proefschrift, is daarvan een voorbeeld. Zie hoofdstuk
12, de Nederlandse Samenvatting.



SAMENVATTING

177

Chapter 12

Nederlandse Samenvatting, 
conclusies en vooruitblik

In dit proefschrift staat het onderzoek naar een nieuwe tracer voor het in beeld
brengen van tumoren centraal. Deze tracer, L-3-[ I]Iodo-methyl-tyrosine,123

afgekort als IMT, is een radioactief gemaakt aminozuur. Het radionuclide deel
van de tracer is Jodium-123, dat voor een gammacamera geschikte straling
uitzendt. Het farmacon deel is tyrosine, een aminozuur, met een kleine
chemische verandering (zie figuren 1 en 3 in hoofdstuk 1). 

Aminozuren, de bouwstenen van eiwitten, zijn essentieel voor groei en
ontwikkeling. Omdat tumoren veelal sneller groeien dan normale weefsels,
zullen ze een verhoogde behoefte aan aminozuren hebben. Als zo�n
radioactief gemaakt aminozuur vervolgens aan een patiënt wordt toegediend,
zou men zo met een gammacamera de stofwisselingsactiviteit van tumoren in
beeld kunnen brengen. Deze beelden zouden gebruikt kunnen worden om
tumoren op te sporen, nader te analyseren, de reactie op behandeling te
vervolgen en wellicht uitzaaiingen te vinden.

Hoewel deze toepassing van Nucleaire Geneeskunde in de oncologie in
theorie prachtig lijkt, blijken er in de praktijk veel haken en ogen aanwezig.
Allereerst moet een tracer goed te produceren zijn, waarbij het radionuclide
stevig vast moet zitten aan het farmacon en de eigenschappen van het
farmacon niet (teveel) mag veranderen. Verder moet de opname van de tracer
in een tumor hoog genoeg zijn om deze goed te kunnen onderscheiden van
de opname in omgevend weefsel. Ook moet de mate van opname in de tumor
een goede afspiegeling zijn van de kwaad- of goedaardige aard. En uiteindelijk
moet de methode een zinvolle bijdrage leveren aan de patiëntenzorg. 

De meeste van deze kwaliteitseisen worden in dit proefschrift onderzocht
voor de tracer IMT. In één hoofdstuk wordt een andere tracer gebruikt. De
tracer IMT was al bekend sinds het eind van de jaren 70, maar de toepassing
als tumortracer dateert van de afgelopen 10 jaar. Deze toepassing behelsde
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echter alleen de diagnostiek van hersentumoren. Of de stof ook toe te passen
is voor andere tumoren, buiten de hersenen, was nog volkomen onbekend, en
dat aspect vormt het nieuwe van dit proefschrift. 

Een ander nieuw aspect van dit onderzoek is het feit dat IMT het enige
beschikbare aminozuur is, dat geschikt is voor de conventionele nucleaire
geneeskundige technieken zoals SPECT. Vrijwel alle andere toepassingen
van radioactieve aminozuren zijn gebaseerd op de nog vrij zeldzame PET
techniek. Omdat de gammacamera�s van de conventionele nucleaire
geneeskunde overal voorhanden zijn, heeft IMT SPECT daarmee het voordeel
dat de methode potentieel wijdverbreid toepasbaar is, maar ook het nadeel
van de minder scherpe beeldvorming in vergelijking met de PET techniek.

Naast een uitleg van de principes van Nucleair Geneeskundige
afbeeldings technieken als SPECT en PET (in het Nederlands ook in hoofstuk
11 uitgelegd) wordt veel van het bovenstaande in hoofdstuk 1, de
INTRODUCTIE, besproken.

Het bestuderen van de eigenschappen en potentiële klinische
toepassingen van IMT in patiënten met een tumor buiten de hersenen
werd het centrale doel van het onderzoek dat in dit proefschrift is
beschreven.

In HOOFDSTUK 2 wordt een overzicht gegeven over aminozuren en
radioactieve aminozuren in het algemeen, en over klinische toepassingen van
radioactieve aminozuren. Het afbeeldingsprincipe - de verhoogde eiwit en
aminozuur stof wisseling in tumoren - wordt uitgelegd. Vrijwel alle aminozuren
werden ooit gelabeld, maar slechts enkele bleken te voldoen aan essentiële
eisen van eenvoudige bereidbaarheid en voldoende stabiliteit in het lichaam.
Alleen C-methionine (MET) en C-tyrosine (TYR), door het koolstof-11 ( C)11 11 11

label geschikt voor PET toepassing, en I-iodo-methyl-tyrosine (IMT) voor123

gebruik in de conventionele Nucleaire Geneeskunde (planaire scintigrafie of
SPECT), zijn op redelijke schaal klinisch toegepast.

Veel onderzoek is gedaan om te begrijpen welk aspect van de
tumorstofwisseling precies op de beelden zichtbaar wordt. In grote lijnen kan
het eiwit metabolisme van cellen worden opgesplitst in (1) het transport van
aminozuren over de celmembraan de cel in, en (2) de inbouw van de
aminozuren in eiwitten in de cel. De opname van de tracer IMT blijkt alleen het
aminozuurtransport te vertegenwoordigen, omdat het na opname in de cel niet
wordt ingebouwd in eiwitten, vermoedelijk door de grootte van het Jodium-123
molecuul. De tracer TYR vertegenwoordigt vooral de inbouw in eiwitten, en de
tracer MET vertegenwoordigt zowel transport als eiwitsynthese, maar ook nog
andere stofwisselingsprocessen. Hoewel vaak wordt gedacht dat de
eiwitinbouw het beste de versnelde groei (proliferatie) van tumoren
weerspiegelt, zijn er ook aanwijzingen dat juist het aminozuurtransport de
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beste representant hiervan is. Uiteindelijk blijken deze verschillen weinig uit te
maken voor de klinische toepasbaarheid. 

Een voordeel van het gebruik van radioactieve aminozuren blijkt de
slechts geringe opname in ontstekingsweefsel te zijn. Dit voordeel is vooral
relevant bij vergelijking met de belangrijke nieuwe PET tumortracer FDG
(fluor-18-desoxyglucose). PET scans met FDG geven het glucose
metabolisme weer. Hoewel FDG zich vanwege de verhoogde glucose
stofwisseling sterk ophoopt in tumoren, wordt het ook opgenomen in actief
ontstekingsweefsel, hetgeen kan storen bij de tumor diagnostiek. Hoewel
minder storend dan voor FDG, is er toch ook wel opname van radioactieve
aminozuren in allerlei ontstekingsprocessen en goedaardige tumoren
beschreven.

Wat betreft de klinische toepassingen, staat het gebruik van radioactieve
aminozuren nog in de kinderschoenen. Alleen in hersentumoren worden ze al
veel gebruikt, vooral omdat FDG hier minder geschikt is. Byzonder is dat het
gebruik van  IMT SPECT dezelfde klinische informatie lijkt op te leveren als
PET methoden. Aminozuren blijken in de hersenen vooral geschikt om de
mate van uitbreiding van een tumor, de reactie op behandeling en het
onderscheid tussen littekenweefsel (ontstaat na operatie en radio-
/chemotherapie) en nog actief tumorweefsel in beeld te brengen. De
uiteindelijke klinische winst voor patiënten moet nog verder worden bepaald.

Over toepassing in tumoren buiten de hersenen zijn nog weinig gegevens
voorhanden. In hoofd-hals of long tumoren lijken radioactieve aminozuren in
ieder geval geschikt om deze tumoren af te beelden. Of er ook een voordeel
t.o.v. andere methoden (waaronder ook FDG PET) is, valt echter nog te
bezien. In veel andere tumoren is de algemene toepasbaarheid duidelijk
aangetoond, maar de precieze waarde moet nog verder worden geëvalueerd.

Gebaseerd op deze achtergrond informatie lijkt het de moeite waard
de mogelijkheden van IMT verder te onderzoeken. Omdat IMT niet
commercieel verkrijgbaar is, moet het door onszelf gesynthetiseerd
worden. Gebaseerd op een beschrijving uit de literatuur, ontwikkelden
we een betrouwbare productie methode met steeds een zeer zuiver
product, dat aan alle eisen voldoet. Na vele handmatige syntheses
ontstond het idee een automatisch systeem voor de IMT synthese te
ontwikkelen.

In HOOFDSTUK 3 wordt deze automatische synthesemodule beschreven. De
module moet eerst worden voorbereid met disposable slangetjes, kraantjes,
precursor chemicaliën, andere reagentia, een filter kolom en radioactief
jodium. Een microprocessor regelt vervolgens geheel automatisch het
synthese proces. Het eindproduct IMT is binnen 45 min klaar voor injectie. Bij
vergelijking tussen de handmatige methode en de automatische methode zijn
er geen verschillen in kwaliteit van de tracer en is de opbrengst (het
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percentage van het radioactieve jodium dat uiteindelijk in IMT wordt
ingebouwd) vergelijkbaar. De module blijkt dus goed te werken, en kan
bovendien ook worden gebruikt voor andere bereidingen.

Nu IMT betrouwbaar kan worden gemaakt, konden we nagaan welke
cellulaire processen bepalend zijn voor de opname van deze tracer. Is
de opname inderdaad een maat voor het aminozuurtransport, zoals
elders was aangetoond voor hersentumoren, en is deze relatie ook
aanwezig voor tumoren die niet van hersenweefsel afkomstig zijn?

Het onderzoek beschreven in HOOFDSTUK 4 richt zich op het opname
mechanisme van IMT in menselijke tumorcellen, afkomstig van de longkanker
cellijn GLC4. Om het gedrag van IMT beter te kunnen begrijpen, werden de
proeven ook uitgevoerd met het �moeder� aminozuur tyrosine (gelabeld met
koolstof-14). De bijdrage van verschillende specifieke aminozuurtransport
systemen werd geanalyseerd.

Het bleek dat IMT zeer snel in tumorcellen wordt opgenomen, en dat
deze opname binnen 5 minuten is gestabiliseerd. Meer dan 90% van de IMT
opname werd toegeschreven aan actieve aminozuurtransport systemen, de
rest aan passieve diffusie. Het zgn L-transport systeem bleek het meest
bijdragend.  Ook bleek het opnamemechanisme van IMT vrijwel gelijk aan dat
van tyrosine zelf. Deze bevindingen in een longkanker cellijn zijn in
overeenstemming met het gedrag van IMT in hersenweefsel. Het lijkt hierdoor
waarschijnlijk dat IMT een echte �metabole tracer� is, waarvan de opname is
geassocieerd met het transport van aminozuren over de celmembraan en
daarmee met een belangrijke stap in het eiwit metabolisme.

IMT opname bij tumorcellen in kweek lijkt dus inderdaad de activiteit
van het aminozuurtransport te weerspiegelen, ook in tumoren buiten
de hersenen. Vervolgens kan toepassing in patiënten beginnen met
als doel het gedrag van de tracer in vivo te bestuderen en na te gaan
of de tumoren in beeld kunnen worden gebracht.

In HOOFDSTUK 5 wordt de eerste toepassing in patiënten beschreven.
Twintig patiënten met verschillende tumoren werden onderzocht: 5 patiënten
met borstkanker, 4 met longtumoren, 2 met zgn carcinoïd tumoren in de lever,
4 met een weke delen tumor, 3 patiënten met lymfklierkanker en ook 2
patiënten met een hersentumor. Alle tumoren konden in beeld worden
gebracht. De mate van opname, die kan worden weergegeven door de
verhouding tussen tumoropname en een referentiegebied te berekenen, was
vrij hoog. Wel werd ook lichte opname van IMT gevonden in enkele
goedaardige afwijkingen bij deze patiënten.

Het beste tijdstip om opnamen te maken bleek het eerste uur na injectie.
Het normale patroon van IMT opname werd vastgesteld: enige opname in de
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hersenen, lever, milt, spieren en darm. Omdat IMT door de nieren snel wordt
uitgescheiden bleek er veel opname in nieren en blaas aanwezig. De klaring
uit het plasma bleek snel te zijn, 10 minuten na toediening bleek nog slechts
10% aanwezig in de bloedbaan. Naast de intacte tracer, en een kleine
hoeveelheid losgelaten Jodium-123 werden geen andere afbraakproducten
gevonden in bloed en urine.

Uit deze eerste ervaring blijkt IMT SPECT een betrouwbare, snelle en
patiëntvriendelijke methode te zijn. Door de snelle verdwijning van de
radioactiviteit is ook de stralingsdosis voor patiënten laag in vergelijking met
vele gangbare andere onderzoeksmethoden.

Vanwege de eerste gunstige resultaten in verschillende soorten
tumoren, werd vervolgens de methode geëvalueerd in grotere groepen
patiënten met éénzelfde soort tumor. Tevens werd gekeken of de IMT
opname verschilt in goed of kwaadaardige tumoren, en of de mate van
IMT opname iets zegt over de mate van kwaadaardigheid (zoals o.a.
de groeisnelheid).

In HOOFDSTUK 6 werden deze vraagstellingen onderzocht in een groep van
32 patiënten met een tumor in de weke-delen (bijv. in vet-, spier- of
bindweefsel). Een IMT SPECT onderzoek werd uitgevoerd tijdens de
stageringsfase, later gevolgd door een biopsie of operatie. Hoewel de
behandelende chirurgen alle 32 tumoren verdacht vonden voor een
kwaadaardige tumor, bleken uiteindelijk 11 tumoren goedaardig te zijn. 

Alle 21 kwaadaardige weke-delen tumoren (sarcoom geheten) werden
zichtbaar door intensieve IMT opname. In 6 van de 11 goedaardige tumoren
was er ook enige IMT opname. De opname van IMT in de kwaadaardige
tumoren was aanzienlijk hoger dan in de goedaardige. Hiermee bleek een
goede voorspelling van het goed- of kwaadaardige karakter mogelijk. De
�aggressiviteit� van de tumor (de tumorgradering, de groei- en delingsnelheid,
de celrijkdom) werd bepaald door de patholoog in het later verwijderde
weefsel. De opname van IMT bleek significant toe te nemen bij toenemende
aggressiviteit. Het bleek dus dat IMT SPECT belangrijke informatie over de
tumor kan opleveren. 

Een ander onderzoek dat vaak tijdens de stagering van patiënten met
een sarcoom wordt verricht is de botscan. Uit de dagelijkse praktijk
hadden we de indruk dat het routinematig uitvoeren van dit onderzoek
bij eerste presentatie van dergelijke patiënten, zoals lange tijd
gebruikelijk in ons ziekenhuis, weinig oplevert. In de literatuur was
hierover echter vrijwel niets te vinden.



CHAPTER 12

182

Daarom werd HOOFDSTUK 7 toegevoegd aan dit proefschrift. Hierin wordt
een retrospectief onderzoek naar de waarde van de botscan beschreven in
109 achtereenvolgende patiënten met dit soort tumoren.

In slechts 8 van de 109 patiënten (7%) werden botmetastasen gevonden
met de botscan. Zes van deze acht hadden duidelijke symptomen daarvan
(botpijn), en alle zes hadden ook nog metastasen op andere plaatsen, zoals
in de longen, lymfklieren of in het beenmerg. In 11% van de patiënten was de
botscan uitslag dubieus, en was aanvullend  onderzoek nodig, waarbij in geen
enkel geval toch botmetastasen werden gevonden. De overgrote meerderheid
van de patiënten (82%) had een geheel normale botscan.

Bij omgekeerde beschouwing, bleek dat als patiënten symptomen
hadden, zoals pijn, in 55% botmetastasen werden gevonden, maar als de
symptomen afwezig waren in slechts 2%. We concludeerden dat het
routinematig maken van botscans bij deze patiënten weinig oplevert, dat het
leidt tot onnodige kosten en daarom is af te raden. In deze studie hadden
verder meer patiënten botmetastasen dan bijvoorbeeld longmetastasen (waar
ook routinematig op wordt gescreend). De eindconclusie is daarom dat
botscans veilig kunnen worden beperkt tot patiënten met verdachte
symptomen.

Vervolgens werd IMT SPECT geëvalueerd in een groep patiënten met
een carcinoïd tumor. Deze bijzondere tumoren, vaak uit de dunne
darm afkomstig, kunnen allerlei vasoactieve stoffen (zoals serotonine)
produceren, die symptomen als �opvliegers� of diarree veroorzaken.
Omdat deze stoffen door de tumor worden gemaakt uit aminozuren
zoals tyrosine en tryptophaan, zou het kunnen zijn dat deze tumoren
met IMT in beeld gebracht zouden kunnen worden.

HOOFDSTUK 8 beschrijft de toepassing van IMT in 22 patiënten met een
reeds uitgezaaide carcinoïd tumor. In totaal waren 145 tumor uitzaaiingen
aanwezig bij deze patiënten. Deze tumor lokaties waren opgespoord met een
andere nucleair geneeskundige methode, genaamd In-octreotide111

scintigrafie.
Met IMT SPECT werd in totaal slechts 43% van deze tumor plaatsen 

gevonden. In de lever werd 60% gevonden. Deze lage opbrengst bleek niet
te worden veroorzaakt door een te kleine omvang van de tumoren, want ook
grote tumoren namen soms geen IMT op. Blijkbaar is wel of geen IMT opname
een wezenlijk gevolg  van de activiteit in deze tumoren, mogelijk als uiting van
een slechts weinig actieve aminozuur stofwisseling. Deze verklaring is in
overeenstemming met de goede relatie tussen IMT opname en de productie
in de patiënt van vasoactieve stoffen, die wel werd vastgesteld. Deze relatie
bleek zelfs voor IMT iets sterker dan voor de In-octreotide opname in111

tumoren. Hoewel de waarde van IMT scans dus beperkt is bij deze soort
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tumoren, zijn deze observaties wel interessant in de zoektocht naar betere
tracers.

De derde groep patiënten waarin IMT werd toegepast, zijn patiënten
met (niet kleincellig) longkanker, gekozen omdat de pilot studie in
hoofdstuk 5 goede opname toonde in deze tumoren. Het doel was een
eerste indruk te krijgen van de mogelijkheden van IMT SPECT voor
het opsporen van de tumor en eventuele uitzaaiingen, en voor het
evalueren van het effect van bestraling.

In HOOFDSTUK 9 wordt een analyse beschreven van 44 IMT SPECT
onderzoeken in 17 patiënten met een gevorderd statium van longkanker
(stadium III). IMT scans werden gemaakt vóór bestraling, en werden herhaald
ca 2 weken na het einde van de 6-weekse bestralingsserie, en nog 3 maanden
later.

In 15 van de 16 evalueerbare tumoren was de IMT scan positief, en
toonde een goede mate van opname (tumoropname = 3 keer zo hoog als
opname in normaal longweefsel). 

Veertien patiënten hadden uitzaaiingen in lymfklieren in het mediastinum,
in twaalf daarvan (86%) werd dat ook met de IMT SPECT scan gevonden.
Echter, bekeken per metastase, werden slechts 13 van de 20 gevonden
(65%), en in kleine metastasen zelfs nog minder (42%). FDG PET scans, die
in 5 patiënten ook waren gemaakt, toonden een betere score.

Na bestraling was de IMT opname in de tumor in alle patiënten flink
gedaald (Tumor/achtergrond verhouding van 3.0 naar 1.8), en 3 maanden later
nog iets verder gedaald (naar 1.6). Er bleek geen duidelijke relatie tussen de
hoeveelheid resterende IMT opname na bestraling en de aanwezigheid van
nog vitaal tumorweefsel. Ook werd veel IMT opname gevonden in normaal
longweefsel dat was meebestraald. Hoewel IMT SPECT het minstens zo goed
deed als andere methoden uit de conventionele nucleaire geneeskunde,
moeten we toch uit de matige detectie van kleine uitzaaiingen en de storende
opname in normaal longweefsel concluderen dat IMT SPECT voor de praktijk
van weinig waarde lijkt.

CONCLUSIES EN VOORUITBLIK

Dit proefschrift beschrijft de eerste toepassingen van IMT SPECT, de enige
aminozuurtracer die geschikt is voor conventionele Nucleaire Geneeskunde,
in patiënten met een tumor buiten de hersenen. De tracer kan betrouwbaar en
vrij eenvoudig worden gemaakt (hoofdstuk 3). De opname vertegenwoordigt
het aminozuurtransport, dat verhoogd is in tumorweefsel (hoofdstuk 4). De
tracer wordt in veel tumoren opgenomen (hoofdstukken 5,6,8,9). De mate van
opname is gerelateerd aan de tumoraggressiviteit in sarcomen (hoofstuk 6),
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en aan de biochemische activiteit van carcinoïd tumoren (hoofstuk 8). Dit zijn
belangrijke conclusies voor een nieuwe tumortracer, en vestigen IMT daarmee
als een unieke, aspecifieke, metabole tumortracer. De methode is potentieel
geschikt voor wijdverbreide toepassing, hoewel de noodzaak de tracer steeds
weer zelf te maken (er is nog geen kant-en-klare kit formulering), en de vrij
hoge kosten van het vereiste Jodium-123 nadelig zijn.

Bij het in kaart brengen van de mate van uitbreiding van kanker
(stageren) gaat het vooral om het opsporen van kleine uitzaaiingen. De
waarde van IMT SPECT lijkt hier beperkt, omdat kleine uitzaaiingen makkelijk
kunnen worden gemist (zie hoofdstuk 9). Waarschijnlijk is de opname van de
tracer in tumoren toch te laag om ze in beeld te kunnen brengen met de
SPECT techniek. Hoewel slechts in enkele tumorsoorten onderzocht, lijkt
verdere toepassing voor het opsporen van tumor uitzaaiingen weinig zinvol.

Voor het voorspellen van de goed- of kwaadaardige eigenschappen van
van een tumor, zonder biopsie of operatie, bleek IMT SPECT in patiënten met
een sarcoom succesvol te zijn. Toch zal ook hier altijd worden gestreeft naar
het bekijken van het weefsel zelf, en zal biopsie of operatie niet achterwege
blijven. In moeilijke gevallen, wanneer weefsel bijvoorbeeld moeilijk te
verkrijgen is, kan IMT SPECT evenwel een bijdrage leveren aan het te volgen
beleid.

Velen vinden de mogelijkheden om het effect van behandeling te
beoordelen (restageren) de voornaamste toepassing van metabole
afbeeldingsmethoden. Zoals uitgelegd in de Introductie (hoofstuk 1) is de a
priori relevantie hiervan echter niet zo hoog. Over de waarde van IMT SPECT
hierbij zijn slechts weinig gegevens beschikbaar. Niet gepubliceerde eigen
observaties in enkele patiënten met een maligne lymfoom voor en na
chemotherapie suggereren dat het belangrijke onderscheid tussen
littekenweefsel en nog vitaal tumorweefsel goed te maken zou zijn met IMT
SPECT. De optredende aspecifieke opname in bestraald normaal longweefsel
is echter weer minder gunstig. Meer studie is vereist om de juiste waarde van
IMT SPECT als methode voor evaluatie van behandeling te kunnen
beoordelen.

De zoektocht naar nieuwe en betere radioactieve aminozuren moet
doorgaan. Het lijkt dat veel van de nadelen van de IMT methode veroorzaakt
worden door de matige beeldkwaliteit van SPECT methoden in het algemeen.
Zoals beschreven in hoofdstuk 2 zullen nieuwere aminozuren en varianten
voor PET nieuwe mogelijkheden geven, vooral omdat de toegankelijkheid van
de PET techniek de komende jaren steeds beter zal worden

Nieuwe tracers genereren steeds weer nieuw onderzoek. Het verbeteren
van de stagering en restagering van kanker moet daarbij leiden tot minder
onnodige diagnostiek en minder onnodige ingrepen. Dit zal uiteindelijk een
betere behandeling van de patiënt met kanker mogelijk maken. Met dit doel in
gedachten lijkt de toekomst vol nieuwe uitdagingen. Hoewel het onderzoek
naar nieuwe tracers (ook aminozuren) moet doorgaan, dreigt echter het
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gevaar van versnippering. Het is minstens zo belangrijk al bestaande en
relatief nieuwe methoden, zoals FDG PET, nauwkeurig te onderzoeken op hun
uiteindelijke nut voor de patiëntenzorg. Hiertoe zijn grotere, homogene en
goed gedefinieerde studies noodzakelijk. Intensieve samenwerking tussen
�afbeelders� en �behandelaars� blijft daarvoor een voorwaarde.
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