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PROJECT IV

CLINICAL FEASIBILITY STUDIES WITH NEWLY DEVISED
INSTRUMENTS AND RADIOPHARMACEUTICALS

(M. COOPER)

PROJECT IV-I

SYNTHESIS OF NATIVE-LABELLED AMINO ACIDS
(M. COOPER AND M. ZALUTSKY)

BACKGROUND

Native labelled amino-acids are promising radiopharmaceuticals for noninvasive
evaluation of amino-acid metabolism.  There is a need to develop production methods
for these tracers which will allow them to be used routinely for clinical application.

Syntheses have been reported for several C-11-labelled amino acids, but there are
difficulties which impede their application to the clinical domain. · Both C-11-
phenylalanine and C-11-phenylglycine have been prepared by the carboxylation of alpha-
lithioisocyanides, and C-11-alanine has been prepared with a Grignard reagent; in each
case, C-11 carbon dioxide was used as the labelled precursor.  However, with these pro-
cedures, synthesis and purification times were long and radiochemical yields were quite
low.  The Oak Ridge group modified one of the classical amino-acid synthetic approaches--
the BUrcherer-Strecker technique--to synthesize C-11-carboxyl-labelled leucine, tryptophan,

and valine in about one hour.  Since their method utilizes high levels of C-11 activity
and requires a purification procedure that involves much manipulation, the suitability of
this technique for meeting clinical exigencies is somewhat limited.  Comar et al have
produced methyl-C-11-methionine by reacting C-11 methyl iodide with homocystine.  This
method allows the production of either optical isomer or the racemic pair.  Recently,
the synthesis of C-11-alanine labelled at the 3-carbon position has been reported, with
L-alanine produced in 50% enatiomeric excess.

SPECIFIC AIMS

Our objective is to produce C-11-labelled amino acids with the goals of minimizing
synthesis and purification times, maximizing reproducibility, and increasing the radio-
chemical yield so that these tracers can be used clinically.
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We propose to:

1.  continue efforts to optimize our production method for C-11-tryptophan;

2.  label alanine, methionine, leucine, isoleucine, and other amino acidsof interest
with the C-11 in the carboxyl position;

3.  resolve the D- and L- isomers of C-11-labelled amino acids and isolate the
labelled L-amino acids; and

4.  Synthesize C-11-methionine, C-11 alanine, and other amino acids of interest,
which are labelled in positions other than the carboxyl position.
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PROGRESS IN 1980

Specific Aim 1.

Improved synthesis of 11C-DL-tryptophan has been produced with average

chemical and radiochemical yields based on cyanide concentration of about 50%.
-Synthesis and purification of 11C-DL-tryptophan requires about 28 min.  No

adverse patient reaction to this tracer has been observed in over 60 clinical
studies.  In a typical production run, about 18-20 mCi of 11 C-DL-tryptophan can
be isolated from 100 mCi of 11C-cyanide.  Compared to the previously published
procedure, this represents a more than two-fold increase in available 11C-tryptophan
activity per mCi of 11C-cyanide.

Yields were found to be highly dependent on the reaction temperature of the
hydantoin formation step.  Reaction temperatures above 250°C resulted in decomposition
of the hydantoin while dropping the temperature to 240°C decreased the yield to about
35% as reported by the Oak Ridge group.  No significant increase in chemical yield
was chosen in order to minimize loss of product due to decay of the llc label during

the synthesis.

In the Oak Ridge procedure, 0.1 mmole.of NH4Cl is added to the (NH4)2C03, KCN, and
indoleacetaldehyde bisulfite used in the hydantoin formation step.  We have found that
in our system, the addition of NH4Cl to the reaction mixture does not significantly

increase the yield of the hydantoin.  Presumably, this is because there already is a
high concentration of ammonium ion in the 11C-cyanide catcher solution derived from the
anhydrous ammonia used in the conversion of the 11C-methane to 11 C-cyanide.  Since

chloride ions can react with some of the wetted surfaces of our liquid chromatograph,
the NH4Cl is omitted from the hydantoin reaction mixture.

The specific activity of 11C-DL-tryptophan does not appear to influence its utility

as an agent for pancreatic scintigraphy.  Removal of the D isomer from the preparation,
however, may be an approach to improving this tracer since only the L-isomer is actively
incorporated into proteins in man.  One method proposed for resolving the optical isomers
Of 11C-DL-tryptophan is the use of affinity-column techniques.  These approaches should
be facilitated by higher specific activity 11C-DL-tryptophan preparations because this
should permit the use, of shorter columns and make the procedure more compatible with the
constraints imposed by the short half life of 11C.  Previous attempts to produce llc-

tryptophan with less carrier cyanide have resulted in decreased and non-reproducible
yields.--,-In more than ·10-6 C-tryptophan production runs without the addition of carrier
cyanide, we have observed no significant decrease in radiochemical yield. Approximately
10-6  mol es of cyanide were present in these no-carrier-added preparations  with  the
cyanide concentration being quite variable and dependent on the purity of the nitrogen
target gas.  Further attempts to increase the specific activity by purification of the
target gas have resulted in the retention of most of the 11C activity on the nickel on

kieselguhr catalyst.  The maximum specific activity obtained to date with 100 mCi batches
Of 11C-cyanide is about 1 Ci/mg.  Standard runs with carrier cyanide result in llc-
tryptophan preparations with specific activities of about 5 mCi/mg.

In order to make the HPLC purification procedure cost effective, each column must
be able to be used for multiple production runs.  This can be accomplished by both using
a guard column and by washing the column after each run with water and then ethanol. To
date more than 80 preparative-scale separations have been done using the same UBondapak
Cls column with no significant column degradation observed.
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Specific Aims 2, 3 and 4.

Initial studies only were completed on efforts to separate DL-tryptophan using
albumin complexation.  Further efforts in this direction appear worthwhile.

Dr. M. ·R. Zalutsky, the subproject leader, resigned during the academic year to
take an appointment at the Harvard Medical School.  With the departure of Dr. Zalutsky,
Project IV-1 has been discontinued and the effort and support transferred to Project III-1
(Project Leaders P.V. Harper and K.A. Lathrop).  Considerable progress has been realized
in the synthesis and testing of other amino acids (see Progress Report, Project III-1).

PUBLICATIONS

Zalutsky, M.R., Wu, J., Harper, P.V., Wickland, T.:  Synthesis of
llc-Tryptophan and its Purification Using High Pressure Liquid Chroma-

tography.  Submitted to International Journal of Applied Radiation
and Isotopes.
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PROJECT IV-2

FLUORESCENCE THYROID SCANNING

(M. COOPER AND P. KIRCHNER)

BACKGROUND

The fluorescence thyroid scanners of the early seventies, produced commercially
by Kevex and Ortec, were best suited for qualitative evaluation of stable iodine
content; hence, quantitative measurements could not generally be done in any of the
clinical trials.  For this reason, differentiation between nodular thyroid disease
aftd thyroid carcinoma did hot appear possible until Patton, Brill et al. at Vanderbilt
succeeded in interfacing a fluorescence scanner to a computer to provide a more nearly
quantitative estimate of regional iodine distribution. These observers -noted that,
although both nodular thyroid disease and thyroid carcinoma are associated with diminished
stable iodine levels, the levels in thyroid carcinoma were characteristically lower than
those in benign disease.  Although the ranges of observed stable iodine values in

benign and malignant disease overlapped, the data suggested that focal lesions with an
iodine content ratio greater than 0.6 (compared to normal areas within the gland) were
unlikely to be malignant.  Although this information is of considerable clinical
importance, lack of adequate instrumentation. at other centers has prevented reexamina-
tion and confirmation of these findings.

Important limitations of previous fluorescence thyroid imaging systems were low
sensitivity and poor spatial resolution.  The latter limited the capacity of the earlier
scanners to evaluate the iodine content in small, but clinically apparent nodules.
Based on designs and specifications resulting from a study of commercial systems at the
Franklin Mclean Institute, Ortec built a new fluorescence thyroid detector consisting
of five 1 inch-diameter Si(Li) detector elements, which provides significant improvements
over the previ6usly available Am-241 instruments  in coll imated source geometry, detector
area, and energy resolution.  An improved collimator for the 241-Am source has been
designed and fabricated at FMI.  To reduce microphonic noise the new detector system is
fixed in a stationary position above a moving imaging table; the table motion is

controlled by a dedicated microprocessor system

SPECIFIC AIMS

..,  _  --,       The  phase-by-phase  work  plan  for. clinical feasibility studies..with the newly .-   '
-designed fTuorescence-scanner wil-l- proceed as fbllows:

1.  Empirical evaluation of the new instrument for determination of parameters such
as energy and spatial resolution, sensitivity, reproducibility of quantitative iodine
determinations, image manipulation, and physical limitations of the system.

2.  Preliminary patient studies for development of optimum techniques for producing
in vivo images of the highest achievable technical quality.  In the approach to in vivo
imaging, we will utilize the knowledge accumulated during the technical evaluation.

3.   Accumulation of clinical data. Fluorescence thyroid scans will,  in most
instances, be done for comparison with emission scans obtained with this system, or with
the standard radionuclide scans performed in the Nuclear Medicine Clinic with either
I-123 or pertechnetate.

4.  Data analysis for comparison of the relative contributions of fluorescence
scanning and routine radionuclide imaging to the diagnosis of thyroid disease and to
patient management.
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PROGRESS IN 1980

Technical Evaluation of the Instrument

The technical evaluation of the instrument has been approached through a series
of phantom studies designed to answer specific questions regarding instrument performance.

1.  Stable Iodine Quantitation.  Vials containing varying quantities of stable iodine
Were placed in a modified ORINS phantom and scanned to derive a relationship between
the fluorescence counts per unit area per unit time and stable· iodine content.  An ex-.
cellent linear correlation was thus derived with a very small standard error for iodine
quantities in excess of 4 mg.  Correction factors for attenuation of fluorescent x-rays
in large thyroid glands were derived by scanning a series of disc phantoms containing
stable iodine solution of increasing depth (thickness).

2.  Line Spread Function (Spatial Resolution).  A series of line spread functions

were generated by scannjng a 0.7 mm plastic tube filled with concentrated iodine solu-
tion at varying distances from the focusing collimator.  At the focal plane (55 mm)
FWHM was measured at 5.9 mm.  At distances of 20 mm inside and beyond the focal plane
the FWHM was still less than 7.9 mm.  In scattering medium only a slight degradation of

FWHM was noted after appropriate background correction.

3.  Dosimetry.  The radiation dose delivered to a patient's thyroid by the
fluorescence scanner was estimated by exposing thermoluminescent detectors at the focal
plane of the collimator and at varying distances on either side of the focal plane. The
thermol uminescent detectors were processed by' a reputable commercial company.  Using
scanning parameters suitable for routine patient studies (scanning speed of 3.0 mm/sec

with 2 mm indexing) the absorbed radiation dose for the entire study varied from 13
millirads near the focal plane to 10 millirads at some distance from the focal plane.

4.  Long Term Stability of the System.  Repeated measurements of a sealed callibra-
tion source of stable iodine over a 4 month  period indicate a system variation in sensi-
tivity of less than i 1.5%.

5.  I-123 and Tc-99m Effects on Determination of Stable Iodine Content.  Quanti-
tative analyses of the energy spectrum recorded for stable iodine in the presence of
increasing quantities of I-123 or Tc-99m were performed.  Although the energy resolution
of the system (350 eV FWHM) is sufficiently good to allow clear separation of fluorescence
signals  deri ved from stable iodine  and  from the- fluorescent yield produced  by  I-123
decay when these signals are present in roughly equal quantities, the large amount of
fluorescence produced by scanning doses of I-123 swamp the much smaller fluorescence
signal obtained from stable iodine.  Hence, fluorescence scanning of stable iodine in
the thyroid cannot be performed immediately after the administration of scanning doses
of I-123.  Tc-99m decay does not produce any fluorescence signals near the energy of the
stable iodine fluorescence; instead, Tc-99m produces sufficiently intense scatter, over
all energy frequencies to effectively raise the background noise to very high levels.
Although the stable iodine fluorescence is still detectable, the quantitation of stable

iodine content in the presence of clinical scanning doses of Tc-99m is subject to large
errors.  Fluorescence scanning of thyroidal iodine in patients is feasible after Tc-99m
administration if the dose of Tc-99m does not exceed 1 mCi.
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Software Development for Data Collection, Analysis and Display.

Data collection, analysis and display uses existing data processing hardware and
display systems.  Programs have been written for the PDP 11/40 computer to acquire
identifying and image data and to format these data for transfer to the Interdata 8/32
computer, to reblock the data after transfer, and to display the data on the Ramtek
Video Display Systems in selected formats.

These formats include:

1.  Unprocessed data
2.  Processed data

a)  Background subtraction and smoothing
b)  Estimate of total iodine content
c)  Estimate of two-dimensional projection of gland size

3.  Image profile through a selected region
4.  Joystick-controlled selection of two 1-cm square areas for regional

iodine quantification.

Programs have also been written for producing a data entry form and for a patient
file (record keeping) system.

Development of Optimum Scanning Techniques for Patient Studies.

Utilizing the information gained from the technical evaluations described above anc!
from the experience gained in approximately 64 patient studies, a set of optimum scanning
parameters have been selected for routine clinical studies.  With these parameters,
excellent quality fluorescence scans have been obtained in a variety of patients including
infants, children and adults.  In patients whose thyroidal iodine content is in the normal

w       or higher-than-normal range the fluorescence scans closely approximate the quality of
I-123 Or Tc99m emission scans obtained with the gamma camera utilizing a pinhole
collimator.  Since the estimated iodine content in many patients and normal volunteers
has been somewhat higher than previously reported, we are in the process of initiating
a study to establish the normal range for thyroidal iodine for the midwest region.
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PROJECT IV-3

OPTIMIZATION OF PANCREATIC IMAGING WITH C-11-TRYPTOPHAN

(M. COOPER AND J. RYAN)

BACKGROUND

In clinical practice many aspects of pancreatic disease pose major diagnostic and
therapeutic dilemmas.  Cancer of the pancreas has risen to fourth place in deaths due
to cancers, and the various forms of pancreatitis have appreciable morbidity and mor-
tality rates.  Neither disease entity can be diagnosed reliably in early stages despite
advances in diagnostic methodology including CT scanning and ultrasound imaging.
Recently, C-11 amino acids have been introduced as tracers of pancreatic function.  In
initial clinical trials using these tracers as pancreatic imaging agents,.encouraging
results in the diagnosis of pancreatic disease have been reported with positron computerized

tomographic instrumentation.  In these studies the efficacy of the imaging procedures in
pancreatic cancer could be ascertained from the surgical pathology specimens readily
available in these patients, but the utility of these studies in pancreatitis could not
be easily verified since the majority of patients with pancreatitis did not undergo
surgery.  The investigators, therefore, used a variety of clinical methods to arrive
at the diagnosis of pancreatitis in their patients.  However, there are no existent

diagnostic procedures which can be used as a·reliable guide either to the presence or
the severity of pancreatitis in clinical situations.  Thus the clinical utility of

C-11 amino acids as imaging agents in pancreatitis cannot readily be determined and
alternate approaches to evaluations of these agents is necessary before they can be

used clinically in a confident manner in this disease group.

We have approached the evaluation of these new tracers as indicators of pancreatitis
through the use of canine models of acute pancreatitis.  There are a variety of experi-
mental methods for inducing acute pancreatitis in dogs which produce results similar
to the form of acute pancreatitis in humans caused by obstruction of the main pancreatic
ducts.  In this proJect we will assess the utility of C-11-DL-tryptophan imaging in

canine models of acute pancreatitis and will apply the results of these investigations
to a pilot  study of a small number of human patients with possible acute pancreatitis
clinically.

Since positron computed tomographic instrumentation is very expensive and not likely
to be available to many institutions in the near future, we plan to evaluate the

potential usefulness of instruments designed for imaging positron emissions in the single
photon  mode for pancreatic imaging. Development  of al ternate methods of instrumentation
would aid in maximizing the utility of the C-11 amino acids as pancreatic imaging tracers.

SPECIFIC AIMS

A.  To determine the optimal protocol for imaging the pancreas in dogs with C-11-
tryptophan, by studying the effects of time, feeding, fasting, and hormonal
augmentation on the biokinetics of C-11-tryptophan.

B.  To compare and contrast the efficacy of several instrumentation methods designed
for single photon imaging of positron emitting radiopharmaceuticals for imaging
of the pancreas with C-11-tryptophan.

C.  To initiate the animal model of acute pancreatitis which will be used in subsequent
studies.
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PROGRESS IN 1980

In initial studies a Pho-Gamma IV gamma camera equipped with a rotating tungsten
collimator and an Ohio-Nuclear 150 data system were used to obtain both digital data
and images of the canine pancreas with C-11-DL-tryptophan.

From analysis of the images and from the semi-quantitative kinetic data derived
from serial acquisition of areas of ihterest obtained for an hour post injection, it is
possible to demonstrate that tracer uptake in the pancreas progressively increases over
one hour post injection in normal animals.  Compared to the fasting state pancreatic
uptake is stimulated by feeding.  An injectable preparatory regimen (Urecholine (R) SQ

and sincalide IV) also stimulates the pancreatic uptake of tracer in the fasting animal
and approaches the stimulation induced by feeding.  In contrast to the pancreatic
activity, activity within the liver,- kidneys and background diminishes over the hour post
injection.

Acute pancreatitis was induced in one dog by ligating the main pancreatic duct and
subsequently feeding the animal.  The acute pancreatitis was reflected in the marked rise
in serum amylase postoperatively.  Imaging on the second post operative day after a
stimulatory regimen showed that the pancreatic activity was markedly'diminished but
detectable over the hour of imaging.  The activity in the pancreas progressively
declined in marked contrast to the results in normal animals.  Histological examina-
nation of the specimen of the pancreas showed acute pancreatitis with edematous and hemorr-
hagic components.  A control dog underwent a sham operation without subsequent rise in

serum amylase; and, when imaged with identical preparation, the pancreatic uptake of
tracer was normal and increased progressively in the subsequent hour.

Thus the feasibility of using C-11-DL-tryptophan as a pancreatic tracer in dogs
with the instrumentation designed for single photon imaging has been demonstrated.
Pancreatic uptake of tracer determined in a kinetic fashion semi-quantitatively has
distinguished fasting from fed dogs and has shown the favorable effect of an injectable
stimulatory regimen on pancreatic tracer activity.  A dog with severe pancreatitis had
markedly reduced pancreatic tracer activity post operatively compared to the sham-operated

control.  Severe pancreatitis induced in the above manner can be distinguished with this
technique from both normal fed and fasting dogs and from sham-operated dogs.

In the coming year a model of acute pancreatitis induced by bile-trypsin injection
into the main pancreatic duct will be used to produce acute pancreatitis with several

«i-.-1..   degrees    of   inflammation in canines- Imaging-  will    be   performed_with instruments designed.·  ·
for imaging positrons with single photon techniques and compared with the Searle
positron camera in FMI to assess the tracer uptake in the pancreas in as quantitative a

manner as possible and to determine an optimal imaging regimen.  Studies of various
stimulatory regimens and potential effects of commonly prescribed drugs as inhibitors
of pancreatic tracer uptake will be undertaken.

PUBLICATIONS

Kirchner PT, Ryan JW, Zalutsky M, and Harper PV: Positron Emission Tomography
for the Evaluation of Pancreatic Disease.  Seminars of Nuclear Medicine,

(in press October, 1 80).
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