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SUMMARY

| evaluated thalllum-201 chloride as a tumour Imaging agent.

| studled the time course of TI-201 uptake in various tumours In order to es-
tablish the best time for Imaging tumours following injection of the tracer.
The results show that uptake occurs rapidly in tumours with a peak value ob-
tained 8 to 20 minutes post-injection in various tumours studied. The mean
time of tumour uptake (+SD) was 11.2 (+3.34) minutes for lung carcinoma, 11.21
(+1.88) minutes for breast carcinoma and 11.76 (+3.25) minutes for Ilymphoma.

There were no significant differences in different tumour types.

Tumour to background ratios also rapidly attained peak values and remained
relatively constant over the hour foliowing injection. The mean (+SD) time of
maximal tumour/background actlivity was assessed and found for lung cancer to
be 18.3 (4+0.59) minutes, breast cancer 13.0 (+1.16) minutes, and lymphoma 16.7
(+1.04) minutes. The mean tumour to background ratios did not change sig-
nificantly over the first hour once the peak value was obtained at around ten

minutes.

The tumour to background ratios were also compared in the early and four hours
delayed ten minutes and found to be mean (+SD) 1.8 (+0.30) for the Inltial
image and 1.67 (+0.33) for the delayed image. These values are not sig-

nificantly different.
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From these data | concluded that tumour Iimaging with TI-201 Is best performed
20 to 60 minutes post Injection. | did not find any evidence that delayed
four hour Iimaging was advantageous because tumour to background was not sig-

nificantly changed and the count in tumour decreased.

| studied the mechanism of tumour uptake of Ti-201 by in vivo and In vitro

studles.

In a series of patients with lung cancer (n=50), breast cancer (n=24), and
mediastinal lymphoma (n=13), the time course of tumour uptake of TI1-201 paral-
leled that In the myocardium with almost identical times being obtained Iin
tumours and myocardium. The time from injection to peak myocardial activity
ranged from 8 to 20 minutes. The mean time to peak myocardial activity (+SD)
was 11.61 (+ 3.25). The mean (+SD) washout of T1-201 from the tumour over
four hours post Injection was 25.4 (+ 33.5) percent of the activity present in
the early static image. The mean washout of T|1-201 from the myocardlium over

four hours was 29.7 (+16.7).

In a patient with hepatic metastases from colonic cancer undergoing
laparotomy, TC 99M japeled microspheres and TI-201 were Injected into the
hepatic artery and biopsies of metastatic and normal Ilver tissue obtalned.
The tumour to normal llver tlssue activity ratios for T1-201 were one-tenth of

those for TCO9M microspheres.
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Measurement of TI-201 activity/under control condltlonst?fter digoxin inter-
vention In non-small cell lung cancer |ine SK-MTS. The cells were Incubated
for 30 minutes with TI-201 and without the addition of digoxin, which acts as
a sodium-potassium pump blocker. The cells exposed to digoxin showed markedly

decreased uptake of TI1-201 compared to the cells not exposed.

Results of the studies indicate that Ti-201 uptake in tumours in not a purely
flow dependent process. The mechanism of Iintracellular uptake of T1-201
demonstrates the viability and metabolic activity of the pathological cells.
It appears to be similar to the myocardium by substitution of TI-201 for

potassium in the ATP-ase dependent sodium-potassium pump.

| carried out a clinical evaluation of TI-201 chloride in the diagnosis and

staging of various common malignancies.

| evaluated the ability of TI-201 chloride to detect primary lung cancer
(n=147) and to demonstrate mediastinal spread of the disease. Thal l ium-201
images were compared with the results of CT Scanning and surgical mediastinal
exploration. Thallium-201 was accurate In locating 126 of 147 of the primary
lung tumours (86%) but disappointing in detecting mediastinal tumour spread

(15%) .

Ten patients with benign lung disease were examined. TI-201 chloride was also
found to concentrate In active sarcoldosis (one case) and active TB (two
cases). The specificity of 70 percent was obtained. Forty-five patients with

histologically proven lung cancer underwent TI-201 and Ga-67 studles.
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Thirty-nine (87%) showed positive uptake of T1-201 into the primary tumour,
while 36 (80%) had positive Ga-67 uptake in the tumour. Ga-67 was superior
over TI1-201 In detecting mediastinal spread of the disease Iin 16 out of 28
(58%) patients with mediastinal gallium uptake, while five out of 28 (18%)
patients showed positive T1-201 uptake. | concluded that Ti-201 chloride con-
centrates In both malignant and benign active metabolic tissue. TI-201 s
highly sensitive In locating primary lung cancer but lacks sensitivity in

determining mediastinal spread of the disease.

| evaluated T1-201 chloride in patients with breast cancer (n=26) and Iin
patients with malignant lymphoma (n=15§), and found that TI-201 is highly sen-
sitive Iin detecting primary tumours and disappointing In detecting nodal

spread of the disease.

Thal lium-201 was also evaluated in patients with bone and soft tissue tumours

(n=9), brain tumours and In patients with mass lesions of the liver.

Thall fum-201 was found to be usefui in detecting bone and soft tissue tumours

(100% sensitivity), brain tumours (100%) and was not affected by steroid

therapy. Thall ium-201 was found to be equally useful to gallium-67 for Iimag-
ing primary hepatomas. It surpasses gallium-67 Iimaging Iin distinction of
pseudotumours of the llver. In addition, It has the advantage over galllum-67

of early imaging.
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Finally, sequential TI-201 scans were found to be useful In evaluating
patients with malignant disease and determining local tumour response after
anti-tumour therapy, especially when the scan was positive pre-treatment.
There was a good correlation between the changes In Ti-201 uptake and the

change in the primary tumour size after treatment as determined radiographi-

cally.
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1(1)

CHAPTER |

A HISTORICAL REVIEW OF THE APPLICATION OF

THALL IUM=-201* IN VIVO

Introduction

The first application of radioactive tracers In man was in the field of
cardiovascular disease, when Biumgart and colleagues in 1927 injected
radium C into the vein of an arm to measure the transit time through the
heart to an arterial site In the other arm. The arrival of the tracer
was detected with a cloud chamber (1). A longer than normal circulation
time was found in patients with auricular fibrillation or "myocardial

degeneration" (2),

Following the development of the first cyclotron by Lawrence and

Livingston, 1932 (3) and its later improvement by Lawrence and Cooksey

1936 (4), Hamilton, 1938 described the artificial radloisotope
potassium-42 which was suitable for biological use (5). Three years
later Noonan, Fenn and Haege demonstrated rapid accumulation of

potassium-42 Iin the myocardium of rats following intraperitoneal injec-

tion (6,
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In the early 1950’'s, work by Burch and his assoclates demonstrated that
while radioactive rubidium and potassium do not have identical kinetics
they are sufficiently similar to allow rubidium to be used Iin making
generallisatlon concerning certain aspects of Kaliokinetic phenomena in
man. The two tracers behaved similarly during the 120 minutes following
intravenous administration. The partitioning of potassium-42 and
rubidium-86 in the Intra- and extravascular compartments also was
simitar (7). Similar properties were also found for radioactive

caesium-134 (8),

The studies of Burch and his colleagues which indicated rapid uptake of
rubidium-86 by the myocardium suggested the possibility of demonstrating
the myocardium by photoscanning after administration of this
radiolsotope. Carr and his associates showed the feasibility of
demonstrating the myocardium of the beating heart of living dogs by this
technique. Furthermore, In photoscintigrams they found ‘cold areas’ of
relatively decreased uptake of rubidium-86 In hearts previously sub-
Jected to coronary artery ligation, but these defects could only be
identified rellably after excision of the heart (9), They, therefore,
considered this Isotope unsulitable for In vivo Iimaging of the myocardium
and turned their attention to caesium-131. Using a rectilinear scanner
and intravenously Injected caesium-131, they reported the first success-
ful radlioisotope imaging of the human myocardium in vivo, and they were

able to demonstrate decreased Isotope uptake corresponding to areas of

19



infarcted myocardium. In the same publication they also reported that
Ischaemic tissue in dogs showed an uptake of caesium less than that of

normal tissue but greater than that of iInfarcted tissue 10y,

Over the next ten years a number of diffusible monovalent cationic ex-
tractable indlicators were used clinically as myocardial Imaging agents,
notably potassium-42 and potassium-43, rubidium-81 and rubidium-82,
caeslum-129 and caesium-131, and nitrogen-13 labeled ammonia. None of
them ever became available for widespread use and they did not reach the
clinical arena. These radionuclides had major disadvantages as myocar-
dlal imaging agents, namely, their low myocardial extraction, Ilow tar-
get organ/background ratio, and high photon energies, which made imaging
with a conventional gamma camera difficult (11) (12)  The situation was
changed by the Introduction of thallium-201 In 1974 (13) 7This
radionuclide has been extensively evaluated in both clinical and
laboratory studies and has been applied particularly in asymptomatic and
symptomatic patients (1), Thallium-201 currently has replaced the

other radionuclides as the myocardial Iimaging agent of choice.

Radionuclides for myocardial Imaging are generally Injected as the
chloride salt In the ionic state. The biological behaviour of the
radlonucl ides of potassium, rubidium, caesium and thallium vary In
detail with respect to dosimetry, blood clearance, duration of uptake Iin
target organ, and target to non-target ratios. Different radionuclides
of a specific element, such as potassium, demonstrate the same biologi-

cal behaviour. However, radionuclides of a given element will not have
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the same dosimetry because each radionuclide has different decay charac-
teristics. All of the elements mentioned tend to localise Iin viable
tissue, e.g., the myocardium, resulting in cold spot Images of infarcted
or Ischaemic areas (14), The property Iis dependent on broadly similar
physiological behaviour between potassium and other elements, which are

viewed as potassium analogues.

Potassium is a major cationic constituent of the body. The intracel-
lular content of potassium ion is much higher than that in the extracel-
lular spaces. This gradient 1Iis maintalned by an energy expending
process which is oxygen dependent, and even transient periods of hypoxia
lead to immediate loss of intracellular ion (15), If this efflux could
be measured, a very sensitive method for the rapid detection of the
regional hypoxia would be provided. Of course, the label would have to
be in the cell prior to the hypoxic Insult. Radiopotassium has only

been used as a regional flow Indicator. On a single passage through the

heart, over 70 percent of avallable Kt ions In the plasma will enter
myocardial cells (18), An equal number of intracelluiar ions will leave
the cell, but as the concentration of intracellular K* to extracellular

K* is very large, the turnover rate of the radioactive ions 1Iis slow
enough to permit acquisition of an Iimage that initially represents the
distribution of regional blood flow. Over a period of several hours,
the radioactive and non- radioactive potassium will come into equi-

llbrium, and the distribution of the radioactive potassium then reflects
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the potasslium pool, not regional perfusion. The most reliable deter-
mination of regional perfusion will be obtained In the first few minutes

following Injection (17),

1(2) The physical and biological properties of Thalllum—201

1(2)(a) Physical Properties

In 1861, the English chemist Willlam Crookes noted the occurence of a
brilliant green line in the spectrum of some selenium residues whilst
examining them for tellurium. He confirmed that the green line was due

to a new element, probably a higher member of the sulphur, selenium and
tellurium group, possessing well defined characters. He proposed for it
the name of Thallium (Symbol TIl), from the Greek 90.)1(');, or Latin thal-
lus, "a budding twig - a word which is frequently employed to express
the beautiful green tint of young vegetation, and which | chose on ac-
count of the green line which It communicated to the spectrum recalling

with pecullar vividness the fresh colour of early spring® (18),

Thallium (atomic number 81) is a metallic element of group II1A of the
periodic table. It belongs to a different element group from potassium,

rubidium and caesium.

The use of radiothallium In nuclear medicine was first suggested by
Kawana et al, 1970 (19), uysing thallium-199 they demonstrated the pos-

sibillty of Imaging the human myocardium, but the Iimages they obtained
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were of poor quality because of contaminating high energy gamma rays
causing excitation of the lead In the collimator and they suggested that
thalllum-201 might be a more suitable radiopharmaceutical. Workers at
Brookhaven National Laboratory in the U.S.A. developed a method for
producing the radionuclide In a form suitable for human use (20) (13),
Thalllum-201 was produced by irradiating a natural thallium target In
the external beams of the Brookhaven cyclotron with 31 MeV protons. The
nuclear reaction Is 203T! (p an) ——> 201 Pb. Lead-21 has a half-life of
9.4 hours and is the parent of 201 Tl. The thallium-201 Is separated
from the lead by a process involving dissolving the target in nitric
acld and passing the solution through several resin exchange column
stages (13), Thallium-201 has a physical half-itife of 73 hours, and
decays by electron capture, emitting a smal!l yield of gamma rays (135 to
167 keV) in ten per cent total abundance. In addition, the daughter
nuclide mercury-201 emits X-rays with an energy of 69 to 83 keV. These
X-rays occur In 98 percent of thallium-201 disintegrations (13, The
thallium-201 1is contaminated with a small amount of thallium-202 (half-

life 288 hours) (21),

The gamma rays emitted by thallium-201 have suitable energies for scin-
tillation camera Imaging, but as they are not significantly abundant the
mercury daughter X-rays are usually utillzed. Atkins et al found that
the X-rays gave count rates during myocardial Iimaging which were seven
times greater than those from the gamma rays (22) Because of the in-
herent low energy of the X-rays utilized for thallium-201 Images, the

energy signal |Is poorly determined statistically by the scintillation
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camera and this results In relatively poor spatial and contrast resolu-
tion in the Iimage. Contrast resolution Is further degraded by the Com-
pton scattered photons from the gamma ray fraction. The half-value
layer Iin tissue equivaient of Hg-201 X-rays is about 4 cm. so that about
50 percent to 70 percent of the emitted photons are absorbed in
patlents(23). Tissue attenuation can produce thallium defects. An ap-
parent decrease In radioactivity in the septum or lateral wall may occur
secondary to breast attenuation (24) The diaphragm has been shown to
attenuate photons originating from the inferior myocardial segment when
the patient Iis in the supine position for the left lateral view. This
difficulty may be overcome by imaging with the patient lying on his or

her right side (25)

1(2)(b) Mechanism of cellular uptake of thallium

In 1960, Mullins and Moore noted that the crystal radius of TIt (1.44A)
Is between that of K* (1.33A) and Rb* (1.49A), and thus expected that
TI* would behave as do these alkaline lons. Working with the isolated
frog sartorius muscle preparation, they found "resuits which were con-
sistent with the view that the muscle fibre membrane cannot distinguish
between the toxic heavy metal TI* and K¥ provided that the concentra-
tions of the former ion are kept low". The efflux of TI* is increased
during stimulation to at least the same extent as 1Is that of Kt In

stimulated muscle (26).
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The biological similarities between potassium and thallium were con-
firmed by Gehr ing and Hammond working firstly with rabbit
erythrocytes(27) and later wlith bilodistribution studies In rats and
dogs(28). They demonstrated that "activation of the Na and K activated
adenosine triphosphatase by the substitutions of thalllum for potassium
supports the belief that the mechanism involved In the active transport
of potassium cannot differentiate between potassium and thallium". The
cellular uptake of TiI * was Inhibited by ouabain and sodium f@ﬁide,
which block the Na* - K* pump (28). Britten and Blank working In rabbit
kidney also confirmed that the cellular uptake of thallium Is due to ac-
tivation of the sodium-potassium ATP-ase system, but their results sug-
gested that the mechanism of uptake was not identical with thallium

binding on two sites in the enzyme system compared to one for potassium

(29)

Gilbert and co-workers, 1976, Investigated myocardial uptake of TI ¥+
with a canine infarct model and reported that thallium-201 concentration
in myocardial biopsies correlated with both perfusion and regional ATP-
ase activity (30), This has led other Investigators to postulate that
the reduction of thallium uptake In Ischaemic myocardium Is primarily

due to a decrease in ATP-ase activity (31 (32).

Several studies have shown that the distribution of thallium is a flow-
dependent process (33) (34) (3%), To assess the role of ATP-ase in
thaltium uptake, studies were performed in arrested dog hearts after in-

troducing ouabaln. The coronary sinus blood thalllum activity was In-
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creased approaching arterial activity, and the myocardlial extraction
ratio fell markedly. It was concluded that myocardial thalllum uptake
is mediated by ATP-ase (35), The myocardial distribution of potassium
analogues is also dependent on regional blood flow. Prokop et al, 1974,
compared the regional distribution of ionic potassium-43 with that of
radioactive microspheres administered into the left atrium In three
groups of dogs as an indicator of blood flow. The regional myocardial
distribution of potassium was simitar to that of microspheres under nor-
mal conditions, during experimental ischaemia and after complete coro-
nary arterial occlusions. These data suggest that the major determinant
of ionic tracer distribution is blood flow (36), Similar Investigation
has been performed with thallium. Strauss et al, 1975 (37) and Nielsen
et ai, 1980 (38), demonstrated that the distribution of thallium in the
canine myocardium following intravenous administration is proportional
to the regional flow as measured with labeled microspheres although the
relationship to biood filow is not Iinear over all flow rates.
similarly, Weich et al, 1977 (32)  found that the initial extraction of

thallium In canine hearts Is proportional to myocardial blood flow.

Many of the current methods for measuring blood fiow with radioactive
tracers are based on the fractionation principle of Sapirstein (39) or
on the recording of myocardial washout of diffusible indicators injected

into a coronary artery (40)
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According to the Sapirsteln fractionation principle, If an indlcator is
uniformly mixed with blood at the left ventricular outlet the fraction
of the administered dose distributed to the myocardium during the first
clircutlation equals the fraction of cardiac output that perfuses cardiac
muscle. This applies both to particulate indicators that do not re-
circulate (41, and to re-circulating indicators with high extraction
rates during the first circulation, such as potassium and other cationic
tracers as long as the amount of non-extracted indicator leaving the
myocardium is exactly balanced by the amount that re-enters the coronary
arteries with re-circulation (42),  under these conditions, when the
fraction of the indicator in the myocardium can be measured as a frac-
tion of the injectate, one can calculate total myocardial blood flow (or

the fraction of cardiac output that perfuses the myocardium) (40).

According to the "Washout principlie"”, one can calculate myocardial blood
flow per unit mass of myocardium, when the mean washout time of the in-
dicator can be determined, the space of distribution of the indicator Is
confined to the myocardium and its tissue/blood partition coefficient is
known (43) . Nishiyama et al, 1982 (44), studied myocardial uptake and
washout of thallium-201 in an experimental dog model, and found that
thallium uptake and washout was directly refated to blood flow. With
reactive hyperaemia, there was a rapid and absolute increase In uptake
followed by rapid washout; with ischaemia, there was slow and decreased
uptake followed by a slow washout. They found significant differences
In washout slopes, compared to control dogs after reactive hyperaemia,

and after transient ischaemia, with half-washout times of 5.3 hours, 3.4
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hours and 11.0 hours respectively. These data suggest that both the
initial excess 1In the hyperaemic area and the decreased uptake in the
Ischaemic area are corrected by different washout rates of ischaemic and

hyperaemic cells during re-distribution (44)

In ¢clinical practice, myocardial blood flow is llkely to be the main
determinant of regional myocardial distribution of thallium-201, but
some experimental data suggest that thallium accumulation becomes abnor-
mal only when decreased perfusion results in myocardial Ischaemia, that
Is disordered metabolism (45), Experimental animal studies have
demonstrated that the myocardial distribution of intravenously injected
thallium-201 reflects myocardial blood flow (37, The relationship,
however, 1Is not linear, with increase in perfusion producing a propor-
tionally smaller augmentation of tracer accumulation (37) (46)  Tprap-
ping of the thallium-201 within the myocardial cell involves a dynamic
process of Na-K pump (30), The process consists of continuous extrac-
tion and release of lonic thallium by viable myocardial cells (47). The
changes in the thallium distribution observed on serial images reflect
both regional perfusion and myocardial cell metabolism (11).  Though
myocardial blood flow Is usually the main determinant of the initial
distribution of thallium-201, any process causing an abnormality of the

Na-K pump could Impalr myocardial uptake of thallium—201 (11),
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1(2)(c) Blodistribution of thallium-201

Following intravenous administration, thafllum-201 Is distributed to
the entire body, and is extracted in multiple organs. Bradley-Moore et
al, 1975 (48), working in goats found that the greatest concentrations
of thallium-201 were in kidney, heart and liver, and that the activity
remained high in these organs for at least two hours. Maximum myocar-
dial and renal uptake were achieved by ten minutes. The organ distribu-
tion of thallium In animal species has been reported to be similar in

mice (37), in goats (48) |n rats and dogs (49), and in man (22) (50),

The rate of blood disappearance is extremely rapid. Bradley-Moore et
al, 1975 (48)  working with goats found the half-time clearance from
blood of intravenously injected thallium was less than one minute.
Simlilar rapid rates of clearance were reported by Shelbert et al (1976)
(49) and by strauss and Pitt (1977) (1),  Nishiyama et al, 1976 (52),
working with dogs, found slightly slower clearance which occurred In
biexponential fashion with the haif-time of the fast component being 2.9
minutes. Atkins et al, 1977 (22), also investigated the blood clearance
in humans, and reported that at five minutes after Intravenous ad-
ministration only five to elght percent of the Injected activity
remalned in the blood. A biexponential disappearance curve was obtained
with 91.5 percent of the blood radioactivity disappearing with a half-
time of about flve minutes. The remainder had a half-time of about 40

hours. The majority of the slower clearing component was within the red
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blood cells, the plasma fraction varylng from 28 percent to 50
percent (22) Strauss and Pitt, 1977 (51), found this residual blood
concentration is in equilibrium between red cells (33%) and plasma
(66%) . The whole body retention of thallium-201 was measured in three
volunteers by Atkins et al, 1977 (22) ysing a whole body counter. They
found a mean whole body disappearance half-time of 9.8 days (range 7.4 -
12.4 days). A repeat study with potassium loading showed no significant

change, the half-time being 11.0 days (range 8.1 - 15.1 days).

Bradley-Moore et al reported that the maximum uptake of thallium-201 by
the myocardium was approximately 3.7 percent of the injected dose at
10-25 minutes (48), a finding subsequently conflirmed by others(50) (46)
(83), schelbert et al, 1976 (49), demonstrated that myocardial uptake
in rats was significantly higher for thallium than for rubidium. The
thallium concentration in the liver and blood were either lower or fell
more rapldly than those of rubidium resuiting in higher target to back-
ground ratios (49) Nishiyama et al, 1976, found both K-43 and T1-201
surpass Cs-129 In terms of rapidity of radionuclide concentration in the
myocardium. Furthermore, T1-201 is superior to Cs-129 and K-43 in tar-
get to non-target ratio (52) (54) Atkins et al, 1977 (22), found that
the myocardial uptake of thallium-201 did not significantly change from
five to 60 minutes after injection in human subjects. Throughout this
period the blood activity is sufficiently low to enable myocardial
Imaglng(zz). Bradley-Moore et al, 1976 (48), reported that the loss of
thalllum-201 from the myocardium had two components with half-times of

4.4 hours (78%) and 40 hours (22%) respectively.
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Abbate, Maseri, Blagini et al, 1977 (55) estimated the first pass
myocardial extraction of thallium-201 to be 83 percent whilst Pitt and
Strauss, 1976 (54), quote a first pass extraction of 85 percent of the
tracer. Grunwald et al (1981) (34) Investigated myocardial extraction
efficlency of T1-201 at varying coronary artery perfusion pressures and
concluded that the extraction of thallium by the myocardium is not sig-

nificantly altered at various levels of flow reduction (34).

Myocardial distribution of thallium-201 is uneven. This was first ob-
served In the goat heart (48) .  similar regional differences in myocar-
dial thallium concentration were found in the dog heart, higher con-
centration being found in the free LV wall and in the Iintraventricular
septum than in the free RV wall (49), strauyet al (56), 1977, working
in cats found that the highest thallium-201 concentration per gram of
muscle weight was in the inner LV layer and in the LV papillary muscle,
the out layer contalning ten to 15 percent less radioactivity per gram
than the Inner layer. The total RV thallium accumulation was found to
be 40 percent less than that in the whole of the left ventricle (56),
Hami{ton et al, 1978 (50), found that right ventricular activity was
about 75 percent of left ventricular activity. These differences are
likely to reflect differences In regional myocardial perfusion since
they correspond closely to the distribution of radioiodinated macroal-
bumin particies (57), The lower thallium concentration In the RV
myocardium explains why the thin walled RV often Is not visualized on

scintigraphy.

31



Drugs may alter the tissue distribution and, In particular, the myocar-
dial uptake of thallium-201. Dipyridamole following Intravenous ad-
ministration can Increase coronary blood flow to three to four times
resting levels (58), with a 60 percent Increase in myocardial thall ium-
201 concentration (50) (46)  gould et al, 1978, concluded that myocar-—
dial Images equal in quality to those obtained when thallium-201 was ad-
ministered during treadmill stress could be obtained using Dipyridamole
infusion (89), The optimal technique comprised of intravenous
Dipyridamole at a dose of 0.142 mg/Kg for four minutes with the
thal | ium-201 injected Iin the third and fourth minute after completion of
the infusion, with the patient upright, walking In place. In a group of
patients who had both exercise and Dipyridamole imaging performed, the
sensitivity and specificity of the two techniques for detection of coro-
nary artery disease was Identical (60),  The satisfactory sensitivity
and specificity of Dipyridamole imaging have been confirmed by Harris et
al, 1980 (61), Thus, "pharmacological stress" imaging with Dipyridamole
has potential clinical value, especially in patients who are unable or

unwilling to exercise adequately.

Digoxin and propranolol produce a small reduction In left ventricular
thallium-201 concentration, but this does not seem to affect the quality
of Image obtained (50), Acidosis and hypoxia both Induced a fall in ex—

traction efficlency In parallel with an increase Iin coronary blood flow

(47)
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Sodium blicarbonate has been shown to enhance the myocardial concentra-
tion of thalllum-201 In rabbits and goats (62) The suggestion that
this could be used clinically to Improve the quallity of myocardial

Images has not been attempted.

Renal uptake occurs rapidly being maximal 10 minutes after Injection
Iinto goats (48) and between ten and 20 minutes after injection in
mice(37) . Four hours after Injection of the tracer, the ratio of renal
to background activity is reduced from that shortly after injection but
some accentuation of renal uptake can still be seen on Images performed
five days after Injection (22) The renal excretion rates for
thallium-201 are low (49) (22)  Fagcal excretion has also been found to

be insignificant (22),

The uptake In the abdominal organs was approximately 20 percent of the

Injected dose. The large bowel shows considerable uptake of thallium-
201 and, as In the kidneys, there 1is prolonged retention of
actlvlty(22). Liver uptake Is marked when the tracer Is injected Into

animals at rest (48) (49), but In clinical studies liver uptake can be
considerably reduced by Iinjecting the radionuclide with the patient
standing and fasting (22) Colonic, hepatic and sp\lenlc uptake are
reduced by injecting the tracer during exercise, which also produces a
better myocardial to lung activity ratio (63) (21)  testicular tissue

was found to accumulate O0.15 percent of the Injected dose in man.
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Studies on a female beagle showed the total amount In ovaries and uterus
was 0.2 percent of the Injected, but in human ovaries the uptake could

not be estimated due to high uptake in the gut and pelvic organs (22)

The thyrold accumulates 0.2 percent of the Iinjected dose, but this ac-

tivity disappears within 24 hours (22)

Two mechanisms have been postulated for the concentration of thallium in
the thyroid. First, the formation of a complex anion, thallous
dichloride (Tl Clg =) which could behave as an lodide analogue (based on
Its postulated lonic radius and charge), or secondly, the substitution
of thallium for potassium in the sodium-potassium ATP-ase pump in which
case the thyroid distribution of thallium should parallel blood flow

rather than lodide concentration (64).

The changes In thyroidal lodide concentration in perchiorate treated
rats with little change in the thallium concentration (64), and the in-
verse relatlonship between serum potassium level and thyroidal thalliuﬁ
uptake (65) ayy suggest that thyroidal thallium uptake reflects the
state of sodium-potassium ATP-ase system - the cationic side of the pump

-~ rather than anionic side.

Pulmonary extraction fraction of thallium-201 during the first transit
was estimated to be about nine percent of the Injected dose (e6), Ini-
tially the lung activity received scant attention In the Interpretation

of thallium-201 studies, although thls contributes a considerable por-
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tion of the background activity of the heart (67) .  |ncreased pulmonary
thall lum-201 concentration has been observed in exercise stress thallium
perfusion Imaging 1In patients with coronary artery disease (66) (70)
(69) (68) (71), This increased lung uptake after stress has been as-

soclated with the presence of severe coronary artery disease (68).

The exact mechanism of increased lung thallium-201 uptake following ex-
ercise is incompletely understood (71) . Boucher et al, 1980, showed a
direct relation between exercise-~induced increased in pulmonary capil-
lary wedge pressure and increased lung thallium-201 uptake 1In patients
with significant coronary artery disease (68) In addition, Bingham et
al, (1978) (72), using an open chest dog model, showed that increased
extraction of thallium-201 Iin the lung can result from Iincreases in left
arterial pressure. It may be postulated that increased thallium-201
lung activity results from transient, exercise-induced left ventricular
dysfunction with a concomitant increase in interstitial lung water. Be-
cause thallium 1Is Injected Intravenously and initially traverses the
pulmonary vascular bed during a period when 1left ventricular filling
pressure |Is elevated, transudation of water with radiotracer Into the

Interstitial compartment would occur (70)
Increased lung uptake of thallium-201 is likely to result from Ileft

ventricular dysfunction of any cause, Including cardiomyopathy as well

as valvular and congenital heart disease (71), and the calculated In-
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dices of Increased thalllium-201 lung uptake and lung clearance have been
suggested as useful Indices for assessing the severity of exercise-

Iinduced left ventricular dysfunction (73),

There Is considerable thallium uptake by the skeletal muscles if
thalllum-201 1Iis Injected during exercise (21), and leg muscle uptake
dur ing walking on a treadmill has been applied to the assessment of
patients with arterial disease (74) This technique has not found

general clinical application.

1(2)(d) Radiation Dosimetry

The whole body radiation dose from thallium-201 has been variously es-
timated as 0.07 to 0.24 rads per millicurie (78) (13) (48) (76) (77),
The critical organ for radliation exposure Is the kidney with an average
radiation dose ¥ 0.52 rads per millicurie. The renal medulla where
thallium concentrates receives a dose of 1.1 rads per millicurie (48),
This dose Is unlikely to cause renal damage as no significant long term
functional or anatomical effects were observed in dog kidneys irradiated

with 400 rads (49),
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1(2)(e) Toxlicology of Thalllum

In common with other heavy metals, thallium Is potentially toxic. The

main effects are seen on the gastrointestinal tract and nervous

system(-la) (79) (80).

The minimum fatal dose of thallium for man Is thought to be 8 to 12 mil-

ligram per kilogram body weight (81), or a tissue concentration of 0.5

mg percent elemental thallium (49) Toxicity in higher animais and man
has been reported at a dose of 0.1 milligram per kilogram (48).  schel-
administarad |

bert et al calculated the dose admimtstreated in diagnostic studies using
two millicuries to be of order 0.07 to 0.15 nranogram per kilogram body
weight, and blood levels averaged 0.0017 nanogram per 100 ml (49) | Even
for minimal toxicity, the required dose of thallium is about 10.000
times greater than the dose of thallium given as radio-
pharmaceutical (48), As yet, there have been no reports of Iill effects
following administration of the radiopharmaceutical of thallium as a

dlagnostic Imaging agent either In animal studies or for human use.
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1(3) Thalllum-201 myocardial Imaging

1(3)(a) Introduction

The main use of T1-201 Imaging until now has been Iin the detection of
coronary artery disease. |In this appllication, stress myocardial imaging
is especlally Important. Various studies have shown that regional
myocardial perfusion may not be significantly changed at rest Iin splte

of coronary artery disease (CAD) (82) (83) (31),

In 1973, Zaret et al (84) reported that the administration of
potassium-43 at peak exercise to detect exercise-induced perfusion
defects 1In 28 of 34 patients with coronary artery disease. No defects
were seen in 12 out of 12 patients without CAD. Strauss et al, 1973,
demonstrated that Images obtained after injection of potassium-43 during
exercise were abnormal in CAD patients with normal rest studies (85),
CAD is typically a segmental disease with varying degrees of obstruction
in different coronary arteriles. During exercise, Increased myocardial
oxygen consumption requires an Increase In coronary blood flow. In
situations of Increased myocardial oxygen demand or during pharmacologi-
cal hyperaemia, the coronary flow Increases in non-obstructed coronary
arteries but does so to a lesser extent In arteries with significant
stenosis. This Impairment with stress hyperaemia was seen distal to oc-
clusions of 50 percent or more of the Iuminal diameter (59), If

thallium-201 Is Injected at peak exercise, the Increased flow in normal
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vessels leads to greater thallium-201 concentration in their territory.
At the same time, areas perfused by diseased vessels do not receive such
an Increase In flow, and a difference In tracer concentration

results(37),

At rest, areas of decreased myocardial TI1-201 uptake have been shown to
correlate usually with myocardial fibrosis or necrosis (86), This has
lead to the classification of TI-201 defects as fixed or Irreversible.
Areas of abnormal tracer uptake on the stress study not seen on the rest
study, "reversible defects", are taken to indicated viable but ischaemic
myocardium, while defects which are unchanged from rest to stress “fixed

defects" are taken to indicated non-viable tissue (87) (88) (89) (90),

In 1977, Pohost et al observed that certain zones of decreased myocar-
dial thallium uptake present on immediate post-stress Images resolved,
while other defects persisted. The transient defects appeared to cor-
respond to zones of transient Ischaemia, while the persistent defects
appeared to correspond to zones of previous myocardial infarction (47) ,
The mechanism of redistribution appears to be a combination of uptake of
thallium from the blood pool by the previously Ischaemic zone and a loss
of Isotope from the non-ischaemic area which has an estimated biologic
half-time of 4.5 and seven hours (91) (47) The resulting Image repre-
sents the net effect of thallium uptake by the previously ischaemic zone
and loss from the non-ischaemic zone (92), This was confirmed In ex-
perimental studies by Grunwald et al, 1981 (93), who measured the

Intrinsic myocardial washout rate of thalllum In the absence of systemic
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recirculation. At anytime after 1i.v. Injection of the tracer the
myocardial concentration of thallium-201 depends upon the net balance
between continuing myocardial extraction from low levels of recirculat-
ing thallium In the blood compartment and the net rate of efflux of

thallium from the myocardium into the extracardiac blood pool (93),

Experimental studies were performed by Khan, Strauss, Pohost et al,
1983, in animals with acute coronary occlusion to compare the distribu-
tion of radiolabeled antimyosin antibody (AM-Fab) with Immediate and
delayed distribution of thallium-201. Cardiac myosin-specific an-
tibodies labeled with lodine-125 localize in necrotic myocytes and are
highly specific markers for myocardial Infarction. Thal |l ium-201 dis-
tribution correlated closely with microsphere regional blood flow, but
an Inverse exponential relation to iodine-125 antimyosin antibody (AM-
Fab) uptake was found. They concluded that Immediate thallium-201 dis-
tribution at five minutes after Injection is fiow-lImited and an in-
dicator of relative blood flow. Delayed thallium-201 distribution

reflects cell viability and Is flow independent (94)

The abnormalities observed In early post stress images can be due to
either exercise-induced in homogenity of perfusion or to previous areas
of myocardial scarring or Infarcts. A second study Is necessary to
determine whether the area with decreased perfusion 1Iis irreversibly
damaged (scar tissue) or Is Iischaemlic but viable. Since the half-life
of thalllum-201 Is 74 hours, a repeat study should be done five to seven

days later at rest. |If the images are similar during exercise and rest,
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a dlaghosis of old scar is made. IF the images are abnormal during ex-
ercise but normal at rest, the diagnosis of exercise-induced perfusion
abnormallity Is made. The need for two separate studies Is uncomfortable
for the patient and adds to both the rediation dose and the expense of
the test (95) (11) (12) Pohost et al, 1977 (47), have shown that the
perfusion abnormality will tend to normalize if a repeat study Is done
three to six hours after the initial exercise Images. This Is termed a

redistribution (delayed) study, or the single dose technique.
It is now generally accepted for <clinical purposes, stress and
redistribution imaging rather than separate stress and rest studies Is

satisfactory (12),

1(3)(b) Acquisition of myocardial images

Three types of myocardial Imaging are mainly used In clinical practice,
namely, (1) rest, (2) exercise or stress, and (3) redistribution images.

Some studies are combined with dypyridamole vasodilation (11),

Recently, there has been marked improvement In the technical aspects of
thallium-201 myocardial imaging especially In imaging systems, computer
application, tomographic techniques and quantitative analysis of

thall ium-20t1 distribution.
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1(3)(b)(1)Thalllum-201 Imaging at rest

Rest studies are performed by Injecting the tracer as a bolus
Intravenous Injection In a standard dose of 1.5 to two mCi after the
patient has been sitting quietly for some time. The splenic uptake can

be minimized by having the patient fast prior to the injection an
(12)

1(3)(b)(2)Exercise myocardial thallium-201 imaging

Stress T1-201 imaging should always be performed by a physician who Is
experienced In exercise testing. Any contra-indication to exercise
testing such as arrhythmias, unstable angina decompensated cardiac
failure and severe, uncontrolled hypertension should be excluded by his-
tory and examination. Whenever possible, nitrates are withheld for at
least four hours prior to the test. The other cardiac medications such
as beta-blockers, calcium antagonists, other vasodilators, digitalls,
diuretics, or antlarrhythmic drugs are not discontinued routinely. It
must be kept In mind that the administration of beta-blockers will fre-
quently resuit In suboptimal exercise test results because of Ilesser
heart rate Increases, and this may decrease the sensitivity of the

test(12).
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After detalled explanation of exercise procedures to the patient, a

medium-sized angiocatheter |Is secured to an antecubital vein and at-

tached to a solution of dextrose and water. A 12-lead ECG is recorded
at rest.

For the exercise test a Bruce multistage treadmill exercise protocol or
bicycle ergometric exercise may be used. Blood pressure Is measured

with sphygmomanometer at the midpoint of each stage. At peak exercise
level, a dose of 1.5 to two mCi of thallous chloride TI1-201 is injected
Intravenously and flushed with dextrose and water. The patient Is re-
quested to continue exercising for 30 to 60 seconds more. An ECG is re-
corded immediately upon termination Iin the standing and supine position.
The precordial leads are removed, the patient is positioned under the
gamma camera, and acquisition Is usually started within two to three

minutes of termination of exercise.

The method of thallium administration and timing of scintigraphy are im-
portant in detecting stress-induced myocardial Ischaemia. If exercise
is not maintained after thallium administration, the distribution of the
radionuclide may not reflect the heterogeneity of exercise induced per-
fusion abnormalities. If the exercise Is submaximal (less than 85% of
predicted maximal heart rate) there may be insufficient differences in
myocardial perfusion to be detected by scintigraphy (23), McLaughlin et
al, 1977 (96), have demonstrated that of the thallium perfusion defects
seen after maximal exercise, only §3 percent were present after sub-

maximal exercise.
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The Images collected shortly after exercise are representative of the
myocardial perfusion during stress. If scintigraphy is delayed or
prolonged after exercise, the distribution of thallium In the myocardium
may be influenced by a redistribution of the radionuclide, and the image
obtained does not reflect myocardial perfusion during exercise, and

stress-induced abnormalities may be missed (47),

1(3)(b)(3)Redistribution Images

Pohost et al, 1977, demonstrated that following exercise Iinjection of
thallium-201, delayed imaging in patients without infarction but with
exercise Iinduced Iischaemia revealed disappearance of Initial perfusion
defects. These authors observed that pictures taken two to four hours
apart in dogs with complete coronary ligation were similar. On the
other hand, when pictures were taken two to four hours after the release
there was a substantial difference with a "redistribution" or "filling
In" In the regions displaying perfusion defect in the early Iimages.
This method of the single dose" was clinically useful especially in the

distinction between ischaemia and infarction (47).

It was initially belleved that redistribution of thallium might be

secondary to reactlive hyperaemia in previously Ischaemic areas following

exercise. However, redistribution has also been observed after injec-
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tion at rest In patients with severe fixed coronary stenosis without in-
farction and without evidence of Internal changes In myocardial perfu-

sion between the time of Injection and delayed imaging (87) (98).

1(3)(b)(4)Imaging system

Thallium-201 images can be recorded with elther a rectilinear scanner or
scintillation camera but the latter Is almost universally used now. The
energy window of choice for clinical thallium Imaging is a 20 per cent
window centered on the abundant 69-83 keV mercury X-ray photopeak (22),
In systems with multi-pulse height analyzers, the use in addition ;ﬁ the
less abundant 135 and 167. keV photopeaks may be desirable in order to
improve counting sensitivity and spatial resolution. Gamma cameras with
at least 37 photomultiplier tubes are used, preferably those with 1/4

inch thick crystals with significant improvement in intrinsic and system

resolution and negligible loss in sensitivity.

Standard field of view cameras are most commonly fltted with a Ilow
energy all purpose or high sensitivity collimator. A high resolution
collimator may be used, but myocardial motion and degradation of the
image by tissue absorption tend to cancel any gain In resolution. A
converging collimator will magnify the size of the myocardial image but
may produce distortion of the image and loss of contrast, and so have
not gained wide acceptance except when a wide field of view camera |Is
being used (51) (23) (11) 1o adequately delineate the left ventricular

myocardium muitiple projections are taken, usually anterior, one or more
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left anterior oblique (LAO) Images and a left-lateral. The precise
anatomical areas seen In each projection will depend somewhat on the
orlentation of the heart (25). |n thallium-201 Iimages, the areas of the
left ventricular myocardium best seen In any projection are those per-

pendicular to the front of the camera face (61)

The computer plays an Important role in thallium acquisition, processing
and display. The gating of T1-201 Iimage acqulisition may Improve the
quality of the Images by removing the blurring induced by cardiac motion

(50) (99) put s doubtful If this significantly improves diagnostic
yleld(1°°).

Tomographic techniques have been utiiized for displaying the radlioac-

tivity in a section of the myocardium at a given depth.

Vogel et al, 1979, have described the use of a 7-pinhole colliimator to
produce myocardial tomograms with thallium-201. in a series of 65
patients In whom both 7-pinhole and planar Images were obtained, they
demonstrated improvement in accuracy of detection of coronary artery
disease over non-tomographic methods (101), Similar results were
reported by Francisco et al, 1979 (103)  However, Ritchie et al, 1981
(104), found that 7-pinhole collimator tomography had no advantage over

planar imaging for detecting prior myocardial infarction.
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Single photon emisslion tomography with a rotating gamma camera does give
tomographic slices with |Ilittle Iinterplanar propagation (105) (108)
Tamak| et al, 1981, (107)  found that the sensitivity of dlagnosing
prior myocardial infarctions by thallium-201 single photon emission
tomography (SPECT) was 96 percent compared with 75 percent by standard
planar Iimaging. Maublant et al, 1981 (108), also found that SPECT in-
creased the sensitivity for dlagnosing prior myocardial Infarction.
Nohara et al, 1984 (109), compared exercise SPECT with planar scintig-
raphy iIn patients with CAD. The sensitivity and specificity of SPECT
In detecting disease In each coronary artery was 96 and 87 percent for
the right coronary, 88 and 89 percent for LAD, and 78 and 199 percent
for LC arteries. Those are higher than the corresponding figures for
planar 1Imaging (85 and 87% for right coronary artery, 73 and 89% for

LAD, and 39 and 100%¥ for LC).

1(3)(¢) Interpretation of myocardial images

The aim of using different techniques in thallium scintigraphy 1Is to
enhance the sensitivity and specificity or overall accuracy in diagnhos-
ing coronary artery disease by minimizing the differences in Image con-
trast, and the role of the observer In interpretation. Computer
processing of thalllum images has been directed toward image enhancement
and quantitation. Two types of Image enhancement are mainly used,

namely background subtraction and image filtering.
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Until now, there Is no generally accepted method for background sub-

straction. In some studies " no background subtraction was used(110)

(111) (112)

Two methods of background correction commonly being used are either
simple threshold subtraction (113) (44) (114), or bilinear interpolative

background substraction (116) (116)

The final thallium-201 myocardial 1Images are still most commonly
analyzed visually. Leaners et al, 1977 (117) ysed a combined visual
and quantitative technique by generating myocardial Isocount lines and
considered areas falling below the 75 percent Ilevel as abnormal.
Fletcher et al, 1978 (110), derived an Index of "perfusion in
homogenity" by computer analysis of the activity In each matrix element
occupied by the myocardial Image. wWainwright et al, 1977 (118), used a
regional count density profile to analyze the image. Meade et al, 1978
(119) | Burrow et al, 1979 (112) and McKillop et al, 1978 (120),
described different versions of producing circumferential activity
profiles on thalllium images. McKiliop et al, 1980 (116), compared the
visual and semi-quantitative analysis of stress thallium-201 myocardial
images in 79 patients with suspected coronary artery disease. With the
semi-quantitative method they achieved the highest accuracy for the
classification of patients as elither having or not having coronary
artery disease. Garcla et al, 1981 (121)  and Maddahi et al, 1981

(122) | ysing a computer-mapping technique that combined clrcumferentlial
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activity profiles between stress and redistribution demonstrated In-
creased sensitivity with coronary artery disease, particularly in

patients with multiple vessel disease.

var lous quantitative methods and semi-quantitative techniques have been
found to have greater accuracy for the detection of coronary artery dis-
ease than visual analysis of the same image (117) (123) (124) (116)
(12), However, Gould, 1982 (125), reviewing the literature on quantita-
tive Imaging In nuclear cardiology concluded that while these com-
puterized mapping techniques may add impartiality and ease of inter-
pretation to these studies, they have not been proven yet to Iimprove

diagnostic accuracy(125),

Intra- and interobserver variation influence the Interpretation of thal-
llum scintigraphy, and thus the accuracy of detecting coronary artery
disease. Hamilton et al, 1977 (126)  reported 90 percent complete
intraobserver agreement in 30 rest thallium scintigrams and In the other
ten percent only minor disagreement. The same was reported by Botvinick

et al, 1978 (127), when exercise and rest scans were compared In 50

patients.

Several studies have reported Interobserver variability In thallium scan

interpretation (86) (90) (117) (128) (126) (129) (130) (100), The in-

cldence of dlisagreement varled between 11 percent and 21 percent.
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The Inter observer varliation is acceptable and Is no worse than reported
for iIn the |Interpretation of coronary angliogram (131) (132); chest

X—ray(133); and liver scan (134)

1(3)(d) Sensitivity and specificity In the diagnosis of coronary artery

disease

Sensitivity Is defined as patlents with true positive results divided by
all patients with coronary artery disease, and specificity as patients
with true negative results divided by all patients without coronary dis-
ease. A review (135), summar izing data on 1,817 patients including most
of the reported series with exercise thallium-201 scintigraphy shows a
range of sensitivity (from 66 to 100%) and specificity (75 to 100%).
The average values for the 24 published serlies were 82 percent sen-
sitivity and 90 percent specificity. Within these series, the overall
sensitivity and specificity of the electrocardiographic exercise test
for coronary artery disease was 60 percent and 81 percent
respectively(135)  The thallium-201 exercise study has been found par-
ticularly useful in patients with equivocal electrocardiographic tests
because of hyperventilation, drug effect, ventricular hypertrophy,
Intraventricular conduction delay and bundle branch block, pre-

excltation syndrome or previous myocardial Infarction (127) (136),

The sensitivity of thallium-201 exercise test for coronary disease In-
creases with Increasing extent of diseased vessels and increasing

severity of stenosis (123) (128)  The scintigraphic sensitivity is also
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high for left main coronary artery disease but similar appearances may
be seen with other coronary artery lesions (137, Senslitivity decreases
In the presence of coronary collateral vessels (138) and in patients

taking propranolol with a negative electrocardiographic exercise

test (139)

Generally, there is an Inverse relationship between the sensitivity and
specificity. An Increase In sensitivity which can be achieved by less
stringent criteria Is followed by a decrease In specificity (more ‘false
positive’ cases are reported). An Increase in specificity (which can be
achieved by using more stringent criteria) is usually accompanied by a

decrease In sensitivity; fewer "false positive" cases will result (12),

1(3)(e) Thallium-201 imaging In prediction of the extent of coronary

artery disease

There Is a fairly constant anatomic relation between individual coronary
arteries and myocardial regions. The anterlior, anterolateral and septal
regions are predominantly perfused by the left anterlor descending
artery. The inferior and posterior walls are perfused by the left an-
terlor descending artery. The Inferlor and posterior walls are perfused
by the posterior descending artery which Is a branch of the right coro-
nary artery in the remaining ten percent. The postero-lateral wall is

perfused by the circumflex artery (12).
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In patients with coronary artery disease, the number of vessels Iinvolved
Is prognostically significant (140) Because mortality from coronary
artery disease |s assocliated directly with the magnitude and extent of
disease, patients with triple vessel disease or occlusions of the main
left coronary artery have an especially bad prognosis. A number of in-
vestigators have examined the use of stress thallium-201 imaging for
identifying such high risk individuals. Rigo et al, 1980 (141),
reported that the sensitivity for detection of individual involved ar-
teries diminishes as the number of vessels Involved Increases. With
single-vessel dlisease, 80 percent of the left anterior descending, 54
percent of the right coronary artery, and 33 percent of the circumflex
lesions were detected. In patients with triple vessel disease, only 63
percent of the left anterior descending, 50 percent of the right coro-
nary artery and 16 percent of the circumflex arteries were identified.
similarly, Leaners, 1979 (142)  detected disease of the left anterior
descending coronary artery in 83 percent of cases, the right coronary
artery in 63 percent, and the left circumflex coronary artery in 48 per-
cent of cases. Similar results were reported by McKillop et al, 1979
(124), and Massle et al, 1979 (123) In each of these series, high
grade stenoses of 90 to 100 percent were more commonly detected than
were stenoses of lesser magnitude. Dash et al, 1979 (143), in a small
series of patlents with left main coronary disease and a larger series
of patients with three vessel coronary artery disease showed only 43
percent of patlients with triple-vessel or left main coronary artery dis-

ease, were ldentified as such. Leppo et al, 1979 (128), studied a group
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of 30 patients with three vessel coronary disease and exercise
electrocardliographic signs of Ischaemia and showed that only two thirds

of this subset had perfusion abnormalities.

Recent studies employing seml-quantitative computerized analysis of
thalllum-201 washout In the four to six hours after Isotope Injection
suggest that the accuracy of detection of Individual stenotic arteries
Is Iimproved (144) (145)). Maddahi et al, 1981 (122), using computerized
quantitative analysis of both perfusion defects and redistribution
images, were able to detect 64 percent of the Involved arteries In
patients with double-vessel disease and 84 percent of the involved ves-
sels In patients with triple-vessel disease. They found, overall, the
quantitative analysis detected 70 percent of vessels with stenosis be-
tween 50 and 75 percent of vessels with stenosis greater than 75 per-
cent. Thus, computer mapping, semi-quantitative techniques and quan-
titation techniques with the use of computerized tomographic methods are
promising and may allow more frequent identification of the anatomic

site of each lesion (12) enabling detection of high risk patients.

1(3)(f) Coronary Artery Spasm

Coronary arterial spasm has been recognized as a very Important
phenomenon, capable of leading to severe myocardial Ischaemia In some
patients, with or without underlying atherosclerotic coronary leslons.
During a spontaneous attack, there Is transient transmural reduction of

myocardial blood flow which can be demonstrated using thallium-201 imag-
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Ing (146) (147) Fuller et al, 1980 (148), have also demonstrated TI-
201 perfusion defects and abnormal radionuclide ventriculograms during
exercise In patients with angiographically proven exercise-induced coro-
nary artery spasm. Similar reduction In myocardial perfusion can be
demonstrated when attacks are Induced in affected subjects by the ad-
ministration of the vasospastic agent ergonovine maleate, and thallium-
201 Imaging has been used to evaluate patients suspected of having coro-
nary spasm and to assess the value of proposed therapies (96), Because
of the potential hazard of coronary spasm, drug provocation tests are

usually confined to the catheterization laboratory.

1(3)(g) Thallium scintigrams in acute and old myocardial Infarction

Thall ium-201 imaging has been proposed as an additional method of as-

sessing patients with a suspected acute myocardial infarction (149)

Wackers et al, 1976 (87) have demonstrated that rest thallium-201 scin-

tigrams have high sensitivity for the demonstration of acute myocardial

Iinfarction. This sensitivity appears to be extremely dependent on the
time when the |Images are done. Within six hours of the onset of
symptoms, Image defects were demonstrated In all 44 patients studied.

When Imaging was delayed more than 24 hours from the onset of symptoms,
only 72 percent of patlients had an abnormal result. The frequency of
false negative studies was greater in patients with non-transmural or
blochemically small Infarctions. Because of the very high sensitivity

In the early hours of myocardial Infarction, thalllum-201 may be used
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when declding whether or not to admit a patient suspected of having
acute myocardial infarction to a coronary care unit, since a negative
thalllum-201 scintigram in this setting Is strong evidence against the
diagnosis of myocardial Iinfarction (150) Such a policy, however, has
not been widely employed due to the difficulties and expense of having
radiopharmaceutical constantly available. There are also problems when
thall lum-201 Iimages are obtained some days after admission in an attempt
to clarify equivocal E.C.G. and enzyme results. Iin this setting, a posi-
tive scintigraphic study does not distinguish between recent and remote
myocardial infarction, while a normal study does not exclude small, or
possibly even a moderate sized infarct (120)
fesence.

Thal lium-201 imaging, although quite sensitive for the psesemt of acute
myocardial (infarction, is not specific because one cannot distinguish
old scarring resulting from old Infarction or cardiomyopathies from
recent necrosis. In addition, some patients with angina without Infarc-

tion may also have an abnormal rest scan (87),

Thallium-201 imaging has an Important contribution in the delineation of
prognosis Iin patients at high risk following recent myocardial infarc-
tion. Silverman et al, 1980 (151) examined 42 patients with acute in-
farction with 15 hours of the onset of symptoms. Patients with shock or
frank pulmonary-oedema were excluded. The site of the thallium-201

defects was determined In three projections and expressed as a summed
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defect score. During the in-patient hosplital stay and a mean follow up
of nine months, the thallium-201 score was a potent Indicator of short

and mid term prognosis.

The wuse of thalllum—-201 Iimaging to identify Individuals at high risk
after recovery from acute infarction was also evaluated by Turner et al,
1980 (152) In a group of 32 patients exercise and redistribution,
thalllum-201 Imaging were performed three weeks after acute infarction.
Each patient also underwent coronary angiography and biplane cine left
ventriculography at the same time. The scintigraphic study proved much
more reliable than clinical findings in identifying patients as being at
high risk due to the presence of multi-vessel coronary artery dlisease

and residual jeopardized myocardium.

The reported Incidence of positive thallium-201 scans with previous
myocardial infarction varies from 37 percent to 91 percent. Hamilton et
al, 1977 (126), reported positive rest scans in ten out of 11 patients
with old infarctions who had rest and exercise scintigraphy. Verani et
al, 1979 (111), observed complete "filling in" of exercise-induced per-
fusion defects at delayed imaging in only five out of 27 patlients and,
In 22 patients, the remote Infarction was still demonstrable. Blood et
al, 1978 (90), found perfusion defects Iin 15 rest studies and 26
redistribution studies, each performed In 28 patlients with prior In-

farcts. Wackers et al, 1979 (150) obtained positive rest scans In nine

of 24 patlients with old Infarction.
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Thalllum-201 Imaging Is of [Iimited value In the diagnosis of old infarc-
tion. Not infrequently, the Images return to a normal pattern a vari-
able time after healing occurs. This later normalization of scintigrams
may be more common with inferior infarcts and subendocardial infarcts.
The finding of a normal thalllum-201 scan In patients known to have had
a myocardial infarction may still have important prognostic Implication,
especially in evaluating the extent of viable myocardial tissue remain-
ing (111) | The use of rest and redistribution imaging for evaluation of
myocardial viability has recently been subjected to pathological
verification (183) iIn a group of cardiac transplant recipients,
preoperative myocardial images were compared to pathological examination
of the heart following its removal at the time of grafting. Fixed rest
defects were both sensitive and specific for areas of myocardial
fibrosis. Some reversible rest defects in this group corresponded to
areas of myocardium showing an admixture of fibrotic and viable hyocar—
dium. These results confirmed the usefulness of rest with redistfibu-
tion myocardial Iimaging as a non-invasive method of studying myocardial

viabitity (153),

1(3)(h)  Thalllum-201 scintigraphy In anginal syndromes

Stress thallium-201 Imaging Is not useful in most patients with typical
angina pectoris. The group as a whole has a high prevalence of coronary
artery disease (around 90%). So thallium-201 Imaging Is diagnostically

useful iIn such patients only If It reliably predicts the extent of coro-

nary artery disease (124).
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The patient with atypical angina has a probability of coronary artery
disease of around 50 percent, and thus, from Bayesian analysis, Is
precisely the individual In whom stress thallium-201 imaging Is valu-
able, especially If the stress electrocardiogram is negative or equiro-
cal (11, Several Investigators found that thal!llium-201 imaging during

an anginal attack would result in a high percentage of scintigraphic

defects (40) (89)

However, positive thallium-201 imaging In patients with unstable angina
provides additional information that acute coronary Insufficiency |Is
present and identiflies potential high risk groups. One third of these

patients may be at risk for a complicated course (47)

1(3) (1) Stress thallium-imaging in_ patients with equivocal stress

electrocardlogram

In a considerable number of patients the stress electrocardiogram may be
either uninterpretable or nondliagnostic. Inconclusive exercise ECGs are
caused by a number of factors Including conduction disturbances(11),
Exercise thallium-201 Imaging is useful in patients with Inconclusive
exercise ECGs. McCarthy et al, 1979 (154) | have reported the sen-
sitivity, specificity and dlagnostic accuracy of exercise Imaging in 39
patients with Inconclusive ECGs to be 81 percent, 69 percent and 71 per-
1978 (127)

cent respectively. Botvinick et al, , studied 19 patients

Wwith Inconclusive ECGs who underwent both stress thallium-201 Imaging
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and selective coronary arteriography. The radionuclide Images were ab—
normal In all 12 patients with coronary artery disease and normal In
five of seven with no significant coronary lesions. Similar sensitivity
and specificlity were reported by Tweddel, Pearson, McKillop et al, 1980
(188) . when the results of exercise Iimaging are compared with the diag-
nostic results of exercise ECGs (that is, elther positive or negative),
the sensitivity of both tests have been found to be equal (129) (156)
The value of exercise ECGs in patients with Inconclusive or slightly ab-

normal exercise Iimages has not been studied.

1(3)(j) Screening for coronary disease In patients with valvular heart

disease
Data in the literature Iis conflicting about the value of thallium-201
imaging In mitral valve prolapse (1587), These patients usually ex-

perience angina-|lke chest pain or resting ST-segment and T-wave abnor-
malities; many have exercise-induced ST-segment depression. The exact
cause of chest pain in these patients in the absence of assocliated coro-
nary artery disease is not well understood. Positive stress thallium-
201 Images In approximately two thirds of patients with mitral valve
prolapse had been reported by some authors (158) (159) (160) while
others suggest that thallium-201 exercise-induced defects are rare In
such patlents In the absence of obstructive coronary disease (161)

(162)
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Patients with aortic stenoslis may have angina pectoris. In this group
of patients, symptomatic and electrocardiographic evaluation is unreli-
able. Balley et al, 1977 (88)  and McKillop et al, 1979 (124)  found an
unacceptably high rate of both false positive and false negative
results, and demonstrated that thallium-201 exercise Iimaging was un-
suitable in predicting associated coronary artery disease Iin patients

with aortic stenosis.

1(3) (k) Exerclse thallium-201 In evaluation of coronary artery bypass

graft surgery and transluminal coronary angioplasty

Thal l ium-201 exercise imaging has been studied to evaluate the early and
long-term follow up of patients receiving coronary artery bypass graft
surgery. Normalization of preoperative perfusion defects correlates
highly with patent graft (129) (183) (164) Exercise Imaging in the
post operative patient combined with the results of preoperative coro-
nary angliograms offers a unique non-invasive and reliable method, espe-
clally if preoperative exercise images are also available for comparison
(165) | verani et al, 1976 (186)  found that 70 percent of the preopera-
tive underperfused myocardial segments showed Iimproved perfusion post
operatively, and 85 percent of the patients who submitted to saphenous
bypass graft had marked improvement in regional myocardial perfusion.
Also, they found that patients with previous myocardial infarction had a

slightly higher prevalence of post-operative residual abnormalities in
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their perfusion scans. Although patients usually show marked clinlical
improvement post-operatively, some residual thallium-201 Imaging abnor-

mallities are common.

When considering the post operative use of myocardial Imaging, It is
usual to compare its results to arteriographic evaluation of graft
patency. The anatomical site of the graft and myocardial perfusion are
not necessarily synonymous. Thus, it Is possible for patent grafts to
supply areas of myocardial Infarction (187)  which could be abnormal on
myocardial images. Conversely, though a graft is occluded, myocardial
perfuslion may be maintained due to collaterals either from native ves-

sels or from other grafts (168)

Several Investigators have been less sure of the value of thallium-201
imaging following revascularization of the myocardium. These studies
have Indicated that myocardial imaging is more accurate in predicting

graft patency than graft occlusion (169) (170) (171) (172)

Similarly to coronary artery bypass surgery, thallium-201 imaging has
been assessed In the evaluation of transiuminal coronary angloplasty.
Although the short term results of transliuminal coronary anglioplasty are
excel lent, a significant number of re-stenosis occur with time.
Thalllum-201 Imaging has a major potential contribution In the lden-
tification of significant stenosis which may occur In asymptomatic

patlents (173) (174) (175),

61



(1)

CHAPTER 11

THALL IUM-201 AS TUMOUR IMAGING AGENT

Introduction: Scintigraphic techniques for tumour detection

Various radiopharmaceuticals have been investigated for their “tumour
affinity". There Is hope that specific localization in malignant le-
sions will be useful in detecting the primary tumour, its metastatic ex-
tension or to monitor response to various anti-tumour therapiles. The
success rate of all these radiopharmaceuticals is variable, and none has
been completely successful due to biological, physical or economic

problems.

Gallium-67 clitrate, the most commonly used radiopharmaceutical for
tumour locallization, lacks specificity for mallgnant lesions. Many

reports of gallium uptake 1h benign, inflammatory, granulomatous or

(176) (177)

o

autoimmune disease have been presented In the |Iiterature

(178) (179)
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Galllum-67 |Is cyclotron produced by proton bombardment of Zn-67 or
deuteron bombardment of ZIn-66. Ga-67 decays with a 77.9 hour half-life
to Zn-67 by electron capture. It has four primary gamma emissions of 93
kevV (38%), 184 KkeV (24%), 300 keV (16%), and 393 keV (4%) with no

primary particulate radiation.

The absorbed dose varies somewhat In different body tissues. The target

organ Is the large bowel which receives 0.9 rads/mCi. The total body
dose Is 0.26 rads/mCi. The bone marrow dose is estimated to be 0.58
rads/mCi. Based on the usual dose range of three to eight mCi, the to-

tal body and gonadal exposure Is 0.78 - 2.08 rad. The radiopharmaceut |-
cal is most commonly used as the citrate at a neutral pH. Most prepara-

tions contain less than one mg of clitrate per cubic centimeter.

Numerous Iimaging methods have been empioyed with Ga-67. In the past,
dual probe rectilinear scanner with a wide window setting encompassing
Wl 43 keV
oot the 184 keVLPhotopeaks was used for total body imaging. Some
centers have utillized rectilinear scanners with summation of the output
of two pulse height analyzers with windows set around the 93 and 184 or
184 and 300 keV photopeaks. Whole body or spot view Iimaging with a
gamma camera |Is most successful when dual or triple pulse height
analyzers are avallable so that a 20 percent window can be set about
each principal photopeak. A medium energy collimator, preferably
designed for Ga-67 rather than 1-131, should be used. With either

camera or rectillinear scanner, an information density of 400-600 counts

per square centlimeter should be obtalned.
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The normal Gallium scan shows the greatest accumulation of the

radiopharmaceutical 1In the |Ilver and throughout the skeleton and bone
marrow. Skeletal locallzation Is particularly notable in the spine and
pelvis. The spleen may show minimal activity but is frequently not
visuallzed. Other organs In which normal accumulation can be noted in-

clude the nasopharynx, lacrimal glands, salivary glands and external

genitalia (180),

Uptake has been noted in the human breast and breast milk during preg-

nancy, lactation and exogenous estrogen administration (181)

Galltum-67 citrate 1Is bound In blood to transferrin. Within 24 hours
after the intravenous injection, approximately ten to 20 percent of gal-
ltum Is excreted through the gastrointestinal tract, mainly through the
bowel wall. Another approximate ten to 20 percent is excreted via the
kidneys (178) Clearance of activity from the blood is slow, and the
background activity is high resulting In low target to nontarget ratios.
A delay of 48 to 72 hours is necessary post-injection before images can
be obtained, and the patient has to come two or three times to the

nuclear mediclne department to complete the investigation.

64




In addition to transferrin, other iron-binding proteins in plasma, such
as lactoferrin and ferritin, have been shown to bind Ga-67 . At
physiologic pH, lactoferrin has a higher affinity for Ga-67 than trans-
ferrin (182) The role of lactoferrin and ferritin in the transport of

Ga-67 In the circulation is not clear (183),

The locallization of Ga-67 In tumours and abscesses, as well as in most
normal tissues, appears to occur In at least two phases. During the
early phase of up to six hours, the Ga-67 that has locallzed In the
tissue can be extracted by iron-binding chelaqg such as Desferal (184),
However, when Desferal is administrated 24 hours after Ga-67, it is no
longer capable of leaching the radionuclide from most tissues (184),

This suggests that Ga-67 localizes by an early weak binding or diffusion

followed by a firmer intercellular binding phase (185)

At least three mechanisms by which Ga-67 may localise In Infections have
been postulated. These include leukocyte labeling (186), Lactoferrin
binding at the site of infection (187) | and direct bacterlial uptake
(188) . |ncreased avallabillty of Ga-67 at sites of Inflammation can
easlly be explained by Increased vessel permeability at such sites

(185)
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Proposed mechanisms of Ga-67 locallzation In tumour are controversial.
There Is some agreement that the highly permeable walls of tumour ves-
sels, combined with the large extracellular fluid space of tumours play
an Iimportant role In the initial localization of Ga-67 at the site of

tumours (189)

Hayes et al, 1976 (190); 1977 (191); 49g1 (192); gyggest that Ga-67
enters tumour cells, presumably by simple diffusion, as a result of the
hyperpermeability of the tumour cell membrane. However, English et al,
1977 (193), have shown that several types of tumour cells do not sig-
nificantly accumulate Ga-67 unless the plasma membrane permeability bar-

rier is disrupted as In nonviable cells.

Anghiieri et al, 1971; (194); 1974 (198); ang Anghiieri 1977 (196) gyg-
gests a link between Ga-67 localization and calcium metaboiism In
tumours, the uptake of Ga-67 to calcium and magnesium-binding sites.
This theory conflicts with the observation that Ga-67 uptake and Ca +2

content In tumours are not associated (185).

Hoffer et al; 1980 (185) proposed that binding of Ga-67 by lactoferrin
present In some tumours Is responsible for Ga-67 accumulation. Studies
of Sephton and Harris, 1975 (197), and Larson et al, 1979 (198), sug-
gested that human transferrin enhanced Ga-67 uptake by a number of

tumour cell Ilines and proposed that Ga-67 accumulation In tumours was

due to transferrin mediated uptake by tumour cells.
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A number of In vivo and In vitro studies have been done attempting to
elucldate the role of transferrin on the tumour uptake of Ga-67, and to
determine the Intracellular locallization of Ga-67. The results of these

studles are conflicting (199) (200) (201),

The exact mechanism of gallium locallzation In tumours and other tissues
Is not precisely known (180) In view of the strong evidence available
to support many of the competing theorlies for gallium localization in

tumour, it Is possible that more than one mechanism Is operating (185)

(202)

Since its Introduction by Edwards and Hayes In 1969 (203), Ga-67 has be-
come the most widely employed tumour imaging agent. It has been most
useful for head and neck Ieslons'and less effective in the abdomen be-
cause of Its normal excretion into the gastrointestinal tract contents.
Lymphomas, malignant melanomas, focal leukaemic masses, metastatic tes-
ticular mal ignancies, and Ewing tumours often have been well
demonstrated. [t has been less reliable for detection of breast, Ilung,
gastrointestinal, and uterine malignancies. In the liver, It has
demonstrated hepatomas or lymphomatous masses (204) Clinically it has
been employed widely for Ilymphoma. It has detected 70 percent of un-
treated Hodgkin's sites, 50 percent of irradiated sites, and 48 percent
of abdominal sites (205) The results have been poor for Non-Hodgkin'’s

lymphoma, only 53 percent of untreated involved sites were

positive(208),
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Gallium Iimaging cannot be used to rule out site of malignancy, to dif-
ferentlate benign from malignant lesions, or to distinguish neoplastic

from Infiammatory lesions (178) (207) (208)

Grove et al, 1974, investigated the chemotherapeutic agent bleomycin
labeled with Indium-111 for tumour detection, but the results were In-
ferior to those from Ga-67 citrate (209) Another group of Iinves-
tigators tried Cobalt-57 bleomycin-A2 in doses of 40 MBg for localizing
lung carcinoma. The sensitivity of detecting lung cancer varied from 83
percent to 96 percent In different series, and about 14 percent of
benign tumours and non-neoplastic lesions produced positive Iimages
(210) | This agent has not been accepted widely because of the long
physlical half-life of cobalt-57 (272 days). About 80 percent of the ac-
tivity Is excreted In the urine by 24 hours, causing a waste disposal
problem. Also, non-radloactive cobalt-bleomycin conjugated with a
bifunctional chelating agent (BLEDTA) labeled with Indium-111 has been
used for tumour locallzation, but lacks sensitivity and specificity for

tumours(211).

Ohta et al, 1984, developed a pentavalent preparation of dimercaptosuc-
cinic acid labeled with TC-99m at pH 8 - 8.5 with stannous chloride and
sodium blicarbonate for tumour locallization. This agent was rapidly ex-
creted in the urine and did not accumulate In the renal cortex. Images
were obtalned two hours after Intravenous injection of 370 MBq of the
Tc-99m éomplex. It was proposed for the detection of medullary thyrold

carcinoma (212). Later, the same group of Investigators claimed the new
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agent did not concentrate In Inflammatory lesions and obtained a sen-
sitivity of 90 percent for detecting soft tissue tumours, mostly sar-
comas of the Ilmbs and extremities (212), Recent work from some groups
has ylelded good results for tumour imaging (214), but others have been

less successful (215),

Radlioactive lodine is widely used In the diagnosis and treatment of cer-

tain functioning thyroid tumours (216),

Well differentiated papillary and follicular carcinomas represent 75
percent of all primary thyroid malignancies (217) The primary treat-
ment for thyroid cancer Iis surgery. After total or subtotal thyroidec-
tomy, thyroid hormone replacement is withheld for six weeks. This will
enhance endogenous thyroid-stimulating hormone stimulation of any
remaining normal thyroid tissue In the thyroid bed and any functioning
metastatic lesions. Whole body Iimages are obtained one to five days
after the oral administration of 5 to 10 mcl of | 131, pemonstrating
metastatic uptake of radioactive iodine is difficult when there Is a
signiflicant amount of residual thyroid tissue after thyroidectomy. |If
there Is a significant amount of normal tissue in the thyrold bed or
metastatic uptake, the remaining normal tissue can be ablated or the

metastases treated by a therapeutic dose of 10 to 150 mCl of radioactive

p 131,

In the patient with complete ablation of normal thyroid tissue, abnormal

locallzation of | 131 Is specific for functioning carcinoma (218),
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Radiolodinated metalodobenzylqualidine (1 131 MIBG) has proved useful in
locallzing catecholamine producing tumours such as pheochromocytoma,
neuroblastoma, as well as adrenomedullary hyperplasia, and primary
medul lary thyroid carcihoma which contalned elevated tissue

catecholamines (219) (220).

Shapiro et al, 1985, (219), reported theilr experience for locating
suspected pheochromocytoma in 400 cases. They have shown that | 131
MIBG Is a safe and efficacious means of localizing a wide range of
pheochromocytomas. Radioliodinated metaiodobenzylquanidine scintigraphy
proved to be more sensitive than conventional X-ray, especially in cases
of recurrent disease, mediastinal tumours and in some malignant metas-
tatic disease. Kalf et al, 1982 (221) aiso reported in 22 percent of
cases with pheochromocytoma, conventional imaging techniques had failed

to locate the lesions which were revealed by scintigraphy.

The specific accumulation of | 131 MIBG In the tumours suggested the
treatment by therapeutic doses of | 131 MIBG. Such a treatment has been

reported in both pheochromocytoma and neuroblastoma (222) (223)

In addition, Fleldman et al, 1984, reported that I 131 MIBG Is also con-

centrated In normal platelets by neuronal-pump mechanism. This platelet

uptake ralsed the possibliiity that 1 131 MIBG might be useful for
| pume

visuallzing other tumours which have a neuronal fek=ttp mechanism such as

carcinold tumours (224). Fieldman et al, 1986 (225), reported that 13
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of 23 patients (61%) with carcinoid tumours were visuallzed. Lewington
et al, 1987 (226), reported 84 percent overall sensitivity of uptake in
carcinoid tumours. Three patients have been treated with 5.5 GBq miBG,
symptoms rellef occurred in one patient and reduction of five HIAA
excretion in the other two patients (226)  while Clarke et al, 1986,
reported that 1 131 MiBG Is an expensive radiopharmaceutical with poor
imaging characteristics and has been shown to be taken up variably iIn
patients with MCT with a significant false negative rate (227) | Poor

results were also demonstrated by Hilditch et al, 1986 (215),

Conrqy et al, 1987, compared | 123 \iBa scanning with US and CT in 16
patlients with neuroendocrine tumours. They found a good correlation be-
tween these Imaging modalities In detecting the primary lesions. | 123
MIBG imaging demonstrated metastatic lesions not identified by CT or US.
They suggested that | 123 MIBG imaging is the more appropriate . initial
imaging technique and provides more accurate information on the size and
location of other metastatic lesions prior to surgery (228) m CBG 4
& Athoginsed role on fle SAaging cansl Elerepy of Mroblating .

Recently most research on tumour Imaging agents has focused on

radiolabeled monoclonal antibodies (Mabs).

Ant ibody molecules, or Immunoglobulins, are produced by plasma cells In
higher animals In response to the introduction of foreign substances
(antigens) that are generally large molecules of 1,000 daltons or more.
Immunog lobul ins posses specific binding reglons that recognize the shape

of particular sites, or determinants, on the surface of the antigen.
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An antigen may have several determinants, or epitopes, each of which can
stimulate one or more B lymphocytes. Each B lymphocyte has the capacity
to differentiate Into plasma cells that secrete a single, specified im-
munoglobulin In response to one antigenic determinant, and each dif-
ferent antibody 1Is produced by the family of plasma cells that stems
from one of the B |Iymphocytes. Antigenic challenge thus evokes a
heterogeneous antibody response resulting from a mix of antibody-

producling plasma cells.

If a sultable animal recipient, typically a mouse or rabblt, Is Im-
munized with an antigenic agent, serum taken from the sensitized host
will contain antibodies to different epitopes of the antigen. Since
these antibodies are derived from a population of stimulated B lym-
phocytes and thelir daughter plasma cells, the term polyclonal antibodies
Is applied. However, If Individual lymphocytes or piasma cells could be
extracted and cloned in tissue culture, each clone would have the poten-
tlal to manufacture a single species of antibody molecule, or a

monoclonal antibody (229).

Technologlical Improvement was made by Kohler and Milstein who developed
the monoclonal antibodies and hybridoma technique In 1975 (230)
Monoclonal antlbodies have largely replaced antisera ralsed in animals
against human antigens because the former are highly specific,

reproducible, and capable of being highly purified (231),  An extensive

search has been made of murine Mabs to surface antigens unique to tumour
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cells, such as antI-CEA labeled with | 131 for detection of gastrointes-
tinal tumours (232); I 131 antiferritin for hepatoma and Hodgklin's dis-
ease (233); I 131 anti P97 for me lanoma (234); and for choriocarcinoma,

Tc-99m anti Hcg (235),

Monoclonal antibodies can be labeled with gamma emitters for tumour Im-

unoimaging. Several alpha and beta emitting radionuclides have poten-
tial for the radioimmunotherapy of cancer. lodine-131 has most commonly
been used (229). Biodistribution studies performed with Mabs have al-

lowed a reasonable estimation of dosimetry, and calculated that in a
patient with good tumour uptake it would be possible to deliver 1000
rads to tumour per 70 mci | 131 jabeled fab with 23 rads to marrow and

205 rads to liver (234)

Many labeled Mabs successfully image human tumour xenografts In mice,
but the results are disappointing In human trials with poor sensitivity
in detection of small tumours (238), There are many problems in the use
of labeled Mabs for tumour imaging. Mabs are very expensive to develop
and screen. Protein impurlties have been found in Mabs preparation.
Most Mabs have been labeled with | 131 or | 123, and often, promptiy
delodinated in vivo. Mabs which are labeled with Indium 111 tend to
have a higher hepatic uptake (234) All Mabs must be screened for con-
tamination by murine viruses before administration to humans. Using
subtraction techniques, sometimes artifacts produced by blood activity
mimicked positive tumour uptake and false positive results

obtalined(237), in addition, there are many biological problems leading
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11(2)

to poor tumour visualization (238)  Maps may be of considerable value
In the future, but at present are not yet fully developed and are avall-

able only in a few centers for clinical trials.

Controversies continue between Investigators regarding clinical research
in this field. "Whither? back to basics and maybe the fog will clear",
as postulated by Bradwell and Dykes (239) who gave little
ground of encouragement due to many problems in radioimmunoscintigraphy
(RI1S) and wonder "Whither (or wither) tumour imaging using radiolabeled
antibodies. While Britton and Granows%& (240) ~, concluded that
each discipline of this complete technique Is refining and improving its
contribution to the methodology and ciinical application of radioim-—
munoscintigraphy encourages for serious work to make (RIS) a major con-

tribution of nuclear medicine in clinical practice.

Potassium analogues as tumour imaging agents

A possible alternative tumour imaging agent is the potassium analogue

thallium-201 chloride.

Charkes et al, 1965 (241), reported that the potassium analogue caesium
concentrated In tumour and In Introducing thallium-201, Lebowitz et al,
1974 (13)  guggested that It might be useful. for tumour localization In

addition to Its role as a myocardial and renal imaging agent.
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The flrst description of tumour uptake of thallium-201 was by Cox, Bel-
fer and Van der Pompe in 1976 (241) They reported concentration of the
tracer In the primary tumour of a man with bronchial carcinoma, and also
showed that the nuclide was taken up by rehabdomyosarcoma implants In
rats. Tonaml, Michlgishl, Bunko et al, 1977 (243)  incidentally found a
primary lung cancer clearly visualized on thalllum-201 scintigrams taken
for myocardial evaluation. This led them to Investigate thallium-201 as
a tumour Imaging agent in man, and compared the detection rate of malig-
nant lesions with Gallium-67. Of the 51 malignant lesions, 36 (71%)
were visuallzed as positive with thallium-201, whereas 13 (72%) of 18
leslons were positively delineated with Gallium-67. in patients with
thyroid nodules, 14 of 15 (95%) with thyroid cancer had a hot spot with
thallium-201, but only six of 19 benign adenomas which were cold on
technitium-99m Imaging showed thallium-201 uptake. All of five chronic
thyroiditis, and all of three hot nodules showed positive accumulation
of thallium-201. In patients with lung cancer, ten of 14 (72%) were
positive with thallium-201. Thallium-201 accumulation occurred in three
of four patients (75%) with primary hepatoma, but none of eight
patients with |lver metastasis. On the basls of these findings, Tomaml
et al, 1977, suggested that thallium-201 imaging might be useful in dif-
ferentiating hepatoma and secondary tumour in the liver. They also con-

cluded that |If a thyroid nodule does not accumulate thalllum-201 then

the probability of malignancy Is very low.
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Ochl, Sawa, Fukuda et al, 1982 (244)  empioyed early and three to flve
hours delayed Images of thalllum-201 scintiscans In thyroid tumour, and
were able to differentiate most malignant thyroid tumours from those
which were benign. In 35 of 37 malignant tumours, thallium-201 accumu-
lated In the cold nodule of the | 123 thyrold scan on both early and
delayed scans, and the delayed thallium-201 scans were negative in 35
out of 39 benign tumours (244) Hoefnagel et al, 1985 (245), |npyes-
tigated the role of thallium-201 total body scintigraphy in 294 patients
after total thyroidectomy for thyroid carcinoma. Results were corre-
lated with | 131 _ scintigraphy and tumour marker levels (Thyroglobullin
or calcitonin/CEA). Thallium-201 scintigraphy correctly detected tumour
localization in 24 of 30 patients with | 131 positive . metastases. In
28 patients, thallium-201 total body scintigraphy revealed metastases
which did not concentrate I 131, Histopathological examination con-
firmed thyroid carcinoma metastases in 16 patients and other pathology
In flve cases. Nine of 18 patient with medullary thyroid carcinoma (I
131 negative) had elevated calcitonin/CEA levels. The thallium-201 scan
was positive in eight of these patients. In 196 patients with no
evidence of disease, whole body thaliium-201 scan was négatlve. They
concliuded that thalllum-201 total body scintigraphy Is useful in the
follow up of thyroid carcinoma, especially when a discrepancy of the
other parameters exists and particulariy in medullary carcinoma. They
suggested that one could rely upon thall ium-201 total scintigraphy in
combination with tumour marker assays for long term follow up of

patients successfully treated for thyroid carcinoma (245)
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Terui, Oyameda, Nishikawa et al, 1984 (246) |nyestigated thallium-201
as a tumour scanning agent In six patients with bone tumours (2 wlth
Ewing’s sarcoma, 3 with osteosarcoma and 1 with giant cell tumour), and
three with soft tissue sarcomas (1 with Iiposarcoma and 2 with malignant
fibrous histiocytoma). The distribution of thallium-201 in the tumours
was similar to that of Gallium-67, but sometimes different from that
seen on Tc-99m MDP bone scan. In all patients with Ewing’s’ sarcoma,
the primary and the metastatic lesions were clearly visuallzed with
thall lum-201. In three patients receiving effective chemotherapy, a
post-therapy scan showed reduction In thallium-201 uptake which was more
marked than that on the Tc-99m bone scan. In a further patient who had
no response to treatment, no changes were seen in the post therapy scan.
On the basis of these findings they suggested that thallium-201 is a
useful tumour Iimaging agent, and might be of clinical value In assessing

the response of bone tumours to chemotherapy (248)

Kaplan et at, 1987, compared bralin Imaging using thallium-201,
techn@tium-99m glucoheptonate and gallium-67 citrate with CT and
. neuropathological data in patients with gliomas. In seven patients for-
whom autopsy data were avallable, thalllum-201 offered the most accurate
correlation with viable tumour. Gallium-67 gave similar results In
patients not receiving steroids. Tc-99m glucoheptonate scans could not
accurately differentiate tumour from necrosis and oedema. Similarly,
the CT scan could not differentiate between fibrotic, nonfibrotic,
necrotic and neoplastic tissue. In 22 patients without autopsy data,

T1-201 scans commonly showed smaller and more focally abnormal when com-
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11(3)

pared to Tc-99m glucoheptonate and Ga-67 citrate scans. They concluded
that thallium-201 scan reflected viable tumour burden more accurately
than other radionuclide studies of brain tumours. It had the additional
advantage that It could be performed immediately following tracer ad-
ministration, was not affected by concomitant steroid administration and

compliment the anatomic data obtained from CT scans (247)

Aims of the present thesis

The background of these Isolated reports on T1-201 tumour imaging led to
the work described in this thesis, which attempts to evaluate more sys-
tematically the role of thallium-201 as a tumour Imaging agent in condi-

tions other than thyroid carcinoma. The major aims of the study were:

(1) To study the time course of thallium-201 uptake in order to assess
the optimal time for tumour Iimaging with Tl1-201.

(2) To establish the sensitivity and specificity of thallium-201 up-
take In a variety of tumours and to compare It as a means of
tumour staging with more standard methods.

(3) To investigate changes In tumour uptake following chemotherapy and
radlotherapy and establish whether such changes were helpful In

evaluating tumour response to therapy.
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I1(4)Materials and equipment for Thallium-201 as a tumour imaging

a.gents

11(4)(a) Radionuclide

All studies described in this thesis were performed using thallous
chloride (T1-201) Injection supplied by Amersham PLC, London. This
isotope is supplied as a sterile isotonic solution In sodium chloride at
a pH of five to seven. At the callbration time the solution contains one
millicurie (37 MBq) of activity per millilitre, and is virtually carrier
free with a specific activity of more than 500 millicuries of thallium.
Radionuclide purity Is also high with less than one percent thallium-200

and less than 0.5 percent thallium-202 at the calibration time.

Thallium-201 emits a small yield of gamma rays (135 to 167 keV In 10%
total abundance) (see Chapter 1). In addition, the daughter nuclide
mercury-201 emits an X-ray with an energy of 69 to 85 keV In 98 percent
of thallium disintegrations (13),  These X-rays are usually utilized for
Iimaging. In the studies of the time-course of thallium-201 uptake by
tumours, X-rays and both gamma ray photopeaks were used to increase the
count ratio obtained.  In studles of Imaging only the X-rays alone 69 -

85 keV with a 20 percent window were used.
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11(4)(b) Imaging Equipment

Thallium-201 kinetics and tumour Images were obtained using wide fleld
of view gamma cameras (General Electric 400A or General Electric 500
Max| camera), fitted with a general purpose parallel hole, low energy

collimator.

Various quality control checks were carried out dally including unifor-
mity response using a flood source, energy settings of pulse height
analyzers, visual inspection of image quality and electrical and
mechanical safety inspections. In addition spatial resolution was ob-

tained weekly using bar phantoms.

The gamma cameras were interfaced to a dedicated minicomputer (General!
Electric "Star" or Link "Maps"). The Images could be viewed on either a
black and white or colour television display. Digital Images were sub-
Jected to contrast enhancement, but neither to smoothing nor background
subtraction. Hard copy Images were produced either on colour polaroid
film or black and white film from the television screen or on X-ray film

using a multimatrix Imager.

Time activity curves and statistical analysis of the curves were ob-
tained using standard programmes In the STAR computer. The STAR com-
puter was IInked with a printer and the curve points were printed. The

studies were stored on magnetic tapes In unprocessed form.
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11(3)(c) Patlents

All our patients came through the Kuwait Cancer Control Centre or Glas-

gow Royal Infirmary with proven histopathological diagnosis.

The diagnosis are summarized in Table 1. More detailed descriptions of

the patient population will be provided Iin the relevant sections of the

theslis.
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Table (1)

Summary of Patlents

Breast Carclinoma primary & métastatic 26
Lung Cancer 147
Carclnoid tumour 1
Sarcoid 3
Lung abcess 1
T.8 » 3
Flbroslng aléolltls 1
Neurob!l astoma exclised 2
Scar 1
Lymphoma Mediastinal ‘ 13
Abdominal 1
Rectal 1
N
Bone Primary & Soft tissue 9
Liver Primary hepatoma 8
Cirrhosis 5
Hydatid cyst 1
Metastases 5
Brain Pri@ygry bralin tumours 9
Braln Metastases 6
CVA 2
Post radiation therapay 35
Post chemotherapy 11

Total 291



CHAPTER 1[I

THE TIME COURSE OF THALLIUM-201 UPTAKE IN MALIGNANT TUMOURS

111(1) Introduction

Previous studies of thallium-201 Imaging of tumours have not established
the optimal time after Injection of the tracer for obtaining the images.
In the present study, therefore, the first step was to carry out an
analysis of the time course of uptake of the radionuclide in various

tumours.

The aim of this part of the study was to determine the time of maximal
tumour uptake of the tracer, and to study changes In the tumour to back-
ground activity ratios in order to establish the optimal time for tumour

Imaging with Ti-201.

111(2) Patient Population

Ninety-seven patients with histologically proven malignant tumours have
been examined. Fifty-six patients (47 male, 9 female) had lung car-
clinoma. Their mean age group (+ SD) was 69.5 (+ 11.3 years). Twenty-

six patients (1 male, 25 female) had breast carcinoma. Their mean age
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(+ SD) was 44.9 (+ 7.6) years. The remalining 15 patients (12 male, 3
female) had malignant Ilymphoma. The mean age of this group was 39.3

(+15.6) years.

The studies performed prior to radlation therapy or chemotherapy in 35
patients with lung carcinoma, 16 patients with breast carcinoma, and
nine patients with malignant Iymphoma. The rest of the patients had al-

ready started the first course of radiotherapy either alone or in com-

bination with chemotherapy. Three patients of the Ilung cancer group
were diabetics under medication. All other patients were on no therapy
apart from analgesic. Patients on B-blockers or digoxin were excluded

because of the known effects of these drugs on TIi-201 kinetics.
However, all medication of the patients was not altered. All studies

were performed at rest after four hours of fast.

111(3) Data Acquisition

A cannula was inserted into an antecubital vein and the patient placed
supine under the gamma camera with the field of view centred over the
primary tumour site. Two millicuries (75 MBq) T!-201 were Injected as a
bolus via the cannula and flushed with 10 mis normal saline. Data was
acquired as two "dynamic" studies covering the first hour after Iinjec-

tion and a delayed static image as follows:

(1) For the first five minutes, data was acquired continuously as five

second frames, using a 64 by 64 matrix.
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(2) For the next 55 minutes, data was acquired contlinuously as 30
second frames using a 128 by 128 matrix. Data acquisition was

then discontinued until four hours after Iinjection.

(3) At four hours post Injection, a ten minute long static image was

acquired in a 128 by 128 matrix.

All data was stored on a computer in an unprocessed form.

111(4) Data analyslis

The 60 frames of the initial dynamic study were summated to create one
Image. Then equally sized regions of Interest (ROls) were chosen over
an area of the tumour site, background close to the tumour and the
myocardium. Time activity curves were generated over these areas. The
curves were displayed on the screen and recorded on polaroid pictures.
The same procedure was followed with the second dynamic study. The
frames were summated and the previously created ROls over tumour, back-
ground and heart were assigned (Fig. 1). Activity time curves were gen-
erated and displayed on the screen and recorded on polaroid pictures.
The Aprocessed data were stored on the disk. The computer was |inked

with a printer and curve points were printed.
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For each patient the time activity curves were analyzed for the time of
maximal tumour uptake of TI-201. The time of maximal tumour uptake In
the tumour was defined as the earllest time after Injection at which

peak uptake occurred.

Using the computer, the tumour time activity curve was divided by the
background curve to yieid the tumour to background ratios. The time of

maximal tumour / background ratios was estimated in each patient.

For each patient the tumour to background activity ratios were calcu-
lated at §, 10, 20, 30, 40, 50, and 60 minutes after Injection to enable

assessment of changes in tumour to background ratios.

The changes in thallium-201 concentration between early and four hours
delayed images (wash out rate) were quantitatively assessed. An “early"
static Image was produced by summating the dynamic data obtained from 5
to 15 minutes following Injection. Equal regions of interest over the
tumour and surrounding background were generated, and total counts in
the tumour and background were recorded. The same region of interests
were transferred over the tumour site and surrounding background on the
delayed four hours Iimage (Fig. 2 - 3). The change of activity in the
tumour between the early and delayed images was calculated, as were the

tumour to background ratios.
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I111(5) Results

Abnormal Ti-201 uptake in the primary tumour occurred In 85 of the 97
patients studied (48 lung cancer, 24 breast cancer and 13 lymphoma
patients, Table 2). Figures 4 through 6 show examples of Ti-201 uptake

in a bronchial carcinoma, a breast carcinoma and a mediastinal Iymphoma.

111(5)(a) Time course of tumour uptakes

Following intravenous administration, thallium-201 accumulated in
tumours rapidly. Thallium-201 concentration In tumours Increased
gradually until it reached the time of maximum uptake and then did not

change significantly during the first one hour.
Examples of curves from the Iinitial and subsequent dynamic studies are
shown for bronchial carcinoma, breast carcinoma and mediastinal [ymphoma

(Figs. 7 - 12).

111 (5)(b) Time of maximal tumour uptake

The Individual values for time of maximal tumour uptake Iin each of the
tumour types studied are shown in Figure 13. The mean time of tumour
uptake (+ SD) was 11.9 + 3.34 minutes for lung carcinoma, 11.21 + 1.88
minutes for breast carcinoma and 11.76 + 3.25 minutes for |ymphoma

(Table 3).
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111(5)(c) Time of maximal tumour / background uptake

The mean (+ SD) time of maximal tumour / background activity was as-
sessed and found for lung cancer to be 18.3 + 0.59 minutes, breast can-
cer 13.0 + 1.16 minutes, and lymphoma mean 16.7 + 1.04 minutes (Table
4). Tables 5 to 7 show the Individual results of tumour to background
ratios at 5, 10, 20, 30, 40 and 60 minutes. Figure 14 shows the In-
dividual values of maximal tumour / background ratio. Table 8 shows the
summary of mean + SD of tumour / background ratios at 5, 10, 20, 30, 40
and 60 minutes for each group of patients. The same results are shown
In Figures 15 through 17. The mean tumour to background ratios do not
change significantly over the first hour once the peak value is obtained

at around ten minutes.

111(5)(d) Tumour uptake and tumour / background uptake at four hours versus

the inftial ten minutes image produced from the data obtained from

five to 15 minutes post Injection.

Four hours after administration of tracer, the background and tumour ac-
tivities had decreased, but there is still clear visualization of the

tumours.

The percentage of loss of tumour activity (wash out value) has been es-
timated In 46 patients with different tumour types, and expressed as a

percentage of the activity present in the tumour In the Initial (early)
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static Image. The Individual values are shown in Table 9. For the
whole group, the average (+ SD) wash out was 25.4 (+ 33.5) percent

(Table 10).

The tumour to background ratios were also compared In the early and
delayed 10 minutes and found to be (mean + SD) 1.8 + 0.30 for the Ini-

tial image and 1.67 + 0.35 for the delayed Image.

These values are not significantiy different (P > 0.05).

111(6) Discussion

The aim of the present study was to establish the best time for imaging
tumours following Injection of TiI-201. Our resuits show that uptake oc-
curs vrapidly 1Iin tumours with a peak value obtained ten to 15 minutes
post injection In most cases. There were no significant differences In

different tumour types.

Tumour to background ratios also rapidly attained peak values and
remained relatively constant over the hour following Injection. No sig-
niflcant change In tumour / background ratio was found In the four hour

post Injection Images compared to one hour post injection data.
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Previous studies of TI1-201 tumours Imaging have utilized variable delays
after injection. Kaplan et al, 1987 (247) started imaging brain tumours
flve minutes after Injection of TI-201. Senga et al, 1985 (248) study-
ing thyroild tumours imaged at ten to 20 minutes post injection and
reported that these early images produced a clearer scintigram than
delayed studlies. On the other hand, Ochl et al, 1982 (244)  emphasized
the importance of delayed imaging and concliuded that three to five hours

post injection was the most appropriate time for imaging.

From our own data we conclude that tumour imaging with TI-201 Is best
performed 20 to 60 minutes post Injection. Multiple views can be ob-
tained Iin this perlod with no significant loss of lesion uptake. We did
not find any evidence that delayed (4 hour) imaging was advantageous be-
cause tumour / background is not significantly changed and the count In
tumour decreased. No tumour not seen in the early Image was visualized
at four hours. The short waiting period after Injection with TI1-201
clearly offers a major potential advantage over alternative tumour imag-
ing agents, such as Gallium-67 or radio-labeled monocional antibodies

which require much longer delays from Injection to image.
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Table (2)
W :
Abnormal TI-201[ In the primary tumour occured
In 86 of the 87 patlents studled.

Group of patients Poslitive with T1-201
Lung carclinoma . 48/56
N
Breast carclnoma 24/26
Mal lgnant |ymphoma 13715

Total 85/97



Table (3)

Time to maximal TI-201 uptake (mins; mean + SD) %

Lung carclinoma 11. 9 + 3.34
Breast carclinoma 11.21 + 1.88
Lymphoma 11.76 + 3.25
Myocardium 11.61 + 3.28

+ Tumowr wpfdu Uun co meeted -ﬁl b-zk?,.um-l ety .



Table (4)

Time of maximal tumour/background ratio (mins; mean + SD) 4&

Lung carclinoma 18.3 + 0.569
Breast car<linoma 13.0 + 1.16
Lymphoma 16.7 + 1.04

X Tusour upbke tncomebol £ buck guud achvdy.



Table (5)

Lung carcinoma patients individual values for tumour and back ground activities
(counts/30 sec) and tumour to background ratlios at varios Intervals after Injection

of TI-201 (Tumows ety nob Cowerlof ﬁ/‘ ’W“'a"‘““‘)

Name S min 10 min 20 min 30 min 40 min 50 min 60 min
T 283 296 313 332 317 315 320
F.G BG 211 284 212 209 206 229 209
Ratio 1.34 1.61 1.48 1.58 1.54 1.37 1.53
T 1290 1500 1410 1430 1510 1460 1430
R.A BG 816 754 712 720 767 726 740
Ratio 1.58 1.99 1.98 1.98 1.96 2.00 1.93
T 545 470 437 396 409 384 357
B.A BG 293 251 245 251 239 246 227
Ratio 1.86 1.87 +.78 1.57 1.71 1.56 1.57
T 571 578 584 544 574 560 545
L.S BG 309 329 281 282 290 259 295
Ratlo 1.85 1.76 2.08 1.93 1.98 2.16 1.85
T 548 531 492 483 465 458 457
A.Y BG 339 329 302 296 286 263 282
Ratlo 1.61 1.61 1.63 1.63 1.62 1.74 1.62
, T 711 700 680 640 602 610 570
M.F BG - 411 419 362 358 296 323 319
Ratio 1.61 1.67 1.88 1.78 2.03 1.88 1.79
T 226 226 231 185 205 193 204
S.A BG 162 146 170 161 147 141 140
Ratlo 1.39 1.55 1.35 1.15 1.39 1.36 1.46
T 3i7 263 237 238 = 235 216 216
H.J BG 197 153 141 141 149 133 131
Ratio 1.61 1.72 1.68 1.69 ~ 1.58 = 1.63 1.65
T 160 168 163 144 144 106
M.M BG 147 117 135 128 123 76
Ratlio 1.09 1.44 1.21 1.12 1.17 1.39
T 177 175 168 147 146 . 138 153
S.A  BG 113 107 82.8 96.6 111 86.8 92.9
Ratlo 1.57 1.64 1.93 1.52 1.31 1.59 1.64
T 430 454 428 459 ags5 372 355
R.A BG 283 270 271 257 244 237 240

Ratio 1.52 - 1.68 1.58 1.67 1.62 1.57 1.48



Table 5: Lung carcinoma patients

Name 5 min 10 min 20 min 30 min 40 min 50 min 60 min
T 117 101 94.1 94.4 79.4 87.6 87.8
R.S BG 61.1 59.1 60.8 53.9 §5.2 51.4 52.0
Ratlo 1.91 1.69 1.55 1.75 1.44 1.70 1.69
T 164 214 211 213 205 160 163
K.A BG 87.4 87.1 99.6 97.6 96.4 86.2 88
Ratlo 1.88 1.46 2.11 2.18 2.13 1.86 1.85
T 238 229 226 213 224 202 196
H.A BG 106 95.4 103 105 107 Q9 Q9
Ratio 2.25 2.40 2.19 2.02 2.04 2.09 2.08
T 247 245 249 244 246 239 241
A.O BG 154 130 118 117 116 114 116
Ratio 1.60 1.89 2.11 2.09 2.12 2.10 2.08
N
T 384 379 380 372 369 366 352
A.A BG 222 214 221 213 215 220 217
Ratlo 1.73 1.77 1.72 1.74 1.71 1.66 1.62
T 170 168 168 166 154 162 144
M.H BG 94.4 91.8 93.8 93.3 87 105 88.3
Ratio 1.8 1.83 1.79 1.78 1.77 1.63 1.63
T 81.6 100 88.8 83.6 73.1 86.8 90.9
W.A BG 53.2 46.4 48.2 46.2 53.9 48.9 52.2
Ratio 1.53 2.15 1.84 1.80 1.36 1.78 1.74
T 564 464 375 462 453 489 436
AM BG 94.4 91.8 93.8 93.3 87 1056 88.3
Ratlo 1.98 2.03 2.01 1.99 1.96 2.04 1.99
T 915 1010 809 1018 987 884 878
M.A BG 609 599 646 645 554 499 469
Ratlo 1.52 1.69 1.25 1.57 1.78 1.77 1.87
T 345 309 325 316 299 293 286
A.N BG 233 207 207 212 197 189 188
Ratlo 1.48 1.49 1.57 1.49 1.561 1.59 1.54
T 119 109 105 98 101 97 89
A.F BG 68 62 59 58.3 60.8 59 61
Ratlo 1.75 1.76 1.71 1.63 1.66 1.64 1.61
T 739 698 692 660 653 624 598
A.T BG 391 347 346 332 351 334 336

Ratlo 1.89 2.01 2.0 1.99 1.86 : 1.87 1.78



Table 5:

Name

A.S

F.A

S min

T 968
BG 457
Ratlo 2.12

T 306
BG 268
Ratio 1.14

T 997

BG 702
Ratio 1.42

T 114

BG 46.6
Ratlo 2.44

T 350

BG 245
Ratio 1.43
T 277

BG 244
Ratio 1.13
T 160

BG 92.8
Ratio 1.64
T 186
BG 93.3
Ratlo 1.99
T 187
BG 111

Ratio 1.68

T 177
BG 94.2
Ratlo 1.87
T 786
BG 444
Ratlo 1.77
T 336
BG 302

Ratio 1.11

10 min

967
430
2.25

302
238
1.27

911
533
1.71

109
44.5
2.65

353
239
1.48

284
241
1.17

153
84.4
1.81

196
95.9
2.05

165
84.5
1.94

176
92.8
1.89

720
395
1.82

349
277
1.25

Lung carclinoma patlents

20 min

896
433
2.07

298
177
1.68

920
609
1.561

113
69.7
1.34

N

352

205
1.72

387
269
1.43

155
94.9
1.63

223
92.3
2.41

174
89.8
1.76

185
98.6
1.87

660
344
1.91

328
250
1.31

30 min

761
416
1.83

275
199
1.38

902
553
1.63

114
72.7
1.57

351
220
1.6

381
270
1.41

147
86.8
1.69

208
92.7
2.24

170

88.2
1.92.

174
95.4
1.82

640
365
1.75

307
244
1.25

40 min

822
413
1.99

288
188
1.83

1003
599
1.72

101
48.9
2.23

345
218
1.79

379
243
1.54

108
73.4
1.47

200
101
1.98

160
90.2
1.77

176
97.2
1.81

604
336
1.79

301
230
1.30

50 min

795
398
2.00

256
182
1.41

893
383
1.49

106
43.3
1.90

338
226
1.5

380
240
1.58

120
88.4
1.42

232
119
1.94

172
91.9
1.87

172
96.3
1.78

611
330
1.85

268
213
1.25

60 min

760
422
1.80

270
221
1.22

898

1.54

105
51.5
2.05

352
224
1.57

375
280
1.33

113
84.0
1.36

220
116
1.89

149
101
1.47

166
89.8
1.84

605
336
1.80

266
221
1.20



Table §: Lung carclinoma patients

Name S min 10 min 20 min 30 min 40 min 50 min 60 min
T 1070 1020 1040 972 1040 1020 991
N.H BG 493 453 453 464 469 461 476
Ratio  2.04 2.25 2.3 2.09 2.21 2.21 2.08
T 286 280 272 255 248 231 237
A.S BG 161 134 131 135 131 126 138
Ratlo 1.7  2.09 2.08 1.90 1.90 1.83 1.78
T 246 243 280 241 250 253 241
W.S BG 195 157 146 159 179 159 172
Ratio  1.26 1.55 1.91 1.51 1.39 1.59  1.40
T 1030 965 967 839 822 775 757
K.K BG 538 451 456 481 448 412 442
Ratio  2.01 2.18 2.28 1.94  2.05 2.19 2.17

N

T 267 270 226 261 244 258 230
.S BG 187 140 147 144 159 147 151
Ratio  1.43 1.93 1.81 1.81 1.53 1.76  1.52
T 138 136 130 119 132 132 129
s.s BG 72.3 71.6 69 82.6 77.6 74.2  73.3
Ratio  1.91 1.90 1.88  1.44  1.70 1.78 1.76
T 432 440 418 402 397 382 366
L.A BG 767 254 263 244 234 251 256
Ratio  1.62 1.73 1.59  1.65 1.70 1.52  1.43
T 498 480 472 433 438 435 442
M.L. BG 398 329 335 316 304 315 289
Ratlo  1.25 1.46 1.41 1.37 1.44 1.38  1.51
T 93.1 118 97.9 94.2  85.6 83.2 89.4
R.M BG  58.2 67 56.3 63.6  50.4 58.6 58.4
Ratio 1.60 1.76 1.74 1.48  1.70 1.42  1.53
T 80.9 101 95.6 88.4 72.8  78.6 67.7
F.G BG 42.6 42.3 47 42 40.3 36.8 39.3
Ratio  1.90 2.39 2.03 2.10  1.81 2.16  1.72
T 153 125 115 105 114 105 94
A.T BG 94.8 75 68.3 66.0  69.9 64.2 59.4
Ratlo  1.61 1.66 1.68 1.59  1.63 1.64 1.58
T 267 265 250 241 237 240 221
L.H BG 205 198 201 197 187 © 190 192

Ratlo 1.30 1.34 1.24 1.22 1.27 1.26 1.15



Table (86)

Breast Carclnoma Patlents

Indlvidual values for tles (counts/30 secs) and
tumour to backgroun rCaredbedl {2 h“"‘?""-““‘) Injection of Ti-201.

Tter
Pl

(Tumowr atbivdy it Corretled fov hwkg«wnl)

Name 5 mln 10 min 20 min 30 min 40 min 50 mln 60 min
T 159 148 145 183 151 177 155

F.Sh BG 144 92.9 118 103 117 113 101.1
Ratio 1.10 1.59 1.23 1.48 1.29 1.57 1.53
T 513 510 487 475 418 469 422

H.J BG 211 261 250 200 231 198 220
Ratio 2.43 1.95 1.95 2.38 1.81 2.37 1.92
T 501 472 428 432 455 462 405

H.M BG 239 227 256 213 234 222 237
Ratio 2.10 2.08 1.67 2.03 1.94 2.08 1.71
T 188 165 175 180 188 - 148 181

M.M BG 84.6 82.7 83.3 92.7 82.9 81.8 77.4
Ratio 2.22 2.0 2.10 1.94 2.27 1.81 2.34
T 197 244 250 250 249 231 224

M.S BG 66.7 65.9 69.4 67.3 79.9 92.1 69.8
Ratlo 2.95 3.7 3.60 3.7 3.11 2.51 3.21
T 1583 137 133 139 145 160 152

M.L BG .81.3 69.9 172 71.3 95.1 78.4 72.3
Ratlio 1.88 1.96 1.83 - 1.95 -1.582 2.03 2.10
T 117 96.3 78.4 - 94.4 77 .4 87.6 87.8

R.S BG 61.1 63.1 46.3 53.6 55.4 51.8 52.0
Ratlio 1.91 1.53 1.69 1.76 1.40 1.69 1.69
T 164 196 211 213 205 160 163

K.M BG 97.4 87.1 87.9 97.6 96.4 82.7 84.6
Ratio 207 2.25 215 2.18 2.13 1.93 1.92
T 71.3- 61.1 53.9 92.3 73.6 96.8

S.M BG 58.5 54.6 42.8 55.7 47 .2 44.3

Ratlo 1.22 1.12 1.26 1.65 1.54 2.18



Table 6 : Breast Carcinoma Patlents
Name 5 min 10 min 20 min 30 min .40 min 50 min 60 min
T 108 115 114 109 96 86 89
S.H BG 91 87.2 88 84.2 76.3 70.4 71.1
Ratlo 1.19 1.32 1.29 1.30 1.26 1.22 1.25
T 91.5 96.1 94.1 84.3 88.2 87.2 85.5
M.G BG 96 95.1 96 84.2 89.1 85.5 85
Ratio 0.95 1.01 0.98 1.00 0.99 1.02 1.01
T 423 392 365 353 361 383 369
F.S BG 270 363 225 232 235 206 223
Ratlo 1.57 1.52 1.82 1.52 1.54 1.86 1.65
T 404 404 3663 363 383 346
R.K BG 250 207 224 220 240 219
Ratlo 1.63 1.95 1.63 1.65 1.60 1.58
T 238 287 283 252 236 272 272
F.A BG 162 153 170 181 184 158 178
Ratlo 1.47 1.87 1.66 1.39 1.28 1.72 1.52
T 2350 2310 2300 2210 2222 2150 2160
F.Ah BG 2080 1770 1890 1770 1720 1730 1650
Ratlo 1.13 1.31 1.21 1.24 1.29 1.23 1.30
T 630 522 519 503 471 444 452
M.S BG 315 318 360 329 341 322 308
Ratlo 2.0 1.64 1.44 1.53 1.38 1.38 1.48
T 649 676 671 625 584 610 615
A.A BG - 312 338 348 324 321 301 289
Ratio 2.08 2.0 1.93 1.93 1.82 2.03 2.13
T 361 375 339 381 367 342 295
Z.S BG 319 232 217 227 214 201 231
Ratio 1.73 1.61 1.56 1.67 1.71 1.70 1.27
T 264 256 262 239 260 263 247
F.M BG 141 130 142 139 151 143 157
Ratio 1.87 1.97 1.85 1.72 1.72 1.84 1.87
T 1620 1530 1590 1330 1190 1110 1050
‘M.B BG 782 694 678 620 561 567 577
Ratlio 2.07 2.20 2.34 2.15 2.12 1.95 1.82



Table 6: Breast Carcinoma Patients

Name 5 min 10 min 20 mIn 30 min 40 min 50 mln 60 min
T 282 278 303 283 278 303 316
F.B BG 136 124 137 142 116 128 117
Ratlo 2.07 2.24 2.21 1.99 2.39 2.37 2.70
T 595 635 589 589 603 639 . 567
K.N BG 568 441 424 473 450 465 464
Ratlo 1.05 1.44 1.39 1.26 1.34 1.37 1.22
T 732 757 682 661 669
M.R BG 562 521 486 471 465
Ratio 1.30 1.45 1.40 1.40 1.43
AN
T 65.9 70 63.8 62.9 45.9 58.6 55.5
S.H BG 47 43 44.8 41.5 37.9 41.6 35.6

Ratlo 1.40 1.63 1.42 1.51 1.21 1.41 1.56



Indlvidual

Table 7

Malignant Lymphoma Patlents

values of tumour/background actlivitle

to background ratlos at varlous Intervals after

hack

?’“““’()'201 :

¢cs) and tumour

(Tumows aebindy v owedsl fv WW)

Name 5 min 10 mIn 20 mln 30 min 40 min 50 miln 60 min
T 1070 1180 1100 1230 1170 1190 1210
T.M BG 602 566 517 538 507 489 478
Ratlo 1.78 2.08 2.13 2.29 2.30 2.43 2.53
N
T 818 853 863 881 900 830 841
K.Y BG 500 503 511 530 535 532 539
Ratlo 1.64 1.70 1.69 1.66 1.68 1.56 1.65
T 2320 2360 2410 2560 2540 2580 2660
B.A BG 1180 1280 1270 1410 1350 1370 1370
Ratio 1.97 1.84 1.90 1.82 1.88 1.88 1.94
T 692 694 767 720 743 693 670
M.J BG 207 167 223 212 207 217 215
Ratio 3.34 4.15 3.44 3.40 3.59 2.19 3.11
T 286 417 410 416 399 302 375
M.A BG 279 248 230 257 255 225 280
Ratlo 1.38 1.68 1.78 1.63 1.56 1.34 1.34
T . 213 229 248 205 169 172 185
F.F BG 141 160 178 147 124 123 151
Ratio 1.51 1.43 1.39 1.39 1.36 1.40 1.23
T 225 199 207 167 165 139
D.M BG 147 132 139 121 117 91.5
Ratlo 1.53 1.51 1.49 1.38 1.41 1.52
T 170 172 168 149 146 161 141
V.K BG 101 102 101 94.3 93 101 92
Ratlo 1.68 1.69 1.66 1.588 1.57 1.59 1.53
T 115 111 114 116 103 107 108
M.A BG 76.7 74.2 79.7 80.1 78.3 73.2 71.5
Ratlo 1.50 1.49 1.43 1.45 1.32 1.46 1.561



Table 7: Mallignant Lymphoma Patlents

Name

5 mln

10 min

20 min 30 min 40 min 50 min 60 min

T 165 157 152 147 118 136 117

S.A BG 101 86.7 93 88 78 91.2 81.8
Ratio 1.63 1.81 1.64 1.68 1.52 1.49 1.43

T 603 635 592 576 531 513 511

B.G BG 538 438 435 440 385 383 396
Ratlo 1.17 1.45 1.36 1.31 1.38 1.34 1.29

T 284 253 270 224 198 183 193

S.K BG 192 182 186 174 156 140 146
Ratio 1.48 1.39 1.45 1.29 1.27 1.31 1.32

T 115 113~ 83 101 93 97 85

M.S BG 101 92 74 83 78 80 73
Ratio 1.14 1.23 1.12 1.22 1.19 1.21 1.16




Table 8

Tumour to background ratios (mean + SD) of T1-201 In the hour followlng Injec-

tion.

(Tomeuwr adkwet, ash onedal &Ww)

Name 5 min 10 mIn 20 min W)o min 50 min 60 min
Lung 1.65 1.81 1.77 1.70 1.71 1.71 1.67
Carcinoma

+0.30 +0.19% +0.20 +0.27 +0.08 +0.26 +0.24
Breast 1.74 1.81 1.74 1.77 1.68 1.78 1.68
Carcinoma

+0.47 +0.51 +0.50 +0.41 +0.36 +0.37 +0.59
Lymphoma 1.67 1.80 1.73 1.70 1.69 1.67 1.67

+0.55 +0.62 +0.57 +0.58 +0.64 +0.54 +0.59




Table 9

The washout rate between early and 4 hours delayed Images In varlous tumours.

(Tomonr achnbies or Comerts! 1& ‘auk;mmd)

Name Early T/BG Ratio Delayed T/BG Ratio % Washout
M.M 5720/ 3788 1.51 5060/ 3530 1.43 20.81
S.A 6654/ 3520 1.72 5909/ 3410 1.90 -10.46
W.M 4192/ 2065 2.03 3847/ 2224 1.73 23.70
L.S 18261/ 9085 2.01 17949/ 7770 2.31 -10.93
A.Y 8500/ 4030 2.1 4800/ 3200 1.50 64.21
M.F 12180/ 6870 1.78 7670/ 4460 1.72 39.55
W.S 8773/ 4514 1.94 6730/ 4306 1.56 43.08
F.B 8355/ 4104 2.04 6506/33319 1.96 25.03
M.S 10532/ 4994 2.11 3053/ 2159 1.41 83.85
S.H 9768/ 4579 2.13 9150/ 5423 1.69 28.17
A.A 19695/11540 1.71 9810/ 6941 1.41 64.81
Z.H 5645/ 2610 2.16 5003/ 2448 2.04 15.81
K.N 5140/ 3292 1.56 3361/ 2965 1.13 78.57
A.M 10950/ 6260 1.75 5666/ 3522 1.61 54.28
F.A 6197/ 4201 1.48 3954/ 2816 1.40 42.98
S.A 8905/ 6850 1.30 5146/ 4253 1.21 .56.54
H.M 10726/ 4915 2.18 1790/ 900 1.98 84.68
S.A 26790/16000 1.67 17000/11000 1.54 44.39
M.H 17000/ 9000 1.89 16000/12000 1.33 50.00
F.A 4330/ 3520 1.23 4136/ 2870 1.44 -56.30
M.S 15176/ 8980 1.69 10400/ 6342 1.52 42 .58
M.J 13305/ 6000 2.22 13127/ 7100 1.84 17.49
A.A 5498/ 3899 1.41 4308/ 3122 1.38 25.82
M.K 462/ 382 1.21 551/ 477 1.15 7.50
M.L 3243/ 2100 1.54 5443/ 4165 1.30 ~11.81
M.S 4518/ 2235 2.02 4588/ 1674 2.74 -27.64
R.A 9432/ 5639 1.67 7788/ 3793 2.05 - 5.30
H.A 14931/ 9450 1.58 10555/ 7486 1.41 44.06
M.S 15438/ 7903 1.95 10383/ 6300 1.65 45 .81
K.N 13615/ 5360 2.54 12235/ 4894 2.50 11.07
A.O 24700/15470 1.60 24100/10955 2.19 -42.41
W.A 5850/ 3530 1.66 4032/ 1785 2.25 3.15
S.A 11630/ 6020 1.93 8560/ 4380 1.95 25.49
M.G 8350/ 5400 1.85 7900/ 4700 1.68 - 8.47
D.N 11012/ 4882 2.25 9281/ 4730 1.96 25.75
AY 9852/ 4975 1.98 7403/ 4569 1.62 41.89
N.H 10250/ 6313 1.62 8380/ 5624 1.49 29.99
S.J 13830/ 9763 1.62 11725/ 8450 1.39 46.02
A.S 24060/10020 2.40 18960/10744 1.76 41.86
AT 3485/ 2041 1.71 4632/ 2405 1.92 -54.22



Table (9)

Name Early T/BG Ratlo Delayed T/BG Ratlo % Washout
E.E 4962/ 3101 1.60 4778/ 3057 1.56 7.52
A.A 6785/ 4526 1.50 3524/ 2670 1.32 62.19
S.A 7945/ 4786 1.66 4830/ 3157 1.53 47.04
A.T 6961/ 3889 1.79 6052/ 3478 1.74 16.21
S.J 15830/ 9763 1.62 11725/ 8450 1.39 46 .17
A.Ar 3841/ 2222 1.73 4824/ 2975 1.62 -14.21




Table 10

Mean (+ SD) TI-201 washout from  tumour
between 1 and 4 hrs post injJection was
25.4% (+ 33.5).




JABIA AHHEB/TL

Figure (1): Regions of interest over the tumour,
background and myocardium.

EARLY IlilAGE

Figures (2 & 3): Regions of interest, over the tumour,
background in early (figure 2) and delayed image
(figure 3). The counts in each ROI were obtained and

washout rate was calculated.

TUSIOR

Figure (4): Abnormal TI-201 concentration in the
upper part of the Rt. lung in a patient with lung

carcinoma.
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Figure (5): Abnormal TI-201 chloride concentration in
the right breast in a patient with breast carcinoma.

Figure (7): Flow I. The initial uptake immediately, after
I.V. injection of TI-201 by the heart, liver, tumour and
background in a patient with lung carcinoma.

77.3 1323 227.3

Figure (9): Flow I. The intiial uptake of TI-201 by the
heart, tumour and background in a patient with

breast carcinoma.

Figure (6): Abnormal TI-201 concentration in the
mediastinum in a patient with malignant lymphoma.

Figure (8): Flow Il. Time activity curve until 55
minutes of the heart, tumour, and background in a
patient with lung carcinoma.

Figure (10): Flow |IlI, time activity curve until 55
minutes of the heart, tumour and background in a
patient with breast ,carcinoma.



Figure (11):
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Flow |, the initial uptake of TI-201 by

heart, tumour and background (lung) in a patient with
malignant lymphoma.
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Figure (12): Flow Il, time activity curve until 1 hour of
the heart, tumour and lung (as a background) in a
patient with mediastinal lymphoma.
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Figure (13): The individual values of maximal tumour
upgtake in lung cancer n=(50), lymphoma (n=13)
breast cancer n=(24), heart n=(88).
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Figure (14) : The individual values of maximal
tumour to background ratio in breast cancer (n=24),
lymphoma (n=13) and lung cancer (n=50).
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CHAPTER 1V

MECHANISM OF T1-201 UPTAKE IN TUMOURS

"IV (1) Introduction

Thalllum Is a metallic element In group 111-A of the periodic table.
The use of TIi-201 as a myocardial imaging agent is dependent upon its
similarities to lonic potassium Iin blologic systems. As a potassium
analogue, thalliium activates the sodium-potassium (Na-K) ATP-ase depend-
ent pump and the cellular uptake of T1 is inhibited by ouabain and
sodium floride which block the Na-K pump (28) . ypdate of TI* and K* s
not identical: Thalllum appears to bind to two sites on the enzyme sys-
tem compared to one for potassium (29) . This may explain the more
prolonged clearance of thallium from the myocardium compared to potas-
sium (1), Thallium also has highly polarizable outer electron shells
and readily complexes with water, and the membrane is almost equally
permeable to T1 * as it is to K *. It has been suggested that intracel-
lular accumulation of thallium is driven by the transmembrane

electropotential gradient (26)

Thallium and potassium belong to different groups in the periodic table.

The biological similarities between thallium and potassium in terms of

organ dlistribution have been explained by the fact that the hydrated
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lonlc radius of thallium lies between potassium and rubidium In slze.
This radius has been suggested as the essential property that determines

passive penetration through a liquid layer and membrane (26) (249).

Mechanism of TI-201 uptake in tumours has not been established. In the
present study this mechanism was evaluated by a) comparison of the time
course of TI-201 uptake In tumours and myocardium; b) comparison of
ratios of uptake of TI-201 and Tl(ggm)—mlcrospheres in tumour and normal
tissues In a patient; and c¢) by in vitro studies of Ti1-201 uptake by a

tumour cell line.

1IV(2) Comparison of tumour and myocardial uptake

IV(2)(a) Patients and Methods

As described Iin Chapter 11i, 97 patients with proven malignancy were ex-
amined for the optimal time for tumour imaging by TI-201. Of these, 88
patients (53 with lung carcinoma, 24 with breast carcinoma and 13 with
mediastinal Iymphoma), had a comparative study was made of time course

of tumour and myocardial uptake.

Also described in Chapter 111, the data was acquired as two dynamic
studies at flive seconds intervals for five minutes then at 30 seconds
Iintervals for 55 minutes. A ten minutes static image was obtained at
four hours post injection. And after creating equally sized regions of

interest over the tumour, background ciose to the tumour and myocardium,
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activity time curves were generated from the two dynamic studies. These
were analyzed for time course of uptake of TI-201 in the tumour and

myocardium.

The wash out rate between early and four hours delayed images was quan-
titatively assessed. An early static image was produced by summating the
' dynamic data obtained from flve to 15 minutes following Injection. Equal
regions of interest over the tumour, myocardium, and surrounding back-
ground were recorded. The same region of Interests were transferred over
the tumour site, myocardium and surrounding background on the delayed
four hours Iimage. The change of activity in the tumour and myocardium

between the early and delayed Images was calculated.

1IV(2)(b) Results

Following Intravenous injection, TI1-201 uptake in the tumour and myocar-
dium occurs rapidly. Figures 7 — 12 show typical activity time curves of
the tumour and myocardium obtained from Ilung carcinoma, breast car-

clnoma, and mediastinal lymphoma.

In the whole series of patients the time from Injection to peak tumour
activity ranged from eight to 20 minutes. The mean time to peak tumour
activity (ISD) was 11.9 (+ 3.34) minutes for lung carcinoma, 11.21 (+
1.88) minutes for breast carcinoma and 11.76 (+ 3.25) minutes for Iym-

phoma. These results were compared with the maximum time of myocardial
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uptake and found to be similar. The time from injection to peak
myocardial activity ranged from eight to 20 minutes. The mean time to

3.
peak myocardial activity (+ SD) was 11.61 {%Fégg)

The time course of tumour uptake paralleled myocardial uptake with al-
most identical times of peak uptake being obtained in tumour and myocar-

dium.

Comparison of early "static" and four hours post injection Iimages were
possible in 46 patients (20 lung carcinoma, 17 breast carcinoma and 9
lymphoma). The mean (+ SD) wash out of TI-201 from the tumour over this
period was 25.4 (+33.5) percent of the activity present In the early
static image. The mean wash out of T1-201 from the myocardium over four

hours 29.7 (+ 16.7) precent.

1V(3) Blood flow distribution of Tc 99m-microspheres versus T1-201 in tumours

IV(3)(a) Introduction

As described previously (Chapter 1) the uptake of TI1-201 In the myocar-
dium reflects myocardial blood flow and Na-K pump activity. In view of
the similarity of the time course of uptake of TI-201 in the tumours and
myocardium, the opportunity was taken of making a comparative study of
the distribution of T1-201 and Tc 99m - microspheres (reflecting blood

flow) In tumour and normal tlissues In a patient.
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IV(3)(b) Methods

The subject was a 63 year old patient with known hepatic metastases from
a carcinoma of colon who was undergoing a laparotomy for placement of a

hepatic artery catheter for the purpose of regional chemotherapy.

Following insertion of the catheter, 20 MBq thallous chloride (TI1-201)
and 40 MBq 99m-technﬁiium microspheres were injected into the catheter.
The microspheres were obtained from Sorin Biomedica (ltaly) and had a
particle size range of 23 to 45;4.Ten minutes after Injection of the
tracers biopsies were obtained from hepatic metastases and from normal
liver. The lesion obtained was submitted to histological examination and

to well counting for T1-201 and Tc 99m,

Three biopsies were taken, one gram of normal liver tissue, and two
grams of tumour tissue. These samples were analyzed using a three chan-

nel Packard autogamma counter.

Channel 1 was set on T¢ o8m spectrum 120-160 kev. Channel 2 was set on

T1-201 spectrum 65-85 kev.
The samples were counted on day one and after five days (122.6 hours).

The Tc-99m was decayed by more than 20 half—lives. The scattered radia-

tion of both radionuclides were calculated and true count from each
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radionuclide was obtained. The sampies were weighted and counts per gram

tissue for each radionuciide were obtained. The tumour/normal uptake

ratio was calculated for both T1-201 and and Tc-99m.

IV(3)(c) Results

Table 11 summarizes the weight of the samples and true count uptake of

both radionuclides by the tumour, and normal liver tissues and counts

per gram tissue for both Tc-99m and TI1-201 chloride.

The total tumour uptake of Tc-99m was found 4050 counts per gram.

The total tumour uptake of T1-201 was found 1653 counts per gram.

The normal liver tissue uptake of Tc-99m was 66431 counts per gram and

for Ti-201 was 297931 counts per gram.

Table 12 shows the ratio of uptake in tumour to normal liver tissue (per

gram tissue) for the Tc-99m was 0.061, and for T1-201 was 0.006.

Histology confirmed that no tumour was present in the area of macro-

scopically normal liver.

The tumour area was shown to contain a mixture of viable and necrotic

tissue.
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IV(3)(d) Comments

The distribution of thallium-201 within the tumours tissue Iis not
proportional to the distribution of T1¢=99M picrospheres which reflects
the regional blood flow of the |lver deposits. These data suggest that
T1-201 chloride did not reflect the regional blood flow of the tumour.
And | concluded that T1-201 distribution in tumours is not purely a

flow dependent process.

IV(4) In vitro studies: Thallium-201 uptake in non-small cell lung cancer

IV(4)(a) Aim of the Study:

To assess whether Thalllium-201 uptake by tumour cells is dependent on

the Sodium potassium ATPase pump, in a squamous carcinoma cell line SK-

MES.

SK-MES cells grow as a monolayer in tissue culture flasks, grow in F10

DMEM and are trypsinized and passaged weekly.

IV(4)(b) Methods

Measurements of T1-201 activity have been made under control conditions
and after digoxin Intervention In tumour cells. Five experiments were
done, 1in each § cm? of cells incubated with TI-201 without digoxin

(control group) and § cm? of cells with digoxin.

96



The tumour Cell |line is SK-MES (a squamous cell carcinoma). The mean

cell count was 5 X 10 6 cells In 25 cm2 flasks. The culture medium was

F10-EM, supplemented with foetal bovine serum. Antibiotics were not
added.
To 5 cm? sample added either o.1mg digoxin injectate BP In 0.4ml or

0.4ml saline to the control group.

Twenty minutes later, 3-4 MBq of TI1-201 chloride added and incubated for

45 minutes at 37°cC.

The cells were centrifuged down. The supernatant decanted and retained.
Cells were resuspended in five ml| saline, recentrifuged, supernat’ht
separated and retained. The cells were resuspended in 5 ml saline and
again centrifuged and the supernatgnt retained. Celis were resuspended
in 5ml saline. The cells were trypsinized and harvested and the radioac-

tive content of the cells was measured.

Counting was carried out in a gamma counter, for 60 seconds per tube.
Blank tubes were used for background at beginning and end of counting

the samples.

In each experiment two samples were treated with digoxin and two samples
without digoxin. Each of 0.5ml samples of cells suspension, and o.5ml

samples of mixed supernatqnt were counted separately.
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Total activity in cellular and supernat?nt fractions calculated and cel-
lular activity expressed as a percentage of total cellular and super-

natent activity.

IV(4)(c) Results

The radlioactive content of the c¢ells was higher when incubated with
Thallium alone (Table 13). The radioactive content of the supernataent
was higher when the cells were incubated with Thallium and Digoxin. This
suggests that Digoxin blocks the uptake of thallium by squamous lung

carcinoma cells SK-MES.

1V(5) Discussion

The time course of tumour uptake paralleled myocardial uptake, with al-
most identical times of peak uptake being obtained in tumours and
myocardium. The range of times to peak activity that | found In tumour
and myocardium (8-20 minutes) Is very similar to that reported by
Bradley-Moore et al., 1975 (48) for TI1-201 myocardial uptake in an

animal model.

The similarity 1In tumours and myocardia!l T1-201 uptake may indicate a
similar mechanism of tracer uptake. Myocardial TI1-201 uptake is
generally accepted to reflect both blood flow and Na+ - K+ ATPase de-

pendent pump activity (250)
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There are conflicting reports in the |Iliterature concerning the exact
role of blood flow In the extraction of TI1-201 by the myocardium. Abbate
et al., 1977 (55), reported that the initial extraction of thallium by
myocardium following bolus injection in man does not appear to be In-
fluenced by myocardial blood flow. On the other hand several studies

have shown that the distribution of thallium 1Iis a flow dependent

process(32) (251) (93) (250)

Other authors have reported that T!-201 uptake in the tumours occurred
rapidly, with a pattern of tissue distribution similar to that seen with
potassium (247) (252)  This led them to postulate that the mechanism of
thallium-201 uptake by the tumour cells is certainly related to a func-
tion of blood flow and the (Na-K)-ATP-ase cell membrane pump that is the

same mechanism as T1-201 myocardial uptake.

Tumours often have abnormal vascularity and TI-201 may accumulate
rapidly in the extra cellular space either due to the increased per-
meabllity of new vessels with large intracapillary pores (189) or simply

to increased vascularity.
| was able to study in a single patient the role of blood flow in the

initial distribution of TI-201 in tumour cells. The data from this

single patient suggest that the distribution of TI-201 In tumour tissue
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Is not purely proportional to the microspheres distribution. | concluded
that initial extraction of TI-201 by tumour cells is not completely a

f low dependent process.

According to the work of Mullins and Moore, 1960 (26), confirmed by
Gehring and Hammond, 1964 (27) and 1967 with biodistribution studies In
animal models, the mechanism involved In active transport of potassium
cannot differentiate between potassium and thallium. The cellular uptake
of T1 ¥ was Inhibited by cardiac glycoside ouabain and sodium florlide,
which are well established selective Na* K ¥ ATP-ase pump inhibitors
(28) | Dpigoxin also has been postulated that blocks the sodium—-potassium

ATP ase In the cell membrane and decrease the extraction of TI1-201 (50).

The data obtained in my in vitro study showed a large decrease In ex-
traction of thallium-201 by the tumour cell Iline following Iincubation
with digoxin. The Na (+) K (+) ATP-ase pump activity Inhibited follow-
Iing digoxin administration resulting In low extraction efficiency by the
tumour cells. This indicates that the mechanism of Intracellular tumour
uptake 1Is active transport through the cell membrane with influx of Tl-

201 and It is mediated by Na+, K* ATP-ase system.

The initial extraction after intravenous injection of thallium-201 does
not remain fixed In the tumour. Most tumours showed considerable loss of
TI-201 activity by four hours post injection. The rate of TI-201 loss we
found is similar to that reported by Ziada et al, 1986, for myocardial

volunteers studied at rest (28% + 7) (253)
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Areas of necrosls do not accumulate thallium-201, and this was proved
clinically by 1Imaging the tumours, and quantitatively using SPECT In
some patlients (Figure 19). The presence of necrotic tissue in the liver
metastases 1Is a possible explanation of the poor correlation between
TI-201 and Tc 99m microspheres uptake presented above. It may be due to
non-functioning ATP-ase cell membrane pump activity, so that there is
not active transport Into the necrotic tumour cells. It appears thus
that TI1-201 reflects the viability and metabolic activity of the tumour

cells.

In conclusion, results of the studies indicate that TI-201 uptake in
tumours Is not purely a flow dependent process. The mechanism of
intracellular uptake of T1-201 demonstrates the viability and metabolic
activity of the pathological cells. It appears to be similar to the
myocardium by substitution of TI1-201 for potassium in the ATP-ase de-

pendent sodium-potassium pump.
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Table 11

The welght of the samples and counts/gm of normal and tumour tissues for both
Tc-99m and TI1-201 chlorlde.

Welght Counts Counts
gm Tc-99m Count/gm TI-201 Counts/gm
Total tumour 1.722 N~ 6,975 4,050 2,846 1,653
Normal lliver 0.682 45,306 66,431 203,189 297,931




Table 12

Tumour/Normal uptake ratlo (per gram) for TI-201 and TC-99m

TC-99m = 0.061

TI-201 = 0.006



Table 13

The percentage of total activity In cellular fraction after dlgoxin treated
and without In tumour cells. ‘

Without digoxlin With digoxlin
Exper iment 1 11.3% 0.6%
2 N 12.4% 0.4%
3 10.7% 0.6%
4 11.9% 0.5%

5 12.5% 0.7%



Figure (18) : Increased TI-201 uptake in primary left
lung carcinoma.

Figure (19) : Single photo emission computerized
tomography (SPECT) transaxial cuts showed the
tumour uptake with central photopenia.



V(1)

CHAPTER V

THALL IlUM-201 CHLORIDE SCINTIGRAPHY IN THE

DIAGNOSING AND STAGING OF MAL IGNANT DISEASE

Introduction

Establishing the extent of tumour spread is a major factor in choosing
the most appropriate therapy for patients with malignancy. Staging is
critical in treatment planning, because inadequate staging can result in

less than optimum treatment or excessive local treatment (204)

Biochemical investigations, Immunological markers, Iimaging tests and
surgical procedures all play a role in this assessment. The information
derived from such procedures influences the choice of therapy in many
malignancies and in some tumours has been essential in improving sur-
vival (255), However many of these procedures have Inherent Ilimita-

tlons Including morbidity, expense and failure to detect all tumour

sites.

Noninvasive nuclear medicine procedures are easily performed, have no

significant morbidity, and can be repeated safely.
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With the current interest in thallium-201 chloride as a tumour imaging
agent, we have carried out a clinical evaluation of this radionuclide in

the diagnosis and staging various common malignhancies.

In this chapter | will present the cllinical resuits of TI-201 imaging In

this content. The chapter Is divided Into various sections, each dealling

with a particular type of malignancy.

V(2) Thallium-201 chloride in the staging of lung cancer

vV(2)(a) Alm of the study

The aim of study was to evaluate the ability of thallium-201 chloride to
detect primary lung cancer and to demonstrate mediastinal spread of the

disease.

Demonstrating whether or not there Is mediastinal involvement in lung
cancer Is cruclal as patients with disease spread to the mediastinum are
generally held to have no chance of being cured by surgical resection
(256) Mediastinal spread can be established by preoperative medias-
tinoscopy but the technique is invasive causing a significant morbidity
and 1Is not completely accurate. A non-invasive method of establishing
mediastinal involvement would spare patients this additional trauma and

be extremely cost effective (256) (257) 7o pe effective, however, the
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technique would need to be both sensitive, that is abnormal in a high
proportion of patients with mediastinal involvement, and specific, i.e.

yield a low rate of false positive results.

Preliminary reports have appeared in |iterature dealing with TI-201 up-
take In the primary lung cancer (258) (243) (259) these initial studies
ylelded encouraging results but did not attempt to evaluate spread to
mediastinal or hilar nodes. In a recent review of the use of
radionuclide techniques in lung cancer, Waxman 1986, concluded that a
large series with Independent documentation of mediastinal status was
required before the role of this radionuclide as a staging modality in
lung cancer could be established (208) | The findings In such a series

are now presented.

V(2)(b) Patient population

Two groups of patients with histologically proven lung cancer were ex-
amined. Group A, consisting of 72 patients (62 male, 10 female, age
range 58.29 + 13.34 years) with a diagnosis of irresectable lung cancer,
had been referred to the radiotherapy department for radiotherapy or
palliative treatment. Group B, consisting of 75 patients (53 male, 22
female, age range 59.6 + 11.25 years) with potentially resectable lung
cancer, had been referred to the cardiothoracic surglical unit. This

group of patients underwent further staging procedures to establish

whether surgery was feasible.
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In addition, ten patients (7 male, 3 female, mean age + SD = 51.5 + 5.04
years), with proven benign lung disease were examined. Three had active
sarcolidosls, one fibrosing alveolitis, two chronic obstructive airway
disease (COAD), three tuberculosis (1 active, and 2 were inactive tuber-

culosis) and one lung abscess.

v(2)(c) Methods

All patients underwent routine staging by clinical examination, chest
x-ray, CT scanning, routine biochemical and haematological screens,

bronchoscopy, and relevant isotope organ scans If indicated.

CT scanning of the thorax was performed using an EMI 5005 2nd generation
scanner with 20s scanning times and with slice thickness of 13 mm at
slice distances of 15mm to the tracheal bifurcation and 15mm or 20mm
more caudally. The matrix was a 320 x 320 with individual pixel size of

one mm.

Thall ium-201 Images of thorax were performed 30 minutes after
intravenous administration of 75 MBq of T1-201 chloride, flushed with 10
ml. normal saline. The patients fasted for four hours before the injec-
tion. The medication of the patients were not altered. All the studies
were carried out at rest. The patients were positioned under a large
field of view gamma camera which was peaked on T!-201 with a 20% window
centered over the 69-80 keV x-rays. Static images were then acquired in

anter lor, posterior and both lateral views of the thorax, 500,000 counts
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being obtained in each view. In 23 patients, an anterior view only was
obtalined with 15 minutes acquisition producing over 1500 K counts in the

whole field of view.

Thal | fum-201 images were displayed on coloured polaroid Images or on
x-ray film and were interpreted Independently of any other data includ-
Ing the extent of mediastinal disease apart from chest radiographs which

were avallable in all cases.

Thall ium-201 scanning was performed during the week before operation. CT

scanning of the thorax also was performed during the same week.

All patients in the surgical group (B) had mediastinoscopy and/or surgi-
cal exploration of the mediastinum at thoracotomy, thus enabling his-
tological verification of the mediastinal status. Patients with negative
chest x-ray and CT examinations underwent thoracotomy without prior
mediastinoscopy. Patients in whom radiology was suspicious for medias—
tinal Iinvolvement had preoperative mediastinoscopy and proceeded to
thoracotomy |If the mediastinoscopy failed to reveal histological

evidence of tumour spread.

V(2)(d) Results

Abnormal thallium-201 uptake was seen in the primary tumour of 126 out
of 147 (85.7%) patients examined (table 14). The primary tumour showed

abnormal TI1-201 uptake In 90 of 99 (91%) squamous cell tumours, 21 of 25
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(84%) adenocarcinoma, 7 of 11 (64%) small cell and 4 of 6 anaplastic
tumours. Abnormal thallium-201 uptake also was seen in four out of six
other tumours of the lung (1 neuroblastoma, 1 neurofibrosarcoma, and 4

carcinoma of the lung in which cell type could not confirmed).

The false negative results of TI-201 chloride (14.5%) scans in patients
with primary lung cancer may relate to the size of the tumours in six
patients. Four tumours were 1.5 cm in diameter, 2 cm, and 2.5 cm in
diameter for the other two tumours. No smaller tumour than 2.5 cm in
diameter was seen. The size of other tumours with negative T1-201 uptake
ranged between 5-9 ¢cm in diameter. These tumours had not received prior
anti-tumour treatment. Two were in the posterior mediastinum, three were
complicated with massive pleural effusions, and three In the lower base
of the right lung with collapse of the right lower lobe. The remaining
seven tumours were distributed in both lung fields and there was no ap-

parent cause of false negative results.

Figure 20 showed abnormal T1-201 uptake in the primary tumour of the

lungs.

Of the ten patients with benign lung disease who were studied, seven
showed no evidence of abnormal TI-201 uptake (Table 15). Abnormal up-
take of TI1-201 was seen in one patient with sarcoidosis and In two with
active pulmonary tuberculosis. Figures 21 - 23 showed abnormal TI[-201

uptake in active tuberculosis and In sarcoidosis.
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From these results, TI-201 had a sensitivity of 85.5% for the detection

of primary lung cancer and a specificity of 70%.

Thallium-201 Images were correlated with the CT scanning findings in the
mediastinum in the 72 patients In the radiotherapy group (Table 16).
None of the 25 patients with negative mediastinal CT studies showed ab-
normal mediastinal TI1-201 uptake. Of the 47 patients with CT evidence of
mediastinal involvement, nine (19%) showed mediastinal uptake of TI!-201
chloride. Figure 24 demonstrates abnormal TI1-201 uptake in the medias-
tinum. In the 75 patients in the surgical group, 24 (32%) had histologi-
cal evidence of tumour spread to the mediastinum. The remaining (51) had
negative mediastinal histology on the operative specimens. Of the 24
with mediastinal Involvement, only three (12.5%) showed abnormal TI1-201
uptake Iin the mediastinum while 21 had a normal mediastinal appearance
on TI-201 Imaging. CT Imaging showed the presence of mediastinal Iin-
volvement In 16 of these 24 patients. Of the 51 patients with negative
medliastinal histology, none had abnormal mediastinal TI-201 uptake but
14 had abnormal CT findings (Table 17). From these findings Ti-201 imag-
ing had a sensitivity of 12.5% for detecting mediastinal spread and a
specifliclity of 100%. For the CT the sensitivity was 67 and the
specificity 70.5%. In 23 patients who underwent thoracotomy an anterior
view only was obtained with 15 minutes acquisition containing more than
1,500,000 counts in the whole field of view in most of the patients. The
results were also disappointing in that only one patient with histologi-
cal evidence of medlastinal Involvement had abnormal TI-201 uptake In

the mediastinum. Of these 23 patients, seven (30%) had histological
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evidence of tumour spread to the mediastinum. From these findings TI1-201
imaging had a sensitivity of 14% for detecting mediastinal spread and a

specificity of 100.

V(2)(e) Compar ison of Thallium-201 chloride and Gallium-67 citrate imaging

in_lung cancer

Forty-five of the patients In the radiotherapy group (A) underwent both
Ti-201 and Ga-67 citrate Imaging. Five patients were female and 40

patients were male. The mean age group + (SD) = 50.13 (+ 7.5) years.

Following completion of the thallium-201 imaging as described above 200

MBg gallium-67 citrate was injected into the patient.

Images were performed 48 hours post injection using a large field of
view gamma camera Interfaced to a mini- computer. The gamma camera was
fitted with a high energy collimator. The 93, 184 and 296 keV photopeaks
of galllum-67 were utilised. 1In all cases anterior, posterlior and both
lateral projections of the thorax were obtained with 500 K counts each
view. Images were displayed on x-ray films or colour polaroid pictures.
Images were Interpreted visually independent of knowledge of the results
of the radiology and T1-201 imaging. |In the group of 45 patients, 39
(87%) showed positive uptake of T1-201 Into the primary tumour, while 36
(80%) had positive Ga-67 uptake Into the tumour (Table 18). The dif-

ferences are not statistically significant.
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The results for individual tumour types are listed Iin Table 18.

There Is a marked discordance In the degree of abnormal Ga-67 uptake
when compared to T[-201 images. Oniy In eight patients both TI-201 and
Ga-67 images showed similar abnormal tracer uptake Into the tumour. In
four patients both TI-201 and Ga-67 showed no abnormal tracer uptake
into the tumour. Three patients had abnormal TI1-201 uptake and negative
with Ga-67, while two patients were positive with Ga-67 and there is ;:E
abnormal Ti1-201 uptake. Table 19 showed scintigraphic findings of T1-20

and Ga-67 imaging in tumours.

Of the 45 patients, CT scanning demonstrated 28 patients with evidence
of mediastinal involvement. Five (18%) showed positive uptake of TI-201
Into the mediastinum, while 16 (58%) had mediastinal Ga-67 uptake (Table
20). The specificity was high (100%) for both radionuclides in com-
parison to the CT findings. No histological correlation was done in this

group of patients.
V(2)(f) Discussion

There is a high correlation between survival In patlents with lung can-
cer and the extent of metastatic spread from the primary lesion. Detec-
tion of metastatic spread is necessary to determine a rational approach
for selecting patients for thoracotomy. In assessing suitablility for

surglical treatment, accurate staging and evaluation of mediastinal
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tumour spread is of vital importance (260) It has been shown that

patlients with mediastinal metastases treated surgically have a poor

prognosis 261,

Noninvasive methods of mediastinal staging would be valuable in reducing
the need for medlast inoscopy and in presenting Inappropriate

thoracotomies.

Since the resolution In routine chest radiographs for detection of
primary lung cancer is 1.5 c¢m, radiography remains the preferred
screening method for primary lung carcinoma (262)  However, it cannot
be relied upon In all patients to preselect those who should undergo

mediast inoscopy (263) (264)

Fosburg et al, (1979)(263) found the sensitivity of chest radiography in
detecting mediastinal metastasis was 75% and mediastinal tomography 81%.
Lunia et al, 1981(264) found the overall accuracy of the chest radiog-

raphy for assessment of regional nodes to be 56%.

The value of the gallium-67 scan for the detection of hilar and medias-
tinal tumour spread 1Is a controversial question. Alazrakl et al,
1980(257) | studied the value of Ga-67 imaging in detecting mediastinal
disease in a group of patients with potentially resectable lesions. They
reported a 100% sensitivity and 71% specificity for detection of medias-
tinal nodal involvement with gallium studies. Mc Meester et al,

(1979)(265) demonstrated a 56% sensitivity and 94% specificity in the
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detectlon of mediastinal tumour spread to the mediastinum with gallium
scintigraphy. Richardson et al, (1980)(266) reported similar findings.
Low sensitivity of 5§5% and poor overall accuracy was reported by Neumann

et al, 1980(267)

Waxman et al, (1986)(208)  gyaluated 51 patients who wunderwent
thoracotomy for primary lung cancer. They demonstrated the effect of
tumour location and the criterion for a positive study on sensitivity
and specificity of the gallium study. It was evident that when the
mediastinum |Is evaluated selectively, the sensitivity for detection is
low (56%), while the specificity is high (100%). If the hilum and
mediastinum are considered together, the sensitivity of gallium study is

high (81%), but the specificity falls considerably (5§8%).

Based on their findings of high sensitivity of a positive gallium scan
for mediastinal spread of the disease, Alazraki et al, (1978)(256),
recommended patients with negative gallium scans be considered can-
didates for thoracotomy without the necessity for mediastinoscopy.
However, because of low specificity, patients with a positive or equivo-
cal results were referred for mediastinoscopy. Conversely , McMeester
et al, (1979)(265), demonstrated a low sensitivity and high specificity
for mediastinal nodal detection and they recommended mediastinoscopy
only when patients had a negative gallium study. Neumann et al,

1080(267), and Waxman et al, 1986(208) concluded that gallium-67 scin-
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tigraphy is an insensitive and non-specific indicator for detection of
nodal metastatic Involvement of the mediastinum, and they suggested

medlastinoscopy if the hilar reglons were positive with Ga-67 study.

CT scanning has been found to substantlally improve the resolution of
possible mediastinal lesions. Hirleman et al, 1980(268) reported a sen-
sitivity of 95% and specificity of 80% in predicting mediastinal metas-
tases. CT scanning has the advantage of providing precise anatomical
delineation of mediastinal structures, although It cannot differentiate
between |ymph nodes enlarged due to tumour Iinfiltration or simple reac-

tive Inflammation resulting in false positive scans (269)

Richardson et al, (1980)(266) studied 96 patients with suspected
bronchogenic carcinoma by prospectively performing mediastinal staging,
Iincluding CT, Ga-67 scintigraphy, and surgical sampling of mediastinal
tissues. Gallium was found to be highly specific for mediastinal dis-
ease: 31 of 32 patients with negative gallium scans of the mediastinum
had no evidence of mediastinal metastasis at surgery. Specificity for CT
was 81%. Of 18 patients who had proven metastatic disease in the medias-
tinum, only ten (55%) had a positive gallium scan, whereas 11 (61%) had
a positive CT scan. Evaluation of the hilar regions using CT was dif-
flcult because of the super imposition of the great vessels. They con-
cluded that CT scanning had little value in the staging of bronchogenic

carcinoma, but the gallium scan was useful. Similar findings were

reported by Jullan et al, (1982)(270),
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In a prospective study of preoperative staging of patients with Ilung
carcinoma, Milroy et al (1986)(269) compared Ga-67, CT scanning and
medlastinoscopy. They reported that gallium-67 Imaging had a similar
sensitivity with the CT scanning, (72%) versus (79%) for the medias-
tinoscopy In detecting medliastinal involvement. The Gallium-67 scan had
a specificity of 85%, CT scanning 82% versus 100% to the mediastinos-

copy.

We evaluated T1-201 chloride in the detection of both primary lung can-
cer and mediastinal spread of the disease in 147 patients with his-
tologically proven lung cancer. Of these, 45 patients underwent both
thallium-201 and gallium-67 imaging. In addition, ten patients with

benign lung disease were studied.

In the present series the sensitivity of thallium-201 1In detecting
6%  (1nufw)

primary lung cancer was and the specificity of 70%. Tonaml

and Hisada, (1977)(243), reported their experience of positive TI-201

uptake in the primary tumour of lung cancer patients. Hisada et al,

1978(259), also reported that In 57 patients with known primary lung

cancer, 49 (86%) were positive with TI-201. The hilar and/or mediastinal

involvement and the size of the primary tumours was not considered in

this report.
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Salvatore et al, 1976(258) reported that In 43 patients with metastasis,
20 of 23 patients demonstrated positive TI-201 uptake of the hilum.
Twenty had peripheral masses on x-ray, 18 of the 20 showed positive TI-

201 uptake.

Waxman 1986(208), showed an example of a patient with malignant thymoma
in which a combined T1-201 and Ga-67 study was performed. He reported
that the extent of the tumour visualization, especially in the medias-
tinum, was better seen with TI1-201 scan. He also showed another example
of lung cancer with metastasis to the mediastinum demonstrated at
mediastinoscopy. The T1-201 scan was accurate in determining the extent
of medlastinal spread of the disease, but he stated that there was lack
of Information relative to the sensitivity and specificity of TI-201 in
detecting hilar and/or mediastinal involvement, and suggested continuing
these studies especially with surgical documentation. Our resulits in 75
patients in the surgical group showed that TI-201 chloride had a iow
sensitivity of 15% for the detection of mediastinal spread and a

specificity of 100%. For the CT the sensitivity was 46% and the

specificity 70%.

The sensitivity of TI1-201 scans ln'detectlng primary tumours and [ts ex-

tension Is highly dependent on the vascularity, the size and location of

the lesion.
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The anatomic site of the lesion affects the sensitivity of TI1-201, and
T1-201 may lack sensitivity in imaging of deeply sited tumours due to a
short half value layer In tissue for its gamma and x-rays. (D 1/2 in
tissue for Its gamma rays at 167 keV is 4.95 cm, and for 135 keV and

x-rays at 69-83 keV is 4.15 cm.) (22)

Thal l ium-201 imaging has poor intrinsic resolution and thus may |Iimit
the size of leslions visible. Okerlund et al, 1984(271), reported th;t
92% of parathyroid adenomas > 1.0 cm were located with TI-201 as opposed
to only 50% of those <0.7 cm. Single and multiple tumours and hyper-
plasia could be identifled. Winzelberg, Hydovitz, (1985)(272)  studied
31 cases of parathyroid adenoma with dual isotope subtraction technique
and found the 73% of tumours weighing 499mg or less and 78% of tumours
weighing 500 - 1498 mg were correctly Identiflied, and 100% of adenomas

weighing more than 1500 mg were detected.

In our clinical study, peripheral primary lung cancers smaller than 2 cm
Iin diameter were not detected with T1-201. |In addition, diseased lymph
nodes 2.5 cm in diameter In parahilar and mediastinal region were not

detected by TI1-201 when compared to medlastinal exploration.

The false negative results of TI-201 chloride scans In patlents with

large tumours of the lung may relate to poor viabillty of the tumours.
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Twenty minutes following intravenous injection of thalllum-201 chloride,
the uptake by the tumour achieved peak values and remained constant
during the first hour. Multiple views can be obtained with no sig-
nificant change in target to back ratlios throughout the tfme of imaging.
Maximum information is obtained with a single anterior projection of the
chest requiring 15 minutes of acquisition time. This method was per-
formed on 23 patients obtalining more than 2000 k count per view. The aim
of this study was to obtain more counts from the tumours and to detect
smaller lesion In the mediastinum. But it has been shown that this
method does not offer any advantage over the 500 k counts per-view. Only
in one out of seven patients was mediastinal involvement detected in
this study with a sensitivity of 14%. Lateral projections may be help-
ful, especlally when the tumour Is located Iin the lower base of the left

lung, due to abnormally high tracer by the myocardium.

In the comparison study of TI-201 and Ga-67, both radionuclides showed
nearly similar sensitivity in detecting primary lung cancer, but Ga-67

showed higher sensitivity (57%) in determining mediastinal spread of the

disease.

The detection rate of the tumours by thallium-201 may not be affected by
the tumour cell type. Tumour uptake Is different from one patient to
another even within the same histopathologlical type. This was

demonstrated by the wide variation In the tumour/background ratio.
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Togawa, et al, (1985)(273)  claimed that he could classify the lung can—
cer histologically by measuring the "crude uptake ratio" (CUR) of
thall ium-201 to gallium-67 citrate uptake. Patients received 2 mCi of
T1-201 chloride, followed by 2 mCi of Ga-67 one week later. Regions of
Interests of similar size were symmetrically created over the tumour and
normal lung field on the same patient, and the mean counts of each
region of interest were recorded. CUR for TI-201 and Ga-67 was obtained
by calculating (Tumour-Background) /Background. They found that
adenocarcinoma had a CUR of 2 + 1.55, epidermoidal carcinoma and oat
cell carcinoma showed a CUR of 0.47 + 0.30 and 0.37 + 0.05 respectively,
while adenosquamous carcinoma represented a CUR of 0.91 + 0.15 inter-
mediate between adenocarcinoma and epidermoidal carcinoma. These find-
ings were not reliable because six patients with adenocarcinoma had
greater galllium-67 citrate uptake than thallium-201 chloride, and one
patient with oat cell carcinoma had greater thallium-201 uptake than

gallium-67 citrate.

in the present series we compared thallium-201 uptake and gallium-67
citrate uptake In 45 patients with lung cancer. It was found that pat-
terns of TI-201 and Ga-67 accumulation in lung cancer differed among
patients having the same histological type. In the same histological
type, negative thallium-201 uptake and positive with gallium-67 were
found on the one hand and positive thallium-201 uptake and negative
galllum-67 citrate uptake on the other. The results obtained do not sup-
port these of Togawa et al(273) and suggest that T1-201/Ga 67 differen-

tial uptake Is not helpful in predicting ceil type.
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V(3) Thalllum-201 chloride imaging In breast cancer

V(3)(a) Introduction

Various imaging techniques are used to demonstrate primary breast car-
cinoma and also to detect the extent of the dissemination of the dis-

ease.

In clinical practice, mammography Iis the best compiementary method of

examination of the primary site of breast carcinoma (274).

The demonstration of dissemination of breast carcinoma is important In
the assessment and management of the disease. The detection of metas-
tases, whether skeletal or in soft tissues, alters the primary surgical
treatment and adds secondary therapeutic procedures when discovered on

follow up examination.

Radiological, ultrasonic and scintigraphic techniques are used in the
detection of distant metastases but fall in demonstrating nodal spread

of the dlsease (274) . A test that could reduce the need for surgical
sampling of the axilla and offer prognostic information would be of vi-

tal importance (275),
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Ege (1978), developed a method of radiocolloid internal mammary |ymphos-
cintigraphy, and reported that it Is a useful, non-invasive method of
evaluation of the parasternal nodes in the management of breast car-
cinoma (276), although the technique cannot replace lymph node sampling

for patient staging (275)

Efforts to obtain useful demonstration of involved axillary lymph nodes
by means of lymphoscintigraphy have been disappointing, mainly due to
the relatively large numbers of axillary nodes and their wide drainage
areas which require multiple injections. In addition, the test is non-

specific with high false positive rate (277),

| examined TI-201 chloride in detecting primary breast cancer and tumour

spread.

V(3)(b) Patient population

Twenty six patients with histologlcally proven breast cancer were ex-
amined, one male patlent and 25 patients were female. The mean age of
the group (+ SD) was 49.92 (+ 7.6) years. Of the 26 patients, 20 were

presenting with primary breast cancer and six had local recurrence fol-

lowing primary treatment.

patients were studied after a four hour fast, at rest and medications of

the patients were not altered.
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V(3)(c) Methods

The patient was lying supine, under a large field of view gamma camera
fitted with a low energy, high sensitivity collimator and interfaced to
a mini-computer camera was positioned over the tumour site. Seventy-five
MBgq TI1-201 chloride were injected intravenously and flushed with 10 ml
normal saline. Images were then acquired as follows: (A) 5 second
frames for 5 minutes, 64 X 64 matrix size; (B) 30 seconds frames for 55
minutes 128 X 128 matrix. All images were stored on disc for subsequent
analysis. An early static image was created from the dynami¢c data ob-

tained from 5 to 15 minutes post-injection.

The static Images were displayed on coloured polaroid pictures and in-
terpreted visually. Results of Ti-201 scintigraphy were compared to

clinical and surgical findings.

V(3)(d) Results

Thal | lum-201 chloride uptake occurred in all 20 patients with primary

adenocarcinoma of the breast (Figure 33).

Of the six patients with recurrent disease, four showed abnormal TI-201
uptake at the tumour site. The remaining two patients had normal T1-201

images In spite of histological proof of tumour recurrence.
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In five patients who had tumours with a necrotic center, a rim of in-

creased T1-201 uptake with central of photopenia was seen (Figure 34).

Thallium-201 chloride Imaging was insensitive In detecting nodal spread
of the disease. Of 14 patients with clinical evidence of nodal metas-
tases, only three (21%) patients were detected on Ti-201 scans. One
patient had a large mass In the right supraclavicular region, the second
patient had a large mass in the left axillary region, and the last one
had 2 1/2 X 2 1/2 cm in the right axilla. Each of the three patients

also had multiple other small lymph nodes metastases not detected by

TI-201 scans.

Four patients underwent surgery within a week of the TI-201 study. There
was pathological evidence of metastasis in the axillary lymph nodes in

all patients, none of which were demonstrated by TI1-201 scans.

Thalllum-201 scan was accurate In locating brain lesions in two patients

who had clinical evidence of brain metastasis. Lung metastasis were
coom) MBP

detected In two patlents. In one patient a Tc MGP bone scan showed

multiple areas of increased tracer uptake In the skull, lumbar spine and

ribs.

T1-201 scan detected the skull and lumbgr spine lesion, but failed to
demonstrate the rib lesions. This was due to high uptake In the heart,

liver and lungs and poor resolution with TI-201 chloride.
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V(3)(e) Discussion

Thalllum-201 scans were found to be highly sensitive In detecting the
primary site of breast carcinoma. Twenty out of 20 malignant primary
breast lesions took up T1-201 focally at the primary site while abnormal

uptake was seen In four out of six patients with recurrent disease.

In patients studied before surgery, the sensitivity In predicting nodal
Involvement was very poor. The sensitivity of TI1-201 scans was also very
poor In comparison to the results of palpation In patients who had
clinical evidence of nodal spread of the disease. The sensitivity of
T1-201 images In evaluation of local spread of the disease and nodal
detection was disappointing. It failed to detect any lesions less than
2 1/2 cm In diameter but did show lesions larger than this. Thus, T1-201

scan is not helpful In reducing the number of patients who needs Iymph

nodes sampling.

T1-201 scans were not sensitive in demonstrating small distant metas-

tasls, especlally In the ribs, lungs and mediastinal regilons.

The high heart and liver activity also causes problem In Imaging of
breast cancer, especlally when the lesion Is located In the left lower

zone and the right lower zone of the chest wall (Figure 39).

Our data suggest that TI-201 scan has not proven useful in the local

staging of breast cancer.
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V(4) Thalllum-201 Imaging in malignant Iymphoma

V(4)(a) Introduction

For Malignant lymphomas, the choice of treatment and the chance of sur-
vival are critically dependent on adequate pre-treatment staging of the

disease (278),

In the assessment of the extent of the disease at the time of initial
presentation, routine clinical and radiographic examination are insuffi-
cient (279), Lymphoangiography has become an essential part of the ex-
amination. This technique is especially useful in detecting occuit dis-
ease In those patients who have clinically limited involvement and few
symptoms. The contrast materlal Injected in the lower extremity enters
the thoracic duct below the second lumbar segment and thus may fall to
demonstrate the involvement of nodes above this level. Since the opaque
material may remain In the nodes for weeks or months, repeating the

study showing the effect of the treatment is difficult (279)
Enlarged Ilymph nodes in the retroperitoneal space or mediastinum can be

Identified accurately by CT Imaging, but the presence of enlarged nodes

does not mean metastatic Involvement (204),
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Ga-67 cltrate can localize in malignant lymphoma, but Is, however, non-
specific and Is also taken up Iin a variety of non-malignant conditions.
The presence of bowel activity may obscure uptake in malignant disease

In lymph nodes below the diaphragm (278)

For some l|lymphomas, the accuracy of Ga-67 citrate approaching 80-85 per-
cent has been claimed, although its value in non-Hodgkin’s lymphoma |Is
doubtful (278) |t appears that gallium-67 image supplements, but cannot

substitute for, lymphoangiography.

In the present study, | evaluated Ti-201 chloride Images in the staging

of malignant lymphoma.

V(4)(b) Patient Population

Fifteen patients with histologically proven malignant lymphoma were ex-
amined. Thirteen patients had mediastinal tumours (7 patients with
Hodgkin‘s disease and 6 patients with non-Hodgkin‘s Iymphoma), one
patient had rectal lymphoma (plasmocytic lymphoma), and one patient had
abdominal and pelvic lymphoma. Twelve patients were male and three were
female. The mean age of the group(+ SD) was 39.3 (+ 15.6) years.

Patients were studied after a four hour fast, at rest and lying supine.
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V(4)(c) Methods

A large field of view gamma camera fitted with a low energy, high sen-
sitivity collimator and interfaced to a mini computer was positioned
over the tumour site. Seventy-five MBgq TI-201 chloride was injected
Intravenously and flushed with 10 ml normal saline. Images were then ac-
quired as mentioned in Chapter Il1l. (A) § second frames for 5 minutes,
64 X 64 matrix size. (B) 30 seconds frames for 55 minutes, 128 X 128

matrix.

All Images were stored on disk.

An early static image was created from the dynamic data obtained from 5§

to 15 minutes post injection.

Images were displayed on polaroid images and interpretated visually.

V(4)(d) Results

In patients with mediastinal tumours, 11 cases (84.6%) were positive

with Ti1-201 scans. The two negative cases included one with Hodgkin's

disease 5§ cm Iin diameter (nodular sclerosing mixed celiular type) and

one with non-Hodgkin‘s lymphoma § cm In diameter and with superior vena
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caval obstruction (diffuse mixed lymphocytic type) (Table 22). The size
of the tumour seen on TI-201 scans were In between 4 and 9 ¢cm in

dlameter.

Ti1-201 chloride also was accurate in locating metastatic spread of the
disease In six out of nine cases. Two patients with cervical lymph
nodes, three with supraclavicular lymph nodes and one with proven metas-
tatic lesion in the rib showed abnormal TI1-201 uptake (Figure 43). The
size of the lesions detected by TI1-201 scans ranged between 2.5 - § cm
in diameter. The remaining three patients had involivement of cervical or
axitlary lymph nodes which were less than 1.5 cm Iin diameter. All were

negative.

The diagnostic evaluation of all above mentioned patients, CT scanning,
lymphoangiography and laparotomy showed no evidence of subdiaphragmatic

Involvement of the disease.

The patient with abdominal Iymphoma had extensive abdominal lymph node
involvement with clinically palpable masses in the lower abdomen and a
palpable mass in the right groin region. T1-201 scan showed markedly in-
creased tracer uptake in the abdomen (Figure 43). However, In view of
the normal uptake of TI1-201 seen in the large bowel and kidneys, the ex-

act extent of the intra-abdominal disease could not be assessed.
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There were also multiple large and small areas of increased tracer up-
take In both inguinal region representing the involved chains of lymph
nodes and histological examination revealed non-Hodgkin‘s |ymphoma

(Flgure 44).

The patient with rectal lymphoma had a large mass In the rectal region

posteriorly which showed marked increased tracer uptake (Figure 45).

V(4)(e) Discussion
single
In a recent etmpdke case report, Linde and Basso (1987)(252)  discussed
the Incidental finding of a Hodgkin‘’s lymphoma in a patient undergoing
TI1-201/Tc-99cm Imaging of the parathyroids because of hypercalcaemia.
The present study has allowed a more extended appraisal of T1-201 imag-

ing Iin a series of patients with lymphomas.

The application of Thallium-201 chloride scans as a staging tool in lym-
phoma has been disappointing because not all tumour sites were visual-
lzed with this technique. The data obtained from the study showed that
the size of the lesion is critical. The chances of locating a tumour
less than 2.5 cm 1Iin diameter Is negligible even if it Is in the
supraclavicular or neck regions. This Is due to normal (background)
tracer accumulation In the muscular structures and thyroid gland. In ad-
dition, the photon attenuation within the overlying tissues serves to

further degrade the Image.
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In patlents with sub-diaphragmatic extension of the disease, the loca-
tion of the tumour is also a problem. |f the lesion is in the abdomen,
it can Ile In juxtaposition to the Iliver, spleen, kidney or spine, all
of which normally contain high concentration of TI-201 chioride. At the
same time it will be surrounded by high gastrointestinal activity which

causes confusion in interpretation.

The sensitivity of TI-201 chloride Iin locating mediastinal lymphoma does
not appear to depend upon the cell type. Similar sensitivity has been
found in detecting primary tumours of Hodgkin’'s disease (85.7% versus
87.5% for non- Hodgkin’s lymphoma). The sensitivity of T1-201 chloride

In detecting small nodal spread of the disease is disappointing.

The improved results of treatment for all stages of malignant Iymphomas
have followed the more accurate assessment of disease extent at presen-
tation, together with advances in radiotherapy equipment and technique,
and the Introduction of effective combination chemotherapy for systemic

disease (280)

V(5) Thallium-201 chloride Imaging in brain tumours

V(5)(a) Introduction

Accurate localization of a brain lesion before surgery greatly
facilities the operative procedure by permitting smaller craniotomics

and reducing the Incidence of negative biopsies. The sensitivity of con-
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ventional radionuclide brain imaging for detection primary brain tumour
or metastatic disease 1Is relatively high. In the last ten years,
however, CT scanning has become the preferred Iimaging modality for

screening and detecting patients with suspected Intracranial lesions

(281)

Most comparative studies have shown better sensitivity with contrast-
enhanced CT Imaging than with conventional radionuclide imaging in the

detection of intracranial tumour (282) (283)

Kaplan et al, 1987(247)  observed that the damage Iincurred by the
central nervous system as a result of initial tumour destruction which
Is compounded by surgical intervention and/or radiation therapy Is per-
manent. On standard CT it Is sometimes difficult to differentiate such
damage from residual or recurrent tumour. They found that radionuclide
study, partléularly TI-201 imaging, gave the most precise estimate of

intracerebrat tumour.

In this study, | evaluated TI-201 chioride In detecting Intracranial le-

sions.

V(5)(b) Patlient population

I8
We evaluated thallium-201 uptake In i patients with known brain lesions

-- nine patients with primary brain tumours, two patients with

cerebrovascular accident secondary to arterlosclerosis, and seven
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patients with brain metastases. Eleven patients were male and seven
female. The mean age for group (+ SD) was 46.27(+ 13.95) years. The

medlications of the patients were not altered.

v(5)(c) Methods

Seventy-five MBg thailium-201 chloride were Injected Iintravenously.
Static images were obtained ten minutes post- injection. The patient was
positioned under a large field of view gamma camera interfaced to a
minl-computer. Anterior, posterior and both lateral views of the brain
(300 K counts) were obtained for each view. The 80 keV x-ray photopeak
was utilized with a 20% window. Images were displayed on coloured
television screen and coloured polaroid plictures were obtained. In three
patients, flow studies of the brain were obtained at § seconds per frame
for 2 minutes. In one patient with a primary brain tumour, dynamic ac-
quisition was performed one minute per frame for one hour and time ac-

tivity curves from the tumour and background were obtained.

TI-201 Images were compared to more standard imaging modalities Includ-

Ing CT scanning,®9M Tc-DTPA imaging and 99M Tc—HMPAO imaging.

V(5)(d) Results

Elree

The flow studies obtained In eight patients were not helpful due to poor

count statistics.
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In the patients from whom data was acquired throughout the first hour,
TI-201 uptake occurred rapidly, peak tumour uptake being achieved by §
minutes post Injection and then remaining constant throughout the Iimag-
ing period. Tumour to background ratios were high (2.3/1) and there were
no slignificant changes for the duration of the time of imaging, shown
from the time activity curve obtained from an astrocytoma of the brain
(Figure 47). The accumulation of TI-201 in the neoplasg@tic focli per-
sisted and the lesions were well defined and easy to distinguish from
normal anatomic structures such as the base of the skull and large

venous sinuses.

The sensitivity of T1-201 for primary and metastatic brain lesions was
100% (Table 23). All lesions detected with the gold standard method CT
scanning were visualized with TI-201 scans. Tumours with central
necrosis showed a rim of Increased uptake and central photopenia

(Figure 50).

The Images obtained by TI1-201 were similar in six cases, and better In

two cases to those obtained In Tc 99M _DTPA (Figures 53-54).
In two patients studied following surgical and radlation therapy, the

TI-201 abnormallties were smaller than those on CT and Tc 99M _ HMPAO

(which reflect both residual tumour and surrounding oedema) (Figure §8).
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In patients with CVA (2 cases), there was no abnormal trace accumulation
In the Insulted region resulting In normal scintiscans appearance

(Figures 59-61).

V(5)(e) Discussion

The sensitivity of TI-201 In detecting brain tumours was very high
(100%), and because of the low blood background leveis in the brain and

high tumours uptake, cerebral leslons were well visualized with TI-201.

Thall ium-201 chloride accumulation within the neoplastic tissues per-
sisted for the first one hour post-injection with no significant
changes, and multiple views of the brain could be obtained. The proce-
dure 1is noninvasive and the scanning time acceptably short at § to 8
minutes per view. Using T1-201 chloride in the imaging of brain lesions,
we could differentiate between cerebral vascular accident (CVA), which
showed no abnormal T1-201 uptake, from patients who had brain tumours

which showed intense Ti-201 uptake.

In two cases with brain metastasis, Tc 99M _ DTPA showed only slightly
increased tracer uptake first in the frontal region and second pos-
teriorly. The thallium-201 abnormality appeared as a focal and well

defined area of iIncreased thallium uptake in these regions.
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CT Imaging Is the generally accepted method for monitoring intracerebral
tumours and is frequently used to assess the response of brain tumours
therapies. However, it Is often unable to differentiate between
fibrotic, non-fibrotic and neoplastic tissue. Kaplan et al 1987(274),
noted that in four of seven patients with brain tumour, this diagnostic
modallty was unable to precisely define neoplastic status when compared
to histological findings. The CT scan could not differentiate central
necrosis from viable tumour, and did not accurately define the degree of
intracerebral oedema. In addition, the CT scanning did not always corre-
late well with the patient’'s subsequent clinical course. TI-201 scans In
brain tumours gave the most precise estimate of Intracerebral tumour

burden.

In the two patients studied following surgical and radiation therapy In
the present series, TI-201 scan showed a smaller and more focal area of
increased tracer uptake than CT and Tc 99M _ HMPAO SPECT studies. These
findings correlate with a comparative study made by Kaplan et al,
1987(247) | of radionuclide and CT scan results with pathology. Closest
agreement was noted between the thallium-201 Images and persistent
tumour. According to Kaplan et al, CT scans inconsistently defined the
precise amount and location of active neoplastic tissue present. T€-201
scans showed the precise viable residual tissue better than CT and other

radionucl ide studies (247)
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All out-patients with brain tumours were on steroid therapy in spite of
abnormal TI1-201 uptake seen In all tumours. This compares to the find-
Iings In Ga-67 scintigraphy for detecting brain tumour. Waxman et al,
1978(284) gemonstrated the effect of sterolds administration on the gal-
llum and technetium glucoheptonate brain scan by comparing the relative
sensitivity of both radiopharmaceuticals in patients both on and off
steroids. Using Ga-67 citrate they demonstrated a significant steroid
effect on the sensitivity of 95% to 64% following steroids. They also
found the sterolids did not alter the sensitivity of Tc 99M _ glucohep-
tonate study. In their series four patients who underwent gallium and Tc
oom _ glucoheptonate brain scans before sterold therapy and again after
being on steroid therapy for one week, the gallium brain scan, 1In all
cases, showed elther a disappearance or reduction In gallium uptake by

the tumour. The T¢ 99Mm _ glucoheptonate brain scan was not affected

(284)

In conclusion, TI1-201 brain scan is highly sensitive in detecting brain
tumours, can be performed Immediately following injection, does not ap-
pear to be affected by concomitant steroid administration and reflects

viabie tumour burden.
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V(6) Thalllum-201 Iimaging In bone and soft tissue tumours

V(6)(a) Introduction

Following the Introduction of the technetium - 99m - labeled phosphate
compounds for skeletal scintigraphy, Iisotope bone scanning has been
widely applied to patients with primary bone tumours (285), and bone

metastases (286)

The technetium phosphate complexes for skeletal imaging have been found
to localize In a variety of skeletal lesions, Iincluding benign and
mal ignant tumours, which made the bone scan less specific than the con-

ventional radiology (286),

Ga-67 citrate (180), Bleomycin labeled with various radionuclide (287),
and radionuclides labeled antibodies have been used also for detecting

and localizing these tumours.

There are a large number of neoplasmatic and Inflammatory lesions of the

soft tissues are known to accumulate these traces.

Simon and Kirchner, 1980(288) trijed to Improve the specificity of scin-
tigraphy in differentiating malignant from benign lesions by comparing
the Images with Tc-99m phosphonate and Ga-67 citrate in §7 patients.

They found that there were considerable differences in the degree of in-
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tensity between malignant and benign tumours. With the exception of

chondrosarcomas, almost all malignant tumours showed uptake of Ga-67
which was more iIntense than MDP. [If a tumour showed no Ga-67 uptake It
was always benign. It was also noted that continuous bone accumulation

of gallium was not present in either malignant or benign bone tumours.

In the current study | have evaluated TI1-201 chloride In detecting bone

and soft tissue tumours.

V(6)(b) Patient population

Four patients with primary bone tumours (1 Ewings sarcoma, and 3 os-
teogenic sarcoma), two patients with primary soft tissue tumours (1
| iposarcoma and 1 osteogenic sarcoma), one patient with bone metastases,
and one patient with chronic osteomyelitis examined with Ti-201

chloride.

Flve were male patients and three were female. The mean age (+ SD) was

28.25 (+ 15.4) years.
V(6)(c) Methods

The patients were positioned under a large fleld of view gamma camera
Interfaced with a mini-computer 10 minutes after 1.V. injection of 75
MBg of TI-201 chloride. The fleld of view was centered over the tumour

site. A 10 minute static image was performed. In two patients time ac-
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tivity curves were generated over the tumour and background close to the
tumour. TIi-201 Iimages were compared to Tc 99m _ ypp Images, standard

radiology and CT findings.
V(6)(d) Results

From the time activity curves obtained from two patients with osteosar-
coma, tumour to background ratio was found to be very high (6.3/1 and

7.2/1) (Flgure 62).

All seven patients with malignant disease showed abnormal Ti-201 uptake

in the lesion (Figures 63-64).

Thalllum-201 chloride Iimages Iin four patients with primary bone tumours
were similar to those obtained with Tc 99™ _ MDP bone scan. Ti-201
chloride was also accurate in determining the exact extent of the dis-
ease in comparison to the CT scan findings. T1-201 scan was also able to
delineate areas of necrosis by a distinct rim of activity surrounding an

area of central photopenia.
In the two patients with soft tissue sarcoma, the Tc 99 MDP bone scans

(7
were normal and there was no extra ossqu tracer uptake. TI-201 Images

were accurate in demonstrating these tumours.
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In the patient with bone metastasis, Tc¢ 99m Mpp bone scan showed In-

creased tracer uptake in the dorsal spine, ribs, and diffuse increase

tracer uptake in the skull. T1-201 scan showed focal area of Increased
uptake in the skull and dorsal spine, but falled to detect the small le-
sions In the ribs. In the patient with chronic osteomyelitis, there was

diffuse Increased Tc¢ 29m ypp uptake, but TI-201 study showed a focal

area of Iincreased uptake In the recurrent site of Infection.

V(6)(e) Discussion

Thallium-201 <chloride scan was highly sensitive (100%) in detecting
primary bone and soft tissue sarcomas and provided accurate differentia-
tion of the tumour limits as determined by CT scan. Conflicting reports
exist in literature about the correlation between pathology and Tc 99m
MDP bone scans. King et al, 1980(289), in a study of radiation induced
osteosarcoma in rabbits, suggested that the tumour extension along the
shaft of the bone was better detected by scanning than by radiography.
Mckillop et al, 1981 (290), found a good agreement between bone scan,
x-rays and pathological findings Iin 46 of 48 patient studied. Similarly,
Papanicolaou et al., 1982(291) found an excellent correlation between
pathology and bone scintigraphy, a length discrepancy of greater than

3cm being observed on two occasions only.

Goldman et al, 1975(292)  found in 12 of 13 cases the area of abnormal
radloisotopic uptake corresponded to the extent of radiological changes,

but did not exceed them. in those cases operated on, the tumour Iinvolve-
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ment In the gross specimens correlated well with the areas of abnor-
mality seen by both diagnostic imaging modalities. Only in one patlient
the scan obtained demonstrated slight Increase in Isotopic uptake
throughout the shaft of the femur proximal to the tumour. Pathological
examination did not reveal Intrameduallary tumour spread (292), By
contrast, overestimation of the size of the tumour by bone scanning oc-

curred in 11 of 18 osteogenic sarcomas studlies by Chew and Hudson, 1987

(293)

Most soft tissue sarcomas will not demonstrate uptake of the bone scan-

ning agent (290) In two cases studied there was no abnormal extras-
Mie Eumous”

keletal uptake 1In the site of by Tc-99m MDP

scan. The soft tissue tumours were accurately demonstrated by TI-201
scans. The 99m Tc-MDP bone scan, however, has value on this condition
because Increased uptake in bone adjacent to a soft tissue sarcoma Indi-
cates bone involvement. Involvement may also be present when there |Is
increased uptake in the soft tissue itself and Is continuous with the
bone. Adequate surgical treatment of these tumours needs compliete resec-

tion of all contaminated structures (293),

TI-201 scan was found to be a useful Indicator of an acute exacerbation
In one patient with chronic osteomyelitis. The abnormality was
demonstrated by a focal area of increased TI-201 uptake locally. The
Tc-99M MDP bone scan showed a large area of Increased tracer uptake much
more extensive than the TI-201 uptake. Usually chronic osteomyelitis

causes bone scan abnormalities, so that the technique cannot be used to
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diagnhose exacerbation (294) Locally Increased uptake of either galllum
- 67 citrate or iIndium leukocytes may be useful Indicators of an acute

exacerbation.

In conclusion, TI-201 scans is highly sensitive for detecting primary
bone tumours, but not much use clinically. T1-201 scan may be of more

value in locating soft tissue sarcoma.

V(7) Thallium-201 chloride Imaging in tumours of the liver

V(7)(a) introduction

The conventional ggmTc—sulphur colloid liver scan Is the method of
choice for the initial evaluation of the liver for mass lesions. It Is

highly sensitive Iin detecting intrahepatic masses but non-specific

(204)

It Is difficult using non-invasive methods to determine the nature of a
mass lesion presenting as a cold area on 99Mrc—tin or sulphur colloid

| iver scan.

Ultrasound studies are very sensitive In detecting local lesions of the

Ilver. A recent report indicated that focal lesions with a diameter of
1 cm could be detected (295) In a report on 39 hepatomas, 11 (28%)
were not detected. Two of the 28 cases detected by ultrasound were

missed by liver colloid scan, and the liver collold scan detected nine
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of 11 cases missed by US. The poor US detection rate was attributed to
lesions under two cm, lesions In the region of the porta, and patient

obesity (296)

CT scanning had a significant false negative rate in the detection of
hepatomas. This has been attributed to the smali size or isodense ap-
pearance of the tumours. In addition, the CT scan appearance of

hepatoma is non-specific (295).

Se-75 selenomethionine liver scanning has been reported as useful In
distinguishing hepatoma from other causes of focal lesion In a non-
cirrhotic liver. But in the presence of liver cirrhosis, this technique

was unhelpful (297)

In an area which Is cold on the colloid scan, uptake of gallium-67 which
Is equal to or greater than that of normal liver tissue has been con-
sidered strong evidence for hepatoma (298) (299), Although the
gallium-67 scan Is sensitive for detection of hepatomas (90%) (300) it
is relatively non-specific and has also been reported in metastatic dis-

ease and in abscess (301).

Broderick et al, 1980(298), compared the sensitivity and specificity of
99mTc-sulphur collold and Ga-67 clitrate scans to that of ultrasonography
in 19 patients who had biopsy proven hepatomas. The ultrasound findings
were non-speclific showing echographic patterns that varied from discrete

sonolucent or sonodense areas to diffusely abnormal parenchyma wlthout
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discrete lesions. Two showed a normal US pattern. All cases, Inciuding
these two, showed a defect on o9m Te-sulphur colloid and relatively in-
creased Ga-67 cltrate uptake In the areas of decreased Tc-99m sulphur

colloid activity.

Ga-67 clitrate has been demonstrated to be highly useful In distinguish-
Ing hepatoma from "pseudotumour" of the Iiver. Pseudotumours are fre-
quently present In patients with cirrhosis and hepatomas occur as a com-
plication of advanced cirrhosis. Both lesions are seen as "cold" areas
on sulphur colloid liver scan. The hepatoma accumulates Ga-67 but the

pseudotumours do not (300)

We have evaluated T1-201 chloride in detecting and classifying mass le-

sions in the llver.

V(7)(b) Patient Population

I evaluated TI-201 chloride imaging In 21 patients with cold
defects on the Tc-99m liver colloid scan. The histological diagnosis

was known In each patient.

Elght patients had primary hepatocellular carcinoma, seven patients
nodular cirrhosis of the llver, flve patients |iver secondaries from a
varlety of tumours and one patient a hydatid cyst of the liver.
Eighteen patlents were male and three female. The mean age of the group

(+ SD) was 47.05 (+ 11.44) years.
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V(7)(c) Methods

The conventional |liver scan was performed 15 minutes after intravenous
Injection of 200 MBC;Of 99m Te_tin colloid. Static Images were per-
formed In anterior posterior and both lateral projections by obtaining

500 K count each view.

T1-201 images of the liver were performed two to three days later after
intravenous injection of 75 MBq of TI-201 chloride. The patient was
positioned under a targe field of view gamma camera. The camera was
peaked on Ti-201 68-85 keV photopeak with a 20 percent window. Imaging
began ten minutes post Injection and anterior, posterior and right
lateral projections of the liver were obtained 500 K counts per projec-

tion.

With the exception of two patients (both with hepatoma), a gallium-67

cltrate study was performed immediately following the T1-201 study.

Two hundred MBq of Ga-67 citrate were Iinjected intravenously following
completion of TI1-201 imagling. The patient returned 48 hours later for
Ga-67 Imaging. They were positioned under a large field of view gamma
camera fitted with a medium energy collimator. The 93, 184 and 300 keV
photopeaks of Ga-67 with a 20 percent window were utilized. Again, 500

k counts images were collected in the same projections.
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All Images were stored on the computer disk and displayed on X-ray films

and coloured polaroid pictures. |Images were Iinterpreted visually.

In areas which were cold on the co!loid scan, uptake of Ga-67 or T!-201
equal to or greater than that In normal Iiver was considered positive.
Areas showing Ga-67 or T1-201 uptake less than that In normal I|iver were

considered negative.

V(7)(d) Results

The results are summarized in Table 25.

All patients with hepatoma had a focal defect at the site of the tumour
on the liver tin colloid scans. Increased Ti-201 uptake in the tumour
compared to normal liver was found In six patients with hepatoma, one
patient had uptake equal to that in the surrounding liver tissue, and
one patient had a rim of Increased uptake surrounding central photopenia
(Figures 71-81). In the six patients who underwent Gallium-67 imaging,
five patients showed increased tracer uptake and one showed equlivalent

tracer uptake with the surrounding liver tissue (Figure 74).

T1-201 uptake in patients with nodular cirrhosis was similar to that
seen with tin collold Iiver scan, multiple focal defects and patchy
tracer distribution being found with Ti-201 in all cases (Figures 83,

86, 89). Ga-67 clitrate showed homogenous tracer uptake in four cases,
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with no focal defects (Figures 84, 87). In the remaining three
patients, the uptake of Ga-67 showed focal defects in the areas which

were cold on the colloid scan (Figures 88, 89).

All five patients with |liver metastases showed multiple focal cold
defects on TI-201 Iimaging due to decreased TI1-201 uptake in metastases
compared to normal |iver (Figure 90 - 92). Similar findings were ob-
tained on Ga-67 imaging In four patients, but one patient with metas-
tases from lung cancer showed Iincreased Ga-67 uptake in the metastases.
Negative gallium and TI-201 Iimages were found In the patient with

hydatid cyst (Figure 93).

V(7)(e) Discussion

Since Ti-201 chloride and Ga-67 citrate normally concentrates In the
liver, the |Ilver 1is thus prominent 1In all thallium-201 and gallium
images. The use of these radionuclides for imaging tumours in this or-
gan involves detecting a hot spot in a hot background field. Therefore,
Tc®M_tin colloid liver scan should always precede these procedures.
The abnormality of T1-201 or Ga-67 uptake in hepatic lesions is defined

in relation to Tc®¥M_tin colloid uptake In the same region.

Previous reports have noted that If the area of a cold defect on a Tc-
99M coiloid Iiver scan showed Ga-67 uptake equal to or greater than that
of adjacent normal liver, the correlation with hepatoma was very strong

(Hoffer, 1986)(300)
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Ga-67 1Imaging of the liver is useful In patients with cirrhosis where
hepatic pseudotumours can have the same appearance as a hepatoma on the
Tc-99M tin collold scan. However, pseudotumours or regenerative nodules

of cirrhosis rarely have significant gallium uptake (204) (300),

Diplazzi et al., 1978(302)  studied 31 cirrhotic and 25 patients with
hepatomas on top of cirrhosis, using Ga-67 and Tc-99m sulphur colloid.
Ga-67 citrate was concentrated in cold defects on the colloid scan in 23
out of 25 cancer-cirrhotic patients with eight percent false negative
result. None of the 31 cirrhotic patients had Ga-67 accumulation in the

cold regions on the colloid scans (302)

From the data obtained in seven cirrhotic patients studied, there was
discordance between TI1-201 images when compared to Ga-67 images. The
Ga-67 uptake was homogenous In four patients with liver cirrhosis with
no focal defect evident (Figures 84,87). In three patients the Ga-67
uptake showed focal defects in the areas which were cold on TcO9M_t in
colloid scan. T1-201 images showed multiple focal defects and the ap-

pearance was similar to that observed with tin colloid Iliver scan.
In the present study, all the hepatoma patients had similar appearances

on TI-201 and Ga-67 Imaging with both showing signiflicant uptake in

areas cold on the Tc-99m scan.
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In four of the five patlents with metastases studied, the Ga-67 and TI-
201 Images showed similar appearances with failure of the radiophar-
maceuticals to accumulate in the cold spots on the coiloid scan. In the
remaining patient (with metastatic bronchial carcinoma), the TI-201 did

not show active uptake Iin the metastases but Ga-67 was positive.

The findings of the present study on TI-201 imaging in hepatoma and
liver metastases are In keeping with those of Tonami et al, 1977(243),
who reported that TI-201 accumuiation occurred in three of four patients

with hepatoma but none of eight with liver metastases.

Liver uptake of Ga-67 Iis not specific for hepatoma and may occur in
liver abscess as well as Ga-67 avid metastases (204), | did not have
the opportunity to study any patient with liver abscess using TI1-201,
though a single patient with hydatid cyst had a negative resuit. It is
not possible, therefore, to comment on the ability of TI-201 imaging to

differentiate liver abscess from hepatoma.

| concluded that Ti-201 chloride Is equally useful to gallium-67 for Im-
aging primary hepatoma. It surpasses gallium Imaging In distinction
pseudotumours of the Iliver. In addition, It has the advantage over

gallium-67 of early Imaging.
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Table 14

Thalllum-201 Imaging In Primary Lung Cancer

T1-201 Scans
n +ve positive Senslitivity ~ve negatlive
Sq. cell ca 99 90 91 % 9
~
Adeno ca 25 21 84 % 4
smali cell 11 7 64 % 4
Anaplastic 6 4 67 % 2
Others 6 4 67 % 2
TOTAL 147 21

126 85.7 %




Table 15

Thalllum-201 Scan in Benign Lung DlIsease

Sarcold

Fibrosing Alvealltis
COAD

T.B

Lung Abscess

TOTAL

Number

10

Posltlive (+ve)




Table 16

"Medlastinal Imaging In Lung Cancer (Group A)

Thall lum-201 Scan C T Scan
n =72 nw=72

Poslitive 9 47

Negative 63 : 25



Table 17

Mediastinal Imaging In Lung Cancer (Group B)

Thall lum-201 C T Scans
n=75 n=75
True + 3 - . 16
True - 51 36
False + 0 ;14

\

False - 21 9



Table 18

Thallium-201 chloride and Gallium-67 citrate Imaging In lung cancer -
frequency of tracer uptake In primary tumour

Number of Poslitive Senslitlvity Poslitive Senslitivity

Patlients with TI1-201 % with GA-67 %
Squamous cell ca. 32 30 94% 27 - 84%
N
Adeno Ca. 7 6 86% 6 86%
Small cell ca. 4 2 50% 2 50%
Anaplastic ca. 2 1 50% 1 50%

TOTAL 45 39 87% 36 80%




Table 19

Scintigraphic Findings of Thalllum—201 and Ga-67 Imaging In Tumours

T1-201 (+ve) T1-201 (-ve) T1-201 (+ve) T1-201 (-ve)
Ga-67 (+ve) Ga-67 (-ve) Ga-67 (-ve) Ga-67 (+ve)’

Number of
Patients 29 4 3 2




Table 20

Comparative study of TI-201 chiorlde and Ga-67 citrate In detecting medias-
tinal spread of the disease In lung cancer.

Medlastinal Tracer Uptake

Ti-201 (+ve) Ti1-201 (-ve) Ga-67 (+ve) Ga-67 (-ve)

Mediastinal N
CT (+ve) 5 23 16 12

Mediastinal
CT (-ve) 0 17 0 17




Table 21

The Sensltivity of TiI-201 In DetectlngﬁBEeast Cancer

n Positive Sensitivity
with T1-201
Primary breast Ca 20 20 . 100%
~
Recurrence breast Ca 6 4 67%

TOTAL 26 , 24 92.3%



Table 22

The Sensitivity of Ti1-201 In Mallignant Lymphoma

Number of Posltlve Sensitivity
patlents ) with TI1-201
Mediastinal Lymphoma :
Hodgkin's Disease 7 6 85.7%
Non Hodgkin's Disease 6 5 87.5%
Abdominal and Pelvic 1 1
Lymphoma
Rectal Lymphoma 1 1
TOTAL 15 13 86.7%



The Senslitivity of TI1-201

Table 23

in Detecting Braln Leslons

Number of Poslitive
patients wlth T1-201
Primary Brain Tumours :
Astrocytoma 3 3
Glloblastoma 4 4
Medul loblastoma 1 1
Braln Lymphoma 1 1
CVA .2 0
Brain Metastasis :
Breast Cancer 3 3
Lung Cancer 3 3
Renal Cell Cancer 1 1
TOTAL 18 16



Table 24

The Senslitivity of TI-201 In Detecting Bone and Soft TiIssue Tumours

Number of Positive
patlents with TI1-201
Primary Bone Tumours :
Ewlng Sarcoma 1 1
Osteogenic Sarcoma S 3 3
Primary Soft Tissue Tumours : )
Liposarcoma 1 1
Osteogenicc Sarcoma 1 1 *
Bone Secondaries :
Breast Cancer 1 1
Benlign Lestons :
Osteomylitis 1 1
Note :
* The leslons Iin the skull and dorsal spline were positive with Ti-201, but

the small lesions In the ribs were not clearly visible.



Table 25

The Senstitivity of TI-201 and GA-67 In Detecting Mass Lesion In the Llver

Poslitive Posltlive
with TI with GA
Hepatocellular Ca 8/8 6/6
Liver Clrrhosls 0/7 4/7 *
Liver Secondarlies N 0/5 1/8
Hydatid Cyst 0/1 0/1
Note :
* GA-67 citrate study In patlénts'wlth nodular clrrhosis showed homogenous

tracer uptake In 4 patients and cold focal defects in 3 patients.




Figure (20): Increased TI-201 uptake in a primary
lung carcinoma.

Figure (21): Diffuse increased TI-201 uptake in a Figure (22): Chest X-ray of the same patient with
patient with active tuberculosis. diffuse active Tuberculosis.



Figure (23): TI-201 (a) and Ga-67 (b) scans show
increaseed both radionuclides uptake in both para-
hiler region, in patient with active sarcoidosis.

Figure (24): Abnormal TI-201 uptake in the primary
tumour and in the upper mediastinum region in
patient with lung carcinoma.



Figure (25): 59 years old with severe cough, dysp-
neoa and haemoptesis. Chest X-Ray showed mas-
sive pleural effusion.

Figure (26): Bilateral venography showed obstruc-
tion in the right subclavian and inomminate veins.

Figure (27): A.Thallium-201 scan demonstrates a b. Gallium scan demonstrates the mediastinal exten-

large tumour in the right supraclavicular region tion of the tumour with minimal increased tracer
involving the right lobe of the thyroid gland and uptake in the supraclavicular region, histopathalogy:

extending to the mediastinum Squamous cell carcinoma.



Figure (28): Chest X-Ray after therapy showing
resolving of the pleural effusion.

X1 fMOTO

Figure (30): a) Shows abnormal Ga-67 citrate uptake
in a patient with primary lung cancer.

Figure (29): Anterior view of the chest. 15 minutes
acquisition time obtaining 2300 K.count. It shows
intense TI-201 uptake in -a bronchial carcinoma of
lower lobe of the right lung.

b) shows abnormal TI-201 uptake in the same
patient.

Figure (31): a) Shows abnormal TI-201 chloride
uptake in primary lung cancer
b) Shows abnormal Ga-67 citrate uptake in the same

patient.
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b)
Figure (32): a) Thallium-201 (a) and Ga-67 (b)
studies in a patient with lung cancer. Gallium scan
demonstrates the primary tumour and mediastinal
spread, a) Thallium failed to demonstrate the
mediastinal spread of the disease.
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Figure (33) : Abnormal TI-201 uptake in a primary Figure (34) : Abnormal TI-201 uptake in a primary
adenocarcinoma of the right breast. breast carcinoma. Shows a rim of increased tracer
uptake with central photopenia.

Figu.re (35) : A 54 years old patient with male breast Figure (36) : TI-201 scan demonstrates the brain
carcinoma. TI-201 scan showed abnormal tracer metastasis in the above mentioned patient.

uptake in the right breast, lung metastasis and right
axillary lymphnodes. The liver metastasis is seen as
cold focal defect.

AT
Figure (37) : Tc"m DTPA brain scan shows small
focal area of increased tracer uptake in the frontal
lobe due to brain metastasis.

Figure (38) : Tc"m tin colloid liver scan, anterior
view, shows multiple focal areas of decreased tracer
uptake in the liver.
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Figure (39) : Abnormally increased tracer uptake in
the left breast. Activity seen is adjacent to the heart.
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Figure (40) : 52 years old patient with breast
carcinoma with bone metastases. TI-201 scan
shows the lesion in the skull and dorsal spine.
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Figure (41) : Abnormal TI-201 uptake in the upper
mediastinum and in both supraclavicular regions in
patient with mediastinal Lymphoma. Hodgkin’s dis-
ease.

Figure (43) : 45 years old male with abdominal

lymphoma who had large masses in the abdomen

and a mass in the Right groin region. TI-201 scan of

the abdomen showed massively increased tracer

uptake in the abdomen and in the large bowel.
MOM'D JAMAL

Figure (45) : Shows a large area of increased uptake
of TI-201 in the posterior pelvis in a patient with rectal
lymphoma.
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Figure (42) : Abnormal TI-201 uptake in the upper
mediastinum and in patient with mediastinal Lym-
phoma. Non-Hodgkin’s disease.

Figure (44) : Shows increased TI-201 uptake in the
Right groin region and multiple focal areas of
increased tracer uptake in the Right thigh. There is
also increased tracer uptake in the left groin region
representing involved lymphatic chains.

Figure (46) : Tc9®m MDP bone scan of the posterior
pelvis shows pathologically increased tracer uptake
in the sacral and pubic bones.



Figure (47) : Time activity curve of TI-201 uptake in
tumour and background from a patient with astrocy-
toma. The tumour background ratio is high and does
not change during 51 minutes of the study.

Figure (49) : Brain perfusion tomography using
T(r9m HM-PAO shows a large area of decreased
perfusion in the right parietal lobe in the same patient
with astrocytoma.

Figure (51) : TI-201 brain scan shows increased
tracer uptake in the left parieto temporal region in the
above mentioned patient. Pathology revealed
glioma.

Figure (48) : TI-201 brain scan shows abnormally
increased tracer uptake in the Right parieto-occipital
region of the brain in a patient with astrocytoma.

Figure (50): 55 years old, male, diabetic. For the last
4 years on insulin therapy, since one month, started
to forget even his daughter's name. Tc"m DTPA
brain scan shows a doughnut like focus of pathologi-
cally increased tracer uptake in the left parieto-
temporal region with a central photopenia.

Figure (52) Tc"m HM-PAO brain perfusion
tomography shows a large area of decreased perfu-
sion in the left temporo-parietal region.
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Figure (53) : Anterior and left lateral views of the
brain using Tc"m DTPA showed faint area of
increased tracer uptake in the left frontal lobe.

Figure (54): TI-201 brain scan shows clear visualiza-
tion of the lesion in the brain. Metastasis from lung
carcinoma.

TUMOR AFTER
SURGERY

Figure (55) : Tc"m HM-PAO brain perfusion Figure (56) : TI-201 brain scan shows increased
tomography shows a large area of decreased perfu- tracer uptake in the occipital region in a patient with
sion in the frontal lobe. medulloblastoma after surgical intervention.



Figure (57) : 45 years old, patient with brain
secondaries of unknown primary, received 40 Gy
radiation therapy. TI-201 brain scan shows focal
area of increased tracer uptake.

Figure (59) : A 54 years old female with breast
cancer under control, developed right sided weak-
ness in the upper and lower limbs. CT scan showed
a large lesion in the left hemisphere dif. diagnosis

CVA or metastasis.

Figure (60) : Tc"m HM-PAO brain perfusion
tomography shows a large area of decreased perfu-
sion in the left parietal lobe.

Figure (568) : Tc"m HM-PAO brain perfusion
tomography shows a large area of decreased perfu-
sion in the occipital lobe which reflects both residual
tumour and surrounding oedema, a) trans-axial
section b) coronal section.

Figure (61) : TI-201 study does not show any
abnormally increased tracer uptake in the brain.
CVA was diagnosed, patient improved after treat-
ment.
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Figure (62): Activity-time curve from a patient with
Ewing Sarcoma, obtained 60 minutes post injection
(BKG = Background close to the tumour).



Figure (63): Tc"m MDP bone scan shows increased Figure (64): TI-201 chloride scan shows intense in-
tracer uptake in the upper 1/3 of the left tibia in a patient creased tracer uptake in the same patient with
with osteosarcoma. osteosarcoma.

Figure (65): Tc"m MDP bone scan shows increased  Figure (66): TI-201 scan shows intense increased tracer
tracer uptake in the proximal end of the right femur in a  utpake in the site of the tumour in the same patient.
patient with osteosarcoma.

IIS:

Figure (67): A 55 years old, male, had left groin swelling
of 5 months duration. Pathology liposarcoma. Anterior
view of the pelvis with marker and 24 hours after
injection does not reveal abnormal tracer uptake, in the
skeleton. There is slight increased tracer uptake in site
of the tumour.
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Figure (68): TI-201 chloride scan of the pelvis shows a
large area of intense increased tracer uptake in the left

groin region.
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Figure (69): A 23 vyears old, male, with chronic Figure (70): TI-201 scan shows focal area of increased
tracer uptake in the lower part of the right tibia which

osteomyelitis.
Tc¢" m MDP bone scan shows diffuse increased tracer proved to be exacerbation of the disease,

uptake in lower part of the left tibia.



Figure (71): Tc"mtin colloid liver scan shows a large  Figure (72). CT scan shows mass lesion in the liver,

cold defect in the liver.

Figure (73): TI-2Q1 scan shows increased radionuclide  Figure (74): Ga-67 scan shows almost equivalent tracer
uptake in the area which is cold on the T ¢c"mtin colloid uptake with surrounding normal liver tissue in the site of
the tumour.

scan.

Figure (75): A 72 years old, female, had lost weight and  Figure (76): TI-201 scan shows increased tracer uptake
appetite. with a central photopenia in the area which is cold on
Anterior view of the liver with T ¢c"mtin colloid shows a the Tc"m colloid scan.

large focal defect involving mainly the right lobe of the

liver. Biopsy showed hepatocellular carcinoma.



Figure (77): T c"mtin colloid scan, anterior view, shows Figure (78): TI-201 scan shows increased tracer uptake
a large cold defect occupying almost the right and ieft in the site of the tumour,

lobes of the liver - pathology, revealed primary hepa-
.» f 1

tocellular carcinoma.
&o«-
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Figure (79): Subtraction TI-201 T c"mtin colloid images Figure (80): T ¢"mtin colloid scan shows a focal defect
showed increased TI-201 uptake in the primary hepat- in the right lobe of the liver in a patient with hepatoma,
tocellular carcinoma.
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Figure (81): TI-201 (a) and Ga-67 (b) images revealed
increased uptake of both radionuclides in the site of the
tumour.
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Figure (83): TI-201 image shows patchy tracer distribu-

Figure (82): T ¢"mtin colloid scan, anterior view shows
tion with multiple focal defects.

poor and patchy tracer distribution in the liver with
colloid shift to the spleen and bone marrow in a patient

with micronodular cirrhosis.

Figure (84): Ga-67 image of the liver shows Figure (85): Tc"m tin colloid scan shows decreased
homogenous tracer uptake in the liver. and patchy tracer distribution in the liver.

Figure (87): Ga-67 scan shows hontogenous tracer

Figure (86): TI-201 scan shows patchy tracer distribu-
uptake in the liver.

tion in the liver.
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Figure (88): (a) TI-201 and (b) Gallium-67 scans show
focal defects in the areas which are cold on the Tc"m
colloid scan in the patient with bilharzial cirrhosis.

Figure (89): Anterior view of the liver and spleen with
Tcr9m colloid scan shows small liver with patchy tracer
distribution and multiple focal defects. Grossly enlarged
spleen in a patient with bilharzial cirrhosis.
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the liver.

Figure (90): Tc"mtin colloid scan, Anterior view in a
patient with situs inversus — shows large focal defects
in the Right and Left lobes of the liver. Liver metastasis
from Liomyosarcoma of the stomach.

A Jb-

Figure (92): Ga-67 shows a large focal defect in the
liver.
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Figure (93): a) Tc"mtin colloid scan.

b) TI-201 chloride scan.

c) Ga-67 citrate scan.

Show a large focal defect in the liver in a patient with
hydatid cyst of the liver.



CHAPTER VI

EFFECT OF ANTI-TUMOUR THERAPIES ON THALL iUM-201 UPTAKE

Vi(1)(a) Introduction

Anti-tumour therapies can achleve better results when there is adequate
inltial evaluation of location and extent of a tumour (303)  The subse-
guent management of a cancer patlent Is to assess response to treatment,
to detect early relapse and to assist In making decisions concerning

fol low-up treatment (304),

The role of TI-201 in predicting tumour responsiveness to anti-tumour
therapies has not been fully evaluated. If a tumour site continues to
demonstrate uptake after therapy, this indicates the presence of metab-
olic active tissue and may be evidence of the presence of residual vi-
able tumours. A positive TI-201 scan following treatment of known
tumour sites of disease may be used as an index of persistence or recur-

rence of treated disease.
Terui, et al, 1984 (246), examined the effect of chemotherapy on TI1-201
uptake in four patients with primary bone tumours (2 Ewing’'s sarcoma and

2 osteogenic sarcoma). Of three out of four follow-up patients, the
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post-therapy scans showed reduction In Ti-201 uptake more markedly than
Tc-99m MDP uptake during effective chemotherapy. The remaining patient
did not respond to the treatment and the scan showed no changes in the

T1-201 uptake.

Kaplan et al, 1987 (247), found that T1-201 brain scans offered a more
accurate assessment of response to therapy than other radionucliides and

CT scanning.

| have evaluated the effect of radiotherapy and chemotherapy on TI1-201
uptake In patients with various malignant disease. A series of patients

were studied before and after therapy.

VIi(1)(b) Patient Population

Thirty three patients with lung carcinoma, 27 male and six female, the
mean age group (+ SD) §7.3 (+ 8.7) years, had received prior lung Ir-
radiation. Eleven patients of these, two malignant lymphoma, one os-
teogenic sarcoma, two lung carcinoma and six breast carcinoma, had
recelved prior chemotherapy; the mean age group was (+ SD) 38.22
(+ 10.3) years. Out of 16 patients with brain tumours, nine had primary
brain tumours and seven metastases, 11 male and § female, the ::::n;ge
group (+SD) was 45.8 (+ 13.2) years,were receiving steroid therapy at

the time of imaging (see brain imaging).
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Vi(1)(c) Methods

As described in Chapter V, static TI-201 Imaging was performed ten
minutes after administration of 75 MBg of TI-201 chloride intravenously.
The patient was positioned under a large fleld of view gamma camera in-
terfaced with a mini~-computer. The camera was peaked on TI1-201 photopeak
69-85 Ke V x-rays with a 20 percent window, and a 500K counts were ob-
tained each view.
to

Sequential TI-201 images were performed prlorﬁ$herapy, within one week

of end of therapy and after five months after therapy.

T1-201 images were correlated with CT scanning findings. Chest x-ray an-
ter ioposterior and laterals were available In all cases. Gallium-67 im-
aging pre and after therapy was available for comparison in 21 cases
with lung carcinoma. CT scanning of the thorax was performed using new
generation scanner with a 20 S scanning times and with slice thickness
of 13mm at slice distances of 15§ mm to the tracheal bifurcation and 15mm
or 20mm more caudally. The matrix was a 320 x 320 with individual pixel

size of 1mm (figure 96).

The response of the tumour following irradiation was evaluated with
tumour measurements on serial posteroanterior and lateral chest
radiographs and CT scanning obtained before treatment, at the completion
of irradiation and at 5 months follow up intervals. Complete regression

of the tumour was descr Ibed where there was a total disappearance of all
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measurable masses (primary tumour and metastatic lymph nodes), partlal
regression was recorded when there was at least a 50 percent decrease In
the cross-sectional areas of the measured masses and there was no
progression of disease or new areas of malignant tumour appeared within
the irradiated volume. The stable (no response) groups Included patients
without significant tumour regression. The response of the tumour fol-
lowing irradiation was assessed quantitatively. Thallium-201 images pre-
and post-therapy were displayed on the computer screen. A region of in-
terest around the tumour and the background surrounding the tumour was
created over the pre-therapy image. The mean counts in the tumour and
background were recorded. The same regions of the patient were recorded
over the post-therapy image and the mean counts in the tumour and back-
ground were recorded. From these data, the true count in the tumour pre-
and post-therapy was obtained. The percentage of loss of activity or
changes of activity Iin the true count of primary tumour was obtained,

and this may represent the degree of local response after treatment.

Vi(1)(d) Results

Sequential TI1-201 scans were found to be useful in evaluating patients
with malignant disease, especlally when the scan was positive pre-
treatment. In patients who had received chemotherapy, only one patient
achleved complete regression of the tumour and TI1-201 scan showed no
areas of Increased tracer uptake (figure 97). Another patlent achieved

partial regression of the tumour, and TI1-201 scan showed reduction of
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tracer uptake Iin the site of the tumour. Nine patients showed no sig-
niflcant changes of TI1-201 uptake and there was no response to treat-

ment.

Table 26 shows the distribution and degree of local response after

chemotherapy Iin individual patients.

Table 27 shows the sequential radionuclide studies and CT scanning with
the distribution and degree of local response after radiation therapy in
Iindividual patients. Table 28 summarizes the distribution and degree of

local response after radiation therapy.

In 33 patient who received about 50 Gy (5000 rads) on the tumour site,
30 patients were positive with T1-201 and three patients were negative.
No single patient achieved complete regression of the tumour after
radiation therapy. Only nine patients (30 ¥) showed partial response to
treatment and reduction of T1-201 uptake of less than 50 percent In the

slte of the tumour (figure 94).

Twenty one patients (70%) showed no significant changes in tumour uptake
In pre- and post-radiation therapy scans (figures 95-101). None of the
three negative patients showed abnormal Ti-201 uptake In the site of the

tumour In pre- and post-therapy scans.
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In comparison to CT scanning, 33 patients were positive pre-radiation
therapy, 13 (39%) patients achieved partial response to treatment, and

20 (60%) patients showed no response after radiation therapy.

Of these only 21 patients underwent gallium study before and after
treatment, three patlients were negative In pre- and post-therapy scans.
Three patients (17%) showed partial response (figure 111) and 15 (83%)

showed no response to treatment (figure 109).

Thirteen patients were followed up five months after treatment using
Ti-201 scans. Of these, only two patients showed reduction of TI-201 up-
take in the site of the tumour. In the remaining the patients there were
no significant changes from previous studies. Of these, 11 patients were
also followed by Ga-67 imaging which showed only two patlents had reduc-

tion of the tracer uptake in the site of the tumour.

VI(1)(e) Discussion

Anti-tumour therapy regimens may produce effective responses in patients
with advanced malignant disease. Until clear survival advantages are
shown for specific regimens, maintenance of a high quality of life must

remain a very high priority.

Priestman and Baum, 1976 (305)  suggested that obtaining a response Im-
proves a patient’s quality of life and hence might be of great Impor-

tance to Individual patients. The correlation of tumour response with
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anti-tumour theraples emphasizes the need to develop the most effective
treatment regimens that will yield complete tumour regression, thus

resulting In higher survival.

Since so many patients with malignant disease died with distant metas-
tasis, survival alone may not be a reliable prognostic indicator and lo-

cal tumour control must be carefully evaluated (306),

The response of tumour following anti-tumour therapies was evaluated
with tumour measurement on serial radiological studies. In addition
radionucl ide studies have established roles in the follow up and manage-
ment of patients with cancer (254) Although radiographic modalities
have superior spatial resolution, they cannot differentiate bulky

fibrosis from active neoplastic disease (247)

Gallium-67 scanning was found to be useful for follow-up studies of the
course of lymphomatous disease after therapy. A positive gallium-67 scan
may be the only objective evidence of persistence or recurrence of
treated disease (204). |t can distinguish between recurrent tumour and
fibrosis secondary to post-irradiation therapy, since the former |Is

usually gallium-positive and the later is wusually gallium-negative

(307)

During or shortly after therapy, gallium-67 uptake may be suppressed,
even |If the tumour is not completely obliterated. |If the tumour site

continues to demonstrate uptake after therapy, this is a strong Indica-
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tion of the presence of residual viable tumour. It is generally accepted

that a positive scan Is more reliable than a negative scan after therapy

(204)

There is a good correlation between the change in gallium uptake and the
change In tumour size after treatment, as determined radiographically
(308), changes in tumour uptake of gallium-67 have been correlated with
radiatlon dose In patients with lung tumours. Bitran et al, 1978 (309)
reported that after chest radiotherapy a gallium scan may show no abnor-

malities even though viable tumour is still present.

Gallium-67 scanning may be useful in detecting extra thoracic metastases
from non-small cell lung cancer, but fails specifically within the
brain, and it is Iless sensitive then bone scans in detecting osseous
metastases. |t does not supplant CT scans of the brain or bone scans

when metastases are suspected (204)

In the present study, | found T1-201 chloride useful in determining lo-
cal tumour response after anti-tumour therapies. Complete suppression of
T1-201 uptake occurred after chemotherapy in one patient with Hodgkin’s
lymphoma. Decreased TI-201 uptake occurred after radlation therapy in
patients with primary lung cancer. There was a good correlation between
the change in TI-201 uptake and the change in the primary tumour size

after treatment as determined radiographically.
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> v, T1-20 scan Is highly sensitive In detecting primary lung cancer
but falls to Identify mediastinal node Iinvolvement or small axillary or

supraclavicular lymph node In patients with malignant disease.

Unfortunately, In none of these patients followed up with Ti-201 or Ga-
67 scans were pathological correlation or autopsy data obtained because
using TI-201 as staging modality necessitates atleast an explioratory
thoracotomy, which 1Is Impractical and sometimes medically contra-
indicated In large number of patients with unresectable lesions treated

by radiation or chemotherapy.

The role of radiation therapy in the management of unresectabie or medi-
cally inoperable bronchogenic carcinoma remains undefined. Perez et al,
1980 (306) and Roswit et al, 1968 (310), reported a 22 percent one year
survival rate for a large group of patients treated with 4000-5000 rads
Iin four to five weeks in contrast to a 16 percent one year survival rate
for a similar control group given a placebo. They found the survival
rate also was the same whether the patients were treated with 4000,
5000, or 6000 rads. Other investigators questioned whether this was a
true reflection of therapeutic effectiveness of Irradiation since the
patients In the irradiated group may have had more supportive care than

those in the control group.

on the other hand, Bloedorn et al, 1964 (311)  reported no histologic
evidence of residual tumour at primary site In 54 percent of 26 patients

receiving 6000 rad In slx weeks preoperatively. The mediastinal lymph
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nodes showed residual tumour In only 8 percent of the cases. Hellman et
al, 1964 (312) described residual microscopic primary tumour in 17 of 24
patients treated with 5500-6000 rad for carcinoma of the lung four to
six weeks prior to thoracotomy. Of 15 patients with pre-operative
radiographic evidence of hilar or mediastinal adenopathy, only three had

residual tumour in the pathologic specimen.

In the study herein, 33 patients received 5000 rad in four to five weeks
to the tumour site. Thirty patients were positive with TI-201 scans in
pre- and post-radiation therapy. None of these had achieved complete
regression of the tumour after therapy. Only 13 out of 30 were patients
followed up five months after therapy, nine patients died during this
period, five patients were critically 1ill and have developed ex-
trathoraclic metastases, and the remaining three patient were lost during

follow up.

Finally, the administration of antineoplastic agents and steroid therapy
prior to Injection of Thallium-201 appeared not to affect the distribu-
tion of TI-201 1in the tumour. Any changes in the uptake of TI-201 In
post-treatment scans thus be assessed carefully If |Is to determine
whether these changes represent tumour eradication, Iincomplete control,

or recurrence of disease.
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In conclusion, the changes of uptake of TI-201 in the tumour site may

appear highly specific, Its use for measuring the extent of neoplastic
disease has been disappointing due to Insensitivity in detecting medias-

tinal and nodal spread of the disease.
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Table 26

Distribution of Degree of Local Response After Chem{otherapy Treatment

Name Pre Therapy Post Therapy Degree of Local
Tumour /Background Tumour /Background Response 3
Actlvities (K counts) Actlivities (K counts) %
M.J. 76.4/22.9 73.3/20.7 ‘ 1.7
~
K.Y. 82.6/53.6 51.2/49.8 95.0
W.M. 209.2/103.5 225.0/109.0 - 9.7
F.A. 62.9/43.0 64.8/44.5 - 2.0
H.M. 47.2/22.7 55.3/25.6 -21.2
S.M. 56.9/34.2 48.9/31.4 ' -.4.8
M.M. 79.5/42.3 62.8/48.2 60.8
K.N. | 54.2/33.0 . 49.8/31.0 11.3
S.A. 26.7/17.3 26.4/18.2 12.8
Z.A. ‘ 56.5/28.2 - 52.0/30.2 22.9

A.A. 20.3/712.3 19.2/11.9 8.7
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Table 27

Distribution of Degree of Local Response After Radlatlion Therapy

Pre Therapy Post Therapy
Positive No Response Partial Response
Ti-201 (n = 33) 30 21 9
CT Scan (nh = 33) 33 20 13

GA-67 Scan (n = 21) 18 15 3




Table 28

Distribution of Degree of Local Response After Radlatlon Therapy

Name Pre Therapy Post Therapy Degree of Local
Tumour /Background Tumour /Background Response Je
Activities (K counts) Activities (K counts) %

41.5/27.2 4.

H.J. 40.8/25.9 0
S.M. 23.4/15.2 27.1/20.3 17.0
F.A. 64.7/45.4 58.2/39.5 1.5
N.S. 19.0/16.0 17.0/15.6 53.3
A.H. 67.7/52.2 117.0/104.0 16.0
M.R. 73.8/49.8 60.0/42.0 25.0
M.K. 88.2/45.0 80.3/61.2 55.7
W.A. 58.5/35.2 53.6/42.0 55.8
S.K. 46.3/32.0 38.2/27.5 25.1
L.H. 12.5/7 8.5 16.4/11.9 -12.5
A.T. 33.0/26.0 44.5/30.0 -107.0
A.F. 43.0/22.5 38.8/28.5 49.8
H.M. 19.0/13.0 8.0/ 6.0 66.6
M.A. 27.0/24.0 16.0/14.0 45.9
A.J. 29.0/21.0 34.0/26.0 0.0
A.M. 16.0/12.0 10.0/ 7.0 25.0
S.J. 18.0/16.0 23.5/21.6 5.0
A.S. 42.6/36.7 39.8/34.0 1.6
F.M. 42.0/40.0 36.0/35.0 50.0
F.A. 58.4/37.0 103.0/64.0 -82.2
M.K. 32.0/27.0 35.0/31.0 12.0
A.K. 52.0/37.0 47.0/35.0° 53.3
M.A. 47.3/31.0 43.0/29.0 14.1
A.A. 25.8/22.3 17.3/15.0 34.0
S.K. 10.4/ 8.5 17.9/15.6 -21.0
A.S. 58.4/28.1 56.6/28.9 8.0
AM. 19.6/16.2 22.0/18.9 6.0
S.s. 33.6/25.6 35.7/28.8 13.8
E.H. 57.0/31.8 64.3/41.2 12.0
A.K. 25.6/19.6 23.5/20.8 55.5
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b)

Figure (94) : Regions of interest around the tumour
and background were created in patient with lung
carcinoma in pre-therapy scan (a) and post-therapy
scan (b). The patient received 50 Gy and showed
partial response to treatment.

Figure (95) : Regions of interest surrounding the
tumour and background close to the tumour pre and
post therapy in a patient with lung carcinoma
received 50 Gy to the tumor site and showed no
response after treatment.

b)

Figure (96) : CT scans before therapy (a) and after
therapy (b) do not show significant changes.
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Figure (97) : a - Pre-therapy TI-201 scan in a patient b - Post-chemotherapy TI-201 scan shows good
with mediastinal lymphoma (Hodgkin’s lymphoma), response to treatment, and nearly complete regres-
shows increased TI-201 uptake in the enlarged sion of the disease (95%).

mediastinal lymphnodes.

d)

Figure (98) : Chest X-ray (a) Pretherapy (b) post
therapy CT scan pre-therapy (c) CT scan post
therapy (d) The large mass which occupies the
whole upper mediastinum showed nearly complete
regression after chemotherapy.
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Figure (99): a) Pre-therapy TI-201 scan in a patient
with recurrent breast cancer, shows focal areas of

increased tracer uptake in the left breast. progression of the disease.

Figure (100): a) Pre-therapy TI-201 scan b) post
chemotherapy TI-201 scan showed no significant
changes in TI-201 uptake in the site of the tumour of
a patient with rectal lymphoma. The patient received
6 courses of VAC regime.
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a)
Figure (101): a) Pretherapy TI-201 scan shows
increased TI-201 uptake in the upper lobe of the right
lung. The patient received 50 Gy radiation therapy,
b) Post therapy TI-201 scan shows intense TI-201
uptake in the site of the tumour and no response to

treatment.

b) post chemotherapy TI-201 scan shows more
intense TI-201 uptake in the site of the tumour and

ENENY
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Figure (102): a) Pre-therapy TI-201 scan
b) Post-therapy scan. The patient received 50 Gy of
radiation therapy and showed partial response to

treatment.

Figure (103): Ga-67 scans a) Pre-therapy b) post-
therapy. The scans show no tracer concentration in
the site of the tumour in both studies (negative).



Figure (104) Chest X-Ray a) pre-therapy b) after
therapy in the same patient with bronchial carcino-
ma. Regression of the disease is noted after 50 Gy of
radiation therapy.



a) b)

Figure (105) CT scan of the same patient a)

pre-therapy b) post-therapy showed partial response
to radiation therapy.

S

0 , b

Figure (106): a) Pre-therapy TI-201 scan shows a
large area of increased TI-201 uptake in the upper
zone of the left lung, b) Post-therapy TI-201 scan
shows minimal increased TI-201 uptake in the site of
the tumour after receiving 50 Gy radiation therapy.



Figure (107): a) Chest X-Ray pre-therapy shows a

large shadow in the upper zone of the 1eft lung.

b) Chest X-ray post therapy shows partial response
to treatment.

c) Pre therapy C.T. scan.

d) Post-therapy C.T. scan.
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Figure (108): a) Pre-therapy TI-201 scan shows b) Post therapy TI-201 scan shows slightly de-
intense TI-201 concentration in the primary lung creased tracer uptake in the site of the tumour.

cancer of the left lung.

b)

Figure (109): Ga-67 studies a) Pre-therapy b) Post-
therapy showed slightly reduced tracer uptake in the
site of the tumour after radiation therapy.
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Figure (110): TI-201 scan a) Pre-therapy shows
increased TI-201 uptake in the primary tumour of the
upper lobe of the right lung, b) Post-therapy scan
shows minimal TI-201 uptake in the site of the
tumour.



b)
Figure (111): Ga-67 studies a) Pre therapy b) After
50 Gy radiation therapy showed minimal Ga-67
uptake in the site of the tumour.

Figure (112): Radiographically a) Chest X-Ray be-
fore treatment b) Chest X-Ray after treatment, ¢ & d)
C.T. scanning of the same patient pre and post
therapy reveal no significant changes in the size of
the tumour. The patient showed clinical response to
treatment.



CHAPTER VI |

SUMMARY AND CONCLUSIONS

Thallium (atomic number 81) Is a metallic element of group IIl A of the
periodic table. It belongs to different element group from potassium,

rubidium, and caesium.

The use of TI1-201 as a myocardlal imaging agent is dependent upon Iits
similarities to 1ionic potassium In biologic systems. As potassium
analogue, thallium activates the sodium-potassium (Na-K) ATP-ase depend-
ent pump, and the cellular uptake of Thallium is inhibited by ouabain

and sodium floride which block the Na-K pump.

Charkes et al, 1965,(241) reported that the potassium analogue caesium
concentrated in tumour and in introducing thallium-201, Lebowitz et al,
1975 suggested that It might be useful for tumour localization in addi-

tion to Its role as a myocardial and renal imaging agent.
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A number of reports appeared in l|iterature dealing with Ti-201 uptake Iin
tumours. The background of these few reports on TI1-201 tumour Iimaging
led to this work which attempts to evaluate more systematically the role
of TI-201 as a tumour Iimagling agent in conditions other than Thyroid

Carcinoma.

| studied the time course of TI-201 uptake In varlious malignant diseases
in order to assess the optimal time for tumour imaging with Ti-201. ]
determined the time of maximal tumour uptake of the tracer, and studied
the changes In the tumour to background activity ratios Iin order to es-

tablish the optimal time for tumour imaging with Ti-201.

Ninety-seven patients with histologically proven malignant tumours were
examined. After 1V injection of 75 MBq of TI-201, the patient was posi-
tioned under a large field of view gamma camera centered over the
primary tumour site, two data acquisition were recorded, the first was
every § seconds for § minutes and the second followed Immediately every
30 seconds for 65 minutes. Then a 10 minute static image at 4 hours
post Injection was obtained. Time activity curves over the tumour sur-
rounding background area and the myocardium were generated for both
dynamic data acquisition. For each patient the time activity curves
were analysed for the time of maximal tumour uptake of TI1-201. The
tumour time activity curve was divided by the background curve and the
time of maximal tumour to background ratios was estimated in each

patient.

161



The changes In TI-201 concentration between early and 4 hours delayed

images were quantitatively assessed.

The results of this study show that uptake occurs rapidly in tumour with
a peak value obtained 10 to 15 minutes post injection in most cases.
There were no significant differences in different tumour types. Tumour
to background ratios also rapidly attained peak values and remained
relatively constant over the hour following injection. No significant
changes in tumour to background ratio were found in the 4 hour post in-
Jection Images compared to 1 hour post injection data. From the data |
establish the time for tumour imaging with TiI-201 and is best performed
20 to 60 minutes post injection. Multiple views can be obtained in
this period with no significant loss of lesion uptake. | did not find
any evidence that the delayed (4 hour) Imaging was advantageous because
tumour to background ratio is not significantly changed. The short
waiting period after injection with TI-201 clearly offers a major poten-
tial advantage over alternative tumour Imaging agents such as gallium-67
or radio-labeled monoclonal antibodies which require much longer delays

from injection to Image.

The mechanism of TI-201 uptake in tumours has not been established. In
the present study this mechanism was evaluated by comparison of the time
course of T1-201 uptake In tumours and myocardium in 88 patients with
varlous malignant disease. The time course of tumour uptake was found
to be similar and paralleled myocardial uptake with almost identical

times of peak uptake being obtalned in tumours and myocardium. The
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range of times to peak activity that | found In tumour and myocardium
(between 8-20 minutes) was very similar to that reported by Bradley-
Moore et al, 1975 (48) for TI-201 myocardial uptake in an animal model.
The similarity in tumours and myocardial TI1-201 uptake may Indicate a
similar mechanism of tracer uptake. Myocardial TI-201 uptake |is
generally accepted to reflect both blood-flow and sodium—potassium ATP-

ase dependent pump activity.

Tumours often have abnormal vascularity and TI1-201 may accumulate
rapidly In the extra cellular space either due to the Iincreased per-
meability of new vessels with large intra-capillary pores(189) or simply
due to Iincreased vascularity. | was able to study in a single patient
the role of blood flow in the initial distribution of TI-201 by com-
parison ratios of uptake of TI1-201 and Tc99M microspheres In tumour and
normal tissues 1Iin a patient with hepatic metastasis from carcinoma
colon. Biopsies were taken and samples were analysed using the 3 chan-
nel gamma counter and found that the distribution of TI-201 in tumour
tissues Is not proportional to the microspheres distribution. I con-
cluded that initial extraction of TI1-201 by tumour cells is not purely a

f low dependent process.

| measured the TI-201 activity under control conditions and after car-
diac glycoside "digoxin" intervention which acts as a sodium-potassium
pump blocker in non-small cell lung cancer |ine SK-MES. The data ob-

tained tn my In vitro study showed a large decrease In extraction of
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TI1-201 by the tumour cell llne following Incubation with digoxin. This
suggests that digoxin blocks the uptake of TI-201 by the squamous Ilung

carcinoma cells SK-MES.

Results of the studies Indicate that TI-201 uptake in tumours is not
purely a flow dependent process. The mechanism of intracellular uptake
of Ti-201 demonstrates the viability and metabolic activity of the
pathological cells. It appears to be similar to the myocardium by sub-
stitution of TI-201 for potassium in the ATP-ase dependent sodium-

potassium pump.

| established the sensitivity and specificity of TIi-201 uptake In a
variety of tumours. I carried out a clinical evaluation of this
radionuclide in the diagnosis and staging of various common malignancies
in evaluation of the TI-201 chloride to detect primary lung cancer and
to demonstrate mediastinal spread of the disease. Two groups of
patients with histologically proven lung cancer were examined. Group A
consisted of 72 patients with a diagnosis of irresectable lung cancer
and group B consisted of 75 patients with potentially resectable Ilung
cancer. In addition, 10 patients with proven benign lung disease were
examined. Forty-five of the patients in the radiotherapy group A under-
went both thalllum-201 and gallium-67 citrate imaging. TI-201 images
were compared with the results of CT scanning and surgical mediastinal

exploration.
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T1-201 chloride was accurate In locating 126 out of 147 (86%) patients

examined, but disappointing In detecting mediastinal tumour spread

(14%) . T1-201 chloride was also found to concentrate in active sar-
Jving e

coldosis (1 case) and active TB (2 cases)L specificity of 70%. In

the comparison study of T1-201 and gallium-67 citrate, both

radionuclides showed nearly similar sensitivity In detectling primary
lung cancer but gallium-67 showed higher sensitivity (5§7%) in determin-
ing mediastinal spread of the disease. TI|-201 scan does not detect
primary tumours too small to be seen on chest x-ray. It cannot predict
cell type; It Is non-specific in uptake and does not prove chest x-ray
shadow 1Iis malignant. In addition, TI-201 scan is too insensitive In

detecting mediastinal tumour spread.

| examined T1-201 chloride In detecting primary breast cancer and tumour

spread.

Twenty six patients with histologically proven breast cancer were ex-
amined. TI-201 scans were found to be highly sensitive in detecting the
primary site of the breast carcinoma, 20 out of 20 malignant primary
breast leslons took up Ti-201 focally at the primary site while abnormal

uptake was seen in 4 out of 6 patients in recurrent disease.

In patients studied before surgery the sensitivity in predicting nodal
Involvement was very poor. The sensitivity of TI-201 scan was also very
poor Iin comparison to the results of palpation in patients who had

clinical evidence of nodal spread of disease. it failed to detect any
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lesions less than 2.5c¢m In diameter. TI-201 scan was not sensitive in
demonstrating small distant metastasis especlially in ribs, Ilungs and

mediastinal regions.

The data suggest that T1-201 scan has not proven useful Iin the local

staging of breast cancer.

The application of TI1-201 chloride scans as a staging tool in lymphoma
was disappointing because not all tumour sites were visualized with this
technique. The data obtained from the study shows that the size of the
lesion Is critical, the chances of locating a tumour less than 2.5 ¢m In
diameter are negligible even |If it Is In the supraclavicular or neck

region.

In patients with sub-diaphragmatic extension of the disease the location
of the tumour Is also a problem due to normally high concentration of

T1-201 in abdominal organs.

| evaluated TI-201 uptake in 18 patients with known brain lesions, 9
patients with primary brain tumour, 2 patients with cerebrovascular ac-
clident and 7 patients with braln metastasis. The sensitivity of TI1-201
chloride In detecting brain tumours was very high (100X¥). The cerebral
lesions were well visualized with T1-201 due to high tumour uptake and

low blood background levels In the brain. Using T1-201 chloride in im-
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aging brain leslons we could differentiate between cerebral vascular ac-
cident (CVA) which showed no abnormal TI1-201 uptake from patients who

had brain tumour which showed intense T1-201 uptake.

In two patients studied folliowing surgical and radiation therapy, TI-201
scan showed a smaller and more focal area of increased tracer uptake
than CT scanning and Tc99M UM-PAO SPECT studies. According to other In-
vestigators TI1-201 scans showed the precise viable residual tissue bet-
ter than CT and other radio-nuclide studies (247), All our patients
with brain tumour were on steroid therapy. In spite of abnormai TI-201

uptake seen in all tumours, TI-201 images does not appear to be affected

by concomitant sterold administration. I found T1-201 to be useful and
highly sensitive in detecting brain tumours. It can be performed im-
mediately following injection. It reflects viable tumour burden and

does not appear to be affected by concomitant steroid administration.

| have evaluated TI-201 chloride Iin detecting bone and soft tissue
tumours in 4 patients with primary bone tumour, two patients with
primary soft tissue tumours, one patient with bone metastasis and one
patient with chronic osteomyelitis. T1-201 chloride scan was highly
sensitive (100%) In detecting primary bone and soft tissue sarcomas and

provided accurate delineation of tumour |imits as determined by CT scan-

ning. The soft tissue tumours were accurately demonstrated by TI!-201
scans. | concluded that T1-201 scans are highly sensitive In detecting
primary bone tumour, but not much use clinically. T1-201 scans may be

of more value In locating soft tissue sarcomas.
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| evaluated Ti-201 chloride In detecting and classifylng mass leslons In
the 1liver 1In twenty one patients with focal defects on the Te99M tin-
colloid scan. The histological diagnosis was known in each patient.
With the exception of two patients both with hepatoma, a gallium-67
citrate study was performed immediately following the T1-201 study. The
data obtained from the study shows all the hepatoma patients had similar
appearance on T1-201 and Ga-67 Imaging with both tracers showing sig-
nificant uptake in areas cold on the Tc99M collold scan. In four of the
five patients with metastasis studied the GA-67 and T!-201 images had
simllar appearances with failure of the radlopharmaceuticals to con-
centrate In the coid spot In the colloid scan. In the remaining
patients the TI-201 did not show active uptake In the metastasis, but

the GA-67 was positive.

There was discordance between TI-201 Images when compared with GA-67
Images. In 7 cirrhotlic patients studied, the gallium-67 uptake was
homogenous in four patients with liver cirrhosis with no focal defect
evident. In three patients the gallium-67 uptake showed focal defects

in the area which was cold In Tcggm Tin collold scan.
Ti-201 Images showed muitiple focal defects and appearance was similar

to that observed with tin colloid |iver scan. | concluded that TI1-201

chloride Is equally useful to GA-67 citrate for Imaging primary
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hepatoma. It surpasses gallium Imaging in distinction of pseudotumours

of the liver. in addition it has the advantage over GA-67 of early im-

aging.

! Investigated the changes in tumour uptake following chemotherapy and
radiotherapy and to determine whether such changes are helpful In
evaluating tumour response therapy. The role of TiI-201 in predicting
tumour responsiveness to anti-tumour therapies has not been fully
evaluated Iif a tumour site is continue to demonstrate uptake after
therapy, indicating the presence of metabolic active tissue and pos-
sible evidence of the presence of residual viablie tumours. A positive
T1-201 scan following treatment of known tumour sites of disease may be
used as an index of persistence or recurrence of treated disease.
Thirty-three patients with lung carcinoma had received prior lung ir-
radiation. Eleven patients had received prior chemotherapy and 16
patients with brain tumours were receiving steroid therapy at the time
of imaging. Sequential TI1-201 images were performed prior to therapy,
within one week of completion of therapy and in some patients 5 months
after therapy. T1-201 images were correlated with radiological find-
ings. Using the computer the mean counts in the tumour and background
were recorded in pre- and post therapy images, from this data the true
counts Iin the tumour pre- and post therapy were obtained. The percent-
age of changes of activity in the true counts of primary tumour was ob-
tained which represent the degree of local response after treatment.
The results of sequential TI-201 scan were found to be useful In

evaluating patients with malignant disease, especlally when the scan was
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positive pre-treatment. There was a good correlation between the change
in T1-201 uptake and the change in the primary tumour size after treat-

ment as determined radiographically.

The administration of antineoplastic agents and steroid therapy prior to
injection of thallium-201 appeared not to affect the distribution of
T1-201 in the tumour. The changes of uptake of T1-201 In the tumour
site appear highly specific and TI1-201 uptake may provide a useful means
of studying tumour viability. However, the use of T1-201 In measuring
the extent of the neoplastic disease has been disappointing due to In-

sensitivity in detecting mediastinal and nodal spread of the disease.
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