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N-isopropyl-p[!#*IJiodoamphetamine, a new agent for
lung imaging studies
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ABSTRACT N-isopropyl-p[!2*Iliodoamphetamine, originally designed for brain scintigraphy, has
been found to be retained by the normal lung and to produce excellent camera images. Ten patients
with gross abnormalities on their chest radiographs due to lung cancer have been studied with this
drug. The diseased parts of the lung consistently showed less uptake and these defects matched those
obtained with microspheres labelled with technetium-99m, indicating that *?*I-iodoamphetamine
has the characteristics of a perfusion tracer. In five out of the 10 patients studied sequential studies
showed that improved iodoamphetamine uptake was encountered shortly after a favourable
response to radiotherapy and reduced uptake was seen in congruence with the radiation field at a
later stage. This first clinical demonstration indicates that the retention of '23I-iodoamphetamine
could be a sensitive marker for pulmonary vascular integrity and a useful new tool to identify the

extent of disease where the pulmonary circulation is the initial site of the disorder.

During the last 10 years the lung has been recognised
as an important metabolic organ. It has been shown
to produce, inactivate, and modulate a variety of
hormones, drugs, and amines, endothelial cells having
a central role in these processes.! ~3 Recently a new
radiopharmaceutical, ~ N-isopropyl-p['?3IJiodoam-
phetamine, which was originally designed for brain
scintigraphy, has received attention because of its
high—possibly metabolic—retention by the lung.*3
In this study of patients with gross abnormalities on
the chest radiographs due to lung cancer we examined
the imaging properties of '23I-iodoamphetamine to
assess its use as a possible marker for pulmonary vas-
cular (endothelial) integrity. In five of the patients
sequential images were used to try to gain insight into
the effects of radiation treatment on pulmonary
uptake of !?3I-iodoamphetamine.

Methods

We studied 10 men, aged 34-67 years, with inoper-
able, histologically proved limited stage non-small
cell lung cancer and a Karnofsky index greater than
70, and without overt cardiovascular, hepatic,
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thyroid, or neuropsychiatric disease. After giving
informed consent the patients, while supine, received
a bolus injection 2-5 mCi !23I-iodoamphetamine (2-5
mCi or 92-5 MBqg/ml, 50 Ci/g iodoamphetamine) via
a cubital vein. Heart and respiration rates were
monitored for 60 minutes after injection. The tem-
poral behaviour of the !23I-iodoamphetamine was
determined from a sequence of images acquired over
a period of 40-50 minutes after the injection. Data
were recorded on a Siemens ZLC 75 gamma camera
interfaced with a MDS A? data system. !2*I-iodo-
amphetamine images were compared with con-
ventional perfusion studies obtained with human
albumin microspheres labelled with technetium-2°™
(®**™Tc). In five patients sequential '2*I-jodo-
amphetamine, °°™Tc, and krypton-81m (3!™ Kr) ven-
tilation images were made just before and 8-24 weeks
after the start of the radiotherapy. This consisted in
all cases of 5500 rads (cGy) given in two (split)
courses to the primary tumour and mediastinal
nodes.

Results

In all 10 patients distinct areas of reduced
123].iodoamphetamine uptake were found, while
other parts of the lungs were excellently delineated by
appreciable retention of the iodoamphetamine.
About 90% of the injected dose was found in the lung
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Fig2 Examples of *3I-iodoamphetamine uptake in a patient (No 5 in the

(a) ‘?3I-iodoamphetamine uptake: (b) *>™Tc perfusion;
(c) 8'™Kr ventilation image in a patient with cancer of the left upper lobe.
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to the slight uptake of the latter °™Tc
was not retained at all by the affected
parts of the lungs (fig 1).

All five patients who had repeat
scans had a response to radiotherapy
according to UICC criteria. In four of
them the second !?3I-iodoampheta-
mine study was carried out 8-13
weeks after initiation of treatment
and showed improved uptake in the
diseased parts of the lung. Shortly
afterwards (4-11 weeks), however,
without any sign of recurrence, four
of the five patients again showed an
area of diminished retention (table).
This time the defects seen were
grossly congruent with the radiation
field (fig 2). In contrast to the reduc-
tion of !'?*l-iodoamphetamine and
99mTc concentrations in the irradiated
parts, the ventilation image of those
regions with 8'™Kr remained
unaltered (four patients) or slightly
improved (one patient) (table).

c Amphetamine like side effects were

not seen in any patient.

table) with non-small cell lung cancer of the left upper lobe, showing (a) a

defect of uptake before treatment; (b) amelioration 11 weeks after initiation

Discussion

of radiotherapy; and (c) decrease of uptake congruent with the radiation

field 15 weeks after the start of radiotherapy.

within five minutes of administration. After 50
minutes 41% of the activity was left.

In the preradiation studies the areas with reduced
uptake corresponded in each case to the abnormali-
ties on the chest radiograph. The images with *°™Tc,
used as a perfusion reference tracer, mimicked the
pattern of !2*I-iodoamphetamine uptake. In contrast

The potential for using

'23].iodoamphetamine for quanti-
tative pulmonary imaging studies was recognised by
Rahimian et al, who produced experimental evidence
for the suggestion that pulmonary retention of
123].jodoamphetamine was an active process, possi-
bly due to an endothelial receptor binding.® 7 This is
an attractive hypothesis in view of the rapidly
increasing reports on the metabolic properties of

phetamine scintigraphy* before and after radiotherapyt in men with non-small cell lung cancer

Before treatment

After start of radiotherapy
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Patient Age  Site of
No (y) tumour Scintigram Reg % Week Scintigram Reg % Week Scintigram Reg %
appearance appearance appearance

1 56 RUL Defect RUL 56 13 1 63 24 ! 53

(~Q/V) (V unchanged),
2 54 RUL Defect RUL 78 8 t 90 18 l

~ Q) , (V unchangedp
3 53 RUL Defect RUL 80 (QandVatlowt) 15 1

(~ QV) (V unchanged¥
4 59 Central left Defect LUL and LLL 38 9 t 58 19 t

(~Q>V) (V 1mprovedfg
5 51 LUL Defect LUL 36 11 t 73 15 l 50

w unchange#*

*!23].jodoamphetamine uptake is expressed as a regional percentage (Reg %) by dividin;

contralateral (normal) lung. Arrows { and | indicate improvement or decrease of uptak e%y companson with the previous image.
RUL——nght upper lobe; LUL—left upper lobe; LLL—left lower lobe; Q—perfusion as estimated by ?°™Tc-microspheres; V—ventilation as estimated bﬁ

1‘5500 rad (cGy) in split course fashion.

counts of the diseased part or parts of the lung by those of the —‘
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endothelial cells, which are more abundantly present
in the lung than in any other organ. The capacity of
the monoamine oxidase system of endothelial cells to
metabolise endogenous and exogenous circulating
amines has been proved in several studies (for review
see ref 8).

Consequently changes in lung morphology or pul-
monary vascular integrity can be expected to affect
uptake and retention of radiopharmaceuticals that
are actively handled by endothelium. Although the
present study does not reveal the exact site of reten-
tion of '23I-iodoamphetamine, this is the first clinical
demonstration that it has the characteristics of a per-
fusion tracer. The uptake in areas where the °°™Tc
image is completely absent may be explained either by
(1) the inability of the microspheres to penetrate into
a considerably diminished pulmonary vascular bed
with proportionally reduced perfusion or by (2) the
vascularisation of the pathological part of the lung by
the bronchial arterial system. There could be a combi-
nation of both processes. The amelioration of the
defect shortly after a positive response to radiation
treatment, seen in all of the patients studied, supports
both explanations. We think that the reduction of the
9°mT¢ image that accompanied the reduced
!23]-jodoamphetamine uptake within the margins of
the radiation field without alteration of the 8!™Kr
ventilation image is due to loss of pulmonary artery
circulation induced by radiotherapy.® Since the endo-
thelial cell has been identified as the initial site
involved in the pathogenesis of radiation induced
damage,'® '23[-iodoamphetamine may serve as a sen-
sitive marker for early (vascular) damage. We believe
that it might prove to be a useful marker for assessing
the extent of disease in other disorders where the
endothelial cell is affected early in the disease process.
Moreover '23I-iodoamphetamine might be used as an
alternative in cases of severe pulmonary hyper-
tension, where an embolising tracer is con-
traindicated.

We gratefully acknowledge the gift of N-iso-

propyl-p['**IJiodoamphetamine by the CYGNE
Cyclotron Laboratories, Eindhoven, The Nether-
lands. We also thank Dr JG McVie, Drs TJ Schoe-
maker, Professor Dr HM Jansen, Professor Dr J van
der Schoot, Dr EA van Royen, and Mrs HR Franklin
for helpful advice and comments on the manuscript.
This work was supported by grant NKI 837 from the
Netherlands Cancer Foundation.

References

1 Junod AF. Metabolism, production and release of hor-
mones and mediators in the lung. Am Rev Respir Dis
1975;112:93-108.

2 Said SI. Metabolic functions of the pulmonary circu-
lation. Circ Res 1982;suppl 50:325-33.

3 Van Zandwijk N, Lenssen FTJ, Van der Meer J, Wagen-
voort CA, Groen AS. Pulmonary injury elicited by
blood: An experimental study. Eur Surg Res
1979;11:301-16.

4 Holman BL, Zimmerman RE, Shapiro JR, Kaplan ML,
Jones AG, Hill TC. Biodistribution and dosimetry of
N-isopropyl-p['2*IJiodoamphetamine in the primate.
J Nucl Med 1983;24:922-31.

5 Winchell HS, Horst WD, Braun L, Oldendorf WH,

Hattner R, Parker H. N-isopropyl-p[!?*I}iodo- -

amphetamine: single pass uptake and wash-out; bind-
ing to brain synaptosomes; and localization in dog and
monkey brain. J Nucl Med 1980;21:947-52.

6 Rahimian J, Glass EC, Tonya JJ, Akber SF, Graham
LS, Bennett LR. Measurement of metabolic extraction
of tracer in the lung using a multiple indicator dilution
technique. J Nucl Med 1984;25:31-7.

7 Tonya JJ, Rahimian J, Grubbs DE, Corbus HF, Bennett
LR. In vivo assessment of a lung amine endothelial
receptor [Abstract]. J Nuc/ Med 1985;26(No.5):P14.

8 Gillis CN, Pitt BR. The fate of circulating amines within
the pulmonary circulation. Ann  Rev  Physiol
1982;44:269-81.

9 Korsower JM, Skovron ML, Ghossein NA, Goldman
HS. Acute changes in pulmonary arterial perfusion
following irradiation. Radiology 1971;100:691-3.

10 Kwock L, Douglas WHJ, Lin PS, Baur WE, Fanburg
BL. Endothelial cell damage after y-irradiation in
vitro: impaired uptake of a-aminoisobutyric acid. 4m
Rev Respir Dis 1982;125:95-9.

yBuAdod Aq parosrold 1sanb Ag 20z ‘9T |HUdy uo /wod fwigxeloyy//:dny wolj papeojumoq "986T 4970100 T U0 T80T T XUy9ETT 0T Se paysiignd 1sly :xeioy


http://thorax.bmj.com/

