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According to several observers, the late 1980s and
early 1990s are considered to be the « golden age » of
nuclear cardiology, regarding the myocardial perfusion
imaging (MPI) field with Single Photon Emission
Computed Tomography (SPECT). Effectively, within a
few years, three differents 99mTc-labeled MPI agents
have been approved by the Food and Drug Adminis-
tration (FDA) for clinical use : 99mTc-sestamibi,
99mTc-teboroxime and 99mTc-tetrofosmin.'™ In the
early 1990s several others 99mTc-MPI agents have been
the subjects of basic, animal and clinical researches such
as 99mTc-Furifosmin and 99mTc-N-NOE¢.>*° However,
these two agents have not been approved. At the same
time, PET myocardial perfusion tracers started to be
progressively introduced in clinical practice. Although
during the last 30 years several studies have been per-
formed in order to synthesize new SPECT MPI agents,
no significant potential radiotracer has emerged, so that
99mTc-sestamibi and 99mTc-Tetrofosmin are still used
in almost every SPECT MPI clinical studies around the
world, with the exception of 201Thallium for more
specific indications.

Like 99mTc-Sestamibi, 99mTc-Teboroxime
became commercially available in december 1990, when
they both have been almost simultaneously approved by
the FDA. 99mTc-Teboroxime, is chemically very
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different from 99mTc-sestamibi or 99mTc-Tetrofosmin.
It has a smaller molecular size than 99mTc-sestamibi but
is larger than 201Thallium. A neutral and highly lipo-
philic compound (99mTc-sestamibi is a cationic
complex), 99mTc-Teboroxime is a member of the
boronic acid adducts of technetium dioxime complexes
(BATO). These complexes are neutral seven coordinate
technetium vicinal dioxime complexes that have a boron
group at one end of the molecule. 9mTc-Teboroxime is
the generic name for (bis(1,2-cyclohexanedione dioxi-
mato(1-)-0)-(1,2-cyclohexane-dione-ioximato(2-)-0)
methyl  borato(2-)-N,N',N” N N N"""")-chloro-tech-
netium, also referred as SQ30217 (developmental name)
or cadiotec (trademark name from Squibb Diagnostics).

Human biodistribution also differs from that of
99mTc-sestamibi.”'® After intravenous administration
at rest, 99mTc-teboroxime diffuses rapidly across the
phospholipid cell membrane due to its neutral and highly
lipophilic characteristics. Blood and lung activity clears
within 1 to 2 minutes after the injection. Blood clearance
is rapid with only 9.5% of the dose remaining in the
circulation 15 minutes after the injection. The liver,
which is the major route of elimination, shows a low
activity initially, but the hepatic uptake increases over
time with peak activity starting about 5 minutes after
injection. The hepatic half-time differs from that of
99mTc-sestamibi because it is approximately 1 to 1.5
hours, suggesting that the mechanisms of uptake and
excretion may also differ. Myocardial uptake of 99mTc-
teboroxime is very rapid, with excellent myocardial
visualization at 1 to 2 minutes after injection. The
myocardial clearance, however, is also very rapid and
biexponential, with half-times of 2 minutes (68%) and
78 minutes (32%). 99mTc-Teboroxime has a high first-
pass myocardial extraction fraction and shows a better
linear relationship between its myocardial uptake and
myocardial blood flow (MBF) than that of 99mTc-ses-
tamibi and 99mTc-Tetrofosmin.

2697


http://crossmark.crossref.org/dialog/?doi=10.1007/s12350-020-02137-w&amp;domain=pdf

2698 Taillefer

99mTc-labeled boronic acid derivatives for SPECT myocardial perfusion

Journal of Nuclear Cardiology®
November/December 2021

Table 1. Criteria for the “ideal” spect myocardial perfusion imaging radiotracer

1. High myocardial uptake with no or minimal myocardial redistribution
2. A high and stable target-to-background ratio with low uptake in the adjacent organs (lungs, liver, stomach)

during the image acquisition period

3. Linear relationship between radiotracer myocardial uptake and coronary blood flow: <5 mL/min/gr (level seen
with pharmacological vasodilation). This requires a high first-pass myocardial extraction fraction and a

subsequent very rapid blood clearance

4. A physical half-life that allow enough time for adequate image acquisition (and repeated acquisition if
necessary) with both treadmill stress test and pharmacological intervention
5. Quantification of absolute myocardial blood flow, enabling identification of diffuse, multivessel, or balanced

CAD
6. Appropriate radiation dosimetry and safety profile

Although approved by the FDA at the same time
than 99mTc-Sestamibi, 99mTc-Teboroxime has quickly
become far less commonly used in clinical practice. The
above mentionned peculiar pharmacokinetic properties
of 99mTc-Teboroxime have challenged the users of this
radiotracer, especially to find a clinically useful and
optimal imaging protocol. Because it takes between 1
and 2 minutes for the 99mTc-Teboroxime blood pool
activity to clear, the hepatic uptake peaks at about 5 to 6
minutes after the injection and progressively increases
overtime, and the myocardial wash-out is very rapid,
there is a narrow time window for optimal MPI with
99mTc-Teboroxime. Dynamic SPECT with three-
headed SPECT system has been proposed as an alter-
native to the standard systems but the number of this
type of SPECT cameras was rather limited in clinical
practice.'' Fast image acquisition protocols or dedicated
cardiac SPECT gamma cameras with high count effi-
ciency (CZT) would have been ideal for this radiotracer
but since these were not available at that time, 99mTc-
teboroxime rapidly disappeared from the clinical pratice.

In this current issue of the Journal, Xi and collab-
orators'? present the continuation of their initial study
performed in Sprague-Dawley rats using a newly
developed MPI radiotracer, 99mTc-3SPboroxime,
99mTcCl(CDO)(CDOH)2B-3SP)3SP-B(OH)2=3-
(methylsulfonyl)pyridineboronic acid, another member
of the boronic acid adduct 99mTc (IIT) complexes. This
time they studied the myocardial uptake, the heart-to-
liver ratio and the K1 and K2 values for compartment
model in normal and acute myocardial infarction swines.
Three different radiotracers were compared: 99mTc-
3SPboroxime. 99mTc-Teboroxime and 99mTc-Ses-
tamibi. Their results showed that the initial uptake was
comparable to that of 99mTc-Teboroxime but signifi-
cantly higher than that of 99mTc-sestamibi. The heart-
to-liver ratio of 99mTc-SPboroxime was higher than that
of 99mTc-Teboroxime at 15 minutes post-injection. The

K1 value of 99mTc-3SPboroxime was significantly
much higher than that of 99mTc-Sestamibi (suggesting
its higher first-pass myocardial extraction fraction) and
the K2 values were significantly lower than that of
99mTc-Teboroxime (both at rest and after dypiridamole
administration, indicating a longer 99mTc-3SPboroxime
myocardial retention time). These two characteristics are
of prime importance in order to detect the proper extent
and severity of myocardial ischemia. The authors were
able to obtain high quality SPECT images over the first
15 minutes after the injection, using a cadmium zinc
telluride (CZT) SPECT camera. Therefore, an initial
increased myocardial uptake coupled to a prolonged
myocardial retention of 99mTc-3SPboroxime in com-
parison to 99mTc-Teboroxime, offer a significant
advantage of enabling a wider image time acquisition
window for MPI and offering a more accurate MBF
quantitation with dynamic SPECT, which is much more
difficult to obtain with 99mTc-Teboroxime.

One legitimate question arises: why do we need a
new 99mTc-MPI radiotracer since those available in
clinical practice for almost the last 30 years have been
shown to provide satisfactory results? Table 1 summa-
rizes the most important criteria for the ideal SPECT
MPI radiotracer.> Although 99mTc-Sestamibi and
99mTc-Tetrofosmin shows many of the required char-
acteristics, they suffer from a less than ideal relationship
between radiotracer myocardial uptake and MBF, with
the « roll-off » phenomenon reported at high flow rates,
especially seen when using pharmacologic intervention.
Because of this sub-optimal non-linear relation between
radiotracer uptake and MBF, proper physiological
compensation is required for quantification of the
absolute coronary blood flow and flow reserve with
SPECT, which can be sometimes inaccurate and difficult
to realize.

Obviously, although these preliminary results are
very interesting, more studies will be needed in order to
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validate the potential use of 99mTc-3SPboroxime in
MBF quantitation with direct comparison with gold
standard MBF measurements such as perfusion PET
imaging or microspheres and, of course, biodistribution
data obtained in humans. Furthermore, one must not
forget lessons learned from the past experiences: results
obtained from animal studies cannot always be auto-
matically and exactly extrapolated to humans. There are
various examples in the past, especially with the isoni-
triles family (99mTc-CPI, 99mTc-TBI or 99mTc-RP42)
where the animal studies showed great results but human
biodistribution data were disappointing, showing either
more increased lung or liver uptake or lower myocardial
extraction, limiting their potential widespread clinical
applications.'*'°

Nonetheless, a new 99mTc-labeled MPI radiotracer
showing better myocardial uptake and retention with a
better relationship between myocardial uptake and
MBF, especially at high flow rates, would be more than
welcome. This could be refreshing after 30 years of
using the same SPECT MPI radiotracers. Furthermore,
this could help, particularly with the new imaging soft-
wares and CZT gamma cameras, to increase the role of
nuclear cardiology, especially to fulfill its potential role
in accurately quantifying regional MBF with SPECT
imaging and increasing its diagnostic accuracy.
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