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We measured the uptake of the somatostatin receptor ligand
%8Ga-[1,4,7,10-tetraazacyclododecane-N,N’,N",N"" -tetraacetic
acid]-p-Phe',Tyr3-octreotate (DOTATATE) in the left anterior
descending coronary artery (LAD) in association with calcified
plaques (CPs) and cardiovascular risk factors. Methods:
Seventy consecutive tumor patients were examined by whole-
body 68Ga-DOTATATE contrast-enhanced PET/CT. Blood-pool-
corrected standardized uptake value (target-to-background ratio)
was measured in the LAD, and CT images were used to detect
CP. Cardiovascular risk factors and history of prior cardiovascular
events were recorded. Results: ®8Ga-DOTATATE uptake was de-
tectable in the LAD of all patients. Target-to-background ratio in
the LAD correlated significantly with the presence of CP (R =
0.34; P < 0.01), prior vascular events (R = 0.26; P < 0.05), and
male sex (R = 0.29; P < 0.05), whereas CP correlated with these
parameters but also with age (R = 0.34; P < 0.01) and hyperten-
sion (R = 0.25; P < 0.05). Conclusion: In a series of oncologic
patients, those with prior cardiovascular events and calcified
atherosclerotic plagues showed significantly increased 68Ga-
DOTATATE uptake in the LAD, suggesting a potential role of this
tracer for plaque imaging in the coronary arteries.
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Atherosclerosis is one of the leading causes of
morbidity and mortality in the world (/), accounting for
most myocardial infarctions and sudden cardiac deaths (2).
New imaging methods can help identify high-risk patients
who bear vascular lesions that are vulnerable to thrombosis,
the so-called vulnerable plaques. Active inflammation is
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implicated in initiation, progression, and disruption of
vulnerable plaques and consequently represents an emerg-
ing target for the imaging and treatment of atherosclerosis.
Local inflammatory processes can now be assessed by
noninvasive imaging methods intended to identify the
vulnerable plaque on the basis of its physiologic properties
3.4).

Whole-body '8F-FDG PET/CT is a reliable and well-
established method to image and quantify plaque inflam-
mation (5). There was good correlation between carotid
plaque '8F-FDG uptake in vivo and macrophage staining
from the corresponding histologic sections (6). Further-
more, there was a weak but highly significant correlation
between '8F-FDG uptake and cardiovascular risk factors (7)
and the occurrence of future cardiovascular events (8).
However, most of this work has been performed on
relatively large arteries, such as the aorta or the carotid
arteries. Although pathologic features in these arteries are
likely representative of a general atherosclerotic disease, it
is the thromboembolic complications arising in the coro-
nary arteries that are responsible for most deaths (9).
Furthermore, most of these fatal cardiovascular events
occur in coronary arteries with less than 50% stenosis
(10), indicating that information about luminal stenosis is
insufficient to predict the vulnerability of a plaque. Al-
though '8F-FDG can serve as a metabolic marker for
inflamed plaques in the coronary arteries, its applicability
is limited by poor control of physiologic uptake of '8F-FDG
in the myocardium, which frequently obscures the vascular
pathology (/1).

As an alternative to the visualization of macrophages
with '8F-FDG PET, somatostatin receptors of subtype 2
(SSTRj), which are expressed by macrophages (/2), can be
detected with the PET ligand °%Ga-[1,4,7,10-tetraazacyclo-
dodecane-N,N',N”,N""-tetraacetic acid]-p-Phe!, Tyr3-octreo-
tate (DOTATATE) (/3). Unlike the case of '3F-FDG, there
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is no physiologic ®8Ga-DOTATATE uptake in the myocar-
dium, which permits more clear and consistent detection of
macrophage accumulation in the coronary arteries.

The purpose of the present study was to correlate °3Ga-
DOTATATE uptake in the left anterior descending coronary
artery (LAD) with the presence of calcified plaques (CPs)
and cardiovascular risk factors. To this end, we retrospec-
tively reanalyzed °®Ga-DOTATATE scans that had been
obtained for the investigation of neuroendocrine tumors.

MATERIAL AND METHODS

Patients

The study group consisted of 70 consecutive patients
who had been referred to our institution for a contrast-
enhanced PET/CT scan because of the presence of a neu-
roendocrine tumor. The study protocol was approved by the
local clinical institutional review board and complied with
the Declaration of Helsinki. None of the patients was under
current steroid medication or other treatments known to
affect vessel wall metabolism. Age, body mass index
(BMI), and common cardiovascular risk factors such as
hypertension, hypercholesterolemia, smoking habits, fam-
ily history, prior vascular events defined as myocardial
infarction, revascularization procedures or stroke, and di-
abetes mellitus were documented from charts.

Imaging Technique

All patients underwent °8Ga-DOTATATE PET/CT on
a Gemini scanner (Philips), consisting of a germanium
oxyorthosilicate full-ring PET scanner and a 2-detector-
row CT scanner. Patients received 20 mg of furosemide at
the same time as an intravenous injection of 3 MBq of %8Ga-

FIGURE 1.
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DOTATATE (mean dose, 211 MBq) per kilogram. Sixty
minutes after radiotracer administration, transmission data
were acquired using a whole-body low-dose CT scan with
conventional parameters. Next, a contrast-enhanced CT scan
(Ultravist 370, 370 mg of iodine/mL; Bayer-Schering AG)
with a slice thickness of 3 mm (195 mAs, 120kV, 512 x 512
matrix, 5 mm/s increment, 0.5-s rotation time, and 1.5 pitch
index) was obtained. Finally, caudocephalad PET emission
recordings were acquired in 3-dimensional mode with a
144 x 144 matrix. After scatter and decay correction, PET
data were reconstructed iteratively with and without atten-
uation correction and then reoriented in axial, sagittal, and
coronal slices. A fully 3-dimensional reconstruction algo-
rithm based on the row-action maximum-likelihood algo-
rithm was applied with the PET-View software (Philips).

Image Analysis

68Ga-DOTATATE Uptake. PET/CT scans were examined
by an experienced reader who was unaware of patient and
clinical information. Maximal standardized uptake values
(SUVs) were measured from the left sinus of Valsalva to
the outlet of the first diagonal branch of the LAD, which we
herein define as LAD. We manually placed regions of
interest (ROIs) of fixed size in all patients. The size was
chosen to match the lumen of the vessel. Finally, the correct
placement of the ROI within the lumen of the coronary
artery was in each case visually verified by inspection in all
3 planes, using the zoom display tool and moving the ROIs
along the long axis to find the regions of maximal SUV
(Fig. 1).

Blood-pool SUV was the mean from 3 ROIs placed in
the mid lumen of the vena cava inferior and the vena cava

PET/CT image analysis. Example of SUV measurement in LAD. PET/CT images of 64-y-old woman with history of
smoking (40 pack-years), diabetes, and hypercholesterolemia. From left to right: first panel shows coronal slice of PET scan.
Red line indicates same axial slice as that presented in other 3 images. Second panel shows axial CT image of coronary artery,
which was used to localize LAD. Red circle in panels 2, 3, and 4 indicates ROI, placed in LAD. Third panel shows axial PET slice,
and fourth panel shows fused CT and PET image. SUV was measured on fused PET/CT images along course of vessel.
Maximum SUV in this patient was 0.9, and mean venous SUV in upper and lower vena cava was 0.5, resulting in target-to—
background ratio (TBR) of 1.8.
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superior. The maximal SUV of the LAD was divided by
blood-pool SUV, yielding a target-to-background ratio
(TBR).

In addition, the major aortic divisions (ascending,
arch, descending, abdominal) and the iliac and common
carotid arteries were analyzed for the presence of %3Ga-
DOTATATE uptake. We placed simple circular ROIs on the
coregistered PET/CT slices, as described previously (8).

Plaque Burden. The CT scans were examined for the
presence of CPs in the wall of the LAD (vascular
attenuation > 130 Hounsfield units) (/4). Patients were
divided into those with CP and those without discernible
CP. Soft plaques were not discernible in the LAD. The
major peripheral arteries listed above were also scanned for
presence of calcifications.

Reproducibility. To assess intra- and interreader repro-
ducibility, TBR and CP measurements were repeated 8§ wk
after the initial review by the same reviewer and by a second
reviewer, for the calculation of intraclass correlation co-
efficients (ICCs) with 95% confidence intervals (CIs).

Statistical Analysis

Categoric variables are presented with absolute and
relative frequencies, whereas continuous variables are
presented as mean and SD. For between-group comparisons
for the TBR, unpaired Student ¢ tests were used for
parametric data, and Mann—Whitney U rank sum tests were
used for nonparametric data. The Pearson correlation
coefficient was used to correlate TBR with CP and with
age, BMI, and the occurrence of cardiovascular risk factors.
To identify the optimal TBR threshold value, receiver-
operating-characteristic analysis was performed (/5).

RESULTS

Patient Population

68Ga-DOTATATE uptake measurements in the LAD
were feasible in all patients. Relevant patients’ baseline
characteristics are reported in Table 1.

Correlation of Baseline Parameters

Table 2 shows the correlations of baseline characteristics
with TBR and CP in the LAD. Within the 70 patients,
significant correlations were observed between TBR and
male sex (R = 0.29; P < 0.05) and prior vascular events
(R = 0.26; P < 0.05). Furthermore, there was a significant
correlation between the presence of TBR and CP (R =
0.34; P < 0.01; Fig. 2). In 14 of 25 (56%) cases, the uptake
was not colocalized in the CP.

CP correlated significantly with age (R = 0.34; P < 0.01),
male sex (R = 0.39; P < 0.01), hypertension (R = 0.25;
P < 0.05), and prior vascular events (R = 0.37; P < 0.01).

Images from patients with high TBR are clearly distinct
from low-TBR images (Fig. 3). Receiver-operating-charac-
teristic analysis indicated that a cutoff TBR greater than or
equal to 1.5 gave an optimal threshold for specifically
distinguishing between patients with and without coronary
calcifications. Of the 12 high-uptake patients, 75% also had
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TABLE 1. Baseline Characteristics of Study
Population (n = 70)

Parameter Value
Age (y)

Mean = SD 58.9 £ 11.7
Range 30-81
Men (n) 38 (54.3%)

BMI
Mean = SD 251 = 3.7
Range 19.0-49.0
Cardiovascular risk factors (n)
Hypercholesterolemia 20 (28.6%)
Hypertension 36 (51.4%)
Active smoker 8 (11.4%)
Diabetes mellitus 9 (12.9%)
Family history of cardiovascular disease 10 (14.3%)
Prior vascular event 14 (20.0%)
Coronary CPs present 25 (35.7%)
TBR in LAD
Mean = SD 1.21 = 0.30
Range 0.63—2.00
Therapy (n)
Statin 11 (15.7%)

Sandostatin 9 (12.9%)

CPs within the LAD, versus only 28% of the low-uptake
patients.

There was a significant correlation between TBR and
presence of CP in the abdominal aorta (R = 0.256; P <
0.05), the right iliac artery (R = 0.273; P < 0.05), and both
common carotid arteries (right, R = 0.358; P < 0.01; left,
R = 0.297; P < 0.05). Furthermore, there were significant
correlations (P < 0.05) between TBR and male sex and
also prior cardio- or cerebrovascular events in the common
carotid arteries.

Patients undergoing statin or Sandostatin (Novartis
Pharma AG) therapy, compared with the other patients,
did not show significantly altered °8Ga-DOTATATE uptake.

TABLE 2. Correlation of Baseline Characteristics with
TBR in LAD and CP in LAD

Parameter TBR in LAD CP in LAD

Age NS 0.34*
Male sex 0.29t 0.39*
BMI NS NS
Hypertension NS 0.25%
Smoking NS NS
Family history NS NS
Diabetes NS NS
Hypercholesterolemia NS NS
Prior vascular event 0.26t 0.37
TBR in LAD 1.00 0.34*
CP in LAD 1.00

P < 0.01.

tP < 0.05.

NS = statistically not significant.
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FIGURE 2. Relation of TBR to calcification. Scatter plot
shows individual ratios for all patients, separated into those
with CP (CP (+)) and those without CP (CP (—)). Mean values
are indicated with horizontal line.

Reproducibility

The intrareader ICC for TBR measurements was 0.97
(95% CI, 0.93-0.99), and the interreader ICC was 0.94
(95% CI, 0.89-0.97).

DISCUSSION

We present the first quantitation of ®8Ga-DOTATATE
uptake in the anterior descending coronary artery using
PET/CT. We found a significant correlation between %3Ga-
DOTATATE uptake and the presence of vessel wall
calcifications. On stratifying the subjects into groups with
high and low tracer uptake, we found that most of the
patients with high tracer uptake also had calcifications
(seen in only a third of the patients with low ©3Ga-
DOTATATE uptake) in the LAD. Our finding of 44%
colocalization is in line with previous studies conducted
with '8F-FDG, reviewed by Kato et al. (/6). Furthermore,
patients with prior cardiovascular events had significantly
increased °8Ga-DOTATATE uptake in the LAD, suggesting
this radiotracer as a potential biomarker for the identifica-

tion of vulnerable coronary artery plaques and indeed in
other major vessels, as already shown for '8F-FDG.

Molecular Background

Several publications have demonstrated the expression of
somatostatin subtype 1 receptors and SSTR, on human
macrophages (/2,17). %8Ga-DOTATATE, which has hith-
erto been used for the assessment of neuroendocrine
tumors, has a high affinity and selectivity for SSTR, and
is rapidly cleared from nontarget tissues, thus offering good
target-to-nontarget imaging properties (/3). Indeed, the
myocardium was devoid of significant 3Ga-DOTATATE
uptake, which is an important precondition for using this
tracer for the assessment of atherosclerosis in the coronary
arteries.

Comparison to Other Biomarkers of Atherosclerosis
Several previous studies reported significant correlations
between the presence of cardiovascular risk factors and '3F-
FDG uptake in large arteries (7,18,19). Moreover, increased
I8F-FDG uptake in large arteries was recently demonstrated
in oncologic patients with prior cardiovascular events (/9)
and in oncologic patients who had a cerebro- or cardiovas-
cular event during follow-up (8). This increased '®F-FDG
uptake is presumably an indicator of elevated metabolic
activity in macrophages resident in the inflamed plaques.
Macrophage proliferation has been documented in culprit
lesions after plaque ruptures, leading to myocardial in-
farction or sudden cardiac death (9). In the only previous
I8F.FDG PET study of the coronary arteries, a series of 32
patients was investigated according to oncologic indica-
tions (11); of the 17 patients in whom arterial wall '®F-FDG
uptake was discernible, 15 proved to have stenoses of more
than 50% on coronary angiography. Nonetheless, general
application of the approach is hampered by the occurrence
of significant '3F-FDG uptake in the myocardium of nearly
one half of the patients, despite prescan fasting or the use of
a low-carbohydrate, high-fat diet. Thus, the low myocardial
uptake of %8Ga-DOTATATE presents an advantage over
IBF-FDG for the detection of macrophage infiltration of
coronary vessels; we could evaluate 53Ga-DOTATATE

FIGURE 3. Proportion of 68Ga-DOTA-
TATE uptake and calcifications in LAD.
Patients with high DOTATATE uptake
(TBR = 1.5) also show high percentage
of CPs within LAD (left diagram),
whereas patients with low DOTATATE
uptake (TBR < 1.5) had low percentage
of CPs within LAD (right diagram).

TBR2 1.5

HCP (+)
OcP(-)

TBR<1.5

276 %

724%
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uptake in the LAD in all 70 of our patients, with excellent
intra- and interreader reproducibility for the TBR values,
comparable to those obtained earlier for '®F-FDG uptake
measurements in peripheral vessels (20).

Future PET/CT studies using dedicated CT and electro-
cardiogram-gated PET should enable the measurement of
98Ga-DOTATATE uptake in the whole coronary artery tree
while also obtaining CT calcium scores. In the present
cross-sectional study, the magnitude of CP in the LAD of
oncology patients correlated with most cardiovascular risk
factors, underlining the inherent association of CPs with the
presence of atherosclerosis (2/). Macrophages have been
targeted as a marker of plaque vulnerability in imaging
studies with several radiopharmaceuticals other than !8F-
FDG. Kietselaer et al. investigated 4 preoperative carotid
endarterectomy patients with ®*™Tc-annexin A5, a labeled
plasma protein that binds to cell membranes of apoptotic
macrophages (22); increased radiotracer uptake was ob-
served in patients with a recent prior cardiovascular event
who also showed histopathologic features of unstable
plaque. Other studies have used choline derivatives, which
are transported into activated macrophages and incorpo-
rated into the cell membrane; elevated uptake of these
tracers is reported in the walls of vessels with and without
calcifications (/6).

Limitations

Because this study was performed in tumor patients, the
findings may be imperfectly generalizable to investigations
of vascular disease per se. Although the stringent national
guidelines for recruitment of healthy control subjects (re-
lated to the radiation exposure) necessitated the use of an ill
cohort, the present findings make a compelling rationale for
conducting prospective PET/CT vascular examinations
using 98Ga-DOTATATE in noncancer patients. Further-
more, in these patients noncardiac CT scans were obtained
so that the proximal portion of the left coronary artery only
could be reliably evaluated.

CONCLUSION

On the basis of in vitro findings of the expression of
SSTR, on macrophages, we measured °8Ga-DOTATATE
uptake in the LAD of a series of oncologic patients. Those
patients with prior cardiovascular events and calcified
atherosclerotic plaques showed significantly increased
%8Ga-DOTATATE uptake in the LAD, suggesting a potential
role of this tracer for plaque imaging and characterization
in the coronary arteries.
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