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Receptors for somatostatin (SST) (SSTR) are expressed on var-
ious tumor cells as well as on activated lymphocytes. Previous
data have shown that 99mTc-P829 binds with high affinity to
many different types of tumor cells as well as to leukocytes via
the human hSSTR2, hSSTR3, and hSSTR5 target receptors.
Consequently, 99mTc-P829 was successfully introduced as a
peptide tracer for tumor imaging. In this study, we evaluated the
orbital uptake of 99mTc-P829 in patients with active and inactive
thyroid-associated orbitopathy (TAO), accompanied by lympho-
cyte infiltration in the acute stage and by muscle fibrosis in the
chronic stage of the disease. Methods: To evaluate its clinical
usefulness in Graves’ disease, 99mTc-P829 scintigraphy (�740
MBq) was performed in 44 patients with TAO (median duration,
19 mo; range, 1–360 mo). The clinical activity of the orbital
disease was graded by the NOSPECS (no signs or symptoms;
only signs, no symptoms; signs only; proptosis; eye muscle
involvement; corneal involvement; sight visual acuity reduction)
classification of the American Thyroid Association, the clinical
activity score (CAS), and the superonasal index (SNI). SPECT
(360°) and planar studies were completed within 3 h after injec-
tion. Orbital (O) regions of interest (ROIs) were compared with
temporoparietal and occipital (OCC) ROIs. Orbital uptake ratios
in Graves’ disease were compared with data obtained from lung
cancer patients with no eye disease (n � 22). Results: Overall,
99mTc-P829 biokinetics were the same in Graves’ disease pa-
tients as in lung cancer patients, showing a rapid blood clear-
ance and visualization of the facial bones within minutes of
injection. In all control patients, the orbit appeared as a “cold
area,” whereas visual orbital accumulation of 99mTc-P829 was
found in patients with active TAO (O/OCC ratios: 1.26 � 0.04 vs.
1.69 � 0.04; P � 0.01, respectively). Patients with active eye
disease (n � 25) presented with an increased orbital uptake of
99mTc-P829 compared with patients with inactive disease (n �
19; O/OCC ratio: 1.12 � 0.05; P � 0.01). A statistically signifi-
cant correlation was found between CAS and the orbital uptake
(O/OCC ratio) values (r � 0.90), whereas no correlation could be

documented regarding the NOSPECS classification as well as
the SNI. Conclusion: In TAO, 99mTc-P829 yields high orbital
binding with good clinical correlation. The better image quality
due to the high energy of technetium, the lower radiation dose
for patients and personnel, and the short acquisition protocol
favor SSTR scintigraphy with 99mTc-P829 over 111In-labeled
compounds. The in-house availability of the radiotracer and
cost-effectiveness are further advantages.
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The high-level expression of peptide receptors (R) on
various tumor cells compared with normal tissue or blood
cells (1,2) provided the molecular basis for the successful
use of radiolabeled somatostatin (SST) analogs as tumor
tracers in nuclear medicine. Over the last decade, 5 different
human hSSTR subtypes, similar in their amino acid se-
quences but different in their extracellular amino-terminal
and intracellular carboxy-terminal domains, have been char-
acterized in detail and have been cloned (3–10). These hSST
subtype receptors are expressed in varying amounts by
different human tumor tissues. Radiolabeled SST analogs,
used for imaging purpose, have different affinities for these
SSTR subtypes (11–14).

111In-DTPA-D-Phe1-octreotide binds with high affinity to
hSSTR2 and hSSTR5 and with moderate affinity to
hSSTR3. It has been proven to be effective in diagnosing
and staging SSTR-expressing tumors and their metastases
(15,16). Despite the clinical usefulness of111In-labeled SST
analogs, several attempts have been made to label hSSTR
ligands with99mTc because of its optimal decay properties
and its cost-effectiveness (17–20). P829 (i.e., depreotide), a
synthetic peptide containing a sequence that mimics the
binding domain of SST, has proven to be a suitable hSSTR
ligand, which can be labeled stably with99mTc (20). Re-
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cently, a broad spectrum of human tumors that can be
visualized by 99mTc-P829 has been identified, including lung
cancer, breast cancer, and melanoma (21). The respective
target receptors for 99mTc-P829 binding are the hSSTR2,
hSSTR5, and hSSTR3 subtypes (21). In the routine work-up
of patients suspected of having lung cancer, the tracer has
been successfully used, especially when PET technology is
not available (22).

For tumor imaging, binding of the peptide–receptor com-
plex onto the cellular surface as well as internalization have
been proposed for the underlying mechanism of the SSTR
tracer uptake (23). Furthermore, the expression of hSSTR
subtypes by intratumoral lymphocytes, endothelial cells, or
fibroblasts is an additional feature to be considered (24–28).
In fact, activated T-lymphocytes have been shown to ex-
press the hSSTR2 subtype, maintaining an important role in
the development of lymphocytes as well as in tumorogen-
esis (24). In turn, we observed that 99mTc-P829 binds to
hematopoietic cells, including leukocytes (21), and is able
to visualize lymphoproliferative or granulomatous disorders
in vivo, as do other hSSTR radioligands (15,16).

In patients with clinically active Graves’ disease, both the
thyroid and the orbit present with mononuclear infiltration
and inflammation evolving into fibrosis (29). T-lymphocyte
infiltration of retrobulbar tissue in thyroid-associated or-
bitopathy (TAO) is the rationale of SSTR imaging with
111In-DTPA-D-Phe1-octreotide. A good correlation between
orbital tracer accumulation and activity of the eye disease
(30,31) as graded by the NOSPECS (no signs or symptoms;
only signs, no symptoms; signs only; proptosis; eye muscle
involvement; corneal involvement; sight visual acuity re-
duction) classification (32), the clinical activity score (CAS)
(33), the T2 relaxation time of the inferior rectus muscle in
MRI (34), or ultrasonography (35) has been reported. More-
over, it was repeatedly suggested that SSTR scintigraphy
could routinely be applied to select patients with TAO, who
will benefit from immunosuppressive therapy (36–38) or
treatment with long-acting SSTR analogs (37). However,
drawbacks of 111In-labeled SSTR ligand application are
availability, costs, and required equipment.

In this study the orbital uptake of 99mTc-P829 was eval-
uated in 44 consecutive patients with active and inactive
TAO. The tracer uptake was correlated to the clinical degree
of TAO, and graded by NOSPECS score and CAS.

MATERIALS AND METHODS

Patients
Forty-four consecutive patients with TAO were studied. In-

formed consent was obtained before inclusion in the study (demo-
graphic data are included in Table 1). Twenty-five patients pre-
sented with active TAO (CAS � 2), and 19 patients presented with
inactive TAO (CAS � 2). Twenty-two patients, referred to our
institution for staging of lung cancer, served as control subjects.
Bone metastases of the head were not present in any of the lung
cancer patients at the time of scintigraphy. Patients presented with
TAO either at the Department of Ophthalmology of the University

of Vienna or at the Thyroid Outpatient Unit of the Vienna City
Hospital Lainz. Clinical work-up was done within 1 wk of initial
presentation, including assessment of thyroid disease as well as
TAO in newly diagnosed patients.

Each patient underwent a clinical examination, laboratory test-
ing of thyroid hormone function (free triiodothyronine, free
L-3,5,3�,5�-tetraiodothyronine, and thyroid-stimulating hormone
[TSH]), and immunologic testing including measurement of anti-
bodies directed against the TSH receptor. Pretreatment included
steroids, SST analogs, radioiodine treatment, surgery, external
beam radiation, and antibody apheresis. At the time of 99mTc-P829
scintigraphy, thyroid function tests were within the normal range
in 18 patients, 19 patients were hyperthyroid, 5 were latent hyper-
thyroid, and 2 were latent hypothyroid. For individual medication,
see Table 1.

Evaluation of TAO
TAO was classified according to the NOSPECS classification of

the American Thyroid Association (32) as well as by the CAS (33),
based on classical signs and symptoms of inflammation. The CAS
was calculated for each eye of the patient by assigning 1 point for
the presence of each of the following signs: spontaneous retro-
bulbar pain, pain with eye movement, eyelid erythema, eyelid
edema or swelling, conjunctival injection, chemosis, and swelling
of the caruncle.

In addition, in all patients, the superonasal index (SNI) was
evaluated using standardized echography of the orbit. To exclude
a compressive optic neuropathy, standardized A-scan mode (Bio-
vision, V-Plus) was performed in all patients for measurement of
the optic nerve diameter and the extraocular muscles’ diameters at
5 reference locations as defined by Ossoinig (Fig. 1) (40). The
maximal time between 99mTc-P829 scintigraphy and standardized
echography (SNI) was 6 wk.

Synthesis and Labeling of P829
The peptide P829 was synthesized using solid-phase peptide

synthesis techniques and N-�-Fmoc chemistry, and was purified
by preparative high-performance liquid chromatography as de-
scribed (20,21). The instant kit containing 50 �g of the P829
peptide was used for all examinations (Nycomed-Amersham). This
P829 kit was reconstituted with 1 GBq 99mTc-pertechnetate (CIS
Bio International) in a final volume of 3 mL. The reconstituted
product was heated for 15 min and then kept at room temperature
(22°C) for 45 min. An aliquot of this preparation was used for
radiochemical purity control determined by instant thin-layer chro-
matography (ITLC) (ITLC-SG; Gelman Sciences) developed in
saturated saline (99mTc-P829 and 99mTc-microcolloid, Rf, 0–0.75)
and ITLC-SG developed in pyridine:acetic acid:water (5:3:1.5) for
determination of 99mTc-microcolloid (Rf, 0–0.25). For all applica-
tions, the radiochemical purity of 99mTc-P829 was �95%.

Gamma-Camera Imaging and Data Analysis
All SPECT (and planar) acquisitions were performed with an

ADAC gamma camera (Vertex or Epic) equipped with a high-
resolution collimator. The pulse-height analyzer window was cen-
tered on the 99mTc peak (140 keV) with a window width of �20%.
Acquisition was started at 0.5–1 h after injection and was com-
pleted within 90 min. SPECT of the skull (matrix, 64 	 64) was
performed in a 360° circle in 6° steps, 40 s per step. Gamma-
camera data were stored on disks. Data were processed by standard
techniques using the dedicated computer software of the ADAC
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gamma camera with which the images had been acquired. All
SPECT data were reconstructed in conventional axial, sagittal, and
coronal projections using a Butterworth filter (cutoff, 0.5; order,
6). Planar acquisitions used a matrix of 256 	 256, 500 kilocounts
were acquired. The analysis of efficacy was based on blinded
evaluation of the 99mTc-P829 images. Two experienced nuclear
medicine practitioners with no knowledge of the patients demo-

graphic or background characteristics, medical history, clinical
presentation, or results of other diagnostic tests (i.e.: SNI, CAS)
independently evaluated the images for each patient.

Images were evaluated visually for the presence or absence of
tracer uptake in the following areas: right orbit (RO), left orbit
(LO), temporoparietal (T) skull, and occipital (OCC) skull. For
semiquantitative calculation, regions of interest (ROIs) were

TABLE 1
Demographic Data of TAO Patients Undergoing 99mTc-P829 Scintigraphy (n � 44)

Patient
ID

DD
(mo) NOSPECS SNIod SNIos CASod CASos VUod VUos Pretreatment* OM* TF†

006 82 4.2 5.58 5.50 0 0 
 
 1 1 1
007 53 4.2 4.92 5.39 6 6 �� �� 1, 2, 4, 5, 6 6 2
008 3 2.1 5 4 �� � 1 1 2
010 103 4.2 5.23 5.46 1 1 
 
 1 1 1
012 21 4.2 6.43 5.97 4 2 � 
 1, 2, 5 1, 6 2
015 5 4.3 7.05 7.01 4 3 � � 1, 2, 3 1 1
027 23 4.2 6.04 5.15 7 7 ��� ��� 1, 2 1 2
030 26 3.1 5.00 4.88 6 7 �� �� 1 1 3
018 202 4.2 5.54 6.49 2 2 � 
 3 10 4
022 1 4.2 6.82 6.04 7 7 ��� ��� 1, 2 2 2
021 74 4.2 5.97 6.08 5 5 � � 1 1 1
035 67 4.2 4.92 5.46 6 4 �� � 1, 2, 3, 5, 7 10 3
032 5 0.0 5.23 5.23 1 1 
 
 1 1 3
031 26 4.1 6.20 6.00 2 2 � � 1, 2 1 2
037 5 4.1 5.73 5.19 6 4 �� � 1 2 3
038 22 3.2 4.84 5.08 2 2 � � 1, 5 1 1
039 4 2.1 5.39 5.46 1 1 
 
 0 0 1
043 1 0.0 1 1 � 
 1, 8 1 2
044 4 4.1 6.01 6.16 6 5 ��� �� 1 1 2
046 30 3.1 5.11 5.97 4 2 � 
 1, 2, 5 0 1
047 37 4.1 5.70 6.28 1 1 �� � 1, 2 2 1
049 10 2.0 2 2 
 
 1 1 2
050 3 1.0 0 0 
 
 1 1 1
051 25 4.2 6.24 6.47 2 3 � �� 1, 2, 5 6 1
052 54 4.3 5.86 5.35 4 6 ��� �� 1, 2, 5, 11 6 1
053 4 4.1 6.01 6.43 1 1 
 
 1 1 1
054 360 4.2 6.08 5.54 7 5 ��� �� 1, 4 2 1
058 17 2.0 1 1 
 
 1 2 1
062 16 4.2 6.04 5.89 6 6 ��� ��� 1, 2, 9 1 1
066 48 4.2 4.26 4.38 7 7 �� �� 1, 2, 3, 9 10 2
068 40 4.2 5.42 5.58 7 5 �� � 1, 2 1 2
070 10 4.1 7 5 �� � 1, 2 1 2
072 8 4.2 6.40 6.60 7 5 �� � 1 1 2
075 2 2.0 1 0 
 
 1 1 2
076f 4 2.0 5.39 5.70 2 1 
 
 1, 10 1, 10 1
079 10 4.2 5.35 5.54 7 5 ��� ��� 1 1 3
081 5 2.0 2 1 � 
 1, 5, 10 10 1
077 22 4.2 5.81 5.97 1 1 � � 1, 2, 5 10 4
064 25 4.2 5.39 5.35 3 3 � � 1, 2, 5, 10 9, 10 2
085 4 3.0 6 4 �� �� 1 1 2
086 36 4.2 5.35 5.58 1 1 
 
 1, 2, 5, 8, 11 8 1
089 10 4.1 4 5 �� �� 1 1 2
072 12 4.2 6.43 6.74 6 5 � � 2, 5, 10 2, 10 2
092 54 3.0 4 3 � � 1 1 2

* Pretreatment and ongoing medication: 1 � carbimazole; 2 � steroids; 3 � irradiation; 4 � radioiodine; 5 � thyroid resection; 6 �
apheresis; 7 � octreotide; 8 � photopheresis; 9 � �-blocking agents; 10 � thyroxin; 11 � orbital decompression according to Olivari (39).

†Thyroid function: 1 � euthyroid; 2 � hyperthyroid; 3 � latent hyperthyroid; 4 � latent hypothyroid.
ID � identification; DD � disease duration; SNI � superonasal index; od � oculus dexter (right eye); os � oculus sinister (left eye); VU �

visual uptake; OM � ongoing medication; TF � thyroid function.
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drawn on every skull SPECT. The mean of counts was calculated
for rectangular ROIs (16 pixels) of the RO, LO, T and OCC (Fig.
2). Particular care was taken to exclude nasal or pharyngeal activ-
ity from the ROIs. Uptake ratios were calculated for RO/T and
LO/T (O/T) and for RO/OCC and LO/OCC (O/OCC). All gamma-
camera data were background corrected. In all lung cancer pa-
tients, SPECT studies of the chest and head as well as planar
studies in anteroposterior and posteroanterior projections (chest,
abdomen) were performed.

In 5 patients dynamic studies were performed with image ac-
quisition within minutes of injection.

Analysis of skull SPECT data in lung cancer patients was
performed identically to that in Graves’ disease patients. Using
standard nuclear medicine techniques, foci of increased labeled
peptide accumulation were considered as true-positive sites of
disease when corroborated by CT or MRI findings, or confirmed
by histology after surgical biopsy.

Statistical Analysis
Statgraphics Plus (Statistical Graphics Corp.) for Microsoft

Windows Version 4.0 and SPSS for Microsoft Windows Version
10.0 were used for statistical analysis and graphical options. Stan-
dard statistical tests performed at a confidence level of 95%
included t test, simple regression analysis, ANOVA, and receiver-
operating-characteristic (ROC) curve.

RESULTS

Forty-four patients with TAO were studied (37 females, 7
males; mean age, 53.8 y). Because of the wide range of the
duration of the disease (median, 19 mo; range, 1–360 mo),
it was not a suitable indicator for the disease activity. The
mean � SEM of the CAS was 3.5 � 0.5 (SD, 2.31; median,
3.5) and of the NOSPECS score was 3.45 � 0.24 (SD, 1.18;
median, 4.15). The intraocular pressure was within the
normal range (8–22 mm Hg) in all patients.

Overall, 99mTc-P829 biokinetics were comparable in
Graves’ disease patients and in lung cancer patients, show-
ing a rapid blood clearance and visualization of the facial
bones within minutes of injection. Whereas visual uptake
was found in all patients with active TAO (Fig. 3), the orbit
appeared as a “cold area” without 99mTc-P829 accumulation
in all control patients (Fig. 4). In general, patients with
active TAO (n � 25) showed a visually increased orbital
uptake compared with that of patients with inactive disease
(n � 19) (Table 2).

The mean of the O/OCC ratio in patients with TAO was
1.44 � 0.03; the mean of the O/T ratio was 1.51 � 0.03
(Table 2). No statistically significant difference of the 2
ratios (P � 0.28) could be proven. However, the correlation
coefficient between the 2 ratios was 0.50, indicating a
statistically significant, moderately strong, correlation (R2 �
25.36%; P � 0.05, 95% confidence level) (Table 3;
Fig. 5A).

The results of orbital uptake of the 99mTc-P829 scintigra-
phy were in good accordance with the clinical degree of the
disease, expressed by the CAS.

Using simple regression analysis of the O/OCC versus
CAS, a statistically significant, relatively strong relationship
between the variables was found (r � 0.9; R2 � 81.11%;
P � 0.01, 99% confidence level) (Figs. 5B and 5C). A
moderately strong relationship was observed for the O/T
versus CAS (r � 0.55; R2 � 30.30%; P � 0.01, 99%
confidence level) (Fig. 5D).

The ROC curve shows an area under the ROC curve of
0.970 for the O/OCC ratio (Fig. 5E). In contrast, the area
under the ROC curve for the O/T ratio is only 0.707 (Fig. 5F).

In contrast to the correlation with CAS, no correlation
could be proven for the NOSPECS classification or the SNI
versus all ratios calculated (Table 2).

FIGURE 2. ROIs in patient with positive 99mTc-P829 scintig-
raphy of orbit: 1 � right orbit; 2 � left orbit; 3 � temporoparietal
reference region; 4 � occipital reference region.

FIGURE 1. Standardized echography of extraocular muscles
and optical nerve. Frames are sorted according to anatomic
position. Diameters are measured by A-scan mode: #1, MR �
medial rectus muscle; #2, SR � superior rectus muscle; #3,
SO � superior oblique muscle; #4, LR � lateral rectus muscle;
#5, IR � inferior rectus muscle; #6, IO � inferior oblique muscle;
#7, ON � optic nerve. SNI is mean of diameters of 1, 2, and 3.
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For subgroup analysis, TAO patients were grouped into
patients with active TAO (CAS � 2) and patients with
inactive TAO (CAS � 2).

Patients with Active TAO (n � 29; CAS > 2)
The median of disease duration for this group of patients

amounted to 47 mo. Only 1 patient (CAS � 7) showed a
slight impairment of the visual field due to active TAO. All
patients with active TAO showed visible tracer accumula-
tion of the orbit. In general, the eye itself appeared negative,
whereas the eyelid and retrobulbar tissue presented with
marked accumulation of 99mTc-P829 (Fig. 3).

The mean of the O/OCC in patients with active TAO
amounted to 1.69 � 0.04; the mean of the O/TP was 1.61 �
0.04 (Table 2). The t test did not reveal a statistically

FIGURE 3. (A) 99mTc-P829 scintigraphy (�740 MBq) in patient
022 of Table 1 with active TAO (CAS � 7 for both eyes). Retro-
bulbar compartment with tracer accumulation is clearly seen in all
SPECT projections (arrows). (B) Sagittal SPECT study of same
patient as in A: Tracer accumulation in retrobulbar compartment is
clearly marked at both sides. Uptake in globes is negative; retro-
bulbar compartment is highly positive (arrows). In midline of head,
tracer accumulation in nasal part of pharynx is seen. (C) Transverse
SPECT study of same patient as in A and B: Tracer accumulation
in retrobulbar compartment is clearly visible in 4 slices on both
sides (arrow). Anterior to globe, slight tracer accumulation in eye-
lids is observed, and tracer accumulation in nasal part of pharynx,
including slices beneath level of orbit, is seen.

FIGURE 4. 99mTc-P829 scintigraphy (�740 MBq) in patient of
control group. Retrobulbar compartment is marked by arrow in
all SPECT studies. In coronal and sagittal SPECT study, tracer
accumulation in bone of lateral part of orbital roof is seen.
Retrobulbar compartment is negative.

TABLE 2
Means with 95% LSD Intervals

Ratio n Mean � SEM SD LL UL

O/OCCall 44 1.44 � 0.03 0.37 1.40 1.48
O/Tall 44 1.51 � 0.03 0.31 1.47 1.55
O/OCCact 25 1.69 � 0.04 0.29 1.63 1.75
O/Tact 25 1.61 � 0.04 0.30 1.55 1.67
O/OCCinact 19 1.12 � 0.05 0.16 1.06 1.19
O/Tinact 19 1.38 � 0.05 0.28 1.32 1.45
O/OCCcontr 22 1.26 � 0.04 0.22 1.20 1.32
O/Tcontr 22 1.18 � 0.04 0.21 1.12 1.24

LSD � least significant differences; O/OCCall � orbit/occipital
ratio for all patients with TAO; O/Tall � orbit/temporoparietal ratio for
all patients with TAO; O/OCCact � orbit/occipital ratio for all patients
with active TAO; O/Tact � orbit/temporoparietal ratio for all patients
with active TAO; O/OCCinact � orbit/occipital ratio for all patients
with inactive TAO; O/Tinact � orbit/occipital ratio for all patients with
inactive TAO; O/OCCcontr � orbit/occipital ratio for all control pa-
tients; O/Tcontr � orbit/temporoparietal ratio for all control patients.

Means with 95% LSD intervals show mean � SEM, SD, and
lower limit (LL) and upper limit (UL) of 95% LSD intervals of various
groups of tracer ratios.
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significant difference between the 2 means (P � 0.17). The
simple regression analysis yielded a moderately strong re-
lationship between the 2 ratios (Table 3).

The simple regression analysis for the O/OCC versus
CAS and the O/T versus CAS revealed a statistically sig-
nificant, moderately strong relationship (Table 3).

In 5 patients with active TAO, dynamic studies were
performed and showed 99mTc-P829 uptake in the orbits
within minutes of injection.

Patients with Inactive TAO (n � 19; CAS < 2)
Patients with only minimal clinical signs of TAO

(CAS � 2) were defined as patients with inactive TAO. The
patients could be divided into 2 groups: patients with re-
cently diagnosed Graves’ disease of the thyroid with only
minimal signs of TAO (n � 10) (disease duration: median,
4 mo; NOSPECS: median, 2) and patients before strabismus
surgery due to muscle fibrosis (n � 9) with a long disease
duration (median, 30 mo; NOSPECS median, 4.2).

TABLE 3
Statistical Analysis of Tracer Uptake and Correlation

with CAS: Simple Regression Analysis vs.
Corresponding Parameters

Ratio

O/T CAS

Correlation
coefficient

R2

(%)
Correlation
coefficient

R2

(%)

O/OCCall 0.50 25.36 0.90 81.11
O/Tall — — 0.55 30.30
O/OCCact 0.42 17.87 0.75 56.99
O/Tact — — 0.66 43.85
O/OCCinact 0.31 9.32 0.47 48.51
O/Tinact — — 0.25 6.26
O/OCCcontr 0.36 13.21 — —

Statistical analysis of tracer uptake and correlation between cor-
responding ratios as well as between ratios and corresponding
CAS. Abbreviations are same as those in Table 2.

FIGURE 5. (A) Simple regression analy-
sis of O/T vs. O/OCC for all TAO patients
demonstrates moderately strong statisti-
cally significant correlation. (B) Simple re-
gression analysis of O/OCC vs. CAS for all
TAO patients demonstrates relatively
strong statistically significant correlation.
(C) Box-and-whisker plot of ANOVA for
O/OCC for all TAO patients demonstrates
statistically significant differences between
groups defined by CAS. Box part of plot
extends from lower quartile to upper quar-
tile, covering center half of sample. Center
lines within each box show location of
sample medians. Plus signs indicate loca-
tion of sample means. Whisker extends
from box to minimum and maximum values
in sample, except for any outside or far
outside points, which are plotted sepa-
rately. (D) Simple regression analysis of
O/T vs. CAS for all TAO patients demon-
strates moderately strong statistically sig-
nificant correlation. (E) ROC curve for
O/OCC ratio. (F) ROC curve for O/T ratio.
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Only slight visible tracer accumulation (visual uptake, �)
was seen in 32% of patients with inactive disease (Table 1).

The mean of the O/OCC in patients with inactive TAO
was 1.12 � 0.05; the mean of the O/T was 1.38 � 0.05
(Table 2). The t test resulted in a statistically significant
difference between the 2 means (P � 0.001). The simple
regression analysis revealed a moderately strong relation-
ship between the 2 ratios (Table 3).

A moderately strong relationship was found in the simple
regression analysis of O/OCC versus CAS; a weak relation-
ship was found in the simple regression analysis of O/T
versus CAS (Table 3).

Using multiple-sample comparison of ratios for all
groups of patients with TAO, statistically significant differ-
ences at a 95% confidence level between the various groups
were observed (Table 4).

To distinguish between active and inactive patients with
TAO, a threshold value of 1.32 for the O/OCC ratio with a
sensitivity of 0.939 and a specificity of 0.933 was deter-
mined. For the O/T ratio, the sensitivity was 0.878 with a
specificity of only 0.487 at a threshold value of 1.32.

Patients with Lung Cancer (Control Group)
None of the lung cancer patients showed significant vi-

sual orbital uptake of 99mTc-P829. In some patients, tracer
accumulation was seen in the orbital roof, whereas the
retrobulbar space itself appeared negative (Fig. 4). This may
be due to tracer accumulation in the frontal sinus or bone.
The mean of the age of the control group was 63.9 y. In
elderly patients, an internal frontal hyperostosis is observed
commonly, which may explain the tracer accumulation in
the orbital roof.

A mean of 1.26 � 0.04 for the O/OCC and of 1.18 � 0.04
for the T/O was calculated. Only a weak relationship be-
tween these 2 ratios could be found (r � 0.36; R2 �
13.21%).

A statistically significant difference between the orbital
uptake of the control group and the various groups of
patients with TAO is depicted in Table 4.

DISCUSSION

During the past decade, receptor-based imaging has
gained widespread acceptance. Several studies have indi-

cated the clinical usefulness of the receptor-ligand binding
concept for diagnostic purpose (11–16,21). 99mTc-P829 con-
tains a bioactive mimetic of the presumed bioactive se-
quence of native SST. This amino acid sequence is the
cyclic hexapeptide domain of the peptide component of
99mTc-P829, containing the pharmacophore L-tyrosine-D-
tryptophan-L-lysine-L-valine, which binds to the hSSTR.
Our previous studies have indicated that the hSSTR2,
hSSTR3, and hSSTR5 subtypes are the target receptor sub-
types (21). These receptors have been found in high num-
bers in various tumor tissues, including lung cancer, which
is the primary indication for 99mTc-P829 scintigraphy (22).
SSTR expression has also been demonstrated for lympho-
cytes, macrophages, and hematopoietic cells (24,26–28).
Enhanced hSSTR expression on inflammatory cells, or an
increased number of certain inflammatory cells, may pro-
vide the basis for receptor scintigraphy in autoimmune
processes.

TAO is an autoimmune disease, characterized by inflam-
mation, edema, and secondary fibrosis of the orbital tissue.
The edema is due to the hydrophilic action of glycosami-
noglycans secreted by activated fibroblasts. The inflamma-
tion is due to infiltration of the extraocular muscles and
orbital connective tissue by lymphocytes, especially T-lym-
phocytes and macrophages (30). For the orbit, hSSTR ex-
pression has been reported for T-lymphocytes. In addition,
activated fibroblasts and fibrotic muscle tissue may also
express hSSTR receptor subtypes (41).

TAO has been extensively studied over the last decade
using the SSTR ligand 111In-DTPA-D-Phe1-octreotide
(OctreoScan; Mallinckrodt Medical) (30–32,34). Results of
major studies suggest an additional prognostic parameter
when applying this receptor tracer during the course of the
disease. However, the routine application of 111In-DTPA-D-
Phe1-octreotide is still under debate, although the scintigra-
phy is apt to visualize successfully the active disease in
patients with TAO. The drawbacks of 111In-DTPA-D-Phe1-
octreotide scintigraphy are availability of the compound,
high radiation doses for patients and personnel, and acqui-
sition time up to 48 h after injection.

To our knowledge, the clinical applicability of 99mTc-
P829 scintigraphy in patients with TAO has not been re-

TABLE 4
Multiple-Sample Comparison of Various Ratios of Tracer Uptake of Different Groups of Patients

Ratio O/OCCall O/OCCact O/OCCinact O/OCCcontr Ratio O/Tall O/Tact O/Tinact O/Tcontr

O/OCCall — 
0.251* 
0.316* 0.176* O/Tall — 
0.099 0.124* 0.328*
O/OCCact 
0.251* — 0.567* 0.427* O/Tact 
0.099 — 0.223* 0.427*
O/OCCinact 
0.316* 0.567* — 
0.140* O/Tinact 0.124* 0.223* — 0.204*
O/OCCcontr 0.176* 0.427* 
0.140* — O/Tcontr 0.328* 0.427* 0.204* —

*Statistically significant difference of means.
Abbreviations are same as those in Table 2.
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ported previously. Our results indicate rapid blood clear-
ance of 99mTc-P829 after intravenous injection and
accumulation in the disease-affected orbit within minutes
after injection. Our study shows that the means for the
orbital uptake ratios are significantly different for patients
with active TAO compared with those for patients with
inactive TAO. Furthermore, a statistically significant corre-
lation between the CAS of the orbital disease and 99mTc-
P829 tracer uptake in patients with TAO could be docu-
mented. The correlation of the O/OCC ratio versus CAS
was better than the correlation of the O/T ratio versus CAS.
A threshold value of 1.32 for the O/OCC ratio is presented
with a sensitivity of 0.938 and a specificity of 0.933. Only
a moderately strong, statistically significant correlation was
proven for the O/OOC ratio versus O/T ratio.

The better correlation of the O/OCC ratio versus CAS
may be explained by the anatomic variability of the parotid
gland’ s size. The gland normally shows a slightly increased
uptake compared with the surrounding anatomic structures,
as does the nasal part of the pharynx. This can be explained
by an increased hSSTR receptor expression in these glands
due to an increased content of lymphatic cells, leading to a
greater variability of the O/T ratio and, thus, a lower cor-
relation with the CAS. In contrast, the O/OCC ratio reveals
lower variability. The occipital bone shows a constant
higher uptake at the internal occipital protuberance, because
it is thicker and contains a high amount of hematopoietic
cells, causing a constant high 99mTc-P829 tracer uptake.
These anatomic considerations may explain the only mod-
erately strong relationship between the O/OCC ratio and the
O/T ratio.

In contrast to our study, previous studies were based on
the O/T ratio (30,34). Different types of tracers were used in
the clinical investigations published so far. The ROI set
used in this study was similar to the ROI set described
previously (32), although we chose a smaller size for each
ROI. The rationale was the better image quality, which
allows a clear definition of the orbits, avoiding false-posi-
tive results by excluding the uptake of the nasal part of the
pharynx. However, smaller ROIs focused on the retrobulbar
compartment may reveal an even better correlation than we
found.

A slight higher uptake of 99mTc-P829 was observed in the
control group than that in the group of patients with inactive
TAO. The control group consisted predominantly of male
patients; the patients with TAO were predominantly female
patients. A sex-linked difference in 99mTc-P829 uptake may
be the reason for the difference between these 2 groups, but
a larger number of patients is needed to define a statistically
significant sex-linked difference between female and male
patients.

In contrast to other authors (32), no correlation between
the orbital tracer uptake and the NOSPECS classification
was observed in our group of patients. One reason for this
observation may have been the high mean of the NOSPECS
score for patients with inactive TAO. Nine patients with

inactive TAO were patients presenting with fibrotic extraoc-
ular muscles and restriction of eye motility. Consequently,
this resulted in a high NOSPECS score even for patients
with inactive TAO.

Another explanation could be that different SST analogs
vary in the hSSTR subtype binding profile: For example, in
contrast to 99mTc-P829, 111In-DTPA-Phe1-octreotide binds
to hSSTR3 with moderate affinity only (21). It appears that
the binding profile of 99mTc-P829 for hSSTR subtypes is
highly specific for some tumor cells, as described above,
and for inflammatory cells, especially for lymphocytes. On
the other hand, 111In-DTPA-Phe1-octreotide may also accu-
mulate in fibrotic tissue in contrast to 99mTc-P829. This
would explain the correlation between the NOSPECS score
and orbital ratios described so far by other investigators.

Ossoinig (40) described the usefulness of the SNI mea-
sured by standardized echography in ophthalmology to de-
fine the amount of swelling of the extraocular muscles in
active TAO. Two different types of active disease can be
differentiated in ophthalmology: the muscle type, charac-
terized by a high amount of swelling of the extraocular
muscles; and the connective tissue type, containing a high
amount of glycosaminoglycans, leading to predominant
swelling of the connective tissue. Due to this fact, we could
not see a direct correlation between the SNI and CAS and
the orbital tracer uptake ratios. To differentiate the 2 types
and for early diagnosis of compressive optic neuropathy, the
SNI should be evaluated in every patient with active TAO.

The augmented image quality, as shown in Figures 3 and
4, demonstrates the high resolution allowing identification
of anatomic details. In some SPECT studies, not only dif-
ferentiation between the retrobulbar tissue and the eye but
also specific determination of the affected extraocular mus-
cles were possible. Whether 99mTc-P829 SPECT scintigra-
phy is able to differentiate the 2 different types of active
TAO as described above and whether it is able to identify
the affected extraocular muscles is currently unknown.

From the results of the clinical trials conducted with
99mTc-P829 in lung cancer (22), it can be concluded that the
use of concomitant treatments—particularly, corticoids, cal-
cium channel blockers, or furosemide—does not impair the
diagnostic sensitivity and specificity of 99mTc-P829. A good
relationship between the activity of the disease, documented
as the CAS, and the tracer uptake was observed, no matter
which kind of therapy was administered.

CONCLUSION

Our data show that 99mTc-P829 scintigraphy yields a high
diagnostic capacity for patients with Graves’ disease and
TAO. Because 99mTc labeling is simple and relatively inex-
pensive and exhibits desirable decay characteristics, 99mTc-
P829 may be a useful imaging agent in Graves’ disease. The
method may be applied to detect other disorders caused by
inflammation, especially autoimmunologic disorders such
as sarcoidosis and rheumatic diseases.
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