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This study on a rat model of grade II chondrosarcoma aimed to
determine whether the radiotracer N-(triethylammonium)-3-pro-
pyl-[15]ane-N5 radiolabeled with 99mTc (99mTc-NTP 15-5), which
binds to cartilage proteoglycans, has pathophysiologic validity
for in vivo imaging of cartilage tumoral tissue. Methods: We
used 2 experimental approaches with the Swarm chondrosar-
coma rat model: that is, a primary paratibial location and local
recurrence after intralesional curettage. 99mTc-NTP 15-5 scintig-
raphy and 99mTc-hydroxymethylenediphosphonate (99mTc-
HMDP) scanning were performed at regular intervals during 50 d
after tumor implantation in a paratibial location (primary model;
n 5 12 animals) and after intralesional curettage in a femoral con-
dyle location (recurrence model; n 5 9 animals). For each animal,
positive scans were analyzed at each time point using the target-
to-background ratio (TBR), with the target region of interest de-
lineated over the tumor and the background region of interest
over muscle. In each model, the TBR time course was followed
against primary tumoral growth or recurrence. Tumor volume
was monitored for 2 mo by measuring the 2 perpendicular diam-
eters. At study end, animals were sacrificed for histopathologic
analysis. Results: For both models, 99mTc-NTP 15-5 scans
showed tracer accumulation at the site of implantation or curet-
tage. For the primary tumor model, the mean TBR was 1.6 6 0.14
by day 4 after implantation and increased over time as the dis-
ease progressed, with a mean TBR of 4.25 6 0.25 on day 45.
For the recurrence model, mean TBR was 3.27 6 0.24 by day 4
after curettage and increased with recurrence, with a mean value
of 5.25 6 0.49 on day 50. 99mTc-HMDP bone scans were nega-
tive for both models throughout the study; at a later stage of the
study, an area of 99mTc-HMDP accumulation was seen in the di-
aphysis of the bone adjacent to the tumor and was attributed to
remodeling. Conclusion: These experimental results in 2 pre-
clinical models of grade II chondrosarcoma bring forward data
in favor of 99mTc-NTP 15-5 radiotracer for imaging primary
growth of chondrosarcoma and its local recurrence after surgery.
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Chondrosarcomas are a heterogeneous group of slow-
growing, malignant bone tumors that have in common the
production of a hyaline cartilagelike extracellular matrix
(1). Chondrosarcoma is the second most common type of
skeletal malignancy, with a survival rate at 10 y ranging
from 46% to 70% depending on the series (2–4). To
orthopedic oncologists, cartilage tumors still present a
challenge in diagnosis and therapy (3–6). Evaluation of the
disease combines clinical picture, radiography, CT, MRI,
and the 3-level histopathologic grading of Evans (7–10).
The Evans classification is based on cell type, cell
differentiation, matrix formation, and architecture and is
considered useful for the prediction of clinical behavior
(6,9–14). To date, many questions remain unanswered, and
there is an urgent need for markers that characterize
biologic phenotypic features of the tumor to guide clinical
decision making (6,8,15,16).

The proteoglycan matrix of chondrosarcomas is com-
posed mainly of aggrecan-type proteoglycans (1,13,14).
Aggrecan is a complex macromolecule made up of a central
core protein to which numerous chondroitin sulfate and
keratan sulfate glycosaminoglycan chains are covalently
bound. Because of the high sulfate and carboxyl group
content of their glycosaminoglycan moieties, proteoglycans
of extracellular matrix have strong negative charges that
have been shown (by our group and others) to interact with
the positively charged quaternary ammonium function
(17,18).

These observations led our group to develop a cartilage
targeting strategy that uses the quaternary ammonium func-
tion as a carrier to deliver therapeutic drugs or radioactive
isotopes selectively to cartilage tissue (19). The strategy for
application to cartilage imaging is based on the use of
bifunctional agents containing a quaternary ammonium
function able to bind to cartilage proteoglycan and a
polyazamacrocycle structure able to complex 99mTc (20).
For this purpose, N-(triethylammonium)-3-propyl-[15]ane-
N5 radiolabeled with 99mTc (99mTc-NTP 15-5) was selected
in view of the high stability of the 99mTc-complex and its
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high in vitro and in vivo affinity for proteoglycan (21,22).
The high accumulation and specific localization properties
of 99mTc-NTP 15-5 in cartilage, together with high target-to-
nontarget ratios, should allow high-contrast SPECT of
articular function (22,23).

Because chondrogenic tumors are characterized by the
presence of hyaline cartilagelike extracellular matrix, we
hypothesized that the 99mTc-NTP 15-5 tracer could be
useful for the scintigraphic detection of chondrosarcoma.
The relevance of 99mTc-NTP 15-5 imaging for the diagno-
sis of primary chondrosarcoma and its local recurrence was
assessed in the Swarm rat chondrosarcoma (SRC) model,
using 2 experimental approaches: primary paratibial tumor
development, and local tumor recurrence after intralesional
curettage (24,25). These first experimental results suggest
that 99mTc-NTP 15-5 scintigraphy may be useful for the
evaluation of the tumoral pathology of cartilage.

MATERIALS AND METHODS

Animals
Twenty-one male Sprague–Dawley rats (Charles River) were

used for this study. They were handled and cared for in accordance
with the Guide for the Care and Use of Laboratory Animals (26)
and European directive 86/809/EEC. They were maintained at
21�C with a 12-h/12-h light/dark cycle. Protocols were performed
under the authorization of the French Directorate of Veterinary
Services (authorization C63-113-10) and were conducted under
the supervision of authorized investigators in accordance with the
institution’s recommendations for the use of laboratory animals.
The animals were randomly divided into 2 groups, with 12
animals being in the primary chondrosarcoma model and 9 in
the tumor local recurrence protocol.

Anesthesia
For tumoral implantation and curettage, the rats were anesthe-

tized by inhalation of isoflurane (Abbott) in air (1.5%, 1 L/min) in
association with an intramuscular injection of 100 mg of ketamine
(Imalgène; Rhone Merieux) per kilogram of body weight.

For scintigraphic acquisition, the animals were anesthetized
with a mixture of ketamine (35 mg/kg intramuscularly) (Imalgène
500) and xylazine (5 mg/kg intramuscularly) (Rompun 2%;
Bayer).

Tumor Models
The SRC line was a generous gift from Dr. Patrick A. Guerne

(Geneva, Switzerland) as tissue fragments, which were frozen
until use. The SRC model is a tumor tissue line derived from a
tumor that arose spontaneously in the thoracic and lumbar verte-
brae of a female Sprague–Dawley rat. The SRC tissue line has
been maintained over the years by serial subcutaneous injections,
and its histochemical characteristics have remained stable in
successive transplants: it is a well-differentiated chondrosarcoma
with mild cellular atypia (grade II) (24,25).

Tumor fragments were collected from well-developed tumors
on the paratibial area of donor Sprague–Dawley rats. These
fragments were immediately stored in cold a-minimum essential
medium and manually calibrated to 10 mm3. Allograft transplan-
tation of a 10-mm3 SRC fragment was performed on the right paw,
the other paw being used as the contralateral reference (24,25).

Model of Primary Chondrosarcoma Induced by Unilateral
Paratibial Implant. Using a lateral approach, the cortical surface
of the diaphysis was scarified laterally over 10 mm, a 10-mm3

SRC fragment was placed contiguous with the scarified surface,
and the muscular and cutaneous wounds were sutured (24,25). The
same procedure was performed for the contralateral paw, but no
tumor fragment was implanted.

Model of Local Tumor Recurrence After Intralesional Curettage.
Using a lateral approach facing the right femoral condyle, a 3-mm-
diameter hole was drilled to access the medullary cavity, where an
SRC fragment was implanted using a curet and the incision sutured.
For the contralateral paw, a 3-mm-diameter hole was drilled, but no
tumor fragment was implanted. When the tumors had reached a
volume of approximately 1,200 mm3 (considered progressive
tumors), the animals underwent intralesional curettage (24,25).

Tumor Growth Assessment
Two perpendicular diameters were measured using a caliper,

and tumor volume was estimated using the formula V 5 0.5 · L ·
S2, where L and S were, respectively, the largest and smallest
perpendicular tumor diameters (24).

Radiolabeled Tracers
N-(triethylammonium)-3-propyl-[15]ane-N5 (NTP 15-5) was

prepared and radiolabeled with 99mTc by the stannous chloride
method as previously described, with a specific radioactivity of 25
MBq/mmol (Fig. 1) (20). Quality control was performed with
Partisil KC18F strip thin-layer chromatography (Whatman), using
methanol:acetonitrile:tetrahydrofuran:ammonium acetate (1N)
(3:3:2:2) as eluent.

Bone scanning was performed using the 99mTc-hydroxymethyl-
enediphosphonate (99mTc-HMDP) kit for human use (Osteocys;
IBA).

For each radiotracer, the activity delivered to each animal was
determined by measuring the activity of the syringe before and
after injection, using a dose calibrator (Capintec).

Tolerance to repeated injection of both tracers over 2 mo was
also evaluated as previously described (23).

g-Camera
Scintigraphic in vivo imaging was performed using a small-

animal g-camera (CsI(Na) crystal) equipped with a 1.3/0.2/35
parallel-hole collimator (hole diameter/septum thickness/height in
mm) (Gammaimager; Biospace). All acquisitions were performed
with a 15% window centered on the 140-keV photopeak of 99mTc.

Sequential Imaging of Primary Chondrosarcoma and
Recurrent Tumor Models with 99mTc-NTP 15-5 Tracer

Primary chondrosarcoma-bearing rats underwent 7 scinti-
graphic examinations on days 4, 7, 10, 20, 25, 35, and 45 after
implantation. Animals in the recurrent tumor group underwent
scintigraphic examinations on days 4, 10, 20, 30, 35, 40, and 50
after intralesional curettage.

Scintigraphic acquisition was performed 15 min after intrave-
nous administration of 30 MBq of 99mTc-NTP 15-5, on the basis
of previous studies showing that high-contrast cartilage images
could be obtained from this delay (21–23). For both groups, a
10-min planar acquisition was performed for each posterior paw
of animals positioned over the collimator of the camera.

99mTc-NTP 15-5 scans were considered positive when tracer
uptake areas corresponded to sites of implantation or curettage.
All the scans were evaluated by the same experienced investigator,
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using fixed-size regions of interest (ROIs) delineated over tumor
and muscle patterns. An ROI of equal size was also placed over
the contralateral femorotibial cartilage pattern (Supplemental Fig.
1; supplemental materials are available online only at http://
jnm.snmjournals.org). The use of an activity profile for ROI
placement ensured easy, reproducible positioning of the ROI for
serial images in the same animal over time and among all the
animals imaged. For each ROI, total activity, average count in cpm
per pixel, and activity SD were obtained.

At each time point and for each animal, target-to-background
ratio (TBR) was calculated as follows:

TBRT 5 average count in tumor=average count in muscle:

TBRC 5 average count in contralateral femorotibial cartilage=

average count in muscle:

At each time point, TBR parameters were averaged per group.
Data were expressed as mean 6 SD. For both models, 2 analyses
were performed: First, the mean TBRT determined on day 4 was
used as the threshold reference value and was compared with the
mean TBRT determined at each time point of study (paired 2-sided
Student t test with a level of significance set at P , 0.05). Second,
at each time point, the mean TBRT was compared with the mean
TBRC (ANOVA with a level of significance set at P , 0.05).

Dynamic Planar Imaging of 99mTc-NTP 15-5 Distribution
in Rats with Well-Established Primary Chondrosarcoma

Dynamic planar imaging in list mode was performed on rats
with primary tumors (mean volume, 949.35 6 223 mm3). The
tumor-bearing paws of anesthetized animals (n 5 5) were posi-
tioned over the collimator of the g-camera. Rats then received an
intravenous injection of 30 MBq of 99mTc-NTP 15-5 that was
simultaneous with the start of a 90-min acquisition, being
postprocessed with a 30-s sampling time. Time–activity curves
were obtained from fixed ROIs drawn around the tumor, femoro-
tibial joint, and muscle, with activities corrected for radioactive
decay.

Sequential Imaging of Primary Chondrosarcoma and
Recurrent Tumor Models with 99mTc-HMDP Tracer

Animals in the primary tumor group underwent scintigraphic
examinations on days 12, 30, and 48 after surgery. Animals in the
recurrence group underwent scintigraphy on days 15 and 55 after
intralesional curettage. For each paw, delayed images (10-min
duration) were acquired 2 h after injection (30 MBq/animal).

99mTc-HMDP scans were analyzed at each time point using the
TBR method.

Endpoint Histologic Analysis
At the endpoint of the imaging study, representative animals of

both groups were sacrificed for histologic characterization of the
tumors. The femora and tumor of each rat were removed and fixed
at 4�C for 48 h in formol buffer (pH 5 7.4). The femora were cut
longitudinally or transversally. Decalcified femoral fragments
were embedded in paraffin, and 5-mm sections were mounted on
glass slides for routine hematoxylin-eosin-safranin staining.

RESULTS

Characterization of the 2 Experimental Tumor Models

Tumor volumes were followed for 50 d after primary
implantation (Fig. 2A, left) and intralesional curettage (Fig.
2A, right). A tumor developed in all animals, becoming
palpable from day 10 after primary implantation and day 8
after intralesional curettage.

The body weights of both groups of rats showed small
increases over time.

FIGURE 1. Chemical structure of 99mTc-N-[triethylammo-
nium]-3-propyl-[15]ane-N5 (99mTc-NTP 15-5).

FIGURE 2. Characterization of SRC
models. (A) Tumor volume growth
curves for primary paratibial tumor
model (left) and local recurrence tumor
model (right); error bars represent SD.
(B) Histomorphologic features of pri-
mary tumor model at study end showing
replacement of cortical resorption by
tumoral tissue (left) (·16). Hypercellular-
ity and large irregular vesicular nuclei
were also observed (right) (·400). CB 5

cortical bone; T 5 tumor.
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Histologic examination at the end of the study evidenced
lobular, poorly vascularized chondroid tumoral tissue, with
the lobules containing chondroid stroma and delimited by
fine fibrous septa (Fig. 2B, left). Hypercellularity was also
observed (Fig. 2B, right). At this later stage of disease,
extensive invasion of bone and surrounding tissues was
present, as well as central tumor necrosis.

Tolerance to Repeated Injection of 99mTc-NTP 15-5 and
99mTc-HMDP Radiotracers

Repeated injections of both tracers were well tolerated
over 2 mo.

99mTc-NTP 15-5 Imaging of the Primary SRC Model

As shown in Figure 3 for a representative animal exam-
ined on day 4 after implantation, multiple sequential static
acquisitions evidenced specific tracer accumulation in ar-
ticular cartilage (i.e., the humeral head and the femorotibial

joint, with the tibial plateau uptake clearly distinguished
from the femoral condyle uptake), tracer accumulation at
the site of tumor implantation, and nonspecific accumula-
tion of tracer in liver and kidneys. Bone and muscle did not
show any specific accumulation of tracer.

Visual inspection of 99mTc-NTP 15-5 scintigraphs at
various time points after implantation (Fig. 4A) showed
99mTc-NTP 15-5 accumulation at sites of implantation on
day 4 (for 8 animals of 12) and increasing radiotracer
accumulation within the tumor-bearing paw as the tumor
grew over time.

99mTc-NTP 15-5 accumulation was quantitatively as-
sessed in the contralateral and tumor-bearing paws as a
function of time after implantation.

No significant changes were seen in the contralateral
cartilage uptake, as demonstrated by a mean TBRC threshold
of 2.03 6 0.12 throughout the study (Fig. 4B, black bars).

FIGURE 3. 99mTc-NTP 15-5 in vivo
biodistribution in representative primary
chondrosarcoma-bearing rat: (A) chest,
(B) abdomen, and (C) posterior paws on
day 4. Bd 5 bladder; CHS 5 chondro-
sarcoma; F 5 femoral condyle cartilage;
HH 5 humeral head; Kd 5 kidney; L 5

liver; T 5 tibial plateau cartilage.

FIGURE 4. 99mTc-NTP 15-5 longitudinal in vivo examination of both models of SRC. (A) Scintigraphic images obtained for
primary tumor model at various stages of study. Accumulation of radioactivity was clearly observed at site of implant by day 4
(arrow) (B) Quantitative analysis of 99mTc-NTP 15-5 accumulation in contralateral joint and primary tumor-bearing paw against
time after implantation. (C) Scintigraphic images obtained for recurrent tumor model at various stages of study. (D) Quantitative
analysis of 99mTc-NTP 15-5 accumulation in contralateral joint and recurrent tumor-bearing paw against time after curettage.
Mean TBR 1 SD is presented at each time point. CHS 5 chondrosarcoma. *Statistically different from TBRT threshold on day 4
(P , 0.05). §Statistically higher than TBRC threshold (P , 0.05).
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Considering tumoral uptake (Fig. 4B, hatched bars), the
TBRT threshold reference value was 1.6 6 0.14 on day 4.
As the tumors grew, TBRT increased over time in the same
animals: From day 10, 99mTc-NTP 15-5 scintigraphy
showed that TBRT was significantly increased (P , 0.05),
compared with the day 4 TBRT threshold reference. On day
45 (a stage of disease corresponding to a tumor volume of
5,302.8 6 1,308 mm3), the TBRT was 4.25 6 0.25. Tumor
uptake was also compared with contralateral cartilage
uptake: TBRT was significantly higher (P , 0.05) than
the TBRC threshold from day 10 (2.55 6 0.47 vs. 1.95 6

0.11) and corresponded to a tumor volume of 217.5 6

48.6 mm3.
99mTc-NTP 15-5 distribution in primary chondrosarcoma

was characterized through dynamic planar imaging. As
shown by the time–activity curves in Figure 5, 99mTc-NTP
15-5 was rapidly taken up by SRC tissue, with radioactivity
peaking 7 min after intravenous administration. A plateau
was observed starting 15–20 min after injection and was
maintained for at least 90 min. From the 15th minute after
injection, TBRT was 2.91 6 0.58 over the whole 90-min
acquisition. 99mTc-NTP 15-5 uptake in the tumor was
higher than the femorotibial joint activity starting 30 min
after injection (tumor-to-cartilage ratio, 1.43 6 0.16 over
the 30- to 90-min period). Interestingly, this ratio was
higher at 60 min after injection, with a mean of 1.54 6

0.17.

99mTc-NTP 15-5 Imaging of the Recurrent SRC Model

Visual inspection of 99mTc-NTP 15-5 scans at several
time points showed an accumulation of radiotracer at sites
of intralesional curettage starting on day 4 (6 animals of 9)
and increasing over time with recurrence (Fig. 4C).

99mTc-NTP 15-5 accumulation was quantitatively as-
sessed in the contralateral and tumor-bearing paws as a
function of time after curettage. No significant changes

were observed in the contralateral cartilage uptake, as
shown by a mean TBRC threshold of 1.80 6 0.10 through-
out the study (Fig. 4D, black bars).

Considering tumoral uptake (Fig. 4D, hatched bars), the
TBRT threshold reference was 3.27 6 0.24 on day 4. As the
tumors grew, TBRT increased over time in the same
animals. From day 30, 99mTc-NTP 15-5 scintigraphy
showed that TBRT increased significantly (P , 0.05),
compared with the day 4 TBRT threshold reference. On
day 50, TBRT was 5.25 6 0.49 and corresponded to a tumor
volume of 6,175.7 6 1,083.0 mm3.

Uptake at the site of curettage was also compared with
that in the contralateral cartilage: TBRT was significantly
higher (P , 0.05) than the TBRC threshold starting on day
4 (3.27 6 0.24 vs. 1.8 6 0.1) (Fig. 4D). At this stage of
disease, tumor was not palpable or measurable.

Scintigraphic Imaging of Both Primary and Recurrent
Chondrosarcoma Using 99mTc-HMDP Bone Radiotracer

For both groups, 99mTc-HMDP scans did not allow any
positive imaging of either the primary tumor or local
recurrent tumor, with TBRs of approximately 1 throughout
the study (data not shown). At the later stage of study (day
48 for the primary model and day 55 for the recurrence
model), an area of tracer accumulation in the diaphysis of
the bone adjacent to the tumoral tissue was observed (Fig.
6).

DISCUSSION

Many prior results showed 99mTc-NTP 15-5 to be a good
candidate SPECT tracer for the functional imaging of
cartilage in nuclear medicine (21–23). The purpose of this
experimental study was to assess the ability and usefulness
of 99mTc-NTP 15-5 for detecting cartilage tumoral tissue in
vivo and so to appraise the clinical and pathophysiologic
validity of 9mTc-NTP 15-5 scintigraphy for in vivo chon-

FIGURE 5. In vivo 99mTc-NTP 15-5 distribution in primary
chondrosarcoma-bearing rats by dynamic planar imaging.
Mean time–activity curves for uptake in femorotibial joint,
muscle, and tumor are presented (for better legibility, error
bars are not plotted).

FIGURE 6. 99mTc-HMDP in vivo examination at later stage
of study for both primary model and tumor recurrence
model. Images are of same animal as that examined with
99mTc-NTP 15-5 and presented in Figure 4. Uptake was seen
in bone diaphysis adjacent to tumoral tissue (tibia for primary
model and femur for recurrent model [arrows]): (A) contra-
lateral paw, (B) primary tumor model in paratibial location on
day 48 after implantation, (C) recurrent tumor model in
femoral condyle location on day 55 after curettage.
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drosarcoma imaging. Our study used 2 preclinical ap-
proaches with the syngeneic SRC model: primary tumor
paratibial location, and tumor local recurrence after intra-
lesional curettage (24,25). We chose the SRC model
because it has been extensively characterized, both histo-
logically and biochemically. SRC is a well-differentiated
malignant tumor. It features a characteristic lobulated form
separated by thin vasculoconnective septa. As in other
tumors, regressive processes are common, including areas
of necrosis. The histologic and clinical behavior of SRC
mimics human grade II disease, with local growth of the
tumor, which invades and destroys host bone and produces
metastases and ultimately the death of the rat (27–30).
Large, aggregating proteoglycans have been described as a
major component of the proteoglycan matrix of SRC (27–
29). The high sulfate and carboxyl group content of their
glycosaminoglycan moieties give proteoglycans of extra-
cellular matrix strong negative charges that may interact
with the positively charged quaternary ammonium moiety
of the 99mTc-NTP 15-5 radiotracer. On the basis of our
previous works on cartilage, we hypothesized that chon-
drosarcoma imaging with 99mTc-NTP 15-5 could result
from the ionic interaction between the radiotracer and the
negative charges of proteoglycans of extracellular matrix,
which are highly concentrated in the tumor. Nevertheless,
cellular binding cannot be excluded. Because the purpose
of this in vivo study was to perform a sequential 99mTc-
NTP 15-5 scintigraphic imaging study on animals with
developing tumors, we did not have at our disposal tumor
specimens for proteoglycan dosage (which required sacri-
fice of the animals). Such a study would therefore be of
high interest and needs to be performed.

The ability of the 99mTc-NTP 15-5 radiotracer to image
cartilaginous tumoral tissue was first investigated in the
primary SRC model. Because of the paratibial location of
the tumoral model, tracer accumulation was easily detected
at the site of implantation by the first examination on day 4,
and in more than 70% of the animals. Such early accumu-
lation raised the question of whether the imaging pattern
(and a TBRT threshold reference of 1.6 6 0.14) represented
effective tumoral uptake or a surgery-induced inflamma-
tory reaction. The question was also raised of whether
99mTc-NTP 15-5 imaging would be sufficiently sensitive to
detect the in vivo proteoglycan content changes associated
with early tumoral growth. We strongly believe in the
tumoral-uptake hypothesis on the basis of the 2 following
arguments: first, that no ‘‘clinical’’ sign of inflammation
developed in the animals at the site of surgery (as assessed
by measuring the 2 diameters of the paws), and second, that
99mTc-NTP 15-5 scintigraphy was previously shown to be
highly sensitive for quantifying in vivo lower changes in
proteoglycan content (23). Nevertheless, sequential imag-
ing of sham-operated animals will be necessary for defi-
nitely ruling out the hypothesis of inflammation
contribution. Considering that an especially useful appli-
cation would be the diagnosis of local recurrence after

surgery, we therefore assessed the relevance of 99mTc-NTP
15-5 imaging in the recurrent tumor model. Radiotracer
accumulation was clearly observed at sites of curettage,
starting on day 4 after surgery, with a high TBRT. This
finding could also be attributable to inflammation, residual
tumor tissue at the site of surgery, or effective tumor
recurrence.

Mean TBRT was significantly higher in the recurrence
model (range, 3.27–5.25) than in the primary model
(range, 1.61–4.25), as is attributable to the location of
the tumors. Given the femoral condyle location of the
recurrent tumor, the ROI delineated over the tumor signal
may have included a joint signal. There was a significantly
enhanced signal intensity related to tumor occurrence in
the joint.

For clinical application in patients with chondrosarcoma
(located in the joint), comparison of uptake in the tumor
and in the contralateral joint will be of particular impor-
tance and needs to be optimized. The kinetics of 99mTc-
NTP 15-5 distribution in primary chondrosarcoma show
that the ratio of tumor to femorotibial cartilage was better at
60 min after injection. Consequently, acquisition at 1 h after
injection seems preferable.

Bone scintigraphy commonly used in clinical practice
failed to detect changes in 99mTc-HMDP uptake throughout
the study. At the advanced stage of disease and for both
models, 99mTc-HMDP scans showed an area of tracer
accumulation in the diaphysis attributable to the osteoblas-
tic activity associated with the intraosseous extent of the
tumor, as previously described in clinical situations (31–
33).

In clinical practice, a wide range of nuclear medicine radio-
tracers can be used to characterize biologic phenotypes of
chondrosarcomas (31–41). These include 99mTc-labeled
biphosphonate (for the evaluation of bone involvement)
and many tumor-seeking agents, such as 201Tl, 99mTc-MIBI,
99mTc-tetrofosmin, 99mTc-DMSA(V), and more recently
18F-FDG. All have been found useful in the initial diagnosis,
grading, and evaluation of response to therapy of the high-
grade tumors, but they have also shown limitations for
imaging chondrosarcoma with low cellularity and low
vascularity.

From our experimental results with the SRC model, we
may hypothesize that 99mTc-NTP 15-5 scintigraphic imaging
will provide suitable criteria for the evaluation of the tumoral
pathology of cartilage in vivo.

CONCLUSION

These first results in experimental models of grade II
chondrosarcoma bring forward data in favor of 99mTc-NTP
15-5 as a potential radiotracer of cartilage that could find
use in orthopedic oncology. In the light of such encouraging
preliminary results, the mechanism of binding to the tumor
should be extensively characterized.
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