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This article reviews the results of somatostatin receptor imaging
(SRI) in patients with somatostatin receptor—positive neuroendo-
crine tumors, such as pituitary tumors, endocrine pancreatic
tumors, carcinoids, gastrinomas, and paragangliomas, or other
diseases in which somatostatin receptors may also be ex-
pressed, like sarcoidosis and autoimmune diseases. [*In-
DTPAC]octreotide is a radiopharmaceutical that has great poten-
tial for helping visualize whether somatostatin receptor—positive
tumors have recurred. The overall sensitivity of SRI to localize
neuroendocrine tumors is high. In several neuroendocrine tumor
types, inclusion of SRI in the localization or staging procedure
may be very rewarding in terms of cost effectiveness, patient
management, or quality of life. The value of SRI in patients with
other tumors, such as breast cancer or malignant lymphomas, or
in patients with granulomatous diseases has to be established.
The application of radiolabeled peptides may be clinically useful
in another way: after the injection of [MlIn-DTPAC]octreotide,
surgeons can detect tumor localizations by a probe that is used
during the operation. This may be of particular value if small
tumors with a high receptor density are present (e.g., gastrino-
mas). As the success of peptide receptor scintigraphy for tumor
visualization became clear, the next logical step was to try to
label these peptides with radionuclides emitting « or B particles,
or Auger or conversion electrons, and to perform radiotherapy
with these radiolabeled peptides. The results of the described
studies with °0Y- and "In-labeled octreotide show that peptide
receptor radionuclide therapy using radionuclides with appropri-
ate particle ranges may become a new treatment modality. One
might consider the use of radiolabeled somatostatin analogs first
in an adjuvant setting after surgery of somatostatin receptor—
positive tumors to eradicate occult metastases and second for
cancer treatment at a later stage.
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receptor expression during disease, such as overexpression
in many neoplasia, can be exploited by imaging techniques.
Therefore, peptide receptor scintigraphy with the small
radioactive somatostatin analog:*fn-DTPAC]octreotide,
appeared to be a sensitive and specific technique to show in
vivo the presence of somatostatin receptors on various
tumors. Receptor-positive tumors may originate in the
neuroendocrine system, such as pituitary adenomas, gastro-
enteropancreatic tumors, and pancreatic islet-cell tumors
(2-3), but other tumors, such as lymphomas and breast
cancer, may possess these receptors as %8Jl A new and
fascinating application of somatostatin receptors is the use
of radiolabeled somatostatin analogs for peptide receptor
radionuclide therapy (PRRT).

In receptor-mediated endocytosis systems, cell membrane
receptors bind their ligands from the extracellular milieu.
We have studied internalization and degradation of radiola-
beled [DTPA]octreotide in somatostatin receptor—positive
tumor cell lines. This process appeared to be receptor
specific and temperature depended)t Receptor-mediated
internalization of f14n-DTPA%octreotide results in degrada-
tion to the final radiolabeled metabolit€in-DTPA-D-Phe
in the lysosomes7). This metabolite is not capable of
passing through the lysosomal or other cell membrane(s)
and will, therefore, stay in the lysosomes, causing the long
intracellular retention time ofYin (7). This internalization
process of in-DTPACoctreotide is essential for success-
ful scintigraphy and radionuclide therapy of tumors, because
various radionuclides that are suitable for radiotherapy (e.g.,
those emitting conversion and Auger electrons suct'bg
are only effective in a short distance of only a few
nanometers to micrometers from their target, the nuclear
DNA. Because there is a long biologic half-life f&in in
tumor tissuellin-labeled [DTPAJoctreotide has an appro-
priate distribution profile in humans for scintigraphy and
radionuclide therapy.

Cells express on their cellular membranes a variety of In experiments involving saturable processes, the target-
receptor proteins with a high affinity for regulatory peptideso-background ratio is often improved by lowering the mass
including somatostatin. Somatostatin receptors are integelthe radiotracer, by increasing its specific activity, or both.
membrane glycoproteins that are distributed in a variety @f our first preclinical studies, the administered mass of
tissues throughout the bod$)( Alterations of somatostatin peptide and the radioactive dose were such that more than
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90% of the ligand was unlabeled)( Theoretically, an
excess of unlabeled [DTPfoctreotide may have a negative
effect on the percentage of dose uptake &Hii-
DTPACJoctreotide in somatostatin receptor—positive tissues,
because of competition for the same receptor. Therefore, we
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investigated whether receptor scintigraphy showed an optamera the acquisition parameters are: 40 steps of 3° each,
mal target-to-background ratio at the lowest possible ma4 X 64 matrix, and at least 30 s per step (45 s for SPECT of
of peptide (i.e., the highest specific activity), which wouldhe brain). SPECT analysis is performed with a Wiener or
lead to a higher sensitivity of the imaging technique. We alddetz filter on original data. The filtered data are recon-
felt this study to be important because another rep@rt (structed with a ramp filter.
suggested that prior administration of unlabeled peptide toBecause of its relatively long effective half-lifel']n-
patients increased uptake of the radioactive peptide in tBdPA%octreotide is a radiolabeled somatostatin analog that
tumor. Our investigations in rats indicated that, contrary ttan be used to see somatostatin receptor bearing tumors
what we expected, uptake of'Jn-DTPAC]octreotide in efficiently after 24 and 48 h, when interfering background
octreotide receptor—positive tissues is not maximal at thadioactivity is minimized by renal clearance. Therefore,
lowest possible peptide amount or maximum specific actiptanar and SPECT studies are preferably performed 24 h
ity. The uptake expressed as percentage administered dos#tisr injection of the radiopharmaceutical. A higher lesion-
a bell-shaped function of the injected mad®)( These detection rate of 24 h planar imaging ovk h acquisition
findings have also been confirmed by research on humawss reported by Jamar et al.3), as well as the additional
which has shown that when a standard dose of 220 MB@glue of SPECT imaging (Fig. 1). Planar studies can be
n is coupled to less than 5 pg [DTHActreotide, there is performed with the same protocol after 24 and 48 h. Repeat
a decreased quality of scintigraphy and a significantlcintigraphy after 48 h is particularly important when 24 h
reduced uptake in tumorsl1y). Therefore, {!in- scintigraphy shows accumulation in the abdomen, which
DTPACoctreotide scans should always be performed with atay also represent radioactive bowel content.
least 10 ug peptide (as supplied in the kit formulation).
Normal Scintigraphic Findings and Artifacts

SCINTIGRAPHY Normal scintigraphic features include visualization of the
Scanning Protocol thyroid, spleen, liver, kidneys, and in part of the patient's

The preferred dose oftfin-DTPAC|octreotide (with at pituitary. In addition, the urinary bladder and the bowel (to a
least 10 ug of the peptide; see above) is approximately 2@@riable degree) are usually visualized (Fig. 2). The visual-
MBq. With such a dose, it is possible to perform SPECTzation of the pituitary, thyroid, and spleen occurs because of
which may increase the sensitivity in detecting somatostatieceptor binding. Uptake in the kidneys is for the most part
receptor—positive tissues and give a better anatomic deliné@m reabsorption of the radiolabeled peptide in the renal
tion than planar views. Acquiring sufficient counts per viewubular cells after glomerular filtration, although somatosta-
and obtaining spot images with a sufficient counting timéin receptors have been demonstrated in human renal tubular
instead of performing whole-body scanning with a too-lowells and vasa rectal4). There is a predominant renal
count density, are other important points that may influencéearance of the somatostatin analog, although hepatobiliary
the success of a localizing study. clearance into the bowel also occurs, which necessitates the

Planar images are obtained with a double-head or largse of laxatives to facilitate the interpretation of abdominal
field of view gamma camera, equipped with medium-energynages.
parallel-hole collimators. The pulse height analyzer win- False-positive results of somatostatin receptor scintigra-
dows are centered over botHin photon peaks (172 keV phy (SRI) have been reported. In virtually all cases the term
and 245 keV) with a window width of 20%. The acquisitiorffalse-positive” is a misnomer because somatostatin recep-
parameters for planar images (preferably spot views) aw—positive lesions are present that are not related to the
300,000 preset counts or 15 min per view for the head apdthology for which the investigation is performed; ex-
neck and 500,000 counts or 15 min for the remainder of tlaenples include the visualization of the gallbladder, thyroid
body. If whole-body acquisition is used, scan speed showtinormalities, accessory spleens, recent CVAs, activity at
not exceed 3 cm/min. Using higher scan speeds, such ath@& site of a recent surgical incision, and so forth. Many of
cm/min, will result in failure to recognize small somatostatithese results have been reviewed by Gibril et &b).(In
receptor—positive lesions and lesions with a low density afidition, chest uptake after irradiation and diffuse breast
these receptorslp). For SPECT images with a triple-headuptake in female patients can be mistaken for other pathol-
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FIGURE 1. Example of additional information obtained with SPECT imaging (A and B) compared with planar abdominal imaging (C

and D). With planar imaging, there is homogeneous liver activity; there is some breast attenuation on anterior image (C). Increased
activity in cranial part of liver can be seen in Aand especially B. Note gallbladder activity in B.

PepTIDE RECEPTORIMAGING AND THERAPY ¢ Kwekkeboom et al. 1705



FIGURE 2. Normal SRI scan, 24 h after
injection. Left lateral anterior, posterior, and
right lateral images of head and neck (A),
and anterior (B) and posterior (C) spot
views. Note faint uptake in pituitary and
thyroid glands. Normal visualization of kid-
neys, liver, spleen, and bowel and bladder
activity.

ogy. In some patients, the coexistence of 2 different somato-vivo and in vitro, and because of the absence of tumor
statin receptor—positive diseases should be considered. §hirinkage in the majority of patients studied, octreotide
minished uptake in the spleen because of ongoing treatm@eatment in patients with a clinically nonfunctioning pitu-
with octreotide may occur, which may be accompanied byi@ry tumor does not seem promising0(21). Therefore,
lower liver uptake. In case of hepatic metastases, thisere is no role for SRI in treatment selectidi8),
phenomenon may be misinterpreted as a better uptake in th&ndocrine Pancreatic Tumor§he majority of the endo-
liver metastases. crine pancreatic tumors can be seen using SRI (Figs. 3-5), so
Imaging Results in Neuroendocrine and Other Tumors SRI can b(_a of great value in Iocalizing tumor sites in this
Pituitary TumorsOn virtually all growth hormone (GH)— tyPe of patient. SRI can also be useful in those cases where
producing pituitary adenomas, somatostatin receptors &9ery is indicated but no tumor localization can be found
present. Also, in vivo SRl is positive in most cas#6,07, With conventional imaging modalities, which is frequently
but other pituitary tumors and pituitary metastases froff€ case. Reported data on the sensitivity of SRI in patients
somatostatin receptor—positive neoplasms, parasellar meniifh gastrinomas vary from 60-9092-23, and part of the
giomas, lymphomas, or granulomatous diseases of ti§crepancy in results most likely is because of insufficient
pituitary may be positive. Therefore, the diagnostic value §£anning technique (particularly short acquisition time), not
SRI in pituitary tumors is limited8). performing SPECT studies, or injection of relatively low
Controversy exists as to the relationship between ti@ses of in-DTPA%octreotide, all of which lead to a
calculated tumor-to-background ratios in pituitary acrdroorer performance of SRI.
megaly using SRI with J4n-DTPA%octreotide and the  With ultrasound, CT, MRI, or angiography, endocrine
extent of suppressibility of GH levels during octreotidgancreatic tumors can be localized in about 50% of cases
treatment. Most investigators find no or only a weak26). Endoscopic ultrasound has been reported to be very
correlation howeveri(7,19. SR, therefore, does not seensensitive in detecting endocrine pancreatic tumors, even
to help physicians decide whether to treat an acromegalithen CT or transabdominal ultrasound fails to show the
patient with octreotide. tumor 27). Results from studies that compared the value of
Because of the limited effect of octreotide on hormonendoscopic ultrasonography with SRI in the same patients
secretion by clinically nonfunctioning pituitary tumors, botthave been favorable for SRRE,25. Gibril et al. 24)
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FIGURE 3. Lateral views of the head (A), anterior and posterior

o
FIGURE 4. Visualization of neuroendocrine pancreatic tumor

=

view of thorax (B), and anterior and posterior view of abdomen with liver metastases in patient with multiple endocrine neoplasia
(C) 24 h after injection in patient with metastatic insulinoma. Note ~ Syndrome.

clear uptake in multiple liver metastases and in left supraclavicu-
lar region; also, note faint breast uptake that occurs in approxi-
mately 15% of female patients.

select those patients who are likely to respond to octreotide
treatment. On the other hand, for those patients who have

published the results of a prospective study in 80 patierﬁgmatostatin receptor—negative tumors, only chemotherapy

with Zollinger-Ellison syndrome, comparing SRI with &S ffective @9). . _ _
variety of other imaging techniques as well as angiograph ‘The impact of SRI use on patient management is fourfold:

They found that SRI was as sensitive as all of the oth&} I may detect resectable tumors that would be unrecog-

imaging studies combined, and they advocated using it

nized with conventional imaging techniques, it may prevent

the first imaging method in these patients because of R4r9€ry in patients whose tumors have metastasized to a
sensitivity, simplicity, and cost effectiveness. Lebtahi et sdreater extent than can be detected with conventional

(28) reported that the results of SRI in 160 patients wit
gastroenteropancreatic tumors modified patient classific
tion and surgical therapeutic strategy in 25% of patients.
addition, Termanini et al.2Q) reported that the results from
SRI caused physicians to alter patient management in 4°
of 122 patients with gastrinomas. However, results i
patients with insulinomas were disappointing, possibl
because part of these tumors may either have been som.
statin receptor—negative or contained somatostatin recept
that did not bind octreotide.

Carcinoids.Reported values for the detection of knowr
carcinoid tumor localizations vary from 80% to nearly 1009
(30-32. In addition, the detection of unexpected tuma
sites, which were not suspected with conventional imagin
has been reported by several investigatdfs32,33.

Treatment with octreotide may cause a relief of sympton
and a decrease of urinary 5-HIAA levels in patients with th
carcinoid syndrome 34). In patients with the carcinoid

h

EIGURE 5. Images of patient with multiple liver metastases of
neuroendocrine tumor. Note intense uptake in small lesion in

syndrome, SRI, because of its ability to show somatostatifigiine and multiple lesions in liver with central necrosis. As in
receptor—positive tumors, could be used to help physiciarigure 3, there is faint breast uptake.
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imaging, it may direct the choice of therapy in patients witturally and immunocytochemically, the majority of these
inoperable tumors, and it may be used to select patients famors have neuroendocrine characteristics.
peptide receptor radionuclide therapy (PRRT; see below). In 1 study using SR, 4 of the 5 patients in whom tumors
Paragangliomasin virtually all patients with paraganglio- had been found by CT, ultrasound, or both, had sites that
mas, tumors can be easily detect@®)( and unexpected were recognized on the scintigrams. In 2 patients, SRI
additional paraganglioma sites are frequently found. Multilemonstrated more metastatic tumor localizations than pre-
centricity and distant metastases have been reportedvagisly recognized43).
occurring in 10% of patients; in this study with SRI, we If SRI were performed in patients with Merkel cell
found multiple sites of pathology in 9 of 25 patients (36%jumors, the sites of abnormal accumulation of radioactivity
with a known paraganglioma36). One of the major could be visualized thereafter using CT scanning or ultra-
advantages of SRI is that it provides information o8ound, and biopsies could be taken. Establishing the extent
potential whole-body tumor sites in patients with paraganf the disease in this way may ensure an optimal choice of
glioma. Therefore, SRI could be used as a screening testtrii@atment for these tumors.
be followed by CT scanning, MRI, or ultrasound of the sites Small Cell Lung Cancer (SCLCWith SRI, the primary
at which abnormalities are found. tumors can be demonstrated in virtually all patients with
Medullary Thyroid Carcinoma and Other Thyroid Can-SCLC @44-46, but part of the known metastases may be
cers.In patients with medullary thyroid carcinoma (MTC)missed. The unexpected finding of brain metastases, in
the sensitivity of SRI in detecting tumor localizations iparticular, has been reported by several authdes4§.
50%-70% 87,39. In 17 patients with MTC who we studied Others, however, have reported the lack of any additional
(37), the ratio of calcitonin over carcinoembryonic antigefhformation using SRI147). Of special interest are 2 groups
levels was significantly higher in patients for whom SRI wagf patients in whom the additional information provided by
successfully used. This may imply that somatostatin recepr| may have therapeutic consequences: those in whom
tors can be detected in vivo on the more differentiated formgexpected cerebral metastases are found and those in
of MTC. In addition, SRI is positive more frequently inwhom the additional information leads to upstaging the
patients with high serum tumor markers and large tumogsagnosis from limited disease (LD) to extensive disease
(38) and, therefore, seems less suitable for showing micrEED)_ Adding SRI to the staging protocol in patients with
scopic disease3g,39. SCLC would lead to an upstaging in 5 of 14 patients (36%)
Although papillary, follicular, and anaplastic thyroidoyt of a group of 26 untreated patients whom we studied
cancers and also 'Hiile-cell carcinomas do not belong to45) who seemingly had LD with conventional imaging
the group of traditional neuroendocrine tumors, the majori;ymy_ With conventional imaging, cerebral metastases were
of patients with these cancers show uptake of radiolabelg@covered in 2 patients. SRI showed cerebral metastases in
octreotide during SRI40,4]) (Fig. 6). In addition, 10 these 2 and in another 5 patients. In 4 of the patients, cerebral
perform SRI §2), it is not necessary to stopthyroxine etastases occurred within 1y.
suppression therapy in patients. Interestingly, differentiated|c|usion of SRI in the staging protocol of patients with
thyroid cancers that do not take up radioactive iodine, mayc| ¢ may lead to upstaging in some of the patients with
also show radiolabeled octreotide accumulatid).(In | p The cost increase of using SRI compared with conven-
some patients, this could provide new therapeutic optiongna| procedures alone needs only to be weighed against an
surgery, if the number of observed lesions is limited, Qfnnecessary treatment in a portion of patients with LD (i.e.,
PRRT, if the uptake is sufficient. . _local chest radiotherapy if a complete remission is achieved)
Merkel Cell TumorsTrabecular carcinomas of the skin, Ol48). Using SRI for the diagnostic procedures of patients
Merkel cell tumors, are aggressive neoplasms that tend {8, scLc would help detect otherwise unseen brain

occur in sun-exposed skin. Often, these tumors metastasizgeyastases. From a radiotherapeutic point of view, it would
and, despite therapy, disease-related death is high. UItraStrH&'preferable to irradiate brain metastases when they are

small. Therefore, the cost increase compared with the
conventional diagnostic procedure is justified by the thera-
A B peutic consequences: irradiation of the brain at an early
. v stage, which may lead to a postponement of neurologic
symptoms and a better quality of life.
Breast Cancerln 1 study, SRI helped to localize 75%
(39/52) of primary breast cancertdj. Images of the axillae
showed nonpalpable cancer-containing lymph nodes in 4 of
13 patients with subsequently histologically proven metasta-
. . . . ses. A special remark needs to be made with respect to the
FIGURE 6. Anterior (A) and posterior (B) thoracic images in . . . . .
patient with remnant of Hirthle-cell carcinoma of thyroid. There is Obse,rvat'on of b!lateral and diffuse phySIOIOQ!C br.east up-
clear visualization of tumor and activity in liver, spleen, and take in women with noncancerous breasts. This faint uptake
kidneys. Note gallbladder visualization on anterior image. is present in about 15% of patients 24 h after injection and is
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different from the more localized accumulation at the site @luspected ectopic corticotropin or CRH-secreting tumor.
breast cancer. Currently, the basis for this finding is u®thers, however, have concluded that, although SRI may be
known. In follow-up testing after a mean of 2.5y, SRI in 2&elpful in selected cases, it is not a significant advance over
of the 37 patients who originally had somatostatin receptocenventional imagingg0).
positive cancer was positive in 2 patients with clinically Brain Tumors.SRI localizes meningiomas in virtually all
recognized metastases, as well as in 6 of the remaining [2&ients 61,62. The majority of well-differentiated astrocy-
patients who were symptom free. SRI may be of value tomas (grades | and Il) are somatostatin receptor positive,
selecting patients for clinical trials with somatostatin anavhereas the undifferentiated glioblastomas (grade V) are
logs or other medical treatments. Furthermore, SRI $#®matostatin receptor negative. An inverse relationship
sensitive for detecting recurrences of somatostatin recepttetween the presence of somatostatin and epidermal growth
positive breast cancer. factor receptors has been observed. In grade Il astrocyto-
Malignant LymphomasAlthough in many patients with mas, both receptors can be fourB); Astrocytomas have
non-Hodgkin’s lymphoma (NHL) 1 or more lesions may b&een visualized with SRI6Q). A prerequisite for the
somatostatin receptor positive, in a substantial number lotalization with this radioligand is a locally open blood—
patients, lesions are not visualizésD). In addition, uptake brain barrier; particularly in the lower graded astrocytomas,
of ["MIn-DTPAC]octreotide in lymphomas is lower comparedhis barrier may be unperturbed. Therefore, the grading of
with the uptake in neuroendocrine tumotsl(59. There- glia-derived brain tumors with SRI is not promising at this
fore, the role for SRI in patients with NHL is limited. In 126moment.
consecutive untreated patients with histologically proven Other Diseasesln vivo SRI is also helpful in several
Hodgkin's disease, the results of SRI were compared wigltanulomatous and autoimmune diseases, such as sarcoid-
physical and radiologic examination§3j, and SRI was osis, tuberculosis, Wegener’s granulomatosis, DeQuervain’s
positive in all patients. In 51% (44/87) of patients with stagénhyroiditis, aspergillosis, Graves’ hyperthyroidism and
I and Il disease, SRI detected lymphoma localizations th@raves’ ophthalmopathy64—-66. It is expected that SRI
were not seen after procedures of conventional staging. Anay contribute to a more precise staging and a better
result, in 26 patients (30%), SRI resulted in an upgrading. &valuation of disease activity of several of these diseases
18 stage | or stage Il patients, the clinical stage was upgrad&ag. 7).
to stage Il or stage IV. Therefore, SRI seems to be In a cross-sectional study in 46 patients with sarcoidosis,
promising in the clinical staging and management of patierkaown mediastinal, hilar, and interstitial lesions were recog-
with Hodgkin’s disease. nized in 36 of 37 patients{). In addition, such pathology
Melanoma.In 1 study, positive octreotide scintigramswas found in 7 other patients who had chest radiographs that
were reported in 16 of 19 patients with melanorfd)(The were normal. In 5 of these, SRI indicated interstitial disease.
exact impact of SRI on staging and patient manageme®R| was repeated in 13 patients. In 5 of 6 patients who had a
remains to be determined. chest-radiograph—monitored improvement of disease activ-
Neuroblastomas and Pheochromocytomasabout 90% ity, SRI also showed a decrease of pathologic uptake. In 2 of
of patients with neuroblastoma and pheochromocytoma, SRipatients who had unchanged chest radiograph but had
detected tumor deposit§5). Patients with neuroblastomasdecreased serum angiotensin converting enzyme concentra-
that were somatostatin receptor—positive in vitro had teons and improved lung function, a normalization on
longer survival compared with the somatostatin receptooetreotide scintigrams was found. To determine the value of
negative neuroblastoma$6). A drawback of SRI use for SRI in the follow-up of patients with sarcoidosis, a prospec-
localization of these tumor types in the adrenal gland is thige longitudinal study will need to be performed.
relatively high radioligand accumulation in the kidneys. In summary, in virtually all patients with sarcoidosis,
MIBG scintigraphy is preferred for its localization in thisgranulomas can be visualized. Uveitis may be the presenting
region. symptom of sarcoidosis. In our experience, in patients with
Cushing’'s Syndromeln a study of 19 patients with uveitis, octreotide scintigraphy cannot infrequently be of
Cushing’s syndrome, none of the pituitary adenomas offlp because of the typical pattern of uptake in the mediasti-
patients with Cushing’s syndrome or the adrenal adenomarafm, lung hili, and parotid glands that can be seen in patients
another patient could be visualized with SBTY. In 8 of the that eventually appear to have sarcoidosis, even when the
other 10 patients, the primary ectopic corticotropin ochest radiograph or CT is normal (Fig. 8). Thus, octreotide
corticotropin releasing hormone (CRH)-secreting tumosgintigraphy can be used to diagnose a disease and can
were successfully identified with SRI. Phlipponneau et ahfluence how to treat this type of disease.
(58) and Weiss et al.59) have reported successful localiza- In Graves’ hyperthyroidism, accumulation of radiolabeled
tions of a 6-mm diameter corticotropin-secreting bronchialctreotide in the thyroid gland is markedly increased and
carcinoid and a 10-mm diameter corticotropin-secretingprrelates with serum levels of free thyroxine and thyrotro-
bronchial carcinoid with 1 lymph node metastasis, respegin binding inhibiting immunoglobulins. In vitro studies
tively. Therefore, SRI can be included as a diagnostic stepshowed that the follicular cells express somatostatin recep-
the procedure for identifying Cushing’s syndrome with #rs in Graves’ disease5®). In clinically active Graves'’

PepTIDE RECEPTORIMAGING AND THERAPY ¢ Kwekkeboom et al. 1709



tical with a great potential for the visualization of somatosta-
tin receptor—positive tumors. The overall sensitivity of SRI
to localize neuroendocrine tumors is high. In several neuro-
endocrine tumor types, inclusion of SRI in the localization
or staging procedure may be very beneficial, in terms of cost
effectiveness, patient management, or quality of life. The
value of SRI in patients with other tumors, such as breast
cancer or malignant lymphomas or in patients with granulo-
matous diseases, has to be established.

The application of radiolabeled peptides may be clinically
useful in another way: after the injection of'{n-
DTPACJoctreotide, tumor localizations can be seen by the
surgeon by a probe that is used during the operafOr/().

This may be of particular value if small tumors with a high
receptor density are present, such as in gastrinomas.

PEPTIDE RECEPTOR RADIONUCLIDE THERAPY

In patients with somatostatin receptor—positive pathology,
SRI is useful if it can localize otherwise undetectable
disease, or if it can be used for treatment selection (usually
the choice between symptomatic treatment with somatosta-
tin analogs or other medical treatment). In patients with
known metastatic disease, however, in whom little or no
treatment alternatives are available, SRI has a limited role.
This situation changes if imaging has a sequel in treatment.
The request for iodine scans of the thyroid would be a

"y fraction of what it is if radioiodine treatment were not
% F o
v
»
. »
. .
o

FIGURE 7. Bone scan (A) and SRI (B; lower 2 images run from
pelvis to knees) in patient with Erdheim-Chester disease, a
granulomatous disease related to histiocytosis. Skeletal disease
involvement and soft-tissue chest involvement are visualized
with SRI.

ophthalmopathy, the orbits show accumulation of radioacti
ity 4 h and 24 h after injection offfin-DTPAoctreotide C
(65). SPECT is required for a proper interpretation of orbit¢
scintigraphy. There is also a correlation between orbit
[*"In-DTPAC]octreotide uptake and the Clinical Activity
Score and Total Eye Scor€%,69. In addition, uptake is
high in clinically active disease but low if ophthalmopathy i
inactive 66). The clinical value of SRI in Graves’ disease
has yet to be established. It is possible that this technique
could help determine those patients with Graves’ Ophthil-GURE 8. Lateral (A) and anterior and posterior views of head

. . . . ,(B) and thorax (C) 24 h after injection in patient with sarcoidosis.
mopathy who might benefit from treatment with octreotid here is typical pattern of uptake, resembling gallium scan, with

(66,69. uptake in salivary and lacrimal glands and nose, and in chest
In summary, fin-DTPA%octreotide is a radiopharmaceu-mediastinal and bihilar pathology is seen.
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available. Analogously, the option of treatment with radioldor a 100-g tumor (1% uptake), 250 and 750 cGy, respec-
beled somatostatin analogs may become the impetus to SiRely.

As the success of peptide receptor scintigraphy for tumorOf the 21 patients who received a cumulative dose of
visualization became clear, the next logical step was to trymeore than 20 GBq, a reduction in tumor size was found in 6
label these peptides with radionuclides emittiagor 8 patients and stable disease in 8 others. There was a tendency
particles, or Auger or conversion electrons, and to perfortoward better results in patients with a high tumor uptake

radiotherapy with these radiolabeled peptides. (72). The observed responses to this radionuclide therapy
agree with internalization oftfin-DTPAC]octreotide into
[111In-DTPA?]Octreotide Therapy tumor cells and with an antiproliferative effect that has also

Radionuclide therapy with high doses ofiyn- Peenshownin other studiesy,74.
DTPACoctreotide has been performed in a clinical phasefY-DOTA?, Tyr3]Octreotide Therapy
study. In 30 patients with end-stage cancer (primarily 4n-coupled peptides, because of the small particle range
neuroendocrine tumors), who received a cumulative dosedffthe Auger electrons and, therefore, short tissue penetra-
up to 74 GBq, the only side effects were a transient declitien, may not always be the ideal radiopharmaceuticals for
in platelet counts and lymphocyte subsét®)( radionuclide therapy. Recently, another somatostatin analog,

The typical dose per administration was 6000—-7000 ME®OTAZL, Tyré]octreotide (DOTATOC) was developed, to
1n incorporated in 40-50 pg [DTPfoctreotide. Doses which the high-energg emitter,%Y, can be linked in a very
were given with at least 2-wk intervals between administratable manner7). In studies with humans and rats, the
tions, and a total of 8 administrations were planned, withptake of radioactivity in known somatostatin receptor—
extensions in a few patients to about 20 administrationsositive organs and tumors was higher aftém-DOTA-
Radionuclide therapy with'fin-DTPAC]octreotide was ap- TOC than after Tin-DTPA%octreotide 76,77). Recent
plied after witnessed informed consent by the patient astudies 75,78 showed favorable results 8fY-DOTATOC
approval by the medical ethics committee of our hospitédleatment. In addition, a study comparing both the uptake of
were obtained. The usual hematologic and chemical analyin-DOTATOC and®¢Y-DOTATOC as well as the effects of
ses of bone marrow, liver, kidney, and endocrine pancreatieatment with 9°Y-DOTATOC in the same patients is
(glucose or Hb Ay function, performed before and be-underway 79). There is 1 problem in radionuclide therapy
tween all administrations, served as parameters of possitilat is caused by the high uptake of radioactivity in the
side effects. Pituitary function (free,T postmenopausal kidneys: small peptides in the blood plasma are filtered
women: luteinizing and follicle-stimulating hormones; merthrough the glomerular capillaries in the kidneys and
testosterone) was assessed before and 4 wk after the fogtthsequently reabsorbed by and retained in the proximal
and eighth administration offin-DTPACoctreotide, and tubular cells, thereby reducing the scintigraphic sensitivity
possible effects on (a) the endocrine activity of the tumorfr detection of small tumors in the perirenal region and the
their production of specific serum markers, or both; and (ppssibilities for radionuclide therapy. We showed that the
tumor size (measured by CT or MRI) were investigatedenal uptake of Jin-DTPA%octreotide in rats could be
Pituitary—adrenal-axis function testing (metyrapone tes®duced by positively charged amino acids (e.g., with about
before and after 8 administrations as well as long-ter60% by single intravenous administration of 400 mg/kgr
follow up with 3—4-mo intervals were investigated when ib-lysine @0). Therefore, during PRRT witffY-DOTATOC,
was feasible. an infusion containing the positively charged amino acids

Patients were also scanned 8land after each administra-L-lysine and.-arginine is given during and after the infusion
tion of the radiotherapeutical dose. Uptakes decreasefdthe radiopharmaceutical to reduce the kidney uptake. A
slowly or remained the same if the interval between theery recent analysis of the results ¥¥-DOTATOC treat-
successive administrations was less than 1 mo. In patiemsnt in a phase 1 trial in 22 patients with end-stage
who had 6 or more administrations of 6000-7000 MBgrogressive cancer showed a partial tumor response in 2, a
[**In-DTPAC]octreotide with intervals of maximally 1 mo minor response in 3, and stable disease in 10 pati@ffsA
between administrations, uptake in the tumor was stpphase 2 trial of°Y-DOTATOC treatment in patients with
clearly visible after the last administration. Typical radiatioSCLC and breast cancer is expected to start soon.
doses to tissues with doses of 6000—-7000 MBHYIn- Preclinical studies have shown radiotherapeutic effects of
DTPACoctreotide are: kidneys, 300—1400 cGy (dependirffy-DOTATOC in the rat CA20948 tumor model8Y).
on the relative biologic effectiveness [RBE, 1-20] for Augefumor growth inhibition was found after treatment of
electrons); spleen, 200 cGy; liver, 50 cGy; bone marrow, X3A20948 tumor-bearing rats with 370 MBqg/kg 6&%Y-
cGy (target organ for gamma photons); thyroid gland, 250TATOC, and complete tumor reduction was observed in
cGy; and pituitary gland, 70 cGy. The critical organs arB of 7 rats 81). We compared the radiotherapeutic effect of
kidneys and spleen. With these doses, the estimated turdiferent doses of?Y-DOTATOC or [*in-DTPA]octreotide
radiation doses for a 10-g tumor (assumptions: 1% uptake;rats who had smallers{1 cn¥) versus larger%8 cnv)
effective half-life is the physical half-life) are 1700 and 670@ancreatic CA20948 tumors (unpublished data). F8inf
cGy (RBE for Auger electrons 1 and 20, respectively) andTPA]octreotide a dose—response relationship was
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found, primar“y in rats that had small tumors to 25%—509%#$. Ur E, Mather SJ, Bomanji J, et al. Pituitary imaging using a labelled somatostatin
analogue in acromegal@lin Endocrinol.1992;36:147-150.

Complete rgsponse (CR)' In rats that had Iarge tumors., Oqjly Legovini P, De Menis E, Billeci D, et al*indium-pentetreotide pituitary

100% partlal response (PR) was achieved after the h'gheStscintigraphy and hormonal responses to octreotide in acromegalic patients.

dose (3x 370 MBq) but no CR was found. After 370 MBqg  Endocrinol Invest1997;20:424-428.

PY-DOTATOC. 50% CR was reached for the small tumoré& Kwekkeboom DJ, de Herder WW, Krenning EP. Receptor imaging in the

. . diagnosis and treatment of pituitary tumadsEndocrinol Invest1999;22:80-88.
and Only PR (100%) in the Iarge tumors. These StUd|@§ Duet M, Ajzenberg C, Benelhadj S, et al. Somatostatin receptor scintigraphy in

underscore the feasibility of radionuclide therapy with both pituitary adenomas: a somatostatin receptor density index can predict hormonal
11Yn- and®Y-labeled analogs and the importance of startinz% and tumoral efficacy of octreotide in vivd Nucl Med1999;40:1252-1256.

di lide th | ibl De Bruin TWA, Kwekkeboom DJ, Van't Verlaat JW, et al. Clinically nonfunction-
radionuciide therapy as early as possible. ing pituitary adenoma and octreotide response to long term high dose treatment,

Radiolabeled peptides are new radioligands that are notand studies in vitraJ Clin Endocrinol Metab1992;75:1310-1317.
On|y for Staging of (recurrence of) neuroendocrine and oth&lr Merola B, Colao A, Ferone D, et al. Effects of a chronic treatment with octreotide
. . . . . in patients with functionless pituitary adenomblerm Res1993;40:149-155.
tumors. The future appllcatlon_ of radIOIab_|6|_ed Peptldes Iﬁ Kwekkeboom DJ, Krenning EP, Oei HY, van Eyck CHJ, Lamberts SWJ. Use of
tumor scintigraphy may be aimed at their in vivo use as radiolabeled somatostatin to localize islet cell tumors. In: Mignon M, Jensen RT,
prognostic predictors and not necessarily for localization per eds.Frontiers of Gastro-Intestinal Research, Vol. 23. Endocrine Tumors of the

se. Peptide receptor radionuclide therapy using radiony- PancreasNewYork, NY: Karger; 1995:208-308. . ,
23. De Kerviler E, Cadiot G, Lebtahi R, et al. Somatostatin receptor scintigraphy in

clides with appropriate particle ranges may become a new

forty-eight patients with the Zollinger-Ellison syndrom&ur J Nucl Med.

treatment modality. One might consider the use of radiola- 1994;21:1191-1197.

beled somatostatin analogs' fII’St, in an adJuvant Settlng aﬁé,rGibr” F, Reynolds JC, Doppman JL, et al. Somatostatin receptor scintigraphy: its
surgery of somatostatin receptor—positive tumors to eradi-
cate occult metastases and, second, for cancer treatmentat &mmer T, Stolzel U, Bader M, et al. Endoscopic ultrasonography and somatosta-

sensitivity compared with that of other imaging methods in detecting primary and
metastatic gastrinomas. A prospective stullyn Intern Med1996;125:26—-34.

later stage_ tin receptor scintigraphy in the preoperative localisation of insulinomas and
gastrinomasGut. 1996;39:562-568.
26. Lunderquist A. Radiologic diagnosis of neuroendocrine tumarcsa Oncol
1989;28:371-372.
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