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ABSTRACT

84Cu [T,,= 12.8 h; p* = 0.655 MeV (19%); B~ =
0.573 MeV (40%)] has shown promise as a radioisotope for
targeted radiotherapy. It has been demonstrated previously
that the somatostatin analogue %‘Cu-TETA-octreotide
(®*Cu-TETA-OC, where TETA is 1,4,8,11-tetraazacyclotet-
radecaneN,N’,N”,N""-tetraacetic acid) significantly inhib-
ited the growth of somatostatin receptor-positive CA20948
rat pancreatic tumors in Lewis rats (C. J. Anderson et al,
J. Nucl. Med., 39: 1944-1951, 1998). In this study, we eval-
uated the radiotherapeutic efficacy of a new®4Cu-labeled
somatostatin analogue,®*Cu-TETA-Tyr 3-octreotate ¢‘Cu-
TETA-Y3-TATE), in CA20948 tumor-bearing rats. A single
dose of 15 mCi (555 MBq) of®*Cu-TETA-Y3-TATE was
shown to be more effective in reducing tumor burden than
the same dose of*Cu-TETA-OC. In multiple dose experi-
ments, tumor-bearing rats were administered three doses of
either 10 or 20 mCi (370 or 740 MBq) of®“Cu-TETA-Y3-
TATE at 48-h intervals. Rats given 3x 10 mCi (3 x 370
MBq) showed extended mean survival times compared with
rats given a single dose; however, no complete regressions
occurred. Complete regression of tumors was observed for
all rats treated with 3 x 20 mCi (3 x 740 MBq), with no
palpable tumors for ~10 days; moreover, the mean survival
time of these rats was nearly twice that of controls. Toxicity
was determined by physical appearance and hematological
and enzyme analysis, which revealed no overt toxicity and
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only transient changes in blood and liver chemistry. Ab-
sorbed dose estimates showed the dose-limiting organ to be
the kidneys. The radiotherapy results, along with absorbed
dose estimates to target and clearance organs, confirm that
84Cu-labeled somatostatin analogues warrant continued
consideration as agents for targeted radiotherapy.

INTRODUCTION

Somatostatin analogues have been investigated for utility
in scintigraphic and PETimaging of cancer in humans. For
example, *in-pentetreotide **in-DTPA-octreotide; Refs. 1
and 2) has been approved for routine clinical use in the diag-
nosis of neuroendocrine cancer in the United States and Europe.
Somatostatin analogues have also been labeled with other ra-
dionuclides and evaluated as possible radiotherapeutic agents.
Targeted radiotherapy studies have been performed in animal
models with somatostatin analogues labeled Witk (3-5),
111N (6), and®*Cu (7) with varying degrees of success, and of
these agents:*lin-DTPA-octreotide (8—10) and®Y-DOTA-
Tyr3-octreotide {°Y-SMT 487, °°Y-DOTATOC, or °°Y-
DOTA-Y3-0OC; Ref. 11) are being investigated in ongoing clin-
ical radiotherapy trials.

Improvement in target tissue uptake of radiolabeled soma-
tostatin analogues has been the focus of a number of studies. It
has been shown that substitution of a tyrosine (Y) for pheny-
lalanine (F) in the 3-position and changing the C-terminus from
an alcohol to a carboxylic acid increases uptake of the peptide in
receptor-rich tissues (12—14). This has been confirmed by our
own studies, wher&4Cu-TETA-Tyr-octreotate {"Cu-TETA-
Y3-TATE; Fig. 1) demonstrated significantly greater uptake in
somatostatin-rich tissues in two tumor-bearing animal models
(Lewis rats bearing CA20948 tumors and severe combined
immunodeficient mice bearing AR42J tumors) compared with
%9Cu-TETA-octreotide {*Cu-TETA-OC; Fig. 1; Refs. 15 and
16).

84Cu [T, = 12.8 ;3" = 0.655 MeV (19%)8~ = 0.573
MeV (40%)] has diverse applications in radiopharmaceutical
chemistry for PET imaging (17) as well as therapy (7, 18).
Moreover,®“Cu can be produced on demand in high yield and
in high specific activity on a small biomedical cyclotron (19),
making it a radionuclide available to many medical institutions.

We report herein an investigation into the radiotherapeutic
potential of®*Cu-TETA-Y3-TATE in CA20948 tumor-bearing
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Radiotherapy Experiments (Multiple Dose). Two dif-
ferent multiple dose protocol experiments were carried out. In
the first experiment, one group of tumor-bearing rats (tumor
volume, 0.3-1.5 cr) received three 10-mCi (370 MBq) doses
of ®*Cu-TETA-Y3-TATE, with a control group receiving equiv-
alent masses of unlabeled TETA-Y3-TATE. Rats were injected
10, 12, and 14 days after implantation of tumor cells. The
second experiment was identical, except that the treated group
of rats received three 20-mCi (740 MBq) doseSEu-TETA-
Y3-TATE 10, 12, and 14 days after implantation, and the
control group received equivalent masses of unlabeled TETA-
Y3-TATE on those days. Tumor volumes were measured, and
animals were sacrificed in a manner identical to that described
for the single-dose radiotherapy experiments.

Blood Chemistry. Hematological, liver, and kidney
chemistries were studied for the group of tumor-bearing rats that
received 3xX 20 mCi. These results were compared with those

obtained from rats treated with control agents. In each group,
anesthetized rats were weighed, and blood was removed by
cardiac puncture during the posttherapy survival period. Toxic-
ity analysis was performed by the Diagnostic Services Labora-

tory in the Department of Comparative Medicine at Washington

rats, a model of sor_natos_tatin receptor-positive pancreatic cangniversity School of Medicine. The hematology analysis in-
cer. The therapeutic efficacy dt'Cu-TETA-Y3-TATE Was  cluded WBC counts, RBC counts, platelet counts, as well as
compared wittP*Cu-TETA-OC and control agents. In addition, measurement of hemoglobin, hematocrit, and differential
hematological, liver, and kidney assays were performed to evalypgcs. Liver and kidney analysis included blood urea nitrogen,
uate the potential toxicity of th#Cu-TETA-Y3-TATE. Human creatinine, ALP, ALT, and AST.
absorbed dose estimates f6Cu-TETA-Y3-TATE were calcu- Effect of Specific Activity on Biodistribution of Radio-
lated from both rat biodistribution data and PET imaging of a|gpeled Peptide. To determine the effect of peptide mass on
baboon. the biodistribution of ®“Cu-TETA-Y3-TATE, groups of
CA20948 tumor-bearing ratas & 5) were coinjected with 10 ng
MATERIALS AND METHODS of ®*Cu-TETA-Y3-TATE (5.Ci, 0.2 MBq) and a known mass
Synthesis of ®/Cu-TETA-OC and ®4Cu-TETA-Y3- of TETA-Y3-TATE to give final injectates of 10, 50, 100, 500,
TATE. ©®%Cu was produced on a biomedical cyclotron at the 1000, and 5000 ng. All animals were sacrificed at 1 h, and %
Washington University School of Medicine by methods re- ID/g and % ID/organ values of selected tissues and organs were
ported previously (19)%‘Cu-TETA-OC and®*Cu-TETA-Y3-  determined.
TATE were prepared according to literature methods (15, 16, Rat Dosimetry. The estimated human absorbed doses of
20), in specific activities ranging from 1.25 to 2.5 m@y  ®‘Cu-TETA-Y3-TATE to normal organs were obtained using
(46-93 MBg/.9). biodistribution data in CA20948 tumor-bearing rats, according
Animal Models. All animal experiments were conducted to methods described previously (7JCu-TETA-Y3-TATE (35
in compliance with the Guidelines for the Care and Use ofuCi, 1.3 MBq) was injected i.v., and the rats were euthanized by
Research Animals established by Washington University’s An-Metofane overdose and cervical dislocation at 1, 3, 6, 12, 24, 36,
imal Studies Committee. The rat pancreatic tumor CA20948and 48 h after injection. The rats for the 48-h time point were
(21) was obtained from the Tumor Bank at Biomeasure, Inc.housed in metabolism cages to determine % ID excreted in urine
(Hopkinton, MA). Adult male Lewis rats (230—290 g) were and feces at 1, 3, 6, 17, 24, 43, and 48 h. Time-activity curves
purchased from Harlan Sprague Dawley, Inc. (Indianapolis, IN).were generated for 12 organs. Cumulative activigCi-h or
The CA20948 cell line was maintained by serial passage irkBg-h) was determined by numerically integrating the area
animals. In rat experiments, male Lewis rats were injected withunder the time-activity curves. Human dose estimates were then
a 1-mn? tumor section of CA20948 tumor 10 days prior to calculated using standard MIRD techniques, and S-values (mean
treatment as described previously (7). absorbed dose per unit cumulative activity) f8€u were ob-
Radiotherapy Experiments (Single Dose). Tumor- tained from the MIRDOSE3 program (22). Bone activity was
bearing rats (tumor volume, 0.3—1.0 Ywere injected with one  assumed to be distributed equally between the trabecular bone
dose of 20Qul of 0.1 m NH,OAc (buffer), 15ung of TETA-Y3- and cortical bone. The absorbed dose to the CA20948 rat tumor
TATE, 15.5 mCi (574 MBq) of°**Cu-TETA-OC, or 15.5 mCi was determined from biodistribution data using methods de-
(574 MBQq) of ®*Cu-TETA-Y3-TATE. The tumor volume was scribed previously (18). Briefly, time-activity data were deter-
measured every 1-3 days (using calipers), and rats were sacririned by combining the tumor data from different time points
ficed by administration of Metofane, followed by cervical dis- after injection. Each tumor was excised and weighed, and an
location, when the tumors reached a volume~gf0 cn? or S-value was calculated for the average tumor size for each time
became ulcerated. point, assuming a spherical tumor of unit density. Nonpenetrat-

Fig. 1 Structures of TETA-OCtop) and TETA-Y3-TATE potton).
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ing emissions of“Cu were assumed to be completely absorbed - . . ) L | ,
in the tumor. For penetrating emissions, appropriate specific ]
absorbed fractions for the 511 and 1340 keV photon&‘6i Kidneys
were used. This approach assumes that tumors of similar size in
different animals demonstrate similar uptake characteristics, and
the resulting absorbed dose is an average of that absorbed by
each tumor.

Baboon Dosimetry. The biodistribution of“Cu-TETA-
Y3-TATE was also determined in a 25-kg male baboon by PET
imaging. PET imaging was performed using a Siemens/CTI
ECAT EXACT PET system (CTI PET Systems, Knoxville, TN)
to determine the biodistribution of 4.6 mCi (170.2 MBq) of
%4Cu-TETA-Y3-TATE over the first 18 h after injection. Images
of the animal’s torso were acquired at 30-min intervals from O 5
to 3 h and then again at 18 h after injection. The baboon was
anesthetized for the fit88 h and then repositioned to approxi-
mately the same position the following day.

20

T = 1.64hr

—
@
|

10+

% Injected Dose

Activity concentration values were derived from the PET 0 5 10 15 2 25 30 35 40
images, which were calibrated previously against the same dose Time after injection (hrs)
calibrator (Capintec, Ramsey, NJ) used to assay the injected (A)

dose. Corrections for photon attenuation, random coincidences,

deadtime, and scatter were applied. Images were reconstructed

with filtered backprojection and modest smoothing (Hann, cut-

off 0.3 pixels %), so that most organs could be clearly identified.

ROIs were drawn over liver, spleen, kidneys, bladder, blood 100 '

pool, red marrow, and muscular soft tissue and were used to Blood Pool

estimate total organ accumulations of the compound. Blood

activity was taken to be the average of the maximum pixels in

five to six adjacent slices through the left ventricle, which was

necessary to avoid partial volume effects in the moving heart.

Liver activity was taken as the average value in a large ROI

centered in the liver and averagedfive to six slices. Kidney

activity, although trapped primarily in the renal cortex, was

taken as the average value inside a ROI outlining the entire

kidney and was assumed to be uniformly distributed in the

organ. ROI values were decay-corrected to the time of injection,

extrapolated where necessary by standard human organ and

blood volumes, and then normalized to the baboon’s weight

(23). By comparison with the total injected activity, the % ID to

each organ was determined. Bone marrow activity was derived .

from blood pool activity according to the model of Siegélal. B e T ECEEEEEE SRRy

(24) using a partition fraction of 0.3. 0 5o o 5 »
Time-activity curves were generated from the PET ROI Time after injection (trs)

results for the seven organs. Each was fit with a biexponential (B)

function (Fig. 2) and then integrated numerically to determine

the residence time of the activity in each organ. The resultdig. 2 Time-activity curves for kidneysA) and blood B) from PET

accounted for 90-99% of the injected activity over the imagingltrr?;?s;e?fci R?SOO‘I’% 'Iri‘rJ‘Z)Cgerg \gfrrcegtgf;ro/rﬁnf;gi?;Eé?:;/afgmit:g;rt]he

period, with the rest being 'r_‘dUded as “missing” and ass'g”?d tcbasis for the biexponential fit. THewer curveis the fitted éurve with

the MIRD category “remainder-of-body.” Thus, the missing physical decay included, from which the residence timés derived by

fraction was assumed to be distributed uniformly in the body.numerical integration.

The “residence time,” or accumulation-time product, can be

determined for each relevant organ by integrating the time-

activity curve either analytically, from 0 te, or numerically

over a suitably long interval. We used a numerical integrationassuming no excretion, as well as a more realistic estimate using

from 0 to 48 h. The absorbed radiation dose to a given organ wathe dynamic bladder model available in the MIRDOSE3 soft-

calculated as the sum of the products of the residence times anglare package, with a voiding interval of 4 h.

the tabulated S-values f6fCu in a standard human geometry. Statistical Analysis. To determine statistical signifi-

Because the bladder residence time depends primarily on theance in the biodistribution studies, a Tukey's Studentized

pattern of voiding, we have calculated a conservative estimat®ange (HSD) Test was performed wkh< 0.05 being consid-

t=0.78hr

% Injected Dose
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Fig. 3 Radiotherapy experiments in CA20948 tumor-bearing rats. Comparison of tumor growth in control rats and rats tre&t€dWiETA-OC
and®‘Cu-TETA-Y3-TATE. , individual rats; ----, mean values.

ered significantly different. In the therapy studies, Tukey’s 7-day period, taking 28.4 3.29 days for the tumor volume to
Studentized Range (HSD) Test, ANOVA, Scheffe’s test, and areach>10,000 mni or to ulcerate after tumor implant. Inhibi-
Least Difference Test were performed to compare single-doséion of tumor growth and reduction of tumor size after a single
and multiple-dose protocols and to compare these with datalose of®"Cu-TETA-Y3-TATE were more apparen® (< 0.05)
obtained from control rats. Comparison was made on the lengtithan that observed in animals receiving an equal doSé@ii-

of time it took the tumor to reach 10, 000 Min size or the time  TETA-OC (0-35% reduction over 7 days). There was no tumor

to ulceration. growth inhibition in the control groups, and the time it took for
the tumors to reach-10,000 mnd or to ulcerate (20.71 2.06
RESULTS days for TETA-Y3-TATE and 19.44- 1.67 days for buffer)

Radiotherapy Experiments (Single Dose). The results  were significantly lower than the groups that received a single
from all of the radiotherapy studies undertaken in CA20948dose of?“Cu-TETA-Y3-TATE (P < 0.05). The single 15.5-mCi
tumor-bearing rats are shown in Fig. 3. All rats that received adose of ®/Cu-TETA-Y3-TATE reduced and inhibited the
single 15.5-mCi dose d"Cu-TETA-Y3-TATE showed signif-  growth of the CA20948 tumor for over 10 days before normal
icant reduction in tumor volume (29-73%) over the following growth resumed. There was no weight loss or appearance of
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toxicity with **Cu-TETA-Y3-TATE at the 15.5-mCi dose. It is 16 wiong
important to note that tumors that regrew after remission often 41 @50 ng
ulcerated at an earlier stage than those in controls groups. IO 100 ng
Radiotherapy Experiments (Multiple Dose). In both 124 I 500 ng
multiple dose experiments, the control groups (10-db of 10 - I8 1000 ng

unlabeled TETA-Y3-TATE) showed unrestricted growth of the
tumor (mean survival time, 19.25 2.63 days). All rats receiv-
ing the 3 10 mCi dose regimen of*Cu-TETA-Y3-TATE
showed tumor growth inhibition and a decrease in tumor volume 4 -
of 36—-81%. The smallest tumor sizes were recorded between 2+
days 16 and 18 after implantation (0.07—0.60%cnin the o U | N 27
treated rats, it took an average of 28.443.91 days for the Kidney Pituitary Adrenals  Pancreas Tumor
tumors to reach>10,000 mni or to ulcerate after implant. In Organ

rats receiving a 3x 20 mCi dose regimen, there were no Fig. 4 Biodistribution & 1 h after injection of 5u.Ci (0.2 MBq) of

palpable tumors in any of the animals at day 14 after tumore«Cy.TETA-Y3-TATE in CA20948-bearing rats at doses of 10, 50, 100,
implantation. Complete remission and disappearance of the tus00, 1000, and 5000 ng of peptidgars, SD.

mor was observed for 10 days. On day 25 after the implant,
tumors began to reappear and continued to grow more slowly
than before the therapy, until the animals had to be sacrificed " o o )
38.22+ 4.27 days after tumor implant. By using the Tukey’s Effect of.Specn‘lc Activity on B|0d|str|but|0n of Radio-
Studentized Range Test, we found that the time it took thd@beled Peptide. The uptake of 5u.Ci (0.2 MBq) of *Cu-
tumors to reach>10,000 mni in size or to ulcerate in the rats 1 ETA-Y3-TATE, diluted with different masses of unlabeled
receiving a 3x 20 mCi dose regimen was significantly higher TETA-Y3-TATE, in receptor-rich organs and the kidney at 1 h
than all other groups examined in all other therapy and controffter injection is shown in Fig. 4. With a coinjection of 5000 ng
protocols P < 0.05). qf peptide, uptake decreased IS|gn|f|cz‘;1nFly in receptor-positive
Blood Chemistry and Physical Appearance. Toxicity tissues P < 0.05). The uptake in the pituitary showed a 4-fold
was determined in rats receiving>3 20 mCi of 4Cu-TETA-  decrease (5.4G 0.74% ID/g for 10 ngversusl.24 = 0.24%
Y3-TATE by monitoring weight and gross physical appearance,'D/g for 5000 ng; P< 0.05), the adrenals displayed an 8-fold
as well as hematological and liver and kidney function. Thedecrease (11.41 01.67% ID/g for 10 ng/ersusl.40 = 0.19%
mean weight of the treated rats increased similarly to that of théD/for 5000 ng; P<0.05), the uptake in the pancreas was nearly
control rats, and they maintained a healthy physical appearancéfold lower (14.24= 1.74% ID/g for 10 ngversus3.84 =
(with no sign of scruffy coat or diarrhea) over the experimental0-41% 1D/g for 5000 ng; P< 0.05), and the tumor uptake was
period. Blood chemistries were compared with baseline levelQVer 2-fold lower (3.69+ 1.68% ID/g for 10 ngversusl.64 =
obtained from the control rats. The mean WBC count decreasefl-06% ID/g for 5000 ng; P< 0.05) at the highest mass injected.
to 25-50% of the control group level at day 12 after the tumorOther nontarget organs showed no significant decreases in up-
implant (5,500 3,630/mnd versusl3,600+ 1,170/mni). The ~ t@ke. _
transient drop in WBCs remained constant until day 15 (7500 Dosimetry. Human absorbed dose estimates to normal
1,690/mnd) and then was seen to recover to baseline levels byPr9ans, calculated from rat biodistribution data and baboon PET
day 34 (9,530+ 2,290/mnf) after the tumor implant. The Maging, are shown in Table 1. The absorbed dose to the
differential WBCs showed a transient elevation in segregatedddneys for64Cu-TE_TA-Y3-TATE, based on rat biodistribution,
neutrophils to a maximum of 407% of controls after 17 daysWas 0.445 rad/mCi (0.120 mGy/MBgq). By comparison, baboon
(61.0+ 5.29%versusl5.0 = 1.63%), with a transient decrease PET image data showed a peak of 20% ID in the kidneys, with
in lymphocytes to a minimum of 45% of controls at day 17 fairly rapid clearance, giving an absorbed dose of 1.25.ra.d/mC|
(37.0+ 4.55%versus82.0 + 2.16%). Both segregated neutro- (9.337 mGy/MBq). The intestinal tract also showed dls.tlnctly
phils and lymphocyte levels were seen to recover to baselindifferent uptake results from the rat and baboon experiments.
levels by day 34 (23.7% 9.03% and 71.8- 8.66%, respec- There was V|rtuall_y no uptake in the bowe_l of the baboon_,_ and
tively). No significant changes in RBCs or hemoglobin or hem- only a small fraction (0.9% ID) cleared via the hepa_ltoblllary
atocrit levels were noted. Platelet levels initially elevated toSYStém. Table 1 also shows the effect of the dynamic bladder
138% of controls up to day 17 (11,27.50106.59% 10¥/mm? modgl on the dose to the urinary bladder wall in the PET
versus815.25+ 87.43x 10°%/mnr) and then decreased dramat- 'Maging study. In the CA20948 rat model, the average absorbed
ically to 35% of controls by day 25 (282.25 119.69 X dose to the tumo_r was _calc_ulated to be 40.8 rad/mCi (11.0
10%mn?). Baseline platelet levels were reached by day 34MGY/MBQ) for a single injection of*Cu-TETA-Y3-TATE.
(969.00+ 151.39x 10%mm?). The levels of kidney enzymes,
blood urea nitrogen and creatinine, did not change significantyDISCUSSION
over the observation period. Levels of ALP, ALT, and AST 84Cu-TETA-OC is presently being evaluated clinically at
were all seen to decrease (65.1, 51.9, and 49.9% of controld)/ashington University School of Medicine for the detection of
respectively) by day 17. Both ALP and AST recovered-it6% neuroendocrine cancer by PET (25) and was investigated for
of baseline levels by day 20, and ALP, ALT and AST all therapeutic potential in a rodent tumor model GACu-TETA-
returned to baseline levels by day 34. Y3-TATE has been shown to have a higher affinity for the

| 5000 ng'

%ID/g
[~
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Table 1 Absorbed radiation doses resulting from administration of an extended period to the tumor, while allowing intermittent

84Cu-TETA-Y3-TATE, determined from rat biodistribution and PET

imaging of a baboon

recovery of nontarget tissues. The decreased toxicity is often
attributable to decreased bone marrow suppression, which is the

Rat rad/mCi Baboon rad/mCi result of delivery of multiple smaller radiation doses over an
Organ (mGy/MBq) (mGy/MBq) extended treatment period.

Kidneys 0.445 (0.120) 1.25(0.337) The CA20948 rat pancreatic tumor is extremely aggressive,
Liver 0.108 (0.029) 0.39(0.107) with a doubling time of 12-36 h. Stolet al. (4) recently
Sngﬁadﬁﬁ@ 0.069 (0.018) 00483(3(103(2)2)9) reported complete eradi(_:ation of CA20948 tumors in 71% of
Spleen 0.053 (0.014) 0.35 (0.095) rats treated with 10 mCi/kg (370 MBq/kg) SfY-SMT 487
Pancreas 0.145 (0.039) 0.16 (0.043) (°°Y-DOTA-Y3-0C), with no observable side effects. No ab-
Adrenals 0.616 (0.166) 0.059 (0.016) sorbed dose measurements to the tumor or normal organs or
Upper large 0.244(0.066) 0.035(0.010) specific blood chemistry/toxicity data were reported, however.

intestine wall ) ; .
Small intestine 0.131 (0.035) 0.044 (0.012) The efficacy _0190Y-SM_T 487 has bet_an reported in _th_ree pe_menFs
Lower large 1.030 (0.278) 0.059 (0.016) (11), and this agent is presently in Phase | clinical trials in

intestine wall patients with somatostatin receptor-positive malignancies (3,
Urinary bladder ~ 0.785(0.212)  2.82 (0.76(8)38 (0.103) 29). °°Y has a mearp energy of 0.9 MeV with a maximum
Total body 0.040 (0.011) 0.063 (0.017)

energy of 2.27 MeV and a maximum particle range of about 11

abUrinary bladder dose calculated assumifgo excretion; and

. ( ! mm in tissue, making it an appropriate radionuclide for large
using the dynamic bladder model of Cloutetral. (37).

tumor burdens®‘Cu emits a 0.58-Me\B ~ particle (40%), a
0.66-MeV B* particle (19%), and a photon of 1.34 MeV
(0.5%), yielding a mean range of penetrating radiation-t4
somatostatin receptor th&ACu-TETA-OC bothin vitro andin mm in tissue; thereforé®“Cu emissions are more suitable for
vivo; in vitro, 1C4s for the binding of Cu-TETA-Y3-TATE and  smaller tumor masses. In ti8Y study, the tumor sizes were
Cu-TETA-OC to CA20948 pancreatic tumor cell membranes12,805+ 1140 mn? at the time of injection (4). In our studies,
were 0.250+ 0.05 nv and 0.498= 0.039 mu, respectivelyjn rats are sacrificed when the tumor reachei0,000 mni or the
vivo, this increased affinity for somatostatin receptors wastumor ulcerates; thus, the tumors in our experiments were ini-
shown by a 2-fold uptake GF*Cu-TETA-Y3-TATE over®“Cu- tially much smaller than those in the investigation of Sttizl.
TETA-OC into CA20948 tumors ovel h (15). The aim of the  (4). The size of the tumor at the beginning of the treatment may
present study was to determine the radiotherapeutic efficacy aficcount for the difference in the response of the tumors to the
the superior analogu&’Cu-TETA-Y3-TATE, in a tumor-bear-  different radionuclides; therefore, a meaningful comparison can-
ing rodent model, to evaluate the toxicity of the agent, and tonot be made between the efficacy of t# and ®“Cu com-
calculate human absorbed doses from both rodent biodistribupounds at this time. Moreover, the treatment of the tumor with
tion and primate imaging. The results obtained in this investi-®*Cu-TETA-Y3-TATE may lead to the selective killing of re-
gation strongly suggest th&fCu-TETA-Y3-TATE may be su- ceptor-rich cells. Theoretically, multiple dose schedules may
perior to ®‘Cu-TETA-OC and has potential for targeted cause a significant decrease in somatostatin receptor density
radiotherapy of neuroendocrine cancer in humans. after repeated administrations. As a consequence, regrowth of
From the single-dose radiotherapy experiment<(115.5  CA20948 tumors after treatment is possible because cells with a
mCi), it is evident that®*Cu-TETA-Y3-TATE is at least as smaller number or no somatostatin receptors survive during
effective as®*Cu-TETA-OC in effecting greater tumor regres- ®*Cu-TETA-Y3-TATE treatment. Therefore, because of the lon-
sion and may possibly be more effective. In the first multiple ger mean range of th#’y B~ particle, receptor-negative by-
dose protocol usin§*Cu-TETA-Y3-TATE (3 X 10 mCi), the  standing cells could also be killed. This may also account, in
tumor burden decreased dramatically with an extended time fopart, for the complete eradication of CA20948 tumors reported
the tumor burden to reack-10,000 mni or ulcerate in the by Stolzet al. (4).
treated animals compared with the control groups. In the second  In the 3X 20 mCi dose study reported here, the treated rats
multiple dose regimen (X 20 mCi), there were no palpable gained weight throughout the experiment and at no time pre-
tumors in the treated group for an extended period of tim&Q|  sented with any overt physical signs of toxicity, such as leth-
days). Moreover, the time for the tumor burden to reachargy, scruffy coat,>10% weight loss, or diarrhea. Transient
>10,000 mnd or to ulcerate in these rats was nearly twice thatelevation and decrease in certain hematological and enzyme
of the control groupsR < 0.05). All of the statistical analysis levels were noted, but by day 34 after the first treatment, all
performed confirmed that the survival time of the rodents waslevels returned to baseline values. Although not fully compre-
dependent on the dose administered. It was shown that the 3 hensive, these toxicity data are encouraging in that a maximum
20 mCi multiple dose regimen was more effective in tumor tolerated dose was not achieved and that larger quantities of
regression than single-dose administration and the first multipleadioactivity could be administered safely.
dose protocol (3x 10 mCi). The advantages of multiple dose The biodistribution of**Cu-TETA-Y3-TATE in rats was
protocols over a single dose have precedence in radioimmunclearly affected by the mass of peptide injected. A bell-shaped
therapy studies (26, 27) and radiotherapy with peptides (7, 28jelationship has been reported between mas'bh-pentet-
and include significant reduction of the tumor burden with reotide and its uptake in receptor-rich tissues (30). In this
decreased toxicity. A multiple dose regimen also has the advarinvestigation, there was maximum uptake in somatostatin recep-
tage of delivering a consistent amount of tolerable radiation ovetor-positive tissues at the lowest mass dose (10 ng), with de-
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creasing uptakes in these tissues at higher masses. For ti8-OC to estimate the absorbed doses that would be received in
specific activities given in this report (1.25-2.5 m@j), this  a therapy study witl’®Y-DOTA-Y3-OC. They reported the
would convert to 4—16ug of material being injected in the 10- average estimated dose that would be given f8P¥atherapy
and 20-mCi treatment doses. This would result in the loweringtrial where 30 mCi (1.1 GBq) was administered per cycle for
of uptake of®'Cu-TETA-Y3-TATE into receptor-rich tissues, three cycles. The estimated absorbed doses d&@/t®OTA-
which would have direct consequence on the regression of th&3-OC were 231 rads (2.31 Gy) to the liver, 2508 rad (25.08
tumor and dosimetry estimations. UsiftCu-TETA-Y3-TATE Gy) to the spleen, 1089 rad (10.89 Gy) to the kidney, 9 rad (0.09
labeled at high specific activities may improve is therapeuticGy) to red marrow, and 3333 rad (33.33 Gy) to the tumor. In the
efficacy. present study reported here, a single dose of 15.5 mCi of
On the basis of the estimated absorbed doses from th&'Cu-TETA-Y3-TATE was administered to tumor-bearing rats,
baboon PET images, a typical injectate GCu-TETA-Y3- which weighed~250 g. Extrapolating this to humans would
TATE for an imaging study will result in a total dose to the suggest a total dose of about 4000 mCi (148 GBqffu-
kidneys of 1.25 rad/mCi (0.337 mGy/MBq). This appears to beTETA-Y3-TATE for clinical therapy trials. On the basis of the
the dose-limiting organ, because the bladder dose measured inmonhuman primate data, a delivered dose of 4000 mCi (148
baboon would be reduced7-fold by a normal voiding scheme. GBq) of ®*Cu-TETA-Y3-TATE would result in absorbed doses
The kidney dose determined from the nonhuman primate i©f 5000 rad (50 Gy) to the kidney, 1560 rad (15.60 Gy) to the
~3-fold higher than what was determined from rats. Dosimetryliver, 1400 rad (14 Gy) to the spleen, and 152 rad (1.52 Gy) to
data presented for the intestinal tract also showed distinctlythe red marrow. The kidneys are the critical organ in this study,
different results from the rat and baboon experiments. Theand a reduction in kidney absorbed dose would be necessary.
different biodistribution between nonhuman primates and ro-Methods have been used to decrease the uptake of radiolabeled
dents is not surprising, given that hepatobiliary and renal clearproteins and peptides in the kidneys, in particular after the i.v.
ance of many radiopharmaceuticals vary widely from rodents teadministration ofb-lysine (13).
mammals (31, 32). The decreased intestinal uptake and increase The absorbed dose to the CA20948 tumor fréficu-
of renal dose in the baboon is likely to be more representative oTETA-Y3-TATE, calculated from the rat biodistribution, was
human biodistribution. 40.8 rad/mCi (11.0 mGy/MBq), compared with 30.9 rad/mCi
Although the large discrepancies between rodent and pri{8.4 mGy/MBq) from®*Cu-TETA-OC (7). It is important to
mate biodistributions of radiopharmaceuticals are not surprisingnote that this is the dose to the rat tumor and not an estimated
the fact that human absorbed dose estimat@4Qii-TETA-Y3- dose to human tumors. By simple calculation, this represents a
TATE based on rat biodistribution data are greatly underesti-dose of 6120 mGy (612 rad) f6fCu-TETA-Y3-TATE to the
mated compared with doses obtained from baboon PET imagin@A20948 tumor in the single-dose experiment(115.5 mCi).
data are problematic. Previous studies in our group on the  The data presented here clearly demonstrate that, for tar-
dosimetry of ®*Cu-labeled monoclonal antibody 1A3-F(3p  geted radiotherapy witR“Cu-TETA-Y3-TATE, the use of a
showed that absorbed dose estimates from rat biodistributiomultiple dose schedule is superior to single injections in terms
data overestimated what was found from baboon PET imagin@f efficacy and toxicity. However, the effect of multiple doses
data (33). Preliminary studies &fCu-TETA-OC in patients on the tumor uptake d¥"Cu-TETA-Y3-TATE must be consid-
showed that absorbed dose estimates based on rat biodistribared for each consecutive injection. Preliminary studies suggest
tion data were not greatly different from actual absorbed doseshat uptake of**Cu-TETA-Y3-TATE in receptor-positive or-
determined from human PET imagk®&ecause of the distinct gans and the CA20948 tumor decreases for subsequent identical
differences in the biodistribution d¥*Cu-TETA-Y3-TATE in injections given at 48-h intervals (36). In this study, it was
rodents and primates, we will base future dosimetry estimates oshown that tissue uptake was less affected with the longer
radiolabeled somatostatin analogues from primate data prior tttervals between administrations (72 h) and suggests that lon-

human studies. ger dose fractionation protocols may be superior in therapeutic
Although human absorbed doses were not estimated in thefficacy than 48-h treatment regimens. Future studies in tumor-
radiotherapy studies reported previously usifitRe and®°Y- bearing rats will include the use of MicroPET imaging (Con-

labeled somatostatin analogues in tumor-bearing mice (28, 34orde Microsystems, Knoxville, TN) to determine the optimal
dosimetry results have been reported in the two of the clinicatime interval for multiple dose regimens. PET imaging will
case studies of*in-DTPA-octreotide therapy. In the report by enable the calculation of biodistribution datiee( dosimetry
Krenninget al. (8), the patient received a total of 550 mCi (20.4 measurements) and the determination of therapeutic efficacy
GBq) over seven administrations, and the estimated doses to tr@multaneously.

liver and kidneys were 240 and 500 rad (2.4 and 5.0 Gy), In conclusion, 8/Cu-TETA-Y3-TATE was effective in
respectively, whereas the estimated dose to the tumor was 13@fausing tumor regression of CA20948 tumors in rats. A multiple
rad (13 Gy). Fjding et al. (9) reported doses of 630 rads (6.3 dose regimen of*Cu-TETA-Y3-TATE temporarily eradicated
Gy) to the liver (which had liver metastases), 371 rad (3.71 Gy)CA20948 tumors, without lethal toxicity to the animal. It is clear
to the spleen, and 212 rad (2.12 Gy) to the kidney and redhat optimization of the radiotherapeutic multiple dose regimen
marrow. A study by Cremonesi al. (35) used**in-DOTA- is necessary to improve upon the results presented in this report.
The results reported here also showed significant discrepancies
between absorbed dose estimates obtained from rat and baboon
biodistribution. These data suggest tA4Eu-TETA-Y3-TATE

4C. J. Andersoret al., manuscript in preparation. may not be optimal agent for targeted radiotherapy but does,
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however, confirm that othef*Cu-labeled somatostatin ana- 13. de Jong, M., Bakker, W. H., Breeman, W. A. P., Bernard, W. H.,
logues warrant continued consideration as agents for targeteidofland, L. J., Visser, T. J., Srinivasan, A., Schmidt, M’ hBeM.,
radiotherapy. Mécke, H. R., and Krenning, E. P. Preclinical comparison of
[DTPA%octreotide, [DTPA, Tyr-octreotide and [DOTA
Tyr®Joctreotide as carriers for somatostatin receptor-targeted scintigra-
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