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Radiolabeled somatostatin analogs have demonstrated ef-
fectiveness for targeted radiotherapy of somatostatin recep-
tor-positive tumors in both tumor-bearing rodent models
and humans. A radionuclide of interest for cancer therapy is
reactor-produced '"Lu (t,,, = 6.64 d; B~ [100%]). The high
therapeutic efficacy of the somatostatin analog '”’Lu-DOTA-
Tyr*-octreotate (DOTA-Y3-TATE, where DOTA is 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid) was previ-
ously demonstrated in a tumor-bearing rat model (Erion et
al., J. Nucl. Med. 1999;40:223P; de Jong et al., Int. J. Cancer,
2001; 92:628-633). In the current study, the toxicity and
dosimetry of '"7Lu-DOTA-Y3-TATE were determined in
both normal and tumor-bearing rats. Doses of '’’Lu-DOTA-
Y3-TATE ranging from 0 to 123 mCi/kg were administered
to rats and complete blood counts (CBCs) and blood chem-
istries were analyzed out to 6 weeks. No overt signs of tox-
icity were observed with '"’Lu-DOTA-Y3-TATE (i.e., leth-
argy, weight loss, scruffy coat or diarrhea) at any of the dose
levels. Blood chemistries and CBCs were normal except for
the white blood cell counts, which showed a dose-dependent
decrease. The maximum tolerated dose was not reached at
123 mCi/lkg. The biodistribution of '"’Lu-DOTA-Y3-TATE
was determined in CA20948 rat pancreatic tumor-bearing
rats, and the data were used to estimate human absorbed
doses to normal tissues. The dose-limiting organ was deter-
mined to be the pancreas, followed by the adrenal glands.
The absorbed dose to the rat CA20948 tumor was estimated
to be 336 rad/mCi (91 mGy/MBq). These data demonstrate
that '"7Lu-DOTA-Y3-TATE is an effective targeted radio-
therapy agent at levels that show minimal toxicity in this rat
model.
© 2001 Wiley-Liss Inc.
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The use of radiolabeld ligands tha bind to somatostati recep-
tors (SSTR$ astargetel radiotherag agens in humarsisincreas-
ing.1-5 Preliminay resuls of clinica trials with **in-DTPA-OC,
a diagnostt radiopharmaceutitaapprovel by the United States
Foad ard Drug Administration hawe demonstrate evidene of
tuma respone to treatment.® Reportel responsginclude stable
diseasgbut no significant tumar regressioa or remissions *°Y-
DOTA-Tyr*-octreotic (°°Y-DOTA-Y3-OC or °°Y-DOTATOC or
SMT487 is currenty in clinica trials, with favorabk results
demonstratig significart tumar regressions:4 Preliminay data
with *”"Lu-DOTA-tyrosine3-octreotat(*’Lu-DOTA-Y3-TATE)
are presentd in arecenty publishel abstrat and suggesa range
of responsefrom tumar shrinkage (8/26) to stabk diseag (14/26)
to partid remissio (1/26) to tuma progressia (3/26)5

The progres with somatostati recepto ligandsis very exciting;
however sonme questios reman to be answered One issLe is
whether®°Y is the beg radionuclice for targetel radiotheray of
all tumar types ard sizes? Yttrium-90 has amean B-energy of 0.9
MeV with a maximun enery of 2.27 MeV ard a maximum
particle range of abou 11 mm in tissue making it an appropriate
radionuclick for large tuma burdens A potentid problem with
%0y is tha the high-energ B~ may als be the caus of the
observe rend toxicity in humars treatel with high doses of
%%Y.DOTATOC. This raises the questim of whethe or not other
radionuclide with lower B~ energis may hawe utility for smaller
tumors or micrometastati disease.

An alternatie radionuclice for targete radiotherag is *""Lu
(t,» = 6.65 d);2 which decay by lower enery B~ emissions
(0.48 MeV [78.6%], 0.1 MeV [12.29 ard 0.3& [9.1%)])°
Lutetium-177 is producel at the University of Missouii Research
Reacto (MURR) by the *"%u(n,y)*""Lu reactiont® In patients
with ovarian cancerthe*”"Lu-labele monoclonaantibod/ (Mab)
CC49 showal consideral# efficagy at controlling micrometastatic
diseasé! The groups a the Universiy of Rotterdan and
Mallinckrodt, Inc. have evaluated*”"Lu-labelel somatostati an-
alogs in atumor-bearig rat modd and demonstrate impressive
therapeut efficacy!2.13 Here we preseh da@ on the toxicity of
177 u-DOTA-tyrosin€-octreota¢ (*"Lu-DOTA-Y3-TATE; Fig.
1) in normd Lewis rats as well as the estimatel human absorbed
doses of 17Lu-DOTA-Y3-TATE to normd tissues and the dos to
arat tumor.

MATERIAL AND METHODS
General

All chemicals unles otherwie stated were purchasd from
Aldrich (Milwaukeg WI). Lutetium-17/ was obtaina from the
Universily of Missouii Researb Reacto in a specift activity of
20 Ci/mg 210 All solutiors were prepare using ultrapue wate (18
MQ cm resistivity). Radio-thin layer chromatograpi (radio-TLC)
detection was accomplishd using aBIOSCAN (WashingtonDC)
Systen 200 Imaging ScannerRadioactive sampls were counted
on aBeckman (Fullerton CA) 8000+y-counter.

Preparatian of *"Lu-DOTA-Y3-TATE

DOTA-Y3-TATE was synthesizd as previousy described#
DOTA-Y3-TATE was labeled with **"LuCl (0.06 M HCI) in 30
mM NaOAc/Z5 mM sodium ascorbatgpH 5.0, for 25 min at 80°C.
Radiochemich purity was determine by radio-TLC with C18
plates developé in 70:30 MeOH:10% NH,OAc (*""Lu-DOTA-
Y3-TATE, R; = 0.8;*""Lu-acetateR; = 0). Radiochemichpurity
of YLu-DOTA-Y3-TATE in all studies was >98%.

Abbreviations DOTA, 1,4,7,10-tetraazacyclododecaNgN’,N",N""’-
tetraacett acid DTPA, diethylenetriaminepentaacetiacid OC, oct-
reotide SSTR somatostati receptorsTATE, octreotate TETA, 1,4,8,11-
tetraazacyclotetradecaheN’,N",N'"’-tetraacet: acid Y3, tyrosine-3.

Grart sponsor Nationd Cance Institute Grart number CA64475;
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sponsorUniversity of Missouli Researk Reacto unde the Departmehof
Energys Reacto Sharirg Suppot Program Grart nhumber DE-FGO7-
011D14146.

*Correspondene to: Mallinckrodt Institute of Radiology Washington
University Schod of Medicing 510 Souh Kingshighwg Blvd., Campus
Box 8225 St Louis, MO 6311Q USA. Fax +314-362-9940.

E-mail: andersoncj@mir.wustl.edu

Receivel 6 April 2001 Revisel 6 Jure 2001, Acceptel 13 July 2001



874 LEWIS ET AL.

assumed to be due to fecal matter and not to receptor-specific
uptake of the radiolabeled peptide. The cumulative actiyiti(hr
HOOC N/ \ — CONH-(D)Phe-Cys-Tyr-(D)Trp 1 Bg/hr) for each organ was determined by analytically integrat-
N N | | ing a mathematical function fitted by the least-square method on
the data. This function was chosen to be a combination of expo-
OH-Thr-Cys-Thr-Lys nentials.
N N Human absorbed dose estimates were ﬁc%?lculated using measured
residence times and the MIRD S-value forLu calculated with
HOOC — \—; \——COOH values supplied as supplementary information by the author of
MIRDOSE 3.02° The absorbed dose to the bladder was calculated
Ficure 1 - Structure of DOTA-Y3-TATE. assuming no voiding, and the dose to the kidney was calculated
assuming homogenous distribution of the activity throughout the
organ, a potential limitation of the MIRDOSE model. Tumor
Animal studies dosimetry was calculated taking into account all radiation emis-

All animal experiments were conducted in compliance with th¥ons from’”’Lu, and the S-value for the tumor was calculated for
Guidelines for the Care and Use of Research Animals establisigPherical tumor of unit density filled uniformly with activity.
by Washington University’s Animal Studies Committee. The ratNiS a@pproach assumed that tumors of similar size in different
pancreatic tumor CA20948was obtained from the Tumor Bank @nhimals had similar uptake characteristics, and the resulting .ab-.
at Biomeasure (Hopkinton, MA). Adult male Lewis rats (190—2480rPed dose was the average of the doses absorbed by the indi-
g) were purchased from Charles River (Wilmington, MA). Th/idual tumors.
CA20948 tumor was maintained by serial passage in animals. InAfter reactor production, thé”’Lu contains 2 impurities, a
rat experiments, male Lewis rats were injectedhwét 1 mn? small amount of "*"Lu (t,,, = 3.64 hr) and 0.02% of""™.u
section of CA20948 tumor 10 days prior to treatment as previousgm = 160.4 days). Due to the short half-life 6f°"Lu and the
describedss elivery time for the isotope, its contribution to the absorbed dose
. estimates was not considered. The 0.02% presencé’BEu, a
Toxicity study value recently confirmed and published by the NESias con-
Doses of*”"Lu-DOTA-Y3-TATE (specific activity 0.89 mCi/ sidered, but the dose contribution of this contaminant was not
wrg) ranging from 0 to 130 mCi/kg in 5 toxicity groups (0—4.4,ncluded in our dosimetry calculations. It was assumed that this
16.3-18.2, 36.7-40.5, 64.7-71.2 and 102.2-122.6 mCilkg; small impurity would only alter the absorbed dose estimates to the
6 in each group) were administered i.v. via the tail vein tsecond decimal place and was easily within the reported standard
normal rats. Toxicity was monitored by weight loss and grosgeviations of the estimated absorbed doses.
physical appearance, as well as changes in hematologic, liver
and kidney function compared with control rats< 6). In each  Statistical analysis

group, anesthetized rats were weighed, and blood was removeg, geermine statistical significance in the biodistribution stud-

by cardiac puncture before and during the experimental periqds 5 student's-test was performed with < 0.05 being consid-
Toxicity analyses were performed by the Diagnostic Serwceeﬁéd significantly different.

Laboratory in the Department of Comparative Medicine a
Washington University School of Medicine. The hematology

analysis included white blood cell counts (WBCs), red blood

cell counts (RBCs), platelet counts and measurement of hemo-

globin, hematocrit and differential WBCs. Liver and kidneyToxicity study
analysis included alanine aminotransferase (ALT), blood ureaThe average weight of the treated rats increased similarly to that
nitrogen (BUN) and creatinine. Gross necropsy examination of the control animals, and they maintained a healthy physical
the respiratory, digestive, musculoskeletal, urinary and genitappearance (with no sign of scruffy coat or diarrhea) over the
systems as well as the brain, thymus, spleen, lymph nodesperimental period. Throughout the examination period there
adrenals, pituitary and eye was performed on 2 animals from thre no significant changes in platelet counts, hemoglobin, hemat-
highest dose group at the experimental endpoint of 38 days postit and differential WBCs (Table 1). Levels of BUN, creatinine
injection. Histopathologic examination of the liver, kidneyand ALT remained at baseline values, showing no overt liver and
pancreas and adrenal gland was also performed. kidney toxicities. The hematology analysis values for the highest
dose group (102.2-122.6 mCi/kg) are presented in Table I. WBC

Rat dosimetry - ) changes followed a dose-response pattern after administration
The absorbed doses 6? Lu-DOTA-Y3-TATE were obtained (F|g 2) In the lowest dose group (0_44 mC|/kg) there were no

for normal tissues and a rat tumor using biodistribution data nificant Changes in WBCs over the experimenta| eriod (day

CA20948 tumor-bearing rats, according to previously describecl%l 11.95+ 4.51 X 10¥mm?> day 2, 14.0+ 4.38 X 108/mm3;

methodsté-19*7"Lu-DOTA-Y3-TATE (40 nCi [1.3 MBq]; 0.67 day 6, 12.8+ 2.64 X 10¥mm?; day 15, 11.8+ 1.64 X 10°9/mn®;

rg) was injected i.v., and the rats bearing 0.5-3.5 g tumors wedgy 22, 11.4+ 0.60 X 10¥mm?> p > 0.1). The 3 intermediate

euthanized by Metofane overdose and cervical dislocation at 1,g'ioups exhibited a transient depression in WBCs at 6 days (163_

6, 14, 24, 48, 72, 96 and 168 hr (each group; 5) post injection. 18.2 mCi/kg, 11.3+ 2.43 X 10¥mm?; 36.7—40.5 mCi/kg, 8.9

The rats in the 72 hr group were housed in metabolism cages)tqsx 103mms3; 64.7—71.2 mCi/kg, 5.83 1.34x 103¥mm’; p <

determine the percent injected dose (% ID) excreted in urine ap®01), but all recovered to baseline (day, 11.95+ 4.51 X

feces at 1, 3, 18, 24, 48 and 72 hr. 103mm°) levels by day 22. The 102.2-122.6 mCi/kg dose group
Twenty-three organs and tissues (blood, lung, liver, spleeshowed the greatest neutropenic response; however, the WBCs

kidney, bladder, muscle, fat, heart, brain, pituitary, bone, marrosgcovered to baseline levels by day 35 (da#, 14.15+ 2.98 X

[from femur], testes, prostate, adrenals, pancreas, thymus, tuni@>/mm?; day 2, 8.4+ 4.41 X 10%mm> day 6, 3.9+ 1.8 X

stomach, small intestine, upper large intestine and lower larg*mm?® day 15, 5.6+ 2.47 x 10%mm°, day 22, 8.2+

intestine) were harvested, and time-activity curves were genera0x 10*/mm?>, day 28, 10.5+ 1.99x 103 /mm?; day 35, 11.4+

for each of them. Additionally, the % ID/g and %ID/organ for eacii.58 X 10%mm? p < 0.001). In the gross necropsy and -his

tissue were calculated. (Tables of % ID/g and %ID/organ wittopathologic examinations of selected tissues, there were no ap-

standard deviations for 23 tissues and 8 time points’fdtu- parent lesions, showing the lack of gross or histologic signs of

DOTA-Y3-TATE are available.) Uptake in the intestinal tract wasoxicity.

RESULTS
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TABLE | — CHANGES IN HEMATOLOGIC, LIVER AND KIDNEY FUNCTION IN RATS TREATED WITH 102-122.6 mCi/kgn(= 6)
OF Y7Lu-DOTA-Y3-TATE COMPARED WITH CONTROL RATS$

Dir'j‘j)ésctger RBC 1¢/mn? Platelets 1&mm? ALT UL C’rﬁg}?ﬂ”e BUN mg/dL
7.9+ 0.46 774.8+ 154.9 45.0+ 25.0 0.5+ 0.2 9.0+ 2.1
2 8.1+ 0.95 886.7+ 492.8 60.3+ 9.0 0.7+ 0.1 10.7= 2.3
6 8.8+ 0.76 1050.2+ 392.76 58.2+ 6.8 0.6+ 0.1 14.2+ 2.2
15 8.7+ 0.88 654.8+ 122.4 51.8- 9.8 0.5+ 0.1 16.4* 3.5
22 8.1+ 0.40 757.3+ 108.0 445+ 11.7 0.4+ 0.0 15.1+ 1.5
28 8.4+ 0.33 909.2+ 130.3 547+ 17.3 0.5+ 0.1 13.3£ 15
35 9.3+ 0.24 840.3+ 142.9 68.0+ 11.8 0.5+ 0.2 17.3= 0.5
IRBC, red blood cells; ALT, alanine aminotransferase; BUN, blood urea nitrogen.
16 The radiotherapy data obtained in rats wiHLu-labeled se

matostatin analogs has been particularly impressivé.With

171 u-DOTA-Y3-TATE, the administration of 3< 5 mCi over a

12 7-day period to tumor-bearing rats bearing 14-day-old CA20948
tumors resulted in &95% decrease in tumor volume, with 66% of
the animals remaining tumor-free 200 days after treatrifdntthe

8- = 100-130 mCirke same study, a single 5 mCi administration '6fLu-DOTA-Y3-
TATE in rats bearing 14-day-old CA20948 tumors resulted in

WBC Counts (1000/cubic mm)

67 - 60-80 mCilkg tumor regression te<5% of the original tumor volume by day 14.

4l —530-50 mCikg In this group of rats>50% of the animals showed no paipable
—10-20 mCi’kg tumor mass and exhibited long-term survival of over 5 months. A

2 1 ——0-10 mCikg multiple dose regimen of’Lu-DOTA-Y3-TATE (3 X 5 mCi at

0 ‘ ‘ [ 30-day intervals) resulted in similar regression responses but with

a greater percentage of animals surviving long term. De &ing

al.12 observed a 100% cure rate in rats bearing small CA20948

tumors 1 cn?) after administering either 2 doses of 7.5 mCi

) ) 17 u-DOTA-Y3-TATE or a single dose of 15 mCi. In the same

FiGURE 2.‘th'lt7e7b|°°d cell (WBC) counts (BImm’) in rats after - study using larger tumorsx(1 cn¥), 40 and 50% cure rates were

i‘gg"”'é?;ﬁt'ogo !I.-U'DOKA'Jg'TAfTE 'I” (_jtoses ranging from 0 0 4chieved in the groups that received 1 or 2 7.5 mCi injections of

mEIkg. Error bars not shown for clanty. 17 u-DOTA-Y3-TATE, respectively. These data prompted the
current study examining the maximum tolerated dose (MTD)
Dosimetry levels and human absorbed dose estimates fu-DOTA-Y3-

TATE.

Human absorbed doses to normal organs frdfu-DOTA- . .
Y3-TATE were estimated from biodistribution data in CA20948 "?/lihe Iargegt dosel_g_roup exafmlneotlj n kc])ur stugy (102.'2_I1§2'6
ity s . BSOS et b o 5 & A9 o sl b fund i g o e b
organs and tis:ll?es a su:n?rcl)gr):né?(\ivﬁgh\?g shO\(/avn ?r:V'I?:bllrégllc.)T er injection. Moreover, the treated rats gained weight through-
rats for the 72 hr time point were housed in metabolism cagescthi(t:?t‘; e;ﬁgrr]m;in}eatlt?grg;ngglrrll;f?yh2gaffog)/exeenglf§sls$%?s of
determine %ID excreted in urine and feces at 1, 3, 18, 24, 48 ag.ﬁ( ’ ; ' - ; °
TS b Yo sl ol 0 wins b 72 7 s rrsert deeses i WEC s ore o
The human a%s%r;bededgsz eesct?mg)t(géetl(??(\;vrﬁal orga.ns all)r-e aseline values. Although not fully comprehensive, these toxicity
sented in Table IV. The primary and secondary critical organs &fg'@ aré encouraging since the MTD was not achieved, and it is
the pancreas (11.12 2.07 rad/mCi; 3.0t 0.56 mGy/MBq) and apparent that larger quantities of radioactivity can probably be
the adrenals (5.6% 0.86 rad/mCi; 1.53¢ 0.23 mGy/MBg), both adn;ggsdrtgrted safelya Itl '51%%29‘3“'3”3/ ntotable fthatd'nw%‘f same
somatostatin receptor-rich tissues. Primary excretion via the rerg% umor model a 10U% cure rate was foun u-
e 113 o o 00 ity or 087 DT Y3 TATE adinstr o S dsecof S
rad/mCi (0.67= 0.05 mGy/MBq). In the rat tumor, the : ' the tox
average absorbed dose to the tumor was calculated to be %33%2-2_122-6 mCi/kg) correspond to an administration of 22.9—

rad/mCi (91 mGy/MBq) for a single injection of Lu-DOTA- 4.4 mCi per animal, which are over 50—60% higher than doses
Y3-TATE. administered in the successful therapy studies by de ébagIn

addition, previous studies have demonstrated minimal toxicity of
the unlabeled peptide DOTA-Y3-TATE at levels far in excess of
those that would be used in humds.

There have been several reports in recent years on targete®revious studies have demonstrated the usefulness of using
radiotherapy studies in tumor-bearing rodent models with radioleat biodistribution in predicting human absorbed dose estimates.
beled somatostatin analogs labeled witl{21.22and with alterna- A preliminary evaluation of the absorbed doses in normal
tive radionuclides such &Cu16.1911%n 1.6,23,241535m 25 161TH 26 grgans with®*Cu-TETA-OC performed by averaging positron
188Re27 and *""Lu.12.13|t has been demonstrated that with somaemission tomography (PET) data from 5 patients demonstrated
tostatin-based peptides, changing the C-terminus from an alcotiwht the urinary bladder was the dose-limiting organ, which was
(OC) to a carboxylic acid (TATE) increases uptake of thesgredicted from human absorbed dose measurements estimated
peptides in receptor-rich tissu&s23.28This can result in a higher from rat biodistribution and baboon PET imaging d&&® In
dose to the tumor, while not dramatically affecting the absorbete current study, the human absorbed estimates extrapolated
doses to normal tissué.As a consequence, the most recenfrom the biodistribution of*’"Lu-DOTA-Y3-TATE in rats
developments in the use of radiolabeled somatostatin analogs halkiewed that the primary and secondary critical organs were the
focused on the use of the TATE derivatitfel3.19.25 pancreas (11.12 2.07 rad/mCi; 3.01+ 0.56 mGy/MBq) and

-5 5 15 25 35 45
Days Post injection

DISCUSSION
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TABLE Il —BIODISTRIBUTION AT 1, 3, 6, 24, 72 AND 168 HOURS OF’’Lu-DOTA-Y3-TATE! IN SELECTED ORGANS

Organ 1 hr 3 hr 6 hr 24 hr 72 hr 168 hr
Blood 2.03+ 0.42 0.31+ 0.10 0.05+ 0.05 0.03+ 0.01 0.03= 0.00 0.01+ 0.00
Lung 0.14+ 0.01 0.08+ 0.01 0.05+ 0.00 0.04= 0.00 0.03+ 0.01 0.02+ 0.00
Liver 0.55+0.23 0.34+ 0.06 0.30+ 0.03 0.28+ 0.04 0.26x 0.08 0.18+ 0.03
Spleen 0.02- 0.00 0.02+ 0.00 0.01* 0.00 0.01+ 0.00 0.01+ 0.01 0.01*+ 0.00
Kidney 1.92+0.11 1.93+ 0.11 1.63+ 0.06 1.71+ 0.13 1.55+ 0.09 0.94+ 0.05
Muscle 1.25+ 0.25 0.27+ 0.03 0.08+ 0.05 0.12+ 0.01 0.09+ 0.02 0.07+ 0.02
Heart 0.04+ 0.00 0.01+ 0.00 0.01+ 0.00 0.00= 0.00 0.00= 0.00 0.00= 0.00
Pituitary 0.03= 0.01 0.05x 0.01 0.04+ 0.00 0.04+ 0.01 0.03+ 0.00 0.03+ 0.01
Bone 11.96+ 0.96 9.28+ 1.34 5.47+ 3.08 6.70+ 0.75 5.03*= 0.52 4,20+ 0.19
Adrenal 0.31+ 0.06 0.31+ 0.09 0.30+ 0.02 0.21+ 0.03 0.14+ 0.02 0.11+ 0.02
Small intestine 0.8% 0.44 0.93+ 0.48 0.73+ 0.19 0.33+ 0.06 0.19+ 0.04 0.15+ 0.05
Upper large intestine 0.720.14 1.32+ 0.47 2.70+ 0.76 0.47+ 0.12 0.16+ 0.03 0.13+ 0.01
Lower large intestine 2.8F 0.46 2.82+ 0.27 4.89+ 1.94 3.04+ 0.65 0.87+ 0.16 0.68+ 0.21
Pancreas 10.49 1.91 9.20+ 1.42 6.43+ 2.76 2.25+ 0.32 1.80*+ 0.36 1.07= 0.10
Tumor 3.92+ 3.84 5.92+ 3.00 5.97+ 4.04 6.13+ 2.84 2.86x 1.77 0.65+ 0.35

Data for 15 of 23 organs are given as % injected dose (ID) per otg@8D (0 = 5).-*The %ID/g data are available as supplementary
information. Data for 14, 48 and 96 hr are not shown.

TABLE Il —EXCRETION OF *"7Lu-DOTA-Y3-TATE IN CA20948 TUMOR-BEARING LEWIS RATS I{ = 5) AT SELECTED TIME POINTS
% Injected dose: SD
1 hr 1-3 hr 3-24 hr 24-48 hr 1-72 hr total
Urine 20.91+ 18.56 15.46+ 19.15 26.13+ 17.95 2.54+ 0.64 68.74+ 2.37
Feces 0.004- 0.012 0.004 6.12= 1.79 3.17£ 0.94 15.84+ 3.11

TABLE IV —HUMAN ABSORBED DOSE ESTIMATES OF"’Lu-DOTA-Y3-TATE

OBTAINED IN CA20948-BEARING RATS rats bearing small tumors, which would suggest a dose of over

2 Ci of *""Lu-DOTA-Y3-TATE for clinical therapy trials in

Organ Rad/mCi= SD mGy/MBg = SD humans. In the ongoing clinical trials the patients are scheduled
Adrenals 5.670F 0.86 1.533+ 0.233 to receive a maximum cumulative dose of only 600—-800 mCi.
Lower large intestine 3.28%9 1.17 0.889+ 0.316 In these human trials, 26 patients with progressive disease were
Small intestine 0.172 0.06 0.047=0.015  given 300 mCi of*"Lu-DOTA-Y3-TATE with amino acid
Stomach _ 0.461- 0.09 0.125+ 0.023 infusion to reduce the kidney do8eOf the 26 patients, 31%
gggﬁr\/{gﬁ?e intestine oodj,d?ﬁ 8-%2 géigﬁz 8-832 experienced nausea, 9% vomiting and 11% mild abdominal
Kidneys 2477+ 017 0.670+ 0047 discomfort. Additionally, of the 26 patients, 5 presented with
Liver 0.086+ 0.02 0.023* 0.005 mild leukocytopenia, 3 with mild thrombocytopenia and 10
Lungs 0.029+ 0.01 0.008+ 0.002 with mild anemia. At the time of presentation none of the
Muscle 0.038+ 0.01 0.010+ 0.004 patients had received their maximum cumulative dose of 600—
Pancreas 11.12 2.07 3.006+ 0.561 800 mCi and had shown a range of responses from tumor
Red marrow 0.360G- 0.05 0.097=0.014  shrinkage (8/26) to stable disease (14/26) to partial remission
golne%r?urfaces olb%%tﬂ_é 8-%3 gggolf 8-88}1 (1/26) to tumor progression (3/26).

Bleidder wall 1.322+ 0.16 0.357+ 0.042 The absorbed dose to the CA20948 tumor frdfLu-DOTA-Y3-
Total body 0.116+ 0.03 0.031= 0.007 TATE calculated from the rat biodistribution was 336.46 203

the adrenals (5.67 0.86 rad/mCi; 1.53+ 0.23 mGy/MBQq),
both somatostatin receptor-rich tissues. It was further demof?
strated that the primary excretion route was via the ren
system, which resulted in an absorbed dose to the kidneys
2.48 = 0.17 rad/mCi (0.67= 0.05 mGy/MBq). It should be

rad/mCi (90.94+ 54.9 mGy/MBg); a similar value of 96 mGy/MBq
was reported by de Jonet al’® This value is higher than that
calculated for®“Cu-DOTA-Y3-TATE (33.2 rad/mCi) but is consid
ably lower than that calculated f8PY-DOTA-Y3-TATE (1753
d/mCi)18 Comparing the estimated absorbed doses *fdtu-
@@TA-Y&TATE with ®“Cu-DOTA-Y3-TATE, the dose imparted to
the kidney was~5 times higher (2.48+ 0.17 vs. 0.48 = 0.16

noted that the kidney uptake &f’Lu-DOTA-Y3-TATE can be rad/mCi) but imparted-10-fold more dose (336 rad/mCi vs 33.24

significantly reduced by 40% by the coinjection of 400 mg/k
D-lysinel2 The transient depression in WBCs may also b

d/mCi) to the CA20948 tumor. When comparing the absorbed dose
the kidney betweeh’'Lu-DOTA-Y3-TATE and®°Y-DOTA-Y3-

indicative of the dose delivered to the bone marrow causing®TE. the dose imparted to the kidney was times lower (2.48~
toxicity. A multiple dose regimen might significantly reduce thd-17vs.7.29= 1.22 rad/mCi), with a-5-fold reduction in dose (336
absorbed doses to nontarget organs by allowing the delivery@f/mCivs.1753 rad/mCi) to the CA20948 tumor. These data suggest

a consistent amount of tolerable radiation over an extend&tt a|th0U9EWLU'DOTA'Y}TATE appears to have distinct advan
period to the tumor, while allowing intermittent recovery oftages over®‘Cu-DOTA-Y3-TATE, **Lu-DOTA-Y3-TATE and

nontarget tissues. It is also important to note that hepatobiliafyY-DOTA-Y3-TATE may be more comparable with respect to their
and renal clearance of many radiopharmaceuti®dés well as  tumor and normal tissue toxicity.

receptor concentrations and subtype expres3targry widely

Doses of"Lu-DOTA-Y3-TATE ranging from 0 to 123 mCi/kg

from rodents to humans and that primate and actual humaere administered to normal rats and complete blood counts
doses may be improved over dose estimates from animal mg@dBCs) and blood chemistries were analyzed out to 6 weeks. No
els. With this in mind, in humans the primary and secondamyert signs of toxicity were observed with’’Lu-DOTA-Y3-
tissue may not be the pancreas and the adrenals.
In the de Jonget all2 study, a single 15 mCi dose of absorbed radiation doses to normal tissues and the absorbed dose
17 u-DOTA-Y3-TATE resulted in a 100% cure in 200-300 gto the rat CA20948 tumor fot”Lu-DOTA-Y3-TATE, for which

TATE at any of the dose levels. We further estimated human
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