
onoclonal antibodies (MAbs) labeled with I3l1 have
proven effective for radioimmunotherapy (RIT) of hemato
logic malignancies but less so for solid tumors (1). @Â°Yis an
attractive radionuclide for RIT because of the range and
energy of its @3emissions; absence of â€˜yemissions, allowing
outpatient RIT; and ready availability at moderate cost. Its
half-time is suitable to the uptake and residence time of
many MAbs in tumors. Clinical trials of RIT using @Â°Y
labeled MAbs in hematologic malignancies (2â€”8)and solid
tumors (9â€”13)have been encouraging. Although @Â°Yhas
favorable characteristics for therapy, its lack of a â€˜yphoto
peak has led many to use IIlln as a surrogate tracer. To
conjugate 90Y for RIT, the macrocyclic chelating agent
l,4,7,10-tetraazacyclododecane-N,N',Nâ€•,Nâ€•-tetraacetic acid
(DOTA) (14) was developed and has been shown to provide
stable radiopharmaceuticals of @Â°Yand IIlln (15). Because
â€˜311-Lym-lhas been shown effective in non-Hodgkin's
lymphoma (NHL), and radiometals are retained longer in
tumors than corresponding radioiodinated MAbs, the radia
tion dosimetry for @Â°Y-2-iminothiolane-2-[p-(bromoacetami
do)benzyl]-DOTA-Lym-l (@Â°Y-2IT-BAD-Lym-l)was calcu
lated using the pharmacokinetics of IIIIn..2ff..BAD..Lym..l
obtained in patients with NHL.

MATERIALS AND METHODS

PatientPopulation
Thirteen patients (10 men, 3 women; age range, 33â€”71y; mean

age, 51 y) with advanced B-cell NHL were enrolled in the study
(Table 1). According to the Working Formulation of NHL for
Clinical Usage (16), 2 patients had low-grade, 7 had intermediate
grade, and 4 had high-grade lymphoma. Lym-1 reactivity was
documented on 10 of the patients by immunohistochemical stain
ing and on 3 by imaging. All patients, except I, had quantifiable
tumors, including at least I tumor of 2-cm diameter. One patient

had undergone splenectomy, 5 others had enlarged spleens, and I
patient had evidence of circulating malignant cells reactive with
Lym-1. Three patients had marrow NHL documented by biopsy to
be <25% of the cellular marrow elements in each instance. Mean

Severalmonoclonalantibodies,includingLym-1, haveproveneffec
tive for treatment of hematologic malignancies. Lym-1, which prefer
en@ targets malignant lymphocytes, has induced therapeutic
responsesand prolongedsurvival in patientswith non-Hodgkin's
IymphOma(NHL)when labeled with1311Because radiometal-labeled
monodonalanbbodiesprov@ehighertumor rad@on doses than
correspondingâ€˜31l-Iabe@dmonodonalanthodies,theradiationdosim
etry of @Y-2-iminothioIane-24p-(bromoacetamido)benzyl]-1.4,7,10-
te@cydododecane-N,N',Nâ€•,Nâ€•-tetraace@c acki-Lym-1(@Â°Y-21r-
BAD-Lym-1) is of importance because of its potential for
radioimmunotherapy.Although@â€˜VhaSattractiVepropertiesfortherapy,
itssecondarybremsstrahlungislesssuftabieforimagingandpharma
cokineticstudiesinpatients.Thus,thepharmacokineticdataObtained
for 111ln-21T-BAD-Lym-1in patientswithNHLwereusedto calculate
dosimetryfor @Y-2fl@BAD-Lym-1. Methods: Thirteenpatientswfth
advanced-stageNHLweregivenapreloaddoseofunmodifiedLym-1
followedby an imagingdose of 111In-2IT-BAD-Lym-1.Sequential
imaging and blood and urine samples obtained for up to 10 d after
infusionwereusedto assesspharmacokinetics.UsingtttIn pharma
cokineticdata and @Yphysicalconstants,radiationdosimetryfor
@Â°V-2IT-BAD-Lym-1wasdetermined.Results:Theuptakeof111In-2lT

BAD-Lym-1in tumorswas greaterthan uptakesin the lung and
kidneybut similarto uptakesin the liverand spleen.The biOkglc
haN-timein tumors was greater than in lungs. The mean rad@tion
dose to tumors was 6.57 Â±3.18 GyIGBq.The mean tumor-to
marrow(fromblood)radiationratiowas66:1,tumor-to-totalbodywas
13:1,and tumor-to-liverwas 1:1. Imagesof 111lnwere of excellent
qu&fty@tumorsand normalorganswere readilyidentified.Mildand
transientLym-1toxlcityoccurredin3 patients.Conclusion: Because
ofthe longresidencetimeof 111In-2IT-BAD-Lym-1intumors,high @Y
therapeuticratios(tumor-to-tissueradiationdose)wereachievedfor
sometissues,butthe liveralsoshowedhighuptakeandretentionof
theradiometal.
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AnnBodyBloodArborweightvolumeLym-1Patient

Age (y) Sex Histology stage(kg)(L)(mg)

TABLE1
Synopsis of Data of 13 Patients Given 111ln-2lT-BAD-Lym-1

mycoplasmatic, fungal, and bacterial contamination; endotoxin,
pyrogen, and DNA content; and general safety testing in animals.

The immunoconjugate, 21T-BAD-Lym-l, was prepared by con
jugating 2-[p-(bromoacetamido)benzyl]-DOTA (BAD) to Lym-1
with 2-iminothiolane (21T; Sigma Chemical Co., St. Louis, MO)
(20) at final concentrationsof 2.5 mmol/L, 15 mg/mL,and 1.3

3 62 4.1 30 mmolfL in 0.1 mol/L tetramethylammonium phosphate, pH 9, at
4 79 5.3 31 37Â°Cfor 30 rain. The 21T-BAD-Lym-l conjugate was purified and
4 90 6.1 30 transferred to 0.1 mol/L ammonium acetate, pH 5, by G50
4 79 5.5 23 molecularsievingchromatography(Sigma).A meanof 2.8 DOTA
3 91 6.1 28 groupswereconjugatedperLym-l molecule.
2 81 5.5 10 â€œIn(0.35â€”1.6GBq; Mallinckrodt, St. Louis, MO; Amersham,
4 75 5.1 7 . . .
0 C@7 0 0 0 Arlington Heights, IL; or Nordion, Kanata, Ontario, Canada) was

3 106 ;.u 6 buffered to a final pH of 5 in 0. 1 mol/L ammonium acetate, then
4 71 4.8 6 2IT-BAD-Lym-l (2.4â€”35mg) was added. The radiolabeling solu
3 92 6.2 6 tion was incubated for 60 mm at 37Â°C,and 0. 1 mol/L sodium
4 88 6.1 7 ethylenediamine tetraacetate(EDTA; Fisher Scientific, Pittsburgh,
3 67 4.8 7 PA) was added to a final concentration of 10 mmol/L to scavenge

nonspecifically bound â€˜â€˜â€˜In.â€˜â€˜â€˜In-21T-BAD-Lym-l was purified
from â€˜â€˜â€˜In-EDTAand transferred to 0.9% sterile saline by G25
molecular sieving chromatography (Sigma). Purified â€˜â€˜â€˜In-21T-BAD
Lym-l was formulated in 4% human serum albumin/saline at 37
MBq/mL (1 mCi/mL).

I I â€˜In-2IT-BAD-Lym- 1 was evaluated for aggregate content,

radiochemical purity, and immunoreactivity by cellulose acetate
electrophoresis (CAE), molecular sieving high performance liquid
chromatography (HPLC), and radioimmunoreactive assay, respec
tively, as described (21).

1 61 M l(DL)
2 33 M H(LCI)
3 56 M l(DM)
4 71 M l(DSC)
5 65 M (DL)
6 41 M l(DL)*
7 47 M L(FM)
8 42 F L(FSC)t
9 56 M H(LCI)

10 44 F H(LCI)
11 66 F (DL)
12 41 M l(MC)
13 35 M H (LCI)*

*AlDSa@ociatedNHL.
tMinimalresidualdisease.
I = intermediate grade; DL = diffuse large; H = high grade; LCI =

largecell immunoblastic;DM = diffusemixed;DSC = diffusesmall
cleaved;L = lowgrade;FM= follicularmixed;FSC= follicularsmall
cleaved;MC= mantlecell.

body weight and theoretic blood volume Â±SD were 80 Â±14 kg
(range, 57â€”106kg) and 5.4 Â±0.9 L (range, 3.8â€”7.1L), respectively
(17). Mean body surface area of the patients was 2.0 Â±0.2 m2
(range, 1.6â€”2.3m2).

StudyDesign
Patients were entered into 1 of 4 trials in which the radiation

dosimetry of @Â°Y-2IT-BAD-Lym-lwas generated using I@ â€˜In-21T-
BAD-Lym-l to obtain pharmacokinetic data. All patients, except 1,
subsequently received therapy with radiolabeled Lym-l, so that
only toxicity immediately associated with the radiopharmaceutical
could be assessed. Patients were eligible if the prestudy human
antimouse antibody assay (HAMA) was negative and liver function
tests were within 2 times the upper limit of normal. At entry,
patients had not received chemotherapy for at least 4 wk. All
patients signed informed consent forms approved by the University
of California at Davis human subjects and radiation use commit
tees under an investigational new drug authorization from the U.S.
Food and Drug Administration. Patients were cared for in an
ambulatory center.

Pharmaceutical
Lym-l (Techniclone, Inc., Tustin, CA, or Damon Biotechnology,

Needham Heights, MA) is an IgG2a mouse MAb with high affinity
against a discontinuous epitope on the f3 chain of the human
leukocyte-DR antigen located on the surface membrane of malig
nant B-lymphocytes (18,19). Lym-l has antibody-dependent cellu
lar cytotoxicity and complement-dependent cytotoxicity against
Raji human lymphoma cells in vitro. The hybridoma was generated
by fusion of splenic lymphocytes from mice that were immunized
with nuclei of cultured Raji cells originating from a patient with
Burkitt's lymphoma (19). Lym-I was specified as >95% pure
monomeric IgG by polyacrylamide gel electrophoresis and met
FDA Mouse Antibody Production guidelines for murine viral,

Antibody Infusion
A preload of 5 or 20 mg Lym-l, previously shown sufficient to

block nonspecific binding sites and provide stable pharmacokinet
ics, was given shortly before administration of 0.2 GBq (5 mCi)
I I â€˜In-21T-BAD-Lym-l (22). Total administered Lym-l ranged from

6to31mgandwasinfusedatarateof0.5â€”1mg/mm(TableI).

Toxicity
Vital signs were monitored at least every 15 mm before, during,

and for 2 h after Lym-I infusion; subsequent monitoring was on a
less frequent schedule. MAb-associated toxicity that occurred
within 72 h of the infusion, either observed or as reported by the
patient, was recorded.

Serum obtained 14â€”41d after imaging from 4 patients was
assayed for human antibodies reactive against Lym-l (HAMA) or
BAD (HABAD) using quantitative enzyme-linked immunoabsor
bent assays (23).

RadiationDosimetry
Methods for obtaining pharmacokinetic data for â€˜Iâ€˜In-21T-BAD

Lym-l have been previously described (24). Briefly, planar images
of conjugate views were acquired immediately, at 4 h, and daily for
6â€”10d after infusion of â€˜@In-2IT-BAD-Lym-l.The amountof @In
in organs and tumors was quantified using geometric-mean or
effective-point-source methods depending on whether the source
object could be identified on both conjugate views (24). These
methods have been validated for quantification ofliver, spleen, and
tumors in an abdominal phantom (25). Cumulated activity in
tissues was obtained by fitting pharmacokinetic data to a monoex
ponential function, except for the blood, for which a biexponential
function was used. Pharmacokinetic data for @Â°Y-2I'F-BAD-Lym-1
was assumed to be identical to that of â€˜Iâ€˜In-21T-BAD-Lym-lto
derive 90Yradiation dosimetry. Cumulated â€œInwas converted to
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radiation dose using the Medical Internal Radiation Dose (MIRD)
formula (26,27). MIRD S values and reference man masses (28)
were used for all organs except the spleen. Because of the large
variation in spleen volumes in lymphoma patients, patient-specific
splenic doses were determined using actual spleen volumes mea
sured by CT images. A total of 55 tumors were identified by

@In-2IT-BAD-Lym-limaging, ofwhich 50 tumors with masses of
at least 2 g (to ensure the accuracy of radiation dosimetry) were
quantified. The radiation dose to tumor was calculated by dividing

@npby the tumor mass (26,27).

Theradiationdosefrombloodto marrowwascalculatedas
previously described (17):

@ = 0.25 Ab,@,X

where AbIOOd@5the cumulated activity in 1 mL blood and z@ is the
mean energy emitted per nuclear transition for nonpenetrating @Â°Y
emissions (27). The multiplier 0.25 was used to account for the
difference between the specific activities of marrow and that of
circulating blood (17).

The radiation dose to marrow was also calculated by a second
method, using lumbar vertebral marrow imaging (29). The uptake
of @â€˜In-2IT-BAD-Lym-lin 3 lumbar vertebrae was extrapolated to
uptake in total marrow, assuming that the red marrow mass in the 3
lumbar vertebrae constituted 6.7% of total red marrow mass (30).
Theextrapolatedvaluefor @Â°Ycumulatedactivityinmarrowand
the dose-equivalent constant for nonpenetrating @Â°Yemissions
were then used to calculate the radiation dose to marrow.

Blood Clearance
Aliquots of blood obtained immediately, 2-4 h after, and daily

for 6â€”10d after infusion of IIâ€˜In-21T-BAD-Lym-lwere assayed in
a @ywell counter (Pharmacia LKB, Piscataway, NJ) to obtain the
concentration of â€œInin the blood. Cumulated 11'In in blood was
obtained by fitting pharmacokinetic data to a biexponential func
lion. Plasma was examined by molecular sieving HPLC (Beckman,
Fullerton, CA) to assess in vivo stability of the U1In@2IT@BAD@
Lym-l.

UrineClearance
All urine was collected from each patient for 6â€”10d. â€˜â€˜â€˜Inwas

measured in aliquots of urine using a calibrated -ywell counter, then
multiplied by the measured urine volume to calculate daily output.

RESULTS

Thirteen patient doses were prepared from 9 lots of
I I â€˜In-2IT-BAD-Lym-1. Stability of the radiopharmaceutical

in vitro was determined by HPLC, CAE, and immunoreactiv
ity. The mean percentage of IIâ€˜Inassociated with 2IT-BAD
Lym-1 (Â±1 SD) was 99% (Â±2.7%) by HPLC. The mean
percentage of@ IIIn-2IT-BAD-Lym- 1 in monomeric form
was 99% (Â±3.3%) by CAE. The mean immunoreactivity
was 93% (Â±10%) relative to unmodified Lym-1.

The radiopharmaceutical showed no transfer of I11In to
serum proteins in vivo by molecular sieving HPLC analysis
of an initial (5- to 35-mm) plasma sample. Ten of 13 patients
had 100% of the radioactivity as a monomeric peak with the
same molecular weight as the original radiopharmaceutical;
the average for the 13 patients was 92%. The blood
clearance of 1HIn@2IT@BAD@Lym@lwas biphasic; the mean
biologic half-time of the blood @3phase was 1.55 Â±1.90 d.

There was almost no@@ â€˜Inin the initial 2-h urine samples,
confirming the absence of free IIâ€˜In-BAD.Cumulative urine
clearances of @Infor each patient were similar to the
reciprocal of total body â€˜Iâ€˜Indetermined by imaging. Mean
cumulative@@ â€˜Inexcreted in urine collection intervals that
ranged from 6 to 10 d (mean, 6.6) was 42 (range, 17.4â€”69.2)
percentage injected dose (%ID).

Planar and SPECT images were of excellent quality;
tumors (almost always) and normal organs were readily
identified (Figs. 1â€”3).â€œInin liver, spleen, marrow, and
kidneys was routinely observed; small amounts were ob
served in the gastrointestinal tract of most patients at 1â€”3d
after infusion. Tumors were usually apparent on images
obtained immediately (within 0.5 h) after infusion and
reached a peak uptake quantitatively by an average of 0.77 d
(Table 2). By imaging, the mean peak tumor concentration
was 0.01 8 Â±0.009 %ID/g (range, 0.004-0.036 %ID/g).
Tumor uptake was not related to splenic size; for 6 patients
whose spleens ranged from 309 to 2077 mL, mean peak
tumor concentration was 0.016 Â± 0.006 %ID/g (range,

A B

@â€˜*BB-Ã¸'

FIGURE1. Planaranterior imagesof head (A), chest with arms elevated(B), and pelvis (C) obtained2 d after infusionof 0.2 GBq
1111n-21T-BAD-Lym-1reveal multiple tumors of head, neck, and bilateral axillary,mediastinal, abdominal, and left inquinal regions. 1111n
is also evident in marrowof pelvisand longbones(B), liver (L), spleen(S),and gastrointestinal(G) tract (arrows).
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A

L FIGURE2. Transverse(left)andcoronal
(right)SPECTimages (6.4-mmsections)of
head obtained 2 d after infusion of â€˜111n-21T-
BAD-Lym-1 in patient shown in Figure 1
showintenseuptakein tumors. (R = right; L

-sâ€¢@â€¢@-@= left;A = anterior;P = posterior[aspectof
patient]).

in the liver (Table 4). The mean radiation doses to tumor,
total body, lung, kidney, and liver were 6.6, 0.5, 1.4, 2.7, and
6.1 Gy/GBq (24.4, 1.8, 5.2, 10.0, and 22.6 rad/mCi),
respectively. Smaller tumors received higher radiation doses
than did larger tumors (Fig. 4).

The mean marrow radiation dose, calculated as the
nonpenetrating radiation from blood, was 0.1 Gy/GBq (0.3
rad/mCi). The mean tumor-to-marrow radiation dose ratio
was 66: 1 (range, 19â€”687:1), based on marrow radiation dose
obtained by the blood method. However, the mean marrow
radiation dose, obtained by lumbar vertebral imaging, was
1.5 Gy/GBq (5.5 rad/mCi). With the imaging method,
marrow radiation doses were higher than those obtained
with the blood method (Table 4), indicating that the lauer
method does not account for radiation from targeting of
marrow and skeletal elements (17,29).

Toxicity related to Lym-l infusion occurred in 23% (3/13)
of the patients and consisted of grade 1â€”2fever with chills,

p grade 2 nausea and vomiting, grade 1 rash, and grade 1

h@s hypertension.Thesymptomsweretransient.Innoneofthe4
patients evaluated for HAMA or HABAD were findings
positive.

DISCUSSION

Longer retention of@@@ In-labeled MAbs in the tumor,
when compared with the corresponding radioiodinated MAt,,
was described by Halpern et al. (32) and subsequently was
confirmed by others (33â€”36).Juweid et al. (8) have de
scribed strikingly improved radiation dosimetry for tumors
in patients with NHL when the @Â°Y-labeledhLL2 was
compared with â€˜311-labeledhLL2, a MAb that is highly
internalized. Parker et al. (4) described the first patient to be
treated with @Â°Y-labe1edMAb, and, subsequently, there have
been several trials of @Â°Y-labe1edMAbs in hematologic
malignancies (2â€”8)and solid tumors (9â€”13),sometimes in
association with bone marrow transplantation (9, 13). @Â°Y
emits 1@particles that have an energy and range substantially
greater than those of I3II. The absence of primary photon
emissions means that the patient does not require hospitaliza
tion for radiation safety purposes. However, most investiga

R k LR

0.008â€”0.027%ID/g), whereas it was 0.020 Â±0.01 1 %ID/g
(range, 0.009â€”0.036 %ID/g) for 7 patients whose spleens
ranged from 281 to 0 mL (splenectomy). Biologic half-times
for@@ â€˜Inand radiation doses per unit of administered @Â°Y
were similar among patients for a specific normal tissue
except for marrow data obtained by imaging 3 lumbar
vertebrae (Tables 3 and 4). The biologic half-time of
lHIn@2IT@BAD@Lym@lin tumors was greater than the half
times of normal tissues, except for the liver, marrow (by
imaging), and kidney (Table 3). The mean biologic half-time
of tumors was 2.8 times longer than that of the lungs. The
biologic half-time of â€˜â€˜â€˜Inin the marrow using the imaging

method was variable, as has been observed for@@ â€˜I-Lym-1
(Table 3) (31). The tumor uptake of @In-2IT-BAD-Lym-1
and radiation dose from @Â°Y-2IT-BAD-Lym-1were greater
than those values in the lung and kidney but similar to those

p

FIGURE3. Planaranteriorimageofpelvisobtained2 d after
infusion of 0.2 GBq 1111n-2IT-BAD-Lym-1reveals tumor (curved
arrow).Substantial1111nis alsopresentin spleen(5), kidneys(K),
marrow(M,asymmetricandnodular,suggestingNHL),bladder
(B), and, to lesser degree, gastrointestinal (G) tract (arrows).
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Immediate (T0) Peak

Site %ID %ID/g %ID %ID/g Timetopeak(d)

*Massfor referencemanfromMedicalInternalRadiationDoseCommittee(28).
tPatient-specificCTmass(volume).
lPatient-specificCTorcalipermass(volume).
Valuesare expressedas mean Â±SD followedby rangein parentheses.Theseand all similarstatisticswere generatedgivingequal

weightingtodatafromeachpatient.

Blood*

Patient Body a @3 Marrowt Liver SpleenLungKidneyTumors(n)I

7.6 0.02 0.34@ 8.5 7.64.59.37.5, 8.2(2)2
8.2 0.08 0.89 2.6 8.7 8.43.47.05.3â€”15.4(12)3
7.1 0.04 7.55 13.8 9.5 5.24.812.818.6, 18.9(2)4
8.2 0.31 2.81@ 21.6 12.73.110.89.2â€”18.9(5)5
6.8 0.01 0.47 1.5 8.17.64.26.910.0(1)6
8.1 0.09 0.91 16.6 6.7 9.27.08.010.5, 14.4(2)7
7.2 0.10 0.96 14.0 8.0 7.03.27.94.2â€”19.6(10)8

10.4 0.13 1.21 12.2 10.59.42.418.4Â§9
5.4 0.16 0.67 4 10.3 6.53.110.77.7, 14.9(2)10
6.9 0.15 0.69 j $ 10.42.58.34.1(1)11
6.9 0.57 2.34 13.1 4 13.0110.1(1)12
6.4 0.02 0.04 7.7 8.3 II3.116.2â€”20.0(11)13
7.2 0.08 1.29 9.1 8.5 5.83.822.76.0(1)Mean

7.4 0.14 1.55 10.1 9.98.23.711.210.3SD
1.4 0.15 1.90 5.3 4.02.21.45.13.8Range

5.4â€”10.4 0.01â€”0.57 0.04â€”7.55 1.5â€”16.6 6.7â€”21.65.2â€”12.72.4â€”7.06.9â€”22.74.1â€”20.0*Bl@

a and @3half-times.tMarrow
determinedby imaging3 lumbarvertebrae.@Use

of monoexponentialfit wasnotappropriatebecauseconcentrationincreasedovertime.Â§Patient
hadnotumorthatfulfilledthecriteriaforaccuratequantification.llSplenectomy.

TABLE 2
Tissue Uptake (Immediate and Peak) of 1111n-21T-BAD-Lym-1

Liver(1809g)*22.78 Â±6.780.013 Â±0.00429.17 Â±7.190.016 Â±0.0040.83 Â±0.34(12.70â€”35.1
0)(0.007â€”0.019)(17.68â€”40.54)(0.010â€”0.022)(0.17â€”1)Spleen

(163â€”2077g)t5.83 Â±3.76
(2.66â€”13.08)0.013

Â±0.005
(0.006â€”0.021)7.71

Â±4.09
(3.20â€”14.78)0.018

Â±0.008
(0.007â€”0.034)0.88

Â±0.32
(0.17â€”1)Lung

(999 g)*6.02 Â±1.17
(4.19â€”6.02)0.006

Â±0.001
(0.004â€”0.006)6.02

Â±1.32
(4.19â€”8.34)0.006

Â±0.001
(0.004â€”0.008)0Kidney

(284 g)*1 .74 Â±0.51
(0.97â€”2.51)0.006

Â±0.002
(0.003â€”0.008)2.01

Â±0.48
(1.38â€”2.75)0.007

Â±0.002
(0.004â€”0.010)0.87

Â±0.98
(0â€”3)Tumor

(2â€”293g)10.54 Â±0.49
(0.00â€”1.66)0.016

Â±0.010
(0.003â€”0.036)0.60

Â±0.57
(0.03â€”2.03)0.018

Â±0.009
(0.004â€”0.036)0.77

Â±0.53
(0â€”3)

tors use@@ â€˜Inas a surrogate for imaging and pharmacokinetic
studies, because @Â°Yhas no â€˜yemissions. â€œInis a suitable
radionuclide for these purposes, as was observed in the study
reported herein. Not all chelates bind both indium and
yttrium stably. Newer chelates do provide stable radiophar
maceuticals for both @Inand @Â°Y(1,12). Using these
chelators,@@ â€˜In-and @Â°Y-labeledMAbs have been shown to
have similar pharmacokinetic behavior in preclinical and
clinical studies (1, 12). Although the macrocyclic chelator

DOTA was specifically synthesized for yttrium, it also stably
chelates â€˜â€˜â€˜In.The extraordinary stability of the yttrium
DOTA complex minimizes the loss of @Â°Yto bone, a target
organ of the radionuclide (37). DOTA-chelated â€œIn-and
@Â°Y-labeledMAbs have been observed to have similar

pharmacokinetic behavior (12; G Denardo, unpublished
data, 1998), thereby justifying the use of â€˜â€˜â€˜In-2IT-BAD
Lym-l to obtain radiation dosimetry for @Â°Y-2IT-BAD
Lym-l in our study.

TABLE 3
Pharmacokinetics (Biologic Half-Time [d]) of 1111n-21T-BAD-Lym-1Determined Using Monoexponential Analysis

956 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 41 â€¢No. 5 â€¢May 2000



Patient Body Marrow* Marrowt Liver Spleen LungKidneyTumors(n)1

0.54 0.08 2.79 4.54 5.24 1.422.472.13, 3.66(2)2
0.49 0.15 0.33 4.89 4.35 1.502.352.24â€”8.29(12)3
0.54 0.03 0.75 7.51 2.48 1.433.521 .97, 6.25(2)4
0.56 0.21 2.18 4.40 3.08 1.803.004.36â€”9.21(5)5
0.53 0.02 t 6.43 7.75 1.243.3910.99(1)6
0.51 0.05 1.85 3.66 2.81 1.161.2112.99, 13.85(2)7
0.51 0.04 0.79 6.24 4.67 1.373.393.94â€”7.76(10)8
0.53 0.11 1.52 5.79 8.021.513.27Â§9
0.47 0.11 1.27 7.92 5.77 1.341.964.46, 6.57(2)10
0.50 0.14 3.53 7.43 11.37 1.332.239.72(1)11
0.50 0.31 1.44 6.40 8.161.292.656.00(1)1

2 0.51 0.04 1.68 6.08 II 1.431 .892.08â€”8.06(11)13
0.52 0.03 1.39 8.18 6.781.023.733.26(1)Mean

0.52 0.10 1.50 6.10 5.89 1.372.706.57SD
0.02 0.09 0.89 1.43 2.650.190.763.18Range

0.47â€”0.56 0.02â€”0.31 0.33â€”3.53 3.67â€”8.18 2.48â€”11.37 1.02â€”1.801 .22â€”3.731 .97â€”13.85*Marrow

dosefrombloodcumulatedactivityandassuming25%of marrowspaceisblood.tMarrow
dose determined by imaging 3 lumbar vertebrae to obtain cumulatedactivity.tLumbar
retroperitonealradiotherapy4.5Gywithinayear.Â§Patient
hadnotumorthatfulfilledcriteriaforaccuratedosimetry.liSplenectomy.

TABLE4
Tissue Radiation Doses (Gy/GBq) from @Â°Y-2IT-BAD-Lym-1Using 1@ln-2lT-BAD-Lym-1Pharmacokinetic Data

Because@@ â€˜Inprovided good definition of tumors and
organs, the resulting pharmacokinetic data were assumed to
be of good quality. To the extent that the pharmacokinetics
of â€˜â€˜â€˜In-2IT-BAD-Lym-1 reflect those of @Â°Y-2IT-BAD
Lym- 1, several of the therapeutic ratios (tumor-to-normal
tissue) were less favorable than those observed for â€œI-(31)
or 67Cu-labeled (21) Lym-l. Although â€˜â€˜â€˜Inwas retained in
the tumors, it was also retained in the liver, where there was
little therapeutic advantage based on the relative ratio of the
tumor-to-liver dosimetry; another group has reported similar

FIGURE4. Comparisonoftumorsizeandradiationdosefrom
@Â°Y-2IT-BAD-Lym-1. Radiationdose was calculated using phar

macokinetic data obtained after infusion of 111In-2IT-BAD-Lym-1.
Radiationdosewashigherforsmallertumors.Tumorsrangedin
size from 2 to 293 g.

observations (38). However, all of the therapeutic indices,
including tumor-to-liver, are greater if only tumors <25 g in
size are considered (Fig. 4). Greater certainty on the
relevance of these observations for @Â°Y-MAbRIT must await

the availability of yttrium radionuclides that have been
suggested for imaging (86Y,87Y) (39,40). A novel â€˜â€˜â€˜InPÂ°Y
labeled MAb with a glycylglycylglycyl-L-phenylalanine
linker between the MAb and the DOTA chelator has been
shown to reduce the liver radiation dose when compared
with the same radiopharmaceutical containing the 2ff linker
(41). The novel peptide linker was designed to be biodegrad
able by intrahepatocyte cathepsins, with the rationale that
this would facilitate cleavage and excretion of the radioche
late.

CONCLUSION

Using â€œIn-21T-BAD-Lym-1 pharmacokinetic data as a
surrogate, the therapeutic ratios for @Â°Y-2ff-BAD-Lym-ldo
not uniformly suggest that this radiopharmaceutical is
superior to â€œI-or 67Cu-labeled Lym-l. Retention of @Â°Yin
the liver, observed by other investigators for other MAbs as
well, may cause this organ to be dose limiting in high-dose,
myeloablative strategies.
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