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Absorbed doses in %Y radioimmunotherapy are usually estimated
by extrapolating from '"In imaging data. PET using %Y (3 33%;
half-life, 14.7 h) as a surrogate radiolabel could be a more accurate
alternative. The aim of this study was to evaluate an 86Y-labeled
monoclonal antibody (mAb) as a PET imaging agent and to com-
pare the biodistribution of 8Y- and '''In-labeled mAb. Methods:
The humanized anti-Lewis Y mAb hu3S193 was labeled with 1'In
or 8Y through CHX-A"’-diethylenetriaminepentaacetic acid chela-
tion. In vitro cell binding and cellular retention of radiolabeled
hu3S193 were evaluated using HCT-15 colon carcinoma cells, a
cell line expressing Lewis Y. Nude mice bearing HCT-15 xeno-
grafts were injected with 88Y-hu3S193 or ''1In-hu3S193. The bio-
distribution was studied by measurements of dissected tissues as
well as by PET and planar imaging. Results: The overall radio-
chemical yield in hu3S193 labeling and purification was 42% =
2% (n = 2) and 76% = 3% (n = 6) for 8Y and ""'In, respectively.
Both radioimmunoconjugates specifically bound to HCT-15 cells.
When cellular retention of hu3S193 was studied using 'In-
hu3S193, 80% of initially cell-bound 'In activity was released into
the medium as high-molecular-weight compounds within 8 h.
When coadministered, in vivo tumor uptake of 8Y-hu3S193 and
M1In-hu3S193 reached maximum values of 30 = 6 and 29 + 6
percentage injected dose per gram and tumor sites were easily
identifiable by PET and planar imaging, respectively. Conclusion:
At 2 d after injection of "1In-hu3S193 and 86Y-hu3S193 radio-
immunoconjugates, the uptake of '"In and 8Y activity was gen-
erally similar in most tissues. After 4 d, however, the concentration
of 8Y activity was significantly higher in several tissues, including
tumor and bone tissue. Accordingly, the quantitative information
offered by PET, combined with the presumably identical biodistri-
bution of 8Y and %Y radiolabels, should enable more accurate
absorbed dose estimates in %Y radioimmunotherapy.
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CompARISON BETWEEN 88Y- anD 1MIN-LEY MABS ¢ Lévquyist et al.

Nuclear medicine has extensively us®¥ as a thera-
peutic agent because of its physical properties. It is a high-
energy (maximum, 2.27 MeV) purg@-emitter. The non-
penetrating B~-emissions have a maximum range of
approximately 10 mm with a mean range of 3.9 mm in soft
tissue, and the lack of penetrating photon emissions mini-
mizes the indiscriminate whole-body radiation absorbed
dose burden. Primarily2% has been used for bone pain
palliation —3) and in radiolabeled monoclonal antibody
(mAb) therapies 4—8. The paucity ofy-ray emissions,
however, renders this isotope extremely difficult to image.
Attempts have been made to image the Bremsstrahlung
radiation ©—12 generated by the slowing down of high-
energy electrons in tissue. However, the low photon yield
and the polychromatic nature of the Bremsstrahlung
spectrum result in limited quantitative accuracy wifly.
To avoid complex and inaccurate Bremsstrahlung imaging
methods, it has been customary to d&&n as a surrogate
for °0Y. 1n has an almost identical half-life 8Y, emits 2
vy-rays of 171 and 245 keV, and is readily incorporated into
the same metal chelating agents as yttrium. For these rea-
sons,*In has been considered an excellent analog%ér

Subtle differences in radionuclide retention of the metal
chelating agent used fdtlin and °°Y mAb labeling can
result in a differential release between the 2 radiometals.
Despite possible differences in the biodistributions-én
and %Y, n is widely used as an analog féfY in
radioimmunotherapy trials. Of particular importance is the
affinity of yttrium for bone. Loss of% from the chelating
agent can result in a higher dose to bone and bone marrow,
which would not be anticipated from biodistribution data
derived from!*in. Because bone marrow is the dose-lim-
iting tissue in most radionuclide therapies, pretherapy tracer
scans with*lin-labeled mAb could underestimate the bone
marrow dose.

A more suitable isotope for accurately imaging the bio-
distribution of °°Y would be an alternative isotope of the
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yttrium metal. Recently, 2 alternative isotopes have be@noduction and Separation of &Y
proposed. The first is the electron capture decayify ~ The general procedure féfY production and separation has
isotope, which emits a 485-keY-ray with a 92.2% yield been reported 1(7). Briefly, isotope-enriched®SrCQ; (97.02%

and has a half-life of 3.3 d1@). This isotope can be 86Sr) was irradiated with 15-MeV protons in the MSKCC cyclo

visualized by planar or SPECT gamma camera imaging Hﬂn (model CS-15; Cyclotron Corp., Berkeley, CA). After irradi-
. . . ation, the target was dissolved in 4 mol/L nitric acid containing 1
many modern cameras, using a high-energy, high-resolution

. . . . mg/mL Fe(lll), diluted with metal-free water, and stirred for 5 min.
collimator. The secondi®Y, is a positron emitter (33%) The®Y hydroxide was coprecipitated with ferric hydroxide by the

with a 14.7-h half-life that can be imaged on a PET camefayjition of dilute ammonium hydroxide. THEY occluded ferric
(14). %Y has been used to estimate the radiation doses fr@jjyroxide precipitate was concentrated by centrifugation. The
%Y in patients administere®Y for bone pain palliation). precipitate was redissolved and precipitated 3 additional times and

The mADb (3S193) used in this study binds to the Lewis ¥nally washed with warm water. All solutions were combined and
antigen (L&), an antigen expressed on several human cahne enriched strontium was recovered as carbonate by bubbling
cinomas of epithelial origin, including colon, lung, ovariangarbon dioxide through the solution. Lastly, the precipitate was
and breast carcinomas. This mAb has been well charactéigsolved in 6 mol/L HCl and loaded onto a preconditioned ana-
ized by Kitamura et al. 15) and Scott et al. 6) in its lytic graqle 1X 8 anion ion-exchange coIL_Jmn. The column was
murine and humanized forms. Clinical radioimmunothera;?Ulted W'thdltSth 6_(;“0'/ L H%'_' Thle S;'_Ut'gré wisszvapor?/tfc:_'g

. . . . ryness an e resiaue was dissolved iIn U.om mmo .
trials with thl_s mA_b are currently in progress to ev_aluat oyrthis study, 333+ 111 MBq 1 = 2) ®YCls in 0.5 mL 50
treatment efficacy in breast, colon, and ovarian carcinomas. .

L . . mmol/L HCI were obtained.

The objective of this study was to compare the biodistri-

butions of**in with 8Y-labeled anti-L& mAb and to test Radiolabeling

the feasibility of imaging tumors witl¥éY-anti Le¥ in a 86y-acetate oflln-acetate was prepared by mixing an aliquot
rodent xenograft model. of the radionuclide preparations (51.8—-148 M8y, 18.5-55.5
MBq 4n) with 3 mol/L ammonium acetate (final pH approx
imately 5). After 5-15 min, hu3S193 (100-25p@) was added,
MATERIALS AND METHODS and the mixture incubated for 30 min at room temperature. The
Materials reaction was terminated by the addition of ethylenediaminetet-
The characterization of the originally murine mAb 3S193, itsaacetic acid (EDTA) (50 nmol), and the radiolabeled mAb sepa-
association with L¢ and its humanization have been described byated from unreacted radiometal on a 10-DG desalting column
Kitamura et al. {5). Humanized 3S193 (hu3S193) was produceedquilibrated with 50 mmol/L phosphate-buffered saline (PBS).
and conjugated to CHX-A-diethylenetriaminepentaacetic acid The amount of protein-bound radioactivity in the purified prep-
(DTPA), as has been describei?(18. [*14n]InCl; in 50 mmol/L  arations was determined by thin-layer chromatography, on silica
HCl was purchased from NEN (Billerica, MA). All solutions weregel, using 10 nmol/L EDTA (pH 4.5) as an eluent. In this system,
made using distilled deionized water (Milli-RO Plus; Milliporeradiometal-EDTA migrates with the solvent front;(R approxi
Inc., Bedford, MA) and all buffers were purified on a 200—400nately 0.8—1), whereas labeled mAb remains at the application
mesh Chelex 100 column (Bio-Rad, Hercules, CA). All othesite (R = approximately 0—0.2). Preparations®f-hu3S193 and
chemicals were from commercial sources. NAP-5 desalting céMin-hu3S193 were also analyzed by FPLC as described -previ
umns were purchased from Pharmacia (Piscataway, NJ), angly, and antigen-binding capacity determined in a cell-binding
10-DG gel filtration columns were purchased from Bio-Rad. A fastssay, as described later in this article.
protein liquid chromatography (FPLC) gel filtration column (Su- A single batch oft?3-hu3S193 was prepared for cell binding
perdex 200HR; Pharmacia) coupled to a Waters high-performaraed retention by adding 1.48 MB&H in 50 wL 0.3 mol/L
liquid chromatography system (two 501 pumps, 486 UV detectophosphate buffer (pH 7.5) to a vial coated with I0DO-GEN
a radiodetector (Radiomatic flow scintillation analyzer; Packard0 wg; Pierce, Rockford, IL). After 5 min, th&3 activity was
Instrument Co., Meriden, CT), and a FRAC-100 fraction collectdransferred to a vial containing hu3S193 (129). The mixture
(Pharmacia), was used for chromatographic analysis. Instant thivas incubated for 30 min at room temperature, after whfh
layer chromatography silica plates were purchased from GelmhAn3S193 was separated from unreaéféicon an NAP-5 desalting
Sciences Inc. (Ann Arbor, MI). All radioactive samples wereolumn.
measured in a well scintillation LKB Wallac gamma counter (1282
Compugamma CS), correcting for tPy contribution in the!4n  Cell Binding
window and thelln contribution in the®yY window in the The antigen-binding capacity of radiolabeled hu3S193 was
double-isotope experiments described below. The PET camensluated in a cell-binding assay. Labeled hu3S193 (10 ng) was
used for®Y imaging was an Advance whole-body scanner (Geradded in triplicate to 5< 10° HCT-15 cells suspended in 2Q0
eral Electric, Milwaukee, WI). Thélin biodistribution was im Roswell Park Memorial Institute (RPMI) medium complemented
aged using a Genesys gamma camera (ADAC, Milpitas, CA)ith 0.1% human serum albumin (HSA) (RPMi0.1% HSA). In
Nude mice were purchased from Harlan Sprague-Dawley (Indieentrol vials, 100ug hu3S193 were added to the cells before the
napolis, IN) and were kept in a controlled environment wherabeled hu3S193 was added. The cell suspensions were incubated
cages, food, and water had been autoclaved. To prevent the fe-1 h on arotating table at room temperature and washed twice
velopment of hyperkeratosis associated with corynea bacteriabyl centrifugation and resuspension in RPMI10.1% HSA. Im-
mL Augmentin (Amoxycillin/Clavulanate potassium) was addedhunoreactive fraction was defined as radioactivity in pellet over
per 500 mL drinking water. total radioactivity.
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For cellular retention analysis, HCT-15 cells were grown tacquisition was performed with two 20% energy windows posi-
confluence in a 96-well plate. A mixture 8fin-hu3S193 (50 ng) tioned at the 171- and 245-keV photopeaks’éiin.
and 129-hu3S193 (50 ng) in 20QuL RPMI + 0.1% HSA was 86Y images were obtained on a whole-body Advance PET
added to each well. After incubation at 37°C for 2 h, cells werscanner (General Electric, Milwaukee, WI). The mice were in-
washed 3 times with RPM#- 0.1% HSA. Then, 20QsL culture jected with 3.7 MB¢f®Y-hu3S193 (2Qug) in 200pL PBS + 0.5%
medium was added to each well and the cells were further inddSA. The mice were anesthetized at 1 h, 24-26 h, and 48-50 h
bated at 37°C for 0, 1, 2, 4, 8, 16, and 24 h in triplicate sampleaiter injection and positioned on a circular Styrofoam (Dow Chem-
At each time point, the supernatant was removed and separatal) motel (Fig. 1) taped to the scanner couch. Acquisitions were
into high- and low-molecular-weight components on an NAP-performed for 20 min within a 300 to 650-keV energy window in
desalting column. The cells were solubilized with 2 mol/L NaOH2-dimensional (2D) (septa-in) mode. Normalization, randoms, and
and all fractions measured in a well counter using 2 windowscatter corrections were applied and the images were reconstructed
selected to differentiate thBd x- and y-ray peaks (25-35 keV) by standard filtered backprojection using a Hanning filter with an
from the ln v peaks (171 and 245 keV3}!in standards were 8-mm cutoff.
used to determine the down-scatter fraction into #¥ewindow
and all sample counts per min in th& window appropriately
corrected by the counts in th&lin multiplied by the down-scatter

Tissue Processing
Mice were killed 1 @ 2 d after injection and blood and tumors

factor (0.033 or 3.3%) were harvested. Blood samples were centrifuged and the radio-
active components in serum were analyzed by fractionation on an
Biodistribution FPLC column. Selected tumor samples were mounted in cryo-

Nude mice were injected subcutaneously in the left and righiolds (Tissue Tek, Elkhart, IN) and embedded in optimal cutting
hind legs with 18 HCT-15 cells suspended in 200L RPMI tissue and frozen on dry ice. Sections were performed on a cryostat
medium. Biodistribution experiments were performed 2-3 wW{Bright Instruments, Chelmsford, UK) and applied to glass slides
after tumor induction, at which time the mice weighed 18-27 dfor digital autoradiographic and immunohistochemical analysis.

The general hu3S193 biodistribution kinetics in the currenthe glass slides with gm tissue sections were placed on a
tumor model were investigated usidglin-hu3S193. Mice were phosphor storage plate (Bio-Rad) for a 24-h exposure and then
injected intravenously with 10Q.L PBS containing 0.5% HSA read on a scanning laser to reveal the radiolabel distribution within
(RPMI + 0.5% HSA) and 0.74 MBdin-hu3S193 (3u.g). At  the tumor tissue sections. These sections were further analyzed by
various time points after injection, 6 mice were killed by exposurignmunohistochemistry as follows: Detection of the injected
to CO, and then dissected. hu3S193 was conducted with a goat-antihuman mAb (1:100; Jack-

For comparing®Y-hu3S193 and'in-hu3S193 biodistribution, son Labs, West Grove, PA) followed by a biotinylated horse-
mice were coinjected with 12QL PBS containing 0.5% HSA, antigoat mAb (1:200; Jackson Labs). Labeling of the secondary
1.48 MBq®Y-hu3sS193, and 0.185 MBH1n-hu3S193 (total 100 mAb was done with an avidin-biotin complex system (ABC-Elite;
pg) in 200 L. Five mice were killed at 2 ah4 d after injection, Vector Laboratories, Burlingame, CA). Diaminobenzidine tetrahy-
respectively. The major organs were dissected, weighed, a@chloride (DAB; BioGenex, San Ramon, CA) was used as a
counted on a well scintillation counter in 2 windows. P8, a chromogen. Negative control slides omitting the goat-antihuman
single window was used, including both single 511-keV and 1.02nAb were included. To analyze the presence of the drm the
MeV coincident annihilation photons. F&fin, a window encom  tumor cells independently from injected mAb, a separate set of
passing both 171- and 245-keyphotons was used. Scintillation slides was immunohistochemically stained by applying hu3S193
vials were filled with PBS to the same 3-mL volume. The crosss a primary reagent, followed by a biotinylated goat-antihnuman
talk between thé'*in and %Y windows was derived from the mAb and the ABC-kit and chromogen as described previously.
counts in both windows using standards of each isotope. The
cross-talk fron#1in into the®Y window was negligible €2 times
background) and, therefore, was assumed to be zero. The cross-
talk factor from®8Y into the4n window was 1.34 (134%), which
was caused by the very large (polychromatic) emissions fitym
as well as the partial absorption of high-energyrays in the
sodium iodide detector. To convert counts in tHgn window into
10 activity, the counts in th&%Y window were multiplied by
1.34 and subtracted from the counts in th#n window.

Imaging

The imaging studies were performed on mice administere
11n- or 88Y-labeled mAb only, because initial preliminary studies N &=
with coadministered!lin and®Y showed severe degradation of B o

the 11n images from®8Y photon down-scatter into théln ==
energy windows (data not shown).

The mice were injected with 3.7 MB§Un-hu3S193 (25.9) in
200 pL PBS + 0.5% HSA. Animals were anesthetized with
ketamine at 1 h, 24-26 h, and 48-50 h after injection and po:
tioned on a Styrofoam (Dow Chemical Co., Midland, MI) bast
directly on the medium-energy, general purpose collimator of #GURE 1. Animal set-up in Styrofoam motel on GE Advance
ADAC Genesys gamma camera (ADAC, Milpitas, CA). A 20-mirPET scanner.
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RESULTS
Radiolabeling Yields 45 _ Biodistribution '"'In-35193 (4 ug, n=6)

The radiochemical yields fdY- and 1*in-labeling and
purification were 42%t 2% (h = 2) and 76%=* 3% (n =
6), respectively. FoffY-hu3S193, the specific activity was 25
74 = 37 MBg/mg 6 = 2), the radiochemical purity was 96%
4% (n = 2), and the immunoreactive fraction was 4486
1). ForMIn-hu3S193, the specific activity was 148 74
MBg (n = 6), the radiochemical purity was 98%3% (h = 10
6), and the immunoreactive fraction was 40%14% =
5). In the FPLC radiochromatograms, only intact radiola

N3 N18 W44 272 094 1164
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beled hu3S193 could be distinguished for bétk- and 0

11n-hu3S193. The lower labeling yield f8fY versus!'in . & 8§ 3
was assumed to be attributable to iron contamination. No 5 g g
assessment of the absolute chemical purity®3®™f was “

performed.t?9-labeling of hu3S193 resulted in 47%-ra FIGURE 3. Biodistribution kinetics of 'In-hu3S193 in nude

diochemical yield and a specific activity of 74 MBg/mgnice carrying HCT-15 xenografts (n = 6) at: 3, 18, 44, 72, 94,
(n = 1). and 164 h.

Cell Binding

After 114n- and 128-hu3S193 binding to HCT-15 cells, reached 30 percentage injected dose per gram (%ID/g) in
80% of the initially cell-bound radioactivity was recovered@dreement with similar studies, with the same mAb target-
in the medium as high-molecular-weight species after d#g MCF-7 xenografts in BALB/c micel@). Apart from
8-h incubation. It was expected that a much higher yield gfood, the highest normal tissue concentration was found in
125 Jow-molecular-weight activity would be observed-bethe lung, presumably caused by the high blood content in
cause of the digestion of mAb on internalization and relealfte lung. However, the activity cleared rapidly, falling from
of the radioiodine. However, the results showed only ¥ %ID/g @ 3 h to 3%ID/g at 94 h. The lowest'in
small difference betweeH1n- and128-hu3S193, suggest concentration was found in muscle. BoHdn concentra
ing that <20% internalization had occurred within the 8-Hion was low at all time points of analysis, indicating a
incubation (Fig. 2). The advantage of the radiometats, ~Stable binding ofiin to the CHX-A"-DTPA chelate. The
and the isotopes of Y(Ill) is the nonspecific retention bgeneral blodl_str|but|on of théllln—hL_l38193 was in close
cells upon intracellular disassociation of the metal from trR@reement with the recent data of Finn et &¥)(and Clarke

chelate, leading to longer tumor retention relative to radi&f al- @8,19.
halogenated immunoconjugates. Comparison Between 86Y-hu3S193 and '1'In-hu3S193
Biodistribution Kinetics Coinjected®®Y-hu3S193 andin-hu3S193 showed gen

HCT-15 tumor uptake ofin-hu3S193 reached maxi €rally similar distribution patterns at 2 ém d after injec-

ing about 30 %ID/g after 2 d. HowevelY concentration

was significantly higher than that &fin in all tissues other
than tumor, spleen, muscle, and bone at 2 d, and lung and
muscle at 4 d after injection. Results are presented as
mean= SD. A paired Studerittest was used to analyze the

100

g0

:‘; . :1:::;'/: 86Y-111n-hu3S193 double-tracer data & 0.05).

g €0 LM Four days after injection, the highest differences (about
:g E--. 125cell 30%) were found in liver, kidney, and spleen. At that time
g 4 ---a e 1251-HM point, 8Y uptake in tumor and bone was 20% higher than
® sr - TEE-HM corresponding values fétin. The general trend of this data

20 (Table 1) shows that most tissues, except muscle, exhibit a
| progressively higher %ID/g foféY with time after injee
: tion, relative to''ln. This may be attributable to the mar
0 10 . 20 30 ginally lesser stability of the CHX-A-DTPA chelate to
Time retain the®dY, which results in a higher release of tPRY
FIGURE 2. Cellular retention of ""In-hu3S193 (solid lines) and c0ioMetal, and, therefore, a prolonged whole-body clear-
125_hu3S193 (dotted lines). Cell = cell-bound radioactivity; HM ~ &1C€ rate relative t&lin-labeled immunoconjugate. Hew
and LM = high- and low-molecular-weight radioactivity in su- €Ver, the expected increase in bone uptaké&Ytaused by
pernatant. Error bars (n = 3) were omitted for clarity. complex instability that had been noted in previous reports
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TABLE 1
Comparative Biodistribution of Coinjected 86Y-3S193 and ''In-35193

%ID/g 86Y %ID/g "In Ratio 8Y/'1In
Tissue Day 2 Day 4 Day 2 Day 4 Day 2 Day 4
Tumor 29.8 = 6.2 31.1 = 3.6 29.1 =538 26.4+24 1.03 = 0.09 1.18 £ 0.11
Blood 13.8 £+ 2.2 82+14 13.1 £ 22 79+14 1.05 = 0.03 1.05 £ 0.03
Lungs 71 +13 6.2 + 3.3 6.8 +1.3 6.0 + 3.4 1.04 + 0.02 1.05 £ 0.09
Liver 6.2 +1.2 4.0+14 55+1.0 3.0+ 0.9 1.14 = 0.06 1.33 £ 0.19
Spleen 3.4 +0.9 3.1+0.3 3.6 +1.8 24 +03 1.01 £ 0.24 1.31 £0.19
Kidney 5.9+ 0.5 4.8 +0.2 51+ 0.5 3.7 +0.7 1.16 = 0.05 1.32 £ 0.19
Stomach 2.6 +04 1.5+05 23+04 1.2+0.3 1.15 + 0.04 1.22 £ 0.16
Muscle 1.0+0.2 0.6 = 0.1 1.0 £ 0.1 0.6 = 0.1 1.00 = 0.02 0.94 = 0.11
Bone 1.7 =03 1.7+04 19+04 1.4 +04 0.91 = 0.04 1.20 £ 0.16

Data represent mean = SD (n = 5).

was not observed in this experiment. Thus, it is not entirelyithin 24 h of injection, and tumor-to-liver contrast im-
clear that the source of the higher %ID/g recorded in ttgroves even further at 48 h. Because of the difficulties of
majority of tissues originated solely from complex instabilpartial volume effects for small tumors in rodent model
ity. systems with#Y, direct tissue counting was performed but

Analysis of the serum stability of each radioimmunocorguantitative analysis of the images was not. This will be
jugate,®6Y-hu3S193, ofin-hu3S193 &2 d after injection subject to further study on a dedicated small animal micro-
showed that the only radioactive component was intaBET imaging system (Concorde Microsystems, Knoxville,
mAD, as evaluated by FPLC chromatography (Fig. 4). How-N), which offers much greater resolution and, conse-
ever, it should be noted that “free” radiometals, unlesguently, higher recovery coefficients and improved activity
associated with blood proteins, would not be detected in tlgsantitation. One issue to be resolved with 3-dimensional
assay. PET imaging equipment (such as the Concorde microPET)
is subtraction of coincidences, which result from a 511-keV

nihilation photon with a prompg-photon emitted by6Y

0). These are true coincidences (not randoms), which give
rise to false lines of response because they occur between 2
-photons with no angular correlation. Such false coinci-
ences are minimized when scanning in 2D (septa-in mode),
as was the case in this study. Potential solutions for these
effects, which reduce the quantitative accuracy and degrade
tlﬁgT images fof®Y, are under investigatior2().

Radionuclide Imaging

Reconstructed coronal slices (4.3 mm thick) of 3 seri
PET scans showing the biodistribution®Y-hu3S193 in 2
mice are shown in Figure 5.tAL h after injection, only
blood pools in the heart and liver were visualized. One d&
later, tumors were clearly distinguishable, and turffof
accumulation was the dominant featut@ a after injection.

Serial planar images of the mice injected witHIn-
hu3S193 are shown in Figure 6. These images display
biodistribution of the''ln-radioimmunoconjugate relative Autoradiography and Immunohistochemistry
to the®Y-hu3S193 PET images. Tumor sites are apparentTumor tissue section autoradiography was performed us-
ing the GS350 Molecular Imager System (Bio-Rad), a dig-
ital autoradiography device. An example autoradiograph for

1 of the tumors afte?®Y-hu3S193 administration is shown
1.2 I . o L
2 - in Figure 7A. The nonuniform distribution of activity re-
2 17 —= " flected the limited diffusion of the radiolabeled mAb within
§ 08 | 86y the tumor at 24 h. Figure 7B shows immunohistochemical
T 06
[«}]
% 04 | 1h 26h 50h
E 0.2
. - N blood
0 A ﬂ .‘( pool ’
0 10 20 30 \‘. » ... *
Volume (mi) - A A
tumors tumors
FIGURE 4. Serum analysis of animals 2 d after injection with FIGURE 5. Serial coronal PET images of 2 mice injected with
86Y-hu3S193 or "1In-hu3S193. 86Y-hu3S193.

ComPARISON BETWEEN 88Y- anD 1MIN-LEY MABS ¢ Lovqvist et al. 1285



1hr 24 hr 48 hr was designed to examine the potentialf®f as a chemi
cally equivalent surrogate f@eY.

The results of this study show that the biodistributions of
11n-hu3S193 withfbY-hu3S193 anti-LemAb are compa
rable within the 48-h time framex3.5 half-lives), indicat-
ing that PET imaging witl#Y is feasible. Despite 7 half-
lives, counts per minute in the tumor, which were obtained
with the well scintillation counter, were still highly signif-
FIGURE 6. Serial planar images of 2 mice injected with 'In- icant (>24,000) and>10 times background in all tissues
hu3s193. (except muscle) at 96 h.

The advantage of usirf§Y is that the annihilation photon

emissions detected by PET permit a more accurate deter-
staining of the L& mAb in an adjacent section taken frommination of8Y than single-photon imaging devices. Fur
the same tumor. The similar radioactivity distribution anghermore, the use of thig-emitting yttrium isotope permits
staining pattern provided evidence &t remained asso the use of solid scintillation counting methods of tissue
ciated with the mAb at that time. The distribution ofYLe samples, thereby avoiding the quantification problems en-
expression in the HCT-15 tumors was relatively uniform, agyyntered with liquid scintillation counting of a pupe -
shown by the immunohistochemical staining for the’ Lesmitter such agoy.

antigen in Figure 7C. Figure 7D shows the tumor histology This study confirmed thatln is a good analog for the

by classical hematoxylin—eosin staining. isotopes of yttrium, especially at early time points48 h)
after injection. However, the lower stability of the CHX-
DISCUSSION A""-DTPA chelate for8Y relative to 114n results in a

%Y has many desirable properties for radionuclide theprogressively higher ratio of tH8Y radiometal to the parent
apies, but emits ng-rays suitable for gamma camera imcompound. The marginally slower clearance kinetics of the
aging. Attempts to image the Bremsstrahlung photons emytirium radiometal resulted in a progressively higher %ID/g
ted by the slowing down of the high-ener@yrays within during a 4-d time period relative t34n. The implications
the patient have been of inadequate quality for diagnosié this departure between the pharmacokinetics of the 2
and dosimetry. These difficulties have resulted in the usemsfdiometals would lead to dosimetry estimates based on
111 as a surrogate isotope Y. Although the biodistd  *in images that would underestimate the doses received by
bution of mAbs labeled with these 2 radionuclides may F8Y. For this reasorf®Y would be a more accurate surrogate
similar, small differences may have radiotoxic implicationfor °°Y. Furthermore, the ability to perform quantitative
when levels of activity are administered in therapeutic a*ET imaging with®8Y radiopharmaceuticals offers a signif
plications approaching dose-limiting toxicity. This studycant advantage ovétln. Although the 14.7-h half-life of

FIGURE 7. Four serial sections from
HCT-15 tumor at 24 h after injection with
86Y-hu3S193. (A) Phosphor plate autora-
diograph (100 X 100 wm? resolution) show-
ing spatial distribution of &Y. (B) Horserad-
ish peroxidase stain for injected hu3S193
mAb on adjacent section. (C) Horseradish
peroxidase stain for LeY antigen on adja-
cent section. (D) Hematoxylin-eosin stain
of adjacent section. Sections (B-D) were
digitized frame-by-frame on microscope at B
X40 magnification using motorized scan-
ning stage.
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86Y is much lower than that of4n (2.7 d), the far higher 6. DeNardo SJ, Richman CM, Goldstein DS, et al. Yttrium-90/indium-111-DOTA-

e . F . . peptide-chimeric L6: pharmacokinetics, dosimetry and initial results in patients
SenSItIVIty of PET cameras should permlt clinical imaging with incurable breast cancefnticancer Res1997;17:1735-1744.

to at least 4 half-lives. 7. Leichner PK, Akabani G, Colcher D, et al. Patient-specific dosimetry of indium-
111- and yttrium-90-labeled monoclonal antibody CC4d%Nucl Med.1997;38:
CONCLUSION 512-516.

. o . . 8. Wong JY, Chu DZ, Yamauchi D, et al. Dose escalation trial of indium-111-
This study has shown the feasibility of radiolabeling the |abeled anti-carcinoembryonic antigen chimeric monoclonal antibody (chimeric

hu3S193 anti-LemAb with 8Y to obtain tumor uptake (30 T84.66) in presurgical colorectal cancer patiestdNucl Med.1998;39:2097—

%ID/g) equivalent to4n and to obtain high-quality PET _ 210% - .
9. Shen S, DeNardo GL, DeNardo SJ. Quantitative Bremsstrahlung imaging of

?ma'ges at 48 h aftgr injection with excg!lent tumor local-" yiium-90 using a Wiener fitetled Phys1994:21:1409-1417.
ization. Future studies will explore the utility &fY-labeled 10. shen S, DeNardo GL, Yuan A, et al. Planar gamma camera imaging and
mAbs to determine the biodistribution and dosimetry of dquantitation of yttrium-90 Bremsstrahlung.Nucl Med.1994;35:1381-1389.
90V . . 11. Siegel JA, Zeiger LS, Order SE, et al. Quantitative Bremsstrahlung single photon
°Y-labeled mAbs in patlents. emission computed tomographic imaging: use for volume, activity, and absorbed
dose calculationdnt J Radiat Oncol Biol Phys1995;15:953-958.
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