
he clinical experiences of this laboratory in the use
of the anti-ovarian monoclonal antibody OC-125
conjugated with diethylenetnaminepentaacetic acid
(DTPA) and radiolabeled with indium-ill (â€œIn)have
been encouraging (1,2). As a result, therapy trials are
now under consideration in which the OC-l25 antibody
will be radiolabeled with yttrium-90 (@Â°Y),a pure beta
ray emitting radionucide. In this trial, the preferred
route of administration may be intraperitoneal since
ovarian cancer is generally localized within the perito
neum and since administration by this route may re
strict the accumulation of activity in normal organs
such as liver.

Yttrium-90 is considered to be one ofa small number
of radionuclides suitable for the treatment ofcancer by
radioimmunotherapy (3,4). Among the advantages of

Received May 6, 1987;revision accepted Mar. 1, 1988.
For reprints contact: DJ. Hnatowich, Dept. of Nuclear Medi

cine, University ofMassachusetts Medical Center, Worcester, MA
01605.

this radionucide is the fact that it is available conven
iently and inexpensively from in-house strontium-90-
yttrium-90 (@Â°Sr-@Â°Y)radionudide generators (5) and

that it forms stable chelates with DTPA conjugated
antibodies (6,7).

The pure beta-ray decay of @Â°Yis also an advantage
in the delivery of radiation therapy, however, it makes
difficult the estimation of radiation dose. The calcula
tion of dose requires knowledge of the time-dependent
accumulation of radioactivity in tumor and normal
tissues. For pure beta-ray emitters such as @Â°Y,the
accumulation of radioactivity in tissues cannot be de
termined accurately by external imaging. Furthermore,
it is unlikely that the biodistribution of â€œIn-labeled
antibodies may be used to estimate the biodistribution
ofthe same DTPA-coupled antibodies labeled with @Â°Y
since these two radiolabels most probably behave dif
ferently in vivo (6). It is also unlikely that the biodistri
bution of â€˜â€˜â€˜In-labeledantibodies in animals may be
used to predict the behavior of this agent in patients.

A partial solution to the determination ofthe biodis
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Afthough@ is oneof the best radionuclidesfor radioimmunotherapeuticapplications,the
lackof gammaraysin its decaycomplicatesthe estimationof radiationdosesinceits
biodistnbution cannot be accurately determined by external imaging. A limited dinical trial has
beenconductedwith tracerdoses(1 mCi)of Â°Â°Yin five patientswho thenreceivedsecond
look surgerysuchthat tissuesampleswereObtainedfor accurateradioactivityquantitationby
in vitro counting. The anti-ovarian antibody OC-125 as the F(ab')@fragment was coupled with
diethylenettiaminepentaaceticacid,radiolabeledwith @Â°Yandadministeredintraperitoneallyto
patientswith suspectedor documentedovariancancer.Sizeexdusionand ionexchangehigh
performance liquid chromatography analysis of patient ascitic fluid and serum samples
showedno evidenceof radiolabelinsta@Iityalthougha highmolecularweightspecies
(presumably immune complex) was observed in three patients. Total urinary excretion of
radioactivity prior to surgery averaged 7% of the administered radioactivity while at surgery
the meanorganaccumulationwas 8% of the administeredradioactivityin serum,10%in liver,
7% in bone marrow, and 19% in bone with large patient to patient variation.The mean tumor/
normaltissueradioactivityratiovariedbetween3 and25. On the assumptionthat the above
radioactivitylevelswereachievedimmediatelyfollowingadministration,that the radioactivity
remalned in situ until decayed and that the dimensions of tumor were sufficient to completely
attenuate the emissions of @Â°Y,the dose to tumor for a 1-mCi administration would be -@-50
radwith normaltissuesreceivingâ€˜@-8rad.
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tribution of 90Y is to consider patients scheduled for
exploratory surgery so that tissue samples may be ob
tamed by biopsy. A limited clinical trial was therefore
conducted in which a tracer dose (1 mCi) oPÂ°Y-labeled
OC-125 fragments was administered to each of five
patients who were to receive second-look surgery for
ovarian cancer. Several serum and urine samples were
obtained prior to surgery and, during surgery, small
samples ofliver, bone and bone marrow were obtained
along with samples of tumor (if any) and normal peri
toneal tissues. The radioactivity content of these sam
ples was then determined and the results used to esti
mate the biodistribution of the label at the time of
surgery. The biodistribution was used in the calculation
of radiation absorbed doses.

MATERIALS AND METhODS

The anti-ovarian tumor antibody OC-l25 was developed
by Bast et al. by immunizing BALB/c mice with human
epithelial cells obtained originally from a patient with serous
papillary cystadenocarcinoma (8). The antibody was prepared
for this study as previously described (1) by intraperitoneal
administration of hybridoma cells into pristane-primed
BALB/c mice. The OC-125 IgGi was then purified from
filtered ascitic fluid by Protein-A-Sepharose (Pharmacia, Pis
cataway, NJ) chromatography. The F(ab')2 fragments were
produced by digestion of the IgO antibody with 1% (w/w)
pepsin in 37Â°C0.lM citrate, pH 4.2. Progress ofthe digestion
was monitored by size exclusion high performance liquid
chromatography (HPLC) analysis and the digestion termi
nated by neutralization after @-18hr when the IgG peak
disappeared.The F(ab')2 fragmentswere purifiedby passing
the digest through the Protein-A-Sepharose column to remove
any undigested IgG or intact Fc antibody followed by passage
through a Superose 6B filtration column (Pharmacia) to re
move other protein fragments. The resulting OC-125 F(ab'>
preparations were routinely >95% pure by size exclusion
HPLC analysis.Prior to releasefor human use, each prepa
ration was shown to be sterile, apyrogenic and free of munne
retroviruses, mycoplasma and potential toxic substances
(BioSafe Systems, Inc., New Hyde Park, NY) as required by
the FDA.

Antibody coupling with DTPA, purification and radiola
beling ofthe fragments was performed as described previously
(9). The five samples ofDTPA-coupled antibody used in this
study were from two lots of coupled fragments; each was
prepared by coupling 20â€”30mg of fragments using the cyclic
anhydnde of DTPA (10) such that the average number of
attached DTPA groups per fragment molecule was â€œ@â€˜l.Fol
lowing purification from free, unconjugated DTPA, the prep
arations were divided into sterile vials such that each vial
contained 1.0 mg of fragments in 200â€”800@lof saline. The
vials were then sealed and immediately frozen in liquid nitro
gen for storage. Vials from the same lots were used both in
this investigation and in our continuing study of the â€œIn
labeled OC-l25 antibody for detection of ovarian cancer.

A chromogenic limulus amoebocyte lysate (LAL) pyrogen
test, (QCL-l000, Whittaker M.A., Bioproducts, Walkersville,

MD) general safety test (21CFR61O.11) and sterility tests
(21CFR61O.12) were performed on one vial selected at ran
dom from each lot.

The immunoreactivityofthe DTPA-coupledfragmentswas
determined using a competitivebinding assay as previously
described (9). Serial dilutions of a coupled (but unlabeled)
antibody fragment preparation were diluted in 0.1M citrate
buffer containing 50% calf serum, pH 6.0, at antibody con
centrationsbetween 0.2 mg/mi and l0@ mg/ml. OC-l25 IgO
antibody, radioiodinated with 125Jusing Bolton-Hunter re
agent (Dupont Company, No. Billenca, MA) to a specific
activity of 10 mCi/mg, was then diluted to 100 ng/ml and an
equal volume added to each serial dilution such that the final
concentration ofiodinated antibody in these solutions was 50
ng/ml. Polyethylene beads (Precision Plastic Ball Co., Chi
cago, IL) which were previously coated with OC-l25 IgG and
then CA-125antigen(recognizedby OC-125antibody),were
incubated with 0.2-mi aliquots of each serial dilution in du
plicate for 16 hr at room temperature. The beads were then
washed three times with distilled water and counted in a
gamma-well counter. Uncoupled OC-125 F(ab')@ was also
assayed as a positive control.

The @Â°Yused in this investigation was obtained from a
90Yradionucide generator. The construction ofthe generator,
its elution and the conversion ofthe [@Â°Y]EDTAto the acetate
complexhavebeen previouslydescribed(5).

Prior to protein labeling, each @Â°Yeluant intended for
patient use was analyzed by paper chromatography as a check
against catastrophic generator failure resulting in excessive
@Â°Srbreakthrough (5). On Whatman No. 1 paper and with

saline eluant, @Â°Srmigrates with the solvent front while @Â°Yin
the acetate form remains near the origin. After patient admin
istration, the more involved and accurate method for @Â°Sr
determinationof Doeringet aJ. (11) was performedon each
eluant (5). To an aliquot ofthe acetate eluant, containing -@l
mCi oPÂ°Yactivity,2 mg of strontium and 10mg of yttrium
carrierwereadded.The solutionwasthen added to the top of
a 1 cm diameter by 16 cm long anion exchange column
containing AG 1 x 4 (50-100 mesh) (BioRad Laboratories,
Richmond, CA) in the hydroxide form. The column was then
eluted with 10 ml ofwater into a 10 ml volumetric flask. The
flask was filled up to the mark, the contents mixed by agita
tion, and exactly1ml removedfor evaporationto drynesson
a planchette. The planchette was then counted at fixed ge
ometry on an end-window GM counter with and without a
220 mg/cm2 aluminum absorber. The mica window on the
GM counter is of a thickness which does not appreciably
absorb the beta rays of either @Â°Sror @Â°Ywhereas the alumi
num attenuatesall the softbeta raysfrom @Â°Srand about 50%
of the harder beta-rays from @Â°Y.A standard containing 0.01
@@Ciof@Â°Sr-@Â°Y(DuPont Company), also mounted on a plan

chette, was counted in the same manner and at the same
geometry.

Before each patient study, a vial ofDTPA-coupled OC-l25
F(ab'h fragmentswasallowedto warm to room temperature
and 1.0 mCi of @Â°Yin â€˜@50,@lof sterile 0.5M acetate buffer,
pH 6.0 was added. The contents of the vial was then left
undisturbed for 30 mm to 1 hr to maximize chelation and
wasthen drawninto a 3-misyringealongwith 2.2 ml of sterile
saline.Severalaliquots of the preparation were removed for
radioactivity standards and for the analysis of radiochemical
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purity. The latter was determined by size exclusion HPLC
using a single 7.5 x 300 mm TSK 250 column (BioRad
Laboratories) and 0.lM phosphate pH 7.0 eluant. After label
ing the fragments were diluted and infused without delay in
order to minimize the possibility of radiolytic degradation of
the protein.

All patients signed Informed Consent and were studied
with the approvalof the FDA (IND BB 1863) and the appro
priate institution review committees. A total of five patients
were each administered â€˜@-1mCi of @Â°Y-labeledOC-l25 frag
ments, along with â€˜@.-l50ml of saline, by slow (10 mi/mm)
intraperitoneal infusion via a Tenckhoffcatheter. The proper
location and patency of the catheter was established prior to
the infusion by the injection of a small quantity (100 @iCi)of
[99mTc]pertechnetatefollowed by imaging on a gamma cam
era.

In each case,a pie-injectionserum samplewasobtainedas
well as frequent serum samples and a complete urine collec
tion during the period between antibody infusion and surgery.
The pre-injectionserum samplewasanalyzedfor CA-l25 by
radioimmunoassay(Centocor, Inc., Malvern, PA). During
surgery, small samples of normal peritoneal tissues such as
bowel, omentum, muscle, paracolic gutters, subcutaneous fat,
parietal peritoneum, abdomen wall, abdominal scar tissues,
cervix, bladder flap, and sigmoid were removed along with
tumor tissue when present. In addition, liver, bone, bone
marrow and bone marrow aspirate were also removed by
needle biopsy. In each case, appmximately halfof each tissue
was reserved for histopathological examination while the re
mainder was immediately weighed and counted.

The beta-ray activity ofeach tissue, serum and urine sample
was counted first in a NaI(Tl) well counter. The serum and
urine samples were counted againsta standardofthe injectate
contained in a volume equal to the sample and each tissue
was counted while covered in water as described previously
(6). In mostcases,thesampleswerecountedseveraltimesto
ensure that the activity was decaying with the half life of @Â°Y
and therefore free of contamination with @Tcused to eva!-
uate the location and patency of the catheter. After well
counting, most tissues were re-counted with a liquid scintil
lation detector. Each tissue was reweighed and, with the
exception of bone, dissolved in 1 ml or protosol (DuPont
Company) and the solution added to 20 ml of Biofluor
(DuPont Company). The resulting solutions were generally
colorless and clear. Bone samples were first digested in 5 ml
ofconc. HQ for 1 hr at 60C. To each sample was then added
0.5 ml ofProtosol, 0.1 ml of 30% hydrogen peroxide solution
and the sample was again placed in an oven at 60Â°Cfor an
additional hour. After cooling, the contents were added to 20
ml ofBiofluor. Standards were prepared by subjecting aliquots
of the injectate to the identical procedure. Once again, most
samples were clear and colorless and were usually counted
several times and always with several standards ofthe injectate
so that the results could be expressed in percentage of the
injected dose.

One or more serum samples for each patient and one
sample ofascites were analyzed by size exclusion HPLC using
a single7.5 x 300 mm TSK 400 column (BioRad)and 0.5M
phosphate pH 7.0 buffer eluant. Fractions (0.2 ml) were
collected and an aliquot of each was transferred to Biofluor,
with or without Protosol, for counting against an aliquot of

the injectate.In addition, a sampleoflabeled antibody, incu
bated in ascitic fluid, was also analyzed by cation exchange
HPLC using a gradient flow (1 mi/mm) from 0.02M sodium
acetate, pH 5.0 to 0.5M sodium sulfate, 0.02M tris, pH 8.0 in
30 mm. on a 7.5 x 75 mm SP 5PW column (Waters, Milford,
MA).Asbefore,fractionswerecollectedfor liquid scintillation
counting.

Dosimetric calculations were based on the assumption that
the @Â°Yactivity was uniformly distributed throughout each
organ and tissue and remained constant at the level deter
mined at surgery during the time interval from administration
until complete decay. The MIRD formalism (12) was then
used to calculate the radiation dose to tissues resulting from
9o@r within the tissues. The radiation dose is a product of the

absorbed dose per cumulated activity which was determined
from the product of the measured activity per unit mass in
the tissue samples,the mass ofthe organ (12) and the mean
life of@ (92 hr). Because @Â°Yis a pure beta-ray emitter, it
was not normally necessary to consider any additional dose
resulting from the accumulation of activity in surrounding
tissues.One exceptionisbone marrowwhichwillbe irradiated
by radioactivitydeposition in bone; the extent ofdose contri
butiondependson whethercorticalortrabecularbone isunder
consideration. The MIRD formalism was used in this case to
estimate dose to marrow from @Â°Yuniformly distributed in
both bone marrow and in bone. The other exception is the
dose to organs in the peritoneum resulting from irradiation
by radioactivity in the peritoneal fluid or on the surfaces of
the peritoneum. Irradiationwillbe restrictedto the first cen
timeter of tissue thickness due to the finite range of beta
particles and tissue doses will depend on whether the @Â°Yis in
the fluid or on the surface of the tissues since in the former
case some attenuation will occur in the fluid itself. A radiation
dose distribution may be estimated by summing both over the
beta-rayenergy (range)spectrum and depth in tissue.

RESULTS

The results of all tests to which the fragments were
subjected, both before and after coupling and labeling,
demonstrated that the injectate was safe for human use.
Two lots of DTPA-coupled OC-l25 fragments were
used in this investigation. The first (used in Patients 1-
3) contained an average of 1.0 DTPA groups per frag
ment while for the second this value was 0.7. The
percentage dimeric species (generated during conjuga
tion with DTPA) was 9% and 6%, respectively, and
when radiolabeled with â€˜â€˜â€˜In,-@@2%of the activity was
present as radiolabeled DTPA in both cases. The im
munoreactivity assay, performed over seven orders of
magnitude in fragment concentration, showed umm
paired ability ofthe coupled antibody from both lots to
compete for CA-125 with respect to the native, unmod
ified antibody.

The elution efficiency of the @Â°Sr-@Â°Yradionucide
generator, expressed in percentage of the theoretical
yield, averaged 95 Â±5 (s.d., N = 5). Paper chromato
graphic evaluation of the @Â°Yactivity, after conversion
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to the acetate, failed to show any signs of @Â°Srbreak
through. Using column chromatography, the mean @Â°Sr
breakthrough, expressed as percentage of the @Â°Yactiv
ity at the end of elution, was 0.003 Â±0.004 (s.d., N =
5). Therefore a 1-mCi administration of @Â°Y-labeled
OC-!25 contained â€˜@â€˜0.04zCi of @Â°Sr.At this level, the
@Â°Srlikely to be present in patient samples would be

undetectable in this investigation.
Following radiolabeling, the radiochemical purity,

defined as the percentage of activity present as labeled
antibody, averaged 95 Â± 1 (s.d., N = 5) by HPLC
analysis. Since the preparations of coupled fragments
used in this investigation contained @@.-2%fr@ DTPA,
only -@@3%of the injected @Â°Ywas in an unknown
chemical form. The absence of radiocolloids and radi
olabeled aggregates in the labeled fragment preparations
was demonstrated by the absence of radioactivity void
ing in the HPLC analysis and by recoveries in this
analysis averaging 98 Â±3%.

Most patient samples were counted both in a NaI(Tl)
well counter and in a liquid scintillation counter. The
agreement between both determinations was consistent
throughout this study and the ratio of values (in % ID!
g) obtained by both these methods averaged 0.70 Â±
0.26 (s.d., N = 53). The results obtained by well count
ing were used to calculate activity levels presented be
low. However, liver, bone marrow, and bone tissues for
Patient 1 were counted at background levels in the well
and, in these three cases, the activity levels obtained by
liquid scintillation counting have been multiplied by
0.7 to maintain consistency. Likewise, bone uptake for
Patient 2 was determined only by liquid scintillation
counting and this value has been similarly corrected.

Table 1 lists separately for each patient the pre
injection CA-125 serum levels, the time between anti

body infusion and surgery and the percentage of the
administered radioactivity (corrected for decay) which
appeared in urine throughout the study. Also in the
table are listed the serum, liver, bone marrow, and bone
activity at surgery, both in percentage ofinjected radio
activity per gram and per organ (corrected for decay).
The latter were determined by multiplying the percent
age ofthe injected radioactivity per gram by the number
of grams using the patients body weight and the as
sumption that serum, liver, bone marrow and bone
constitute 4% (13), 2.6%, 4.3%, and 7.1% (12) of
whole-body weight, respectively.

Urinary excretion of radioactivity was at a fairly
constant rate for each patient although a slight maxi
mum was usually apparent at 4â€”12hr postadministra
tion. Serum levels tended to be low initially and to rise
steadily throughout. The exceptions were Patient 4
where serum levels went through a maximum at â€˜@10
hr postadministration and Patient 5 where maximum
values were reached almost immediately. Only Patient
1 presented with ascites; 2.5 1 of fluid, drained at sur
gery, were subsequently shown to contain tumor cells.
Determination of radioactivity levels in ascites, oh
tamed by sampling via the catheter, showed a dramatic
drop in the first 18 hr, due most likely to deposition of
radioactivity within peritoneal surfaces, and fairly con
stant activity levels thereafter. At surgery, -@.-80%of the
administered radioactivity was contained in the ascitic
fluid with â€˜@.-i0%ofthis in a filterable form, possibly on
cells.

The radioactivity accumulated in tumor and sur
rounding normal tissues at the time of surgery is pre
sented in Table 2. Histologic examination of tissues
obtained at surgery from Patients 4 and 5 revealed no
evidence of tumor. In the case of Patient 3, this exam

1 5 6 4
2 70 44 5 0.0047 0.0085 0.0007 0.011

12 14 2 49
3 13 43 7 0.0029 0.0062 0.0017 0.0045

8 10 5 21
4 12 24 12 0.0046 0.0052 0.0041 0.0035

14 10 13 18
5 19 16 6 0.0019 NAt 0.0038 0.0004

5 NA 10 2

. Results tabulated for each of five patients receiving @Â°V-IabeIedOC-i25 and expressed in percentages of injected radioactivity per

gram and per organ.
t NA = Not Available
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TumorNormalactivitytissuesTumor/normalPatient

(s.d.)(s.d.)tissue ratio

1 25

. Results tabulated for each of the five patients receiving 90Y-

labeled OC-125 and expressed in percentage of injected radio
activityper gram of tissue.

t NT= notumor.

TABLE2
RadioactivityLevels at Surgery in a Number (N)of Tumor

andNormalTissuesandTheirRatio&

As part of this investigation, serum and ascitic sam
pies were analyzed by HPLC to help establish the
chemical forms ofactivity present in these fluids. Figure
1 presents a radiochromatogram obtained by TSK 400
size exclusion HPLC analysis of the serum obtained at
12 hr postinfusion of Patient 5. Superimposed on the
image is the radiochromatogram obtained under iden
tical conditions for the injectate. In this case, serum
radioactivity coelutes with the labeled fragments and is
probably present in this chemical form. No evidence of
immunocomplexes or other species are apparent. This
is in contrast to the results obtained in an identical
analysis of serum obtained at 24 hr postinfusion from
Patients 3 and 4 in which a predominant second peak
at earlier retention times (i.e., higher molecular weight)
is apparent. A high molecular weight peak was not
observed in the analysis ofthe 28-hr serum from Patient
2. The same analysis, performed on ascitic fluid oh
tamed at 1 hr postinfusion of Patient 1, showed essen
tially all the radioactivity to be present in a high molec
ular weight form with only a small fraction coeluting
with the fragments.

A sample of ascites from Patient 1 was stored at 4Â°C
and used several weeks later for incubation with labeled
OC-l25 at a concentration of 10 @ig/mlfor 26 hr at
37Â°C.Cation exchange HPLC analysis performed as
previously described (1) with liquid scintillation count
ing of fractions showed a number of radioactive peaks,
most ofwhich were present following an identical analy
sis of the labeled fragments themselves. Whereas only a
single peak is apparent by size occlusion HPLC of
labeled OC-l25, this preparation separates into several
peaks by cation exchange HPLC (1). Significantly, a
radioactive peak in the analysis of the incubate corre
sponding to the presence of @Â°Y-labeledtransferrin was
not observed.

Table 3 presents radiation dose estimates for 1 mCi

RETEN11ONTiME

0.050
(0.035,
N =6)

2 0.020
(0.004,
N =6)

3 0.009
(0.005,
N = 10)

4 NTt

0.002
(0.001,
N =6)
0.003

(0.004,
N = 10)
0.003
(0.002,
N =5)

0.004
(0.004,
N = 13)

5 NTt 0.002
(0.001,
N = 13)

7

3

ination revealed tumor involvement in most of the
tissue samples removed at surgery (N = 10); however,
the degree of involvement was variable with many
tissues showing a low percentage and others a high
percentage of tumor cells. In the following analysis, all
tissues found to contain tumor cells whether classified
as +4 (predominately tumor cells) or + 1 (few tumor
cells) were included under the category oftumor tissue.
Values in the table for the accumulation in normal
tissue were determined by including in this category all
tissues obtained at surgery which were shown to be
normal, including liver, bone marrow, and bone.

FIGURE 1
Radiochromatogram Obtained by
size exclusion HPLC analysis of a
patientserumsampleobtained12 hr
after infusionof @Â°V-1abeIedOC-125
fragments. Radiochromatogramof
the injectate is superimposed for
comparison.

oâ€”oS@RtJM, 12 HOURS

Â£â€”â€˜ INJECTATE
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TABLE3
MeanRadiationDoseEstimatesfor 1 mCiof @Â°Y-Labeled

OC-l 25 Administered i.p. to Patient&

Dose(rad)t

coveries were both consistently high. Both are consid
ered to be important determinants of radiochemical
purity (4). Moreover, the generator breakthrough of
@Â°Srprovided only a negligible increase in patient radia

tion dose, estimated at â€˜@@â€˜0.7rad to bone assuming the
entire 0.04 @tCioPÂ°Srto be deposited in this organ.

No evidence for label instability was observed in this
investigation. Size exclusion HPLC analysis of serum
samples occasionally demonstrated the presence of a
high molecular weight peak, however, this is likely due
to immune complex formation rather than label insta
bility. These analyses failed to show evidence of low
molecular weight radioactivity peaks which would have
indicated label instability. These results are in agree
ment with that of our previous investigation which has
shown that when chelated to DTPA-coupled antibodies,
9O@r is stable in serum (6). Furthermore, cation exchange

HPLC analysis of antibody incubation in ascitic fluid
showed no evidence of transcomplexation of @Â°Yto
transferrmn.

The observation that at 1 hr postinfusion in Patient
1, radioactivity in ascites was present entirely in a high
molecular weight form is not surprising considering the
high circulating CA- 125 level in Patient 1 (Table 1).
More surprising is the apparent absence of immune
complex in the serum of Patients 2 and 5 and its
presence in Patients 3 and 4, despite similar circulating
CA-125 levels in these four patients. These observations
are consistent with earlier observations regarding â€œIn
labeled OC-125 in which no correlation was observed
between circulating CA-l25 and immune complex 1ev
els (1).

An important observation ofthis study is the variable
retention ofradioactivity within the peritoneum follow
ing i.p. administration. Although not directly deter
mined, the degree of diffusion may be related to the
level of radioactivity in circulation and to the radioac
tivity accounted for at the time ofsurgery (Table 1). By
both considerations, Patient 1 retained a significant
fraction ofthe administered dose; not only were serum
levels much lower than that of other patients in this
study but only -@.-20%of the injected activity appeared
in urine, serum, liver, bone marrow, and bone at sur
gery. That this patient also presented with ascites may
indicate blockage of the peritoneum and may offer an
explanation for the low levels of diffusion. However,
Patient 5 showed similarly poor diffusion without evi
dence of ascites. In this case, circulating activity was
also low at surgery and only @@-35%of the dose is
accounted for, assuming liver activity (which was not
determined in this case) to be equal to the average value
ofthe remaining four patients. The highest serum levels
were observed in the case of Patients 2, 3, and 4 while
the activity accounted for in these Patients was 80%,
50%, and 70%, respectively. It is therefore likely that
diffusion in these cases was pronounced and, in the case

5.3 Â±3.4
8.8 Â±3.7
8.2 Â±2.8*
7.1 Â±6.1*
48Â±44

Serum
Liver
Bone marrow
Bone
Tumor

. Values based on the mean radioactivity accumulation in serum

and tissue at surgery and on the assumptions described in the
text.

t Excluding dose due to radioactivity in peritoneum.

* Assuming bone activity uniformly distributed throughout bone

mass.

ofadministered @Â°Y-labeledOC-l25 based on the mean
levels of accumulated activity and on the assumptions
described in the previous section. Dose estimates have
been presented without consideration of contributions
to tissue resulting from radioactivity in peritoneal fluid.
Since the contribution to the radiation dose received by
bone marrow from bone varies with the thickness and
the type of bone, values have been presented in the
table for the assumption that bone activity was uni
formly distributed and therefore that 20% ofthe activity
was in trabecular bone and 80% in cortical bone (12).
If bone activity was deposited entirely in trabecular
bone, the average dose to bone marrow would be 16
rad/mCi administered.

An estimate of the dose rate to peritoneal tissues
from activity deposited on their surface may be made
by summing both over the beta-ray energy (range)
spectrum of 90Yand depth in tissue and shows that for
1 @Ci/cm2ofactivity deposited on the surface of tissue,
the dose rate averaged over the first 1 cm thickness is 1
rad/hr or 92 rad. Under the assumption that 1 mCi of
90Y is deposited over a surface area in the peritoneum
of3O,000 cm2 (14), radiation dose to the first centimeter
of tissues would be 3 rad while if the same activity is
contained in a volume of fluid sufficient to irradiate
the same surface area, the radiation dose will be <3 rad
and will depend on the volume. For organs the size of
liver, this additional dose only to the surface represents
a negligible dose to the entire organ. Radiation dose to
tumor and to thin-walled organs such as the gut due to
this source may be more significant.

DISCUSSION

Using 90Y obtained from an in-house @Â°Sr-@Â°Yradio
nuclide generator, no difficulties were experienced in
achieving the desired specific activity of@Â°Y-labeledOC
125 (1 mCi/mg) without the need for post-labeling
purification. Thus labeling efficiencies and HPLC re
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of Patient 4, occurred rapidly judging by the high levels
ofcirculating activity present in serum from this patient
obtained at the end of infusion.

Accumulation of @Â°Yactivity in bone varied consid
erably from patient to patient. Some accumulation of
activity in this organ is expected since @Â°Yresulting in
an overestimate of bone activity is a bone seeker in its
uncomplexed form (4) and may be released from the
antibody at sites ofcatabolism in a chemical form which
accumulates in bone. Nevertheless, the high levels of
bone accumulation in Patient 2 was unexpected (Table
1). It is possible that the bone biopsy sample in this case
was contaminated with @Â°Ysince 80% of the adminis
tered activity is accounted for, without including activ
ity most likely to be still present in the peritoneum.
Likewise it is possible that some of the contribution to
bone activity in Patients 3 and 4 is due to contamina
tion with blood which, in these patients, contained
significant activity.

The accumulation of radioactivity in tumor varied
from patient to patient as shown in Table 2. Activity
accumulation in normal tissues was fairly consistent
throughout at @0.003%ID/g while accumulation in
tumor was 3 to 25 times this value. These values are
consistent with those obtained in one patient following
i.v. administration of â€œIn-labeled OC-l25 (1).

The radiation dose estimates presented in Table 3
are based on the mean tissue values from Table 1. Of
concern is bone marrow where, under the assumption
of uniform deposition of activity in bone, the dose to
marrow may reach 8 rad/mCi. Bone marrow is thus
likely to be the dose-limiting organ. The radiation dose
to tumor of @@-50rad/mCi is marginal considering the
need to limit exposure to bone marrow especially since
a tumor dose of 1,500 rad may be required for therapy
(15). However, tumor dose estimates depend on tumor
geometry and are prone to large uncertainties; just as
the radiation dose will decrease in small tumors, it will
increase due to radiation received from activity within
the peritoneum. The assumption that the activity ap
pears in each tissue immediately upon injection leads
to the highest possible radiation dose. The doses re
ported will be less by -@.-l0%for each 10 hr delay,
following injection, in the appearance of activity in the
tissue. The doses will also be reduced if there is a
biologic removal of the activity from the tissues. To
date there is not enough pharmacokinetic data for this
labeled antibody to predict more realistic doses.

In conclusion, the results ofthis investigation indicate
that under the conditions of this study, therapeutic
doses of @Â°Y-labeledOC- 125 fragments may be used to
treat ovarian cancer, although it will be necessary to
proceed with caution. The use of intraperitoneal rather
than i.v. administration may be important to this ap
plication since it probably offers a means of reducing
radiation exposures to bone marrow, the critical organ,

without reducing exposure to tumor within the perito
neum. It is possible that preinjection of a tracer dose of
@Â°Y-labeledantibody may be desirable to estimate the

degree and rate of peritoneal diffusion prior to the
administration of therapeutic doses. The success of the
treatment will then depend on the extent and rate of
radioactivity uptake in tumor, tumor size, and its sen
sitivity to radiation.

ACKNOWLEDGMENTS

The authors acknowledge the assistance ofJoyce Sirois and
Mary Ellen Rybak in the patient studies. This research was
funded in part by the Centocor Corporation, the American
Cancer Society (PDT-274) and the National Cancer Institute
(CA33029).

REFERENCES

1. Hnatowich DJ, Gionet M, Rusckowski M, et al. Phar
macokinetics ofindium-i 11 labeled OC-l25 antibody
in cancer patients compared to the 19-9antibody. Can
Res 1987;47:6111â€”6117.

2. Hunter RE, Doherty PW, Griffin TW, et a!. Use of
indium-i 11 labeled OC-125 monoclonal antibody in
detection of ovarian cancer. Gynecologic Onc 1987;
27:325-337.

3. Wessels BW, Rogus RD. Radionuclide selection and
model absorbed dose calculations for radiolabeled tu
mor associated antibodies. Med Phys 1984; 11:638â€”
645.

4. Order SE, Klein JL, Leichner PK, et al. @Â°Yttrium
antiferrintinâ€”a new therapeutic radiolabeled anti
body.ml J Rad OncolBiolPhys1986;12:277â€”281.

5. Chinol M, Hnatowich DJ. Generator-produced yt
trium-90 for radioimmunotherapy. J NudMed 1987;
28:1465â€”1470.

6. Hnatowich DJ, Virzi F, Doherty PW. DTPA-coupied
antibodies labeled with yttrium-90. J Nuci Med 1985;
26:503â€”509.

7. Buchsbaum DJ, Hanna DE, Randall BC, et al. Radi
olabeling of monoclonal antibodies against carci
noembryonic antigen with 88Y and biodistribution
studies. mt j NuciMed Biol 1985; 12:79â€”82.

8. Bast RC Jr, Feeney M, Lazarus H, et a!. Reactivity of
a monoclonal antibody with human ovarian carci
noma.J ClinInvest1981after,68:1331â€”1337.

9. Hnatowich DJ, Griffin TW, Kosciuczyk C, et al. Phar
macokinetics of an indium-i 11-labeled monoclonal
antibody in cancer patients. JNuclMed 1985; 26:849â€”
858.

10. Hnatowich DJ, Childs RL, Lanteigne D, et al. The
preparation ofDTPA-coupled antibodies radiolabeled
with metallic radionucides: an improved method. J
Immun Met/i1983;65:147â€”157.

11. Doering RF, Tucker WD, Stang LG Jr. A rapid
method for the detection oPÂ°Srcontamination in @Â°Y.
JlnorgNuclChem 1960;l5:215â€”22i.

12. Snyder WS, Ford MR, Worner GG, et al. â€œ5â€•,ab
sorbed dose per unit cumulated activity for selected
radionucides and organ. NM/MIRD Pamphlet No.
11, New York, The Society of Nuclear Medicine,
1978.

13. Diem K, Lentner C, eds. Scientific tables. Seventh

1434 Hnatowich,Chinol,Siebeckeretal The Journal of Nuclear Medicine



ed. Ardsley, New York: Ciba-Geigy Corporation,
1970:528.

14. Rosenheim NB, Leichner PK, Vogelsang G. Radi
ocoiloids in the treatment of ovarian cancer. Obstet

GynaecolSurv1979;34:708â€”720.
is. LarsonSM,CarrasquiloJA,ReynoldsJC. Radioim

munodetection and radioimmunotherapy. Can Invest
1984;2:363â€”381.

Volume29 â€¢Number8 â€¢August1988 1435




