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ABSTRACT

Twenty-four patients suspected of having ovarian carcinoma received

i.v. injection with a combination of radiolabeled intact IgG (1 mg) and
F(ab')2 fragments (1 mg) of the chimeric monoclonal antibody MOvlS,
each form labeled with 1.85 MBq I3II or I25I. Laparotomy was performed

either 2 or 6 days after injection, and the uptake of radioactivity was
determined in a total of 329 biopsies of normal and malignant tissues.

The mean elimination half life in plasma of cMOvlS IgG and F(ab')2

was 70 Â±8 (SD) and 20 Â±5 h, respectively. The mean uptake of IgG in
tumor biopsies was 3.6-fold higher two days after injection and 6.9-fold
higher than the uptake of F(ab')2 6 days after injection. Uptake in normal

tissues was 3.3 and 5.5 times higher for IgG at 2 and 6 days, respectively.
Two days after injection, the mean ratio of the uptake in tumonnormal
tissue/patient was 3.8 Â±1.5 and 4.0 Â±1.8 for radiolabeled cMOvl8 IgG and
F(ab')2, respectively. Six days after injection, this was 6.7 Â±4.7 for Ig G
and 5.7 Â±4.1 for F(ab')2.

cMOvl8 IgG has a longer circulation time in blood, a higher uptake in
tumor and normal tissues, and a longer retention time compared to the
F(ab')2 fragments. However, the tumor:normal tissue ratios are similar.

The results do not warrant a definite conclusion as to which antibody form
is most suitable for therapeutic application of antibodies but provide a
more firm basis for rational design of therapeutic targeting studies using
immunoconjugates.

INTRODUCTION

The clinical application of MAb3 conjugates for therapy of cancer

is mainly limited by the relatively low antibody uptake in tumor
compared with the uptake in normal tissues. A second obstacle for
efficient tumor therapy could be the development of a human anti-

murine antibody immune response. The latter limitation might be
overcome using a chimeric mouse/human antibody construct in which
the epitope-specific variable region of a murine MAb is combined

with the constant region of a human immunoglobulin (1, 2). To date,
no studies have been reported regarding the in vivo tissue distribution
of chimeric MAbs in ovarian cancer patients. In the present study,
cMOvlS was used for radioimmunotargeting of ovarian cancer.
MOvlS is a MAb with restricted reactivity with an antigen frequently
expressed on ovarian carcinoma cells (3). The murine MOvlS anti
body has been used in a clinical study (4), whereas both murine and
chimeric MOvlSs have been investigated in vitro in human ovarian
cancer-bearing nude mice (5).

Antibody size is one of the factors that influence the accumulation
of MAbs in tumor tissue. Smaller fragments clear more rapidly from
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the circulation in comparison to intact immunoglobulins, resulting in
an increased tumonnormal tissue ratio (6-8). A disadvantage of using

fragments for therapeutic purposes might be the lower absolute tumor
uptake in comparison with whole IgG (8-10). For the application of

(radiolabeled) antibodies for cancer treatment, it is important to study
whether the intact antibody or its fragments should be applied.

In the present study, 24 patients received a single i.v. injection with
a combination of IgG and F(ab')2 fragments of cMOvlS, labeled with

a low tracer dose of ml and I25I, allowing the assessment in the same

patient of the kinetics and tissue distribution of both antibody forms.
In addition, for immunoscintigraphic purposes, 8 patients received
cMOvlS Fab' indirectly labeled with WmTc and 16 patients received
cMOvlS IgG or F(ab')2 labeled with 1231, simultaneously injected

with the low tracer doses of radiolabeled MAbs. All patients were
suspected of having primary or recurrent/residual epithelial ovarian
cancer. Patients underwent extensive laparotomy either 2 or 6 days
after injection of the immunoconjugates, allowing the evaluation of
the radioactivity uptakes at two different time points.

MATERIALS AND METHODS

Patients and Study Design. Twenty-four patients (mean age, 58.5 years;
range, 32-78 years) entered the study after giving informed consent. All

patients were suspected of having primary or recurrent/residual epithelial ovar
ian cancer and were referred to the oncological gynecology department of the
Free University Hospital or of the Netherlands Cancer Institute. The study was
approved by the Dutch Health Council and the Medical Review Board of both
hospitals. Inclusion criteria were: Karnofsky performance score of 70 or
higher; life expectancy of at least 3 months; and age between 30 and 80 years.
Exclusion criteria were: previous administration of MAbs; serious organ fail
ure; iodine sensitivity; and chemo-/radiotherapy within 3 weeks prior to ad

ministration of the immunoconjugates. Reactivity of tumor tissue with the
MAb was not assessed prior to injection of the immunoconjugates. Eligible
patients received a single i.v. injection with a mixture of immunoconjugates.
Prior to injection, history, physical examination, performance status, vital
signs, and hematological and biochemical serum profiles were recorded. Pa
tients received sodium perchlorate from I day before until 5 days after admin
istration of the immunoconjugates in order to block thyroid uptake of radio
active iodine. Following immunoconjugate infusion, vital signs and serum
profiles were frequently monitored. The patients' characteristics, the final

diagnosis, and the combination of radiolabeled antibodies administered are
listed in Table 1. Due to inefficient labeling, one patient (Table 1, patient 12)
was excluded from further evaluation. Extensive explorative laparotomy was
performed in all 23 Ã©valuablepatients, either 2 (n = 11) or 6 days (n = 12)

after injection of the immunoconjugates. Eight of the 11 patients who under
went surgery 2 days after injection did have ovarian carcinoma (6 patients had
primary ovarian carcinoma and 2 had residual ovarian cancer after initial
treatment with debulking surgery and combination chemotherapy), 2 patients
had a benign ovarian tumor, and in 1 patient there was no evidence of residual
ovarian carcinoma. In the group of 12 patients who underwent surgery 6 days
after injection, 9 patients did have ovarian carcinoma (3 primary and 6
recurrent/residual ovarian cancer), 1 had a benign ovarian tumor, 1 had a tumor
of borderline malignancy, and in 1 patient there was no evidence of residual
disease.

All patients received i.v. injections of a combination of cMOvl8 IgG and
cMOvlS F(ab')2 labeled with a low tracer dose of 'â€¢"!and 125I.The first 8
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cMOvIK IN OVARIAN CANCER PATIENTS

Table 1 Patient characteristics

No.123456789II)1112131415161718192021222324Age(y)61567032ih69786962505968595464336743725652506856D"PrimBenignBenignPrimReeBenignPrimReeNEDNEDResPrimPrimPrimResPrimPrimResKMPrimPrimBordReeReeHistologyandgrade'1Clear

cell, grade3Serous
cystadenomaSerous
cystadenomaSerous,

grade1Serous,
grade3Serous

cystadenomaSerous,
grade4Serous,
grade2Serous,

grade3Serous,
grade3Serous,
grade3Serous,
grade3Serous,
grade3Serous,
grade2Serous,
grade3Serous,
grade3Serous,
grade3Endometrioid,

grade3Endometrioid,
grade1Mucinous.

borderlineSerous,
grade3Serous,
grade 4FIGO'IcmeIlkIlkIVlileI

IU.-11

li
lile1

Ik-IliaIlk-Ilk-Ilk-lilelilelanalileDays

PA.Â«222266622222622266622666Combination

i.v.''IgG131]131,131,131,131,131,131,13!,131,131,131,125,'-SI125,125,131,131,131,131,131,131,131,125,F(ab'2125,125,125,125,125,125,125,125,125,125,125,131,131,131,,31,131,125,125,125,125,125,125,125,131,&Fab'-w'"TcFab'-^TcFab'-WmTcFab'-WmTcFab'-TcFab'-WmTcFab'-WmTcFab'-g9mTcFab'-'WmTcIgG-'23IIgG-123!IgG-1

"IIgG-123lIgG-'23IlgG-123IIgG-123IF(ab')2-123IF(abV'23IF(ab>-123IF(ab')2-123IF(ab')2-123IF(ab')2-I23IF(ab'),-123!IgG-'"l

" D, diagnosis at time of surgery; Prim, primary; Ree, recurrent; Res, residual ovarian carcinoma; NED, no evidence of recurrent ovarian carcinoma; Bord, borderline ovarian tumor;

FIGO, Federation Internationale de Gynaecologie et ObstÃ©trique.
h Histology and differentiation grade at time of surgery. Grade 1, well differentiated; 2, moderately differentiated: 3. poorly differentiated.
' Stage at first diagnosis of ovarian carcinoma.
d Days p.i., no. of days postinjection of the immunoconjugates when surgery was performed.
''Combination of immunoconjugates used for tissue distribution. One mg cMOvl8 IgG and F(ab')2 labeled with 1.K5 MBq '^'l/125!.
^Immunoconjugate used for immunoscintigraphy. One mg cMOvlS Fab' labeled with 750 MBq 'WmTc-RPl, 1 mg cMOvlS IgG or F(ab')2 labeled with 185 MBq 12Ã•I.

patients also received 1 mg cMOvlS Fab' indirectly labeled with ''l'mTc for
immunoscintigraphy. Due to the poor imaging quality of the g<imTc-labeled

compound, the next 15 patients received injections of 1 mg 123I-labeled
cMOvlS IgG (8 patients) or F(ab')2 (7 patients) and simultaneously received
injections with the low doses of radioactive iodine-labeled IgG and F(ab')2.

Results of the imaging study will not be reported in this study.
Monoclonal Antibody MOvlS. MOvlS preferentially reacts with gyneco

logical carcinomas. The production and immunohistochemical characterization
has been described elsewhere (3, 11). Some reactivity has been found with
normal epithelium in the lung, ducts of the pancreas, epithelial cells of the
salivary gland, and epithelium of the Fallopian tube (12). Recently, the antigen
recognized by MOvlS was identified as the human folate-binding protein (13,

14). The chimeric mouse/human MOvlS was constructed by fusion of the
variable regions of the murine MOvlS with the human IgGl constant regions
(Dr. L. R. Coney, Centocor. Malvern, PA). F(ab')2 fragments were prepared by

pepsin digestion. Sterile vials containing 1 mg/ml highly purified, pyrogen-free
cMOvlS IgG and cMOvlS F(ab')2 were provided by Centocor.

Radiolabeling. One mg F(ab')2 and 1 mg intact IgG were labeled with 1.85
MBq '"I and 1.85 MBq 125I; 1 mg of either IgG or F(ab')2 were labeled with

185 MBq 123I using the lodo-gcn method (15). A modified procedure was

followed to ensure a sterile and pyrogen-free end product. Free iodine was
separated from the injection material using a sterile Dowex column (Bio-Rad

Laboratories, Richmond, CA) and sterilized by filtration through a 0.22 jxm
filter (Millex-GV; Millipore, Bedford, MA). The binding percentage was de

termined by gel filtration (Sephadex 25) and HPLC (Waters Protein Pack, 300
SW). The incorporation percentage was higher than 70% for all iodine-labeled

compounds. The final product contained less than 5% of free iodine. One mg
of cMOvlS Fab' was indirectly labeled with 750 MBq WmTc through a bi-

functional chelator, RP1 (mercaptoacetylglycylglycylglycylethoxyethylmalei-

mide; Centocor). The immunoreactivity of the labeled conjugates was tested
using a cell-binding assay (16). The mean immunoreactivity of mI-cMOvl8
IgG was 64 Â±7% (SD), that of 125I-IgG 63 Â±7%, of 131I-F(ab')2 61 Â±7 %,
and of 125I-F(ab')2 54 Â± 10%. The mean immunoreactivity of 123I-labeled
antibodies was 55 Â±8% for IgG and 57 Â±8% for F(ab')2. The immunore
activity of WnlTc-labeled Fab' was 49 Â±6%. HPLC of the injection material

showed that more than 90% of radioactivity was eluted with the antibodies.
The immunoreactivity of '21I-IgG that was administered to the patient who was

excluded from further evaluation (Table 1, patient 12) was only 10%.

Pharmacokinetics. Serial blood samples were drawn 5, 10, and 30 min and
1, 2, 4, 6, 8, 24, and 30 h after injection of the immunoconjugates. Additional
serum samples were drawn at 96 and 144 h from those patients who underwent

surgery 6 days after injection. The renal activity excretion was measured in

urine collected in portions of 24 h for 2 to 4 days after injection. The amount
of radioactivity in blood, plasma, washed erythrocytes, and urine was meas
ured in a well counter (Compugamma; Wallac. Turku, Finland). A set of

standards was prepared from the injection material. The %ID of
radioactivity/ml plasma was calculated. The time versus activity concentration
curves were analyzed by a computerized nonlinear estimation program (PC-
Nonlin; VO2-F Statistical Consultants, Inc., Edgewood,). The integrity of the
protein-radionuclide complex was analyzed by gel filtration in serum 1, 4, and

24 h after injection. More than 90% of the radionuclide was protein bound. In

addition. HPLC was carried out on the serum of 10 patients obtained 4 and 24

h after injection. More than 90% of the radioactivity was found in the peak of
IgG and F(ab')2 fragments, respectively, and no other peaks were present with

the exception of a small free iodine peak.
Tissue Distribution. At laparotomy, suspected tumor localizations were

removed or biopsied. Biopsies also were taken of normal tissues like fat,
muscle, skin, peritoneum, and when feasible, liver, lymph nodes, normal ovary,
cervix, and uterus. Sections from these tissues were weighed, and the radio
activity was counted in the well counter. The results were expressed as %ID/kg
of tissue. The effect of self-absorption by volume effects was corrected by

comparison of the sample with a set of reference samples, prepared by diluting
an equal amount of the standard in different volumes of saline. Data were
corrected for radioactive decay as well as for scattered radiation. In addition to

the absolute tumor uptake, data were also expressed as T:NT, defined as the
percentage of uptake of radioactivity/kg of tumor divided by the percentage of

the uptake/kg of normal tissue. The latter was defined as the mean uptake in
fat, muscle, skin, and normal peritoneum. In addition, the ratio of uptake in T:B
at the time of surgery was calculated.

After counting, all samples were assessed histopathologically to determine
the presence or absence of ovarian carcinoma. Immunohistochemically, the
presence of the antigen recognized by MOvlS was demonstrated in ovarian
carcinoma tissue of all patients. The reactivity was rated as moderately positive
in 4 patients (Table 1, patients 1, 5, 16, and 23) and as strongly positive in the
other ovarian carcinoma patients.
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cMOvIS IN OVARIAN CANCER PATIENTS

Statistical Analysis. The Wilcoxon signed rank lest was used to test the
statistical differences between absolute tissue uptake of cMOvIS IgG and
F(ab')2 as well as the differences in T:NT and T:B ratio for both IgG and
F(ab')2.

RESULTS

Toxicity. The antibody administration was well tolerated by all
patients without any adverse reactions. No change was noted in the
vital signs and hematological/biochemical serum profiles at any time
after administration.

Pharmacokinetics. Plasma pharmacokinetics could be studied in
22 patients. The time versus radioactivity concentration curve best
fitted a two-compartment model and was described by calculation of
the initial (tVla) and final half-lives (tvÃŸ).The t^a of radiolabeled IgG
and F(ab')2 was 1.6 Â±0.9 and 2.5 Â±0.8 h, respectively. The tvÃŸfor
IgG and F(ab')2 was 69.5 Â±7.5 h (range, 29.8-124.3 h) and 20.3 Â±
4.7 h (range, 11.8-37.1 h), respectively. For the WnTc-labeled Fab'

fragments (calculated in 8 patients), the mean t.^a was 0.9 Â±0.2 h and
the mean was tyÃŸ9.3 Â±2.0 h (range, 3.2-16.1 h). For all radiolabeled

antibodies, the amount of radioactivity bound to erythrocytes was less
than 5%. In Fig. 1, the mean plasma clearance of radiolabeled IgG,
F(ab')2, and Fab' is shown.

In the first 24 h after injection, 7 Â±4%ID of the radioactivity-

related cMOvIS IgG was excreted into the urine, compared to 28 Â±
10%ID of F(ab')2 and 36 Â±12%ID of 99mTc-Fab'-RP. From 24 to 48
h after injection, 6 Â±5 %ID of IgG and 19 Â±11%ID of F(ab')2 was

excreted into the urine. The total excretion into urine at 4 days after
injection was 22 Â±8%ID for IgG and 60 Â±26%ID for F(ab')2. The
difference in pharmacokinetics of IgG, F(ab')2, and Fab' was also

evident on the immunoscintigrams (Fig. 2).
Tissue Distribution. The mean activity uptake in all removed

cancer deposits and normal tissues on both days 2 and 6 is given in
Table 2. The uptake in tumor tissue was significantly higher than the
uptake in normal tissue for both cMOvIS IgG and F(ab')2, both 2 and

6 days after injection (P < 0.00001). The uptake of IgG in both tumor
and normal tissues was significantly higher compared to the uptake of
F(ab')2 at both time points after injection (P < 0.00001). Two days

after injection, the mean uptake of IgG in tumor biopsies was 3.6
times the uptake of F(ab')2, and 6 days after injection this was 6.9

times the uptake. However, the uptake in normal tissues was also 3.3
and 5.5 times higher for IgG at 2 and 6 days, respectively. The
IgG:F(ab')2 ratio in tumor and in normal tissues was significantly

higher at 6 days than at 2 days after injection (P < 0.00001).

100

120 150

time after i.v. injection (h)
Fig. 1. Mean plasma pharmacokinetics of i.v. injected radiolabeled cMOvl8 IgG and

F(ab')2 in 22 patients and of radiolabeled Fab' in 8 patients, expressed as the %ID of

radioactivity. Bars, SD.

Ai A2

Bi B2

Ci
Fig. 2. Planar immunoscintigraphy of the anterior abdomen of 3 ovarian carcinoma

patients, respectively, received injections of cMOvIS Fab'-I><'mTc-RPl (A), cMOvlK
F(ab')2-12M (B), and cMovIS IgG-'21I (C). (Table 1. patients 1. 23, and 16, respectively).

Images are made 1 h (Al, Bl, and CI) and 4 h (A2, B2, and C2) after administration.
Kidney uptake and urinary excretion is very high when Ffah'J^ and especially Fab' is used
for immunoscintigraphy. The F(ab'); and especially IgG-labeled compound is visible

longer in the blood circulation. A tumor in the pelvic region above the bladder is visualized
in B2 (arrow).

Table 2 Mean uptake in tumor and normal tissue samples

IgG(%ID/kgrfDays

p.i."2

2
6
6Tissue''Tumor

Normal
Tumor
Normalnc52/8

44/11
83/9
44/12Mean

Â±SD8.7

Â±5.5
2.3 Â±1.4
6.2 Â±5.0
1.1 Â±0.7Range1.1-23.9

0.3-6.6
0.5-21.1
0.1-3.2F(ab')2

(%IMean

Â±SD2.4

Â±1.4
0.7 Â±0.6
0.9 Â±0.9
0.2 Â±0.1D/kg)*Range0.3-6.5

0.7-0.6
O.l^t.9
0.2-0.1

" Number of days postinjection of immunoconjugates.
h Tumor, mean uptake in ovarian carcinoma tissue: Normal, mean uptake in perito

neum, skin, muscle, and fai.
c Total number of tissues obtained from total number of patients.
d Percentage of the injected dose/kg tissue Â±SD.

When present, several biopsies were obtained from separate tumor
localizations of the same patient. Table 3 shows the mean radioactivity
uptake in all removed tumor samples together, as well as in various
normal tissues at both time points after injection. No difference was
found between uptake in the primary ovarian tumor and that in the
mÃ©tastases.Uptake in the malignant lymph nodes was low and com
parable to the uptake in the normal lymph nodes. From 3 patients, both
positive and negative lymph nodes were removed. In two of them, the
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cMOvlS IN OVARIAN CANCER PATIENTS

Table 3 Mean uptake in all removed ovarian cancer samples together and in various other tissue tvpes

TissueMalignant

ovaryMÃ©tastasesBenign

ovaryFatMusclePeritoneumSkinPositive

nodesNegative
nodesLiverCervixEndo/myomctriumFallopian

tubeBloodAscitesnÂ»203261111111131515541132

daysp.i."IgG

(%ID/kg)r8.58.84.11.12.23.72.21.72.03.22.43.14.08.94.56.12.20.40.81.80.90.31.20.00.91.41.73.27.1

2.1F(ab

(%ID/I2.42.41.80.40.61.10.80.70.51.11.41.51.21.32.1â€¢+--â€¢-Â±Â±Â±*Â±Â±Â±Â±Â±Â±Â±Â±*>21.51.41.00.20.30.80.40.30.40.00.60.80.60.70.1nb11724121(11(111142955431246

daysp.i."IgG6.1

Â±5.16.2
Â±5.02.50.61.11.81.61.10.71.33.02.73.04.11.20.30.61.30.90.60.30.81.70.90.91.72.7

0.9/(ab

hc0.90.90.10.10.10.20.20.10.10.30.50.20.10.51.40.90.00.10.10.10.10.00.30.10.40.10.10.40.7

0.5
" Number of days postinjcction (p.i.) of (he immunoconjugates.
''Total number of separate Iunior localizations and normal tissues obtained from 23 patients (II patients 2 days p.i.; 12 patients 6 days p.i.).
' Mean uptake Â±SD expressed as percentage of the injected dose/kg of tissue.

positive lymph nodes were not enlarged and contained each only one
field of tumor. In one patient (Table 1, patient 7) two enlarged positive
lymph nodes were removed. The ratio of uptake in positive to that of
negative lymph nodes was 2.6 for IgG and 2.9 for F(ab')2.

Fig. 3 shows the mean and median tumor uptake/patient as well as
the uptake in blood and muscle at the time of surgery. The mean
absolute uptake of IgG in tumor, calculated from the mean uptake/
patient of 8 patients 2 days after administration was 6.9 Â±2.9%ID/kg
and ranged between 2.9 and 1l.l%ID/kg. For F(ab')2, this was 2.0 Â±

1.0%ID/kg with a range between 0.6 and 3.3%ID/kg (P < 0.0001). At

6 days, mean tumor uptake in 9 patients of IgG was 5.8 Â±3.2%ID/kg
(range, 2.2-13.0%ID/kg) and that of F(ab')2 was 0.9 Â±0.7%ID/kg

(range, 0.4-2.3%ID/kg) (P < 0.0001). The uptake in tumor does not

vary only between patients but also within one individual patient. For
example, in one patient (Table 1, patient 4) the uptake of IgG varied
between 4.0%ID/kg in a small mÃ©tastases in the omentum and
24%ID/kg in an equally small mÃ©tastaseslocalized on the sigmoid.

The T:NT ratio and the T:B ratio was calculated in 8 ovarian
carcinoma patients 2 days after injection and in 9 ovarian carcinoma
patients 6 days after injection. The T:NT ratio 2 days after injection

A. 2 days p.i.: Rab')2 B. 2 days p.i.; IgG

-rfl Jl i tik
01 02 O3 04 O8 O9 1

patient no.

2O

18

16

14

12

1O

8

6

4

2
! I I

O1 02 O3 O4 08 O9 14 15 16
patient no.

C. 6 days p.i. : F(ab')2 D. 6 days p.i. ; IgG

20

18

16

Ik. PL. JL..JL
05 06 O7 10 11 13 17 18 19 22 23 24

patient no.

20181614121Oa64

2-â€¢â€¢-'â€¢..IIfc 1n11III,,
.IIIO5

O6 07 10 11 13 17 18 19 22 23 24

Fig. 3. Activity uptake per patient. The mean and median uptake in tumor and the mean uptake in blood and muscle per patient 2 days after injection of radiolabeled cMOv 18 F(ab')2
(A) and cMOvlS IgG (B) and 6 days after injection (p.i.) of cMOvlS F(ab')2 (C) and cMOvlS IgG (D). â€¢¿�tumor mean; W, tumor median; D, blood; D, muscle. Bars, SD.
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ranged between 1.0 and 6.6 for IgG with a mean of 3.8 Â±1.5 and
between 1.2 and 5.8 for F(ab')2 with a mean of 4.0 Â±1.8 (P = 0.4).

At 6 days, the T:NT ranged from 1.8 to 17.7 for IgG (mean, 6.7 Â±4.7)
and between 1.8 and 13.9 for F(ab')2 (mean, 5.7 Â±4.1) (P = 0.2). The

mean T:B ratio at 2 days was 0.9 Â±0.4 (range, 0.3-2.1) for IgG and
1.6 Â±0.9 (range, 0.5-3.3) for F(ab')2 (P = 0.02). Six days after

injection, no significant difference in T:B ratio was found between
IgG and F(ab')2. The T:B ratio was 1.6 Â±0.9 for IgG (range, 0.9-3.4)
and 2.5 Â±1.9 for F(ab')2 (range, 0.5-6.6) (P = 0.2).

The uptake of the Fab' fragment labeled with WmTc-RPl was

calculated in 25 tumor biopsies obtained from 3 ovarian carcinoma
patients 2 days after administration of the antibodies. The mean tumor
uptake of the Fab' fragment was 1.2 Â±0.5%ID/kg. In comparison, the

uptake of IgG in the same tissues was 9.2 Â±5.5%ID/kg and that of
F(ab')2 was 2.7 Â± 1.6%ID/kg. Uptake in 17 normal tissues was
0.5 Â±0.4%ID/kg for Fab' compared to 2.3 Â±1.4%ID/kg for IgG
and 0.8 Â±0.5%ID/kg for F(ab')2. The mean T:NT ratios/patient
were 5.5 Â± 1.6 for Fab', 4.2 Â±0.4 for IgG, and 4.5 Â±0.6 for
F(ab')2. The mean T:B ratios were 1.8 Â±1.0 for Fab', 1.0 Â±0.1 for
IgG, and 1.5 Â±0.3 for F(ab')2.

DISCUSSION

The present study shows that after simultaneous i.v. injection of
intact IgG and F(ab')2 fragments of the cMOvlS, the preferential

uptake of intact IgG in the tumor is significantly higher than the
uptake of F(ab')2 fragments, as shown in biopsies removed 2 or 6 days

after injection. Since the uptake in nontumorous, normal tissues is also
higher for IgG, the T:NT uptake ratio is not significantly different for
IgG and F(ab')2 fragments. cMOvlS intact antibody had a longer
retention time in tumor and in normal tissues compared to F(ab')2. The
half-life of IgG in plasma was 3 times as long as that of the F(ab')2

fragments.
The faster plasma clearance of the F(ab')2 fragments in comparison

to the whole IgG is in agreement with the literature. The plasma
clearance of cMOvlS IgG (70 Â±8 h) is not different from the
clearance reported by Grippa et al. (4) for murine MOvlS IgG (67 Â±
41 h). In contrast, 13'I-labeled chimeric 17-1A (IgGl) was shown to

have a terminal half-life of 106 Â±14 h, which is 5-6-fold longer than
that reported for murine 17-1A in colon carcinoma patients (1, 2). The

rwÃŸof another chimeric antibody, B72.3 (IgG4), was 230 Â±25 h (17),
whereas the t^ÃŸfor murine B72.3 was 24â€”60h (18). In general,
chimeric IgG antibodies were thought to have longer half-lives than

murine antibodies, reflecting the catabolism of immunoglobulins
somewhere in between murine IgG and human IgG (19). This appears
not to be true for cMOvlS and, apparently, each chimeric antibody has
its own characteristics.

It is not clear whether the distribution in humans of chimeric
antibodies differs from that of murine antibodies. With murine MOvlS
injected i.v. into ovarian carcinoma patients, a mean T:NT ratio of 2.1
(range, 1.3-4.1) was found using the region of interest technique on
the immunoscintigrams 24-48 h after i.v. injection (4). However,

background activity was not explicitly defined and it is doubtful
whether the region of interest technique is as accurate as the direct
tissue counting method in determining the T:NT ratio.

The uptake of cMOvlS in tumor is in the same range as reported for
other radiolabeled monoclonal antibodies after i.v. injection (20-24).
The mean uptake in ovarian carcinoma mÃ©tastases,3-8 days after i.v.
injection of '"In-labeled OV-TL 3 F(ab')2 was 2.9%ID/kg compared
to 2.4 and 0.9%ID/kg for cMOvlS F(ab')2, respectively, 2 and 6 days
after injection (24). The mean T:NT ratio was 5.6 for OV-TL 3 F(ab')2
compared to 4.1 and 5.7 for cMOvlS F(ab')2 at 2 and 6 days, respec

tively. In colon carcinoma patients, Esteban et al. reported an average

uptake of 1.8%ID/kg of l:"I-B72.3 IgG with a range of 0.04 to

10.4%ID/kg 6-13 days after i.v. injection to 20 patients (21), while the

mean uptake of cMOvlS IgG was 6.2%ID/kg 6 days after injection.
The finding in the present study that there is no apparent difference

in T:NT ratio between IgG and F(ab')2 is new and surprising. Clinical

studies suggested that fragments of immunoglobulins are more suit
able for immunoscintigraphy than the intact antibody because of the
faster blood clearance and the higher tumonbackground ratio (20,
25-27). Studies in which tumor-xenograft-bearing animals received

injections of radiolabeled IgG and/or fragments have shown that frag
ments led to a higher T:NT ratio than with IgG (6, 8, 28, 29).

In the present study, it was shown that 6 days after injection the
mean tumor uptake of IgG was 6.9 times the uptake of F(ab')2. At 2

days, the IgG uptake was 3.6 times higher, suggesting that intact IgG
has a longer retention time in the tumor than F(ab')2. The longer tumor

retention time of IgG was also observed in animal studies (5, 28, 30,
31). However, as shown in our study, the retention time in normal
tissues and blood is also higher for IgG.

In summary, both the highest tumor uptake and the longest retention
time are achieved with intact cMOvlS compared to F(ab')2, whereas
there is no difference in T:NT ratio between IgG and F(ab')2 frag

ments. This makes other factors more important with regard to the
efficacy and safety of cMOvlS, considering cMOvlS to be used as a
carrier for toxins, cytostatic drugs, or therapeutic radionuclides. The
faster blood clearance obtained with fragments may give less (bone
marrow) toxicity as was also reported in several animal studies (6, 29,
31-33). However, increased toxicity to such organs as the kidneys

could be dose limiting when a therapeutic dose of fragments is ad
ministered. In favor of the intact IgG is an increased and prolonged
accumulation of the immunoconjugate in the tumor. When consider
ing cMOvlS for treatment in ovarian carcinoma, a definite selection
of the most appropriate antibody form of cMOvlS cannot be easily
made and a final decision may depend on the toxicity profile of the
therapeutic agent chosen, the dose used, and the frequency with which
the immunoconjugate is to be administered.
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