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of neoplasms of epithelial origin, particularly adenocarcinomas of
breast,ovary and, lessstrongly, with gastrointestinal tract (8). It reacts
weakly with normal nonlactating breast and other normal epithelial
tissues. It is epithelium specific but not tumor specific. In tumor cells,
the antigenic determinant detected by HMFG2 is in glycoprotein
molecules of varying molecular weights where glycosylation may be
incomplete (9).

AUAI. This is a mouse IgGi immunoglobulin directed against a cell
surfacedeterminant that seemsto beassociatedwith proliferating cells
(9, 10). It reacts strongly with carcinomas of colon, breast, and ovary
aswell as some normal cells, particularly colonic mucosalepithelium.

H317. This is a mouse IgG1 immunoglobulin specific for the heat
stable, L-phenylalanine-inhibitable PLAP' isoenzyme (11). PLAP iso
enzyme is expressed inappropriately by some human neoplasms, par
ticularly those oftesticular and ovarian origin. It hasnot beenfound to
any significant extent in any normal tissue other than term placenta as
tested by indirect immunoperoxidase staining reactions (12), although
trace amounts have been detected in extracts of some nonmalignant
human tissues using monoclonal antibodies in a sensitive solid-phase
enzyme immunoassay (13). In some normal tissue, PLAP is found
intracellularly and should thus be inaccessibleto circulating anti-PLAP
antibodies.

RadlOLabeling of Antibodies

Antibodies were labeled with 1251or 1311(Amersham International,
Amersham, United Kingdom) to a specific activity of 5-8 mCi/mg
using the Iodogen technique. Their immunoreactivity was tested in an
enzyme-linked immunosorbent assaysystem(2)and in a direct radioim
munoassay by competitive assay with unlabeled antibodies. Samples
from the injection material weregel filtered through a SephadexG-150
column (55 x 2 cm) to test for antibody aggregates.

Radiolabeled antibodies were diluted in 1% human serum albumin
and filtered through Millipore prior to administration to patients.

Patients

Patients' written informed consent was obtained. They were skin
tested with mouse immunoglobulin and given potassium iodide (120
mg/day) prior to receiving i.v. between 50 and 100 zCi @I-and â€˜â€œI
labeled antibodies (10â€”50ig). Potassium iodide was continued for 7
days. One male and 18 female patients between 35 and 77 years old
(averageage, 68.5) were studied. Their diagnoses, age, sex, time of
surgery after antibody injection, administered labeled antibodies, and
immunoperoxidase tissue reactions with the antibodies are shown in
Table 1. The amount of radiolabel given to each patient was not
sufficient to achieve imaging by external body scanning but was suffi
cient for counting radioactivity in representative samples of tissue
resected up to 26 days after injection using a gamma counter with
facilities for simultaneous counting of @Iand â€˜@â€˜I.The energies of
these 2 isotopes are sufficiently different for accurate simultaneous
counting assumingthat appropriate corrections are madefor the small
overlap of energies. Tissue samples were washed 3 times with phos
phate-bufferedsalineand weighedprior to counting. On someoccasions
tissue samples were counted without prior washing and compared to
washed samples. A small difference in the counts was found which
could be accounted for by the amount of contaminating blood. Also,
some samples were counted after they were formalin fixed and were
compared to unfixed fresh samples. No significant difference was noted
in the counts. Calculations of standard error were basedon counting
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Knowledgeof such data is essential prior to considering therapeutic
usesof radiolabeledmonoclonalantibodies.

INTRODUCTION

With the advent of the monoclonal antibody production
technique (1) there has been a dramatic increase in the use of
antibodies for tumor localization by external body scintigraphy
and encouraging clinical results have been reported by many
workers (2â€”5).However, in none of these in vivo human studies
has the question of specificity been adequately answered by
simultaneously using specific and nonspecific radiolabeled
monoclonal antibodies of the same immunoglobulin subclass,
except in two patients with melanoma where the biodistribution
of specific and nonspecific antibodies was examined 72 h after
injection (5). Furthermore, the absolute amount of monoclonal
antibody uptake in both tumor and normal tissue has not been
accurately reported, except in one study (3) where anti-carci
noembryonic antigen antibody uptake was quantitated in bowel
cancers and adjacent resected normal bowel.

This study was conducted to examine the biodistribution of
three different monoclonal antibodies directed to tumor-asso
ciated antigens in a wide range of primary and metastatic
cancers and to compare it with their biodistribution in a wide
range of normal tissues.

MATERIALS AND METHODS

Monoclonal Antibodies

HMFG2. This is a mouse IgGl immunoglobulin directed against a
differentiation antigen found in the human milk fat globule membranes
(6, 7). It reactsstrongly with the lactating breast and also with a range
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2â€”3samples from each specimen. It must be noted that specimens were
obtained from different patients at different sampling times and there
fore statistical calculations for significance were obtained using the
paired t test.
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H317
HMFG2

J.S. 72 F BC H317
AUA1

P.M. 62 F BC H3I7
AUA1

F.M. 73 F BC H3I7
HMFG2

D.C. 77 F BC H3l7
AUA1

M.L. 70 F BC AUAI
HMFG2

M.W. 63 F BC AUA1
HMFG2

K.C. 70 F BC AUAI
HMFG2

N.P. 41 F OC HMFG2
H3I7

G.C. 58 F OC AUAI
H317

E.W. 59 F OC AUAI
H317

i.B. 68 F OC AUAI
H317

iS. 35 F OC HMFG2
H317

Di. 45 F GC AUA1
H317

P.C. 47 F GC HMFG2
H317

A.S. 70 F GC AUA1
H3l7

P.M. 45 M GC AUAI
HMFG2

F.W. 60 F GC AUA1
H317

J. G. 62 F GC HMFG2
H317

a Time in days after injection of antibodies.
a BC, breastcancer,OC, ovarian cancer,GC, gastrointestinal cancer.
C @,positive immunoperoxidase reaction; â€”, negative immunoperoxidase re

action.

ImmunoperoxidaseReaction

A two step indirect immunoperoxidase reaction was performed on
tissue sections as described previously (2). Antibodies H3l7 and AUAI
were usedon fresh frozen tissue, while antibody HMFG2 was usedon
both fresh frozen and formalin-fixed tissue sections. Negative and
positive control antibodies and tissueswere included in all the reactions.
Also, in parallel to immunoperoxidase staining, serial tissue sections
were stained with hematoxylin and eosin and examined morphologi
cally.
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Fig.2. Directradioimmuneassayof â€˜@I-HMFG2(S)(startingconcentration,
10 @g/ml)onT47Dcells(lO'@cells/well)in competitionwith aconstantconcen
tration (10 @g/ml)of unlabeled HMFG2 (0). As can be seen, labeled HMFG2
competeswellwith unlabeledantibodyfor bindingon to T47Dcells.ForT47D,
seeFig. 1.

Quality Control

Monoclonal antibodies were tested for apyrogenicity and sterility by
an independent laboratory (Safepharm Laboratories) and all reagents
usedin the radiolabeling procedureswere prepared sterile by B. Street,
Senior Pharmacist, Hammersmith Hospital.

RESULTS

Antibodies were satisfactorily iodinated (5â€”8mCi/mg) and
there was no loss of immunoreactivity of the labeled immuno
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THERAPEUTIC LIMITATIONS OF RADIOLABELED MONOCLONAL ANTIBODIES
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globulin as tested in binding assays. Typical examples are shown
in Figs. 1 and 2. Fig. 1 shows the enzyme-linked immunosor
bent assay profile of antibody HMFG2 before and after iodi
nation. As can be seen, there is no loss of immunoreactivity.
This is further confirmed by Fig. 2 which demonstrates the
immunoreactivity of radiolabeled antibody HMFG2 in compe
tition with unlabeled antibody. Also, there was no immuno
globulin aggregate formation during or after the iodination
procedure. Antibodies were found to be apyrogenic and sterile.
No allergies to the injected antibodies were noted. The half-life
of the radiolabeled antibodies in vivo was found to be between
18 and 24 h. This was the average obtained in the first 48 h.

Gel filtration and autoradiographson serumsamplesdem
onstrated that the radioactivity is on a Mr 150,000 molecule
consistent with mouse immunoglobulin; furthermore, using an
immunoblotting technique it was demonstrated that there was
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antigen reactivity against the radiolabeled fraction isolated from
patients' sera, up to 5 days after administration.5 As seen from
Table 1 antibodies AUA1 and HMFG2 were positive in indirect
immunoperoxidase reactions against all breast, ovarian, and
gastrointestinal cancer tissues that were tested. On the other
hand, antibody H317 was negative against all breast and gas
trointestinal cancers but positive in 2 of 5 ovarian cancers. In
the unreactive immunoperoxidase staining cases, antibody
H317 was considered as a negative control. However, it must
be noted that using a more sensitive immunoperoxidase method
(j@eroxidaseanti-peroxidase and overnight incubation with
H317) it has been possible to demonstrate a wider range of
positivity with H317 against tumors such as breast and ovarian
carcinomas (10). Therefore, we have designated as positive and
negative tissues those which express either high or low levels

SA. Griffiths, work in progress.

â€˜a.

Fig.3. Sectionof breastadenocarcinoma
tumor after stainingwith an indirect immu
noperoxidase technique and using antibody
AUAI (10 pg/mI). Note dark staining of cells
most marked at the periphery of the tumor
(arrows) indicating positive reaction with the
antibody.

Fig. 4. Section of breast adenocarcinoma
tumor after staining with an indirect immu
noperoxidasetechniqueand using antibody
HMFG2 (10 @zg/ml).Note dark stainingof
cells most marked at the center of the tumor
(arrows) indicating positive reaction with the
antibody.
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Time(daysaftercancer Radioactivity/gtissueinjection)(cpm
as%of input)

This isan
2â€”3samples.Table

2 Localization indexfor antibody AUAJ
expression of the measure of specificity. Values aremeans basedonDiagnosis

BreastcancerTime

(days)
from Localizationindex

injection
Tumor
Breast

3 8.0Tumor
Blood

2.0Tumor

TumorBreast

cancerBreast
Lymphnode

4 1.61.6Breast

cancerMetastasis

Metastasis
Breast Lymphnode

4 6.7 â€¢ 6.7Metastasis
Blood

17.1Tumor

TumorTumorTumorOvarian

cancerCervix
Uterus Colon

5 4.1 4.1 2.0Blood50.1Tumor

TumorTumorColoncancerBowel
Lymphnode

3 11.1 14.7Blood134.0TumorTumorColon

cancerBowel 5 2.0Blood14.6MetastasisMetastasisColon

cancerBowel 5 12.3Blood 57.7

Table 3 Localization indexfor antibody HMFG2
This is an expression of the measureof specificity. Values are

2â€”3samples.means
basedonTime

(days)
Diagnosis from Localization index

injectionTumor

TumorTumorBreast
Lymphnode

Breast cancer 4 12.3 1.4Blood4.25Metastasis

Metastasis
Breast Lymphnode

Breast cancer 4 65.6 7.6Metastasis
Blood
28.8

THERAPEUTIC LIMITATIONS OF RADIOLABELED MONOCLONAL ANTIBODIES

Table4 Amountofradioactivitydetectedin tissuesamplesin patientswithbreastof the particular antigens detected by HMFG2, AUA1, and
H317. Examples of positive staining are shown in Figs. 3 and
4. A tissue section of breast carcinoma was stained in an
immunoperoxidase reaction with antibodies AUA1, HMFG2,
and H3 17. Figs. 3 (AUA1) and 4 (HMFG2) show positive
staining but it can be noted that AUA1 stained mainly cells on
the periphery while HMFG2 stained mainly cells in the central
part of tumor tissue (Figs. 3 and 4, arrows).

Tables 2 and 3 show the localization indices of antibodies
AUA1 and HMFG2 compared with the control antibody H31 7.
This index refers to the ratio of specific antibody uptake to
nonspecific uptake in tumors divided by the same ratio in
normal organs. As can be seen, a maximum value of 134.0 is
obtained with antibody AUA1 at 3 days postadministration in
a patient with colonic cancer. This value refers to the localiza
tion index in relation to blood.

Tables 4â€”12show the data of specific and nonspecific anti
body uptake in primary and metastatic breast, ovarian, and
gastrointestinal tumors and a wide range of normal organs.
Radioactivity is expressed as cpm/g of tissue and also as the
percentage of the administered amount. Corrections were made
to take into account the physical half-lives of â€˜@â€˜Iand 125!and
to obtain a relative count with regard to the injected amounts.
The numbers of patients are small and the variables such as

AUAJ

Primary tumor 1.0 x 10_i
Normalbreast 7.5x 10@
Blood 5.0x 102

HMFG2

Primarytumor 1.2X 10@
Normalbreast 1.0x lO_2
Blood 2.4 x 10_i

AUAJ

3 Primary tumor 4.4 x iO@
Normalbreast 1.1 x l0'
Blood 8.1x l0@

AUAJ

3.0 x l0@
9.Ox l0@
1.8x l0@

7.5x I0@
1.2 x 10_i

H317@(negative control)

1.1x 10-a
4.Ox 10@
7.0 x 10_i

H317 (negativecontrol)

1.3x 10@
4.8 x l0@
7.Ox IO@

H317 (negativecontrol)

2.Ox 10@
4.0 x 10@
4.0 x 10@

H317 (negative control)

1.15 x 10@
6.Ox 10@
1.8x l0@

1.15 x i0@@
1.4x 10@

4 Primary tumor
Normal breast
Normallymph

node
Blood
Lymphnode

metastasis

4 Primary tumor
Normal breast
Normal lymph

node
Blood
Lymph node

metastasis

12 Primary tumor
Normalbreast
Normallymph

node
Blood

20 Primary tumor
Normalbreast
Blood
Lymph node

metastasis

26 Primary tumor
Normalbreast
Blood
Lymph node

metastasis

HMFG2H317 (negativecontrol)3.4

x iO@1.5 xl0@1.4
x I0@@7.5 x10@3.0
x I0@2.0 xl0@8.0x10@'1.15xl0@2.3x10_i2.0xlO@

AUAJ

5.0x103
2.5x l0@
1.2x iO@1.13xl0@

1.0x l0@
1.7x10@I.4xl0@1.0x10@AUAI2.0

x 10'
3.8 x I0@
7.0x10@
1.6x1021.5

x 10@'
2.8 x 10'
1.8x10@

7.0x10@AUAI3.5

x l0@
4.0 x I0@
l.0x103
2.8x 10_i8.3

x l0@
8.2 x 10@
5.0x10@
6.0x i0-@

HMFG2

HMFG2

histological type, different monoclonal antibodies, and sam
pling times are many but the data on radiolabel content of
tumors and normal tissues are consistent to achieve statistical
significance. Ideally, one would like to perform more time point
experiments and, although this is feasible in an experimental
xenograft system (14â€”17),it is more difficult and ethically
questionable to perform in the clinical context, especially when
results already obtained with existing time point experiments
are ofstatistical significance. With regard to specific antibodies,
the differences in the radiolabel content of tumors and normal
tissues and of metastases and normal tissues are sufficiently
high to achieve statistical significance (P < 0.0! and P < 0.02,
respectively). In breast tumors, antibody AUA1 demonstrated
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Time (daysafter
injection)Radioactivity/g

of tissue
(rpmas%ofinput)AUAJ

H317 (negativecontrol)1Primary

tumor
Normalbowel
Blood2.85

x IO@ 2.2 x 10@
8.24x 10' 2.0x 10@
2.OxlO_il.4x102HMFG2

H317 (negativecontrol)1Primary

tumor
Normal bowel
Blood7.26

x iO@ 1.8x 10@
3.0 x i0@ 1.5 x 10@
1.7xIO_21.2xI02AUAJ

H317 (negativecontrol)3Primary

tumor
Normalbowel
Normal lymph
node

Blood4.43

x iO@ 1.15x 10@
1.2xl03 2.3x10@
4.2 x l0@ 1.8 x 10@

1.3x10@2.3xl0@AUAJ

HMFG24Hepatic

metastasis
Blood3.0

x i0@ 1.5 x iO@
4.0x 10@ 3.0x10@AUAI

H317 (negativecontrol)5Primary

tumor
Normalbowel
Blood
Lymph node me

tastasis1.4

x l0@ 1.1x l0@
7.3x 10@ 1.2xl0@

3.73 x l0@ 3.2 x l0@
8.6 X i0@ 1.5 x10@HMFG2

H317 (negativecontrol)5Primary

tumor
Normal bowel
Blood
Lymph node me

tastasis7.3

x iO@ 1.15x I0@
1.2 x l0@ 1.3 x l0@
5.6x10@ 3.8x10@
1.4 x 10_i 1.7 x I0@

Table 5 Ratios ofprimary site breast tumors to normalorgansRatios
are radioactivity per g of tissuecompared with the organs listed.Valuesare

the averagesof 2â€”3samplesper timepoint.Time

(days Ratios
after Organ H3I7 (n ative

injection) AUA1 HMFG2control)I

Normal breast 1.42 1.221.2Blood
0.17 0.20.0153

Normal breast 3.2 NTâ€•0.5Blood
3.3 NT0.54

Normal breast 3.5 2.40.5Blood
4.1 4.01.0Normal
6.0 5.43.0lymph

nodeI

2 Normal breast 26.0 I I .1NTBlood
35.8 12.0NTNormal
4.2 5.7NTlymph

node20

Normalbreast 0.58 1.74NTBlood
1.33 0.73NT26

Normal breast 0.86 1.01NTBlood
2.78 1.51NTa

NT, not tested.

Table 6 Ratio oflymph nodemetastasesofbreast tumors to normalorgansRatios
are radioactivity per g of tissuecompared with the organs listed.Valuesare

the averagesof 2â€”3samplesper timepoint.Time

(days Ratios

injection) Organ AUA1 HMFG2 H317(negative4

Normal breast 14.0 15.12.35Blood
16.0 17.05.4Normal
2.6 3.10.8lymph

node20

Normalbreast 4.0 2.5NVBlood
8.3 1.2NT26

Normalbreast 7.0 6.6NTBlood
20.0 10.0NTa

NT, not tested.

Table8 Ratiosofprimarygastrointestinaltumorsto normalorgansRatios
are radioactivity per g oftissue comparedwith the organs listed.Valuesare

theaveragesof 2â€”3samplespertimepoint.Ratios

Time (days
after Organ H3l7 (n@_@tive

injection) AUA1 HMFG2control)1

Nonnalbowel 3.47 2.421.1Blood
1.45 0.420.0153

Normal bowel 3.7 NV0.5Blood
33.2 NT0.63Normal
11.8 NT0.5lymph

node5

Normalbowel 1.87 6.01.09Blood
3.75 13.10.38a

NT, not tested.

Table 9 Ratios ofmetasta:ic gastrointestinal tumors to normal organs
Ratiosareradioactivitypergof tissuecomparedwith theorganslisted.Values

are the averagesof 2â€”3samplesper time point.Ratios

Time (days

after Organ H3l7 (negative
injection) AUA1 HMFG2control)4

Blood 7.5 4.67NV5

Nonnalbowel 12.0 15.1 1.36
Blood 23.0 25.00.46a

NT, not tested.

THERAPEUTIC LIMITATIONS OF RADIOLABELED MONOCLONAL ANTIBODIES

Table7 Amountofradioactivityperg oftissuedetectedin patientswith
gastrointestinal cancer

the highest difference in radiolabel content between tumors and
normal tissues (P < 0.01, paired t test). Furthermore, over the
whole group of samples, antibody specificity was demonstrated
by comparing specific and nonspecific antibody uptake in both
tumors and normal organs (P < 0.001).

Primary tumor uptake of specific antibodies ranged from 2.0
x iO-@to 3.2 x 10_2% of injected amount per g of tissue (mean
value of 1.5 x 10_2% of injected amount achieved at 1 day after
administration) while nonspecific antibody ranged from 1.1 x
l0@ to 2.0 x 10@% of injected amount per g of tissue. Lymph
node metastases showed specific antibody uptake ranging from
1.2 x l0@ to 2.8 x 10_2(mean value of 1.7 x 10_2% of injected
amount achieved at 1 day after administration) and nonspecific
antibody uptake ranging from 1.4 x iO@ to 2.7 x 10@% of the
injected amount per g of tissue. Normal lymph nodes showed
similar uptake of both specific and nonspecific antibodies rang
ing from 8.0 x,103 to 1.8 x 10_2 at 1 day after injection and
1.8 x iO@ to'@4.2x l0@% of injected amount per g of tissue at
3 days or later after injection of antibodies. The ratio of specific
antibodies AUA1 and HMFG2 per g in primary tumors com
pared with that of various normal tissues rose in the first 12
days (reaching a maximum of 35.8:1 and 11.1:1, respectively,
in normal breast) and then fell over the following 14 days.

Lymph node metastases showed higher tumor:non-tumor ratios
than primary tumors and this difference was observed up to 26
days after injection of antibodies. The ratio of radioactivity of

H317 when used as specific antibody in primary ovarian tumors
compared with that of various normal tissues rose from day 1
and remained constant up to day 13 after injection, reaching a
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Table 10Radioactivity perg oftissuein patients with ovariancancerTime

(days
ft

injection).

.
Radioactivity

(cpm as % ofinput)AUAI

H317 (negativecontrol)1Primary

tumor
Ovary
Lymph node3.2

x lO@@ 1.1 X l0@
9.lxIO3 3.7xl0@
5.3 x I0@ 1.4 Xl0@HMFG2

H317 (negativecontrol)IPrimary

tumor
Ovary
Lymphnode3.0

X 10_i 1.4 X 10@
9.3 x l0@ 3.0 x l0@
5.0x l0@ 1.3xl0@AUAJ

H317 (specificantibody)2Primary

tumor
Ovary
Cervix
Fallopian tube
Blood
Lymphnode1.1

x l0@@ 2.2 x l0@
2.0xl0@ I.3x10@
8.6xl0@ l.4xl0@
5.2 x l0@ 2.9 x l0@
3.5x I0@ 5.Ox I0@
1.9x I0@ 1.3xl0@AUAI

H317 (negativecontrol)5Primary

tumor
Cervix
Colon
Uterus
Blood5.0

x l0@ 1.5 )< l0@
l.2x103 1.7xl0@
2.5x i0@@ 1.2x l0@
1.1x I0-@ I.2x I0@
l.2xl0@l.2x10@HMFG2

H317 (specificantibody)13Primary

tumor
Omentalmetastasis
Ovary
Cervix
Uterus
Appendix1.6

X l0@ 3.0 X l0@@
1.1 )c i0@ 6.0 x l0@
3.3xl0@ 6.OxlO'
3.0x l0@ 1.2x l0'
6.0xI0@ 3.5xI0@
6.0 x l0@ 1.2 X l0@

Ratios are radioactivity per g of tissue in tumors compared with the organs
listed. Values are the averagesof 2â€”3samplesper timepoint.Ratios

Time(days
after Organ H317(specificinjection) HMFG2antibody)13

Ovary 3.5 10.0
Cervix 3.0 4.0
Uterus 3.6 9.3
Appendix 3.5 14.2

Table11 RatiosofprimaryovariantumorstonormalorgansRatios
areradioactivityper g of tissuein tumorscomparedwith theorganslisted.

Valuesaretheaveragesof 2-3 samplespertimepoint.Time
(daysafter

OrganRatiosinjection)AUAJ

HMFG2 H317 (specificantibody)1

Ovary 3.5 3.26.2Lymph
node 6.0 5.7 12.3H317

(negativecontrol)1

Ovary2.35Blood
0.017AUAJ

H317 (specificantibody)2
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5.516.9Blood
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node 5.7816.4AUAJ

H317 (negativecontrol)5
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H317 (specj/Icantibody)13
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1.815.25Appendix
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Table 12 Ratios ofmetastatic ovarian tumors to normal organs
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Fig. 5. Amount of radiolabel detected in ovarian cancer, normal ovary, and
lymph nodes at I day after injection of antibodies H317, AUAI, and HMFG2.
The counts are expressed as percentage of injected amount detected in 1 g of
tissue. Bars, SE basedon 3 different samples from the same specimen. In this
figureall ovariancancersampleswerePLAPpositive.

maximum of 6.3:1 in normal ovary and 12.3: 1 in normal lymph

node. No significant difference or ratio of tumor to normal
organs was seen when H317 was used as a negative control, the
ratio being approximately 1:1.

These data are further illustrated in Figs. 5â€”8.Fig. 5 shows
an example of ovarian cancer that was positive to all three
antibodies, AUA1, HMFG2, and H317, in indirect immuno
peroxidase staining. As can be seen H317 (against PLAP)
performed significantly better than AUA1 and HMFG2 by
achieving a higher tumor uptake (9 Â±2 x 10_2%) and lower
normal organ uptake (1.0 Â±0.5 x 10@%).

Fig. 6 shows the uptake ofspecific antibody AUA1 in patients
with breast, gastrointestinal, or ovarian cancers as compared
with control antibody H317.

Fig. 7 shows the uptake of specific antibody HMFG2 in
patients with breast or gastrointestinal cancers as compared
with control antibody H317.

Fig. 8 shows the uptake of specific antibody H31 7 in PLAP
positive ovarian cancers.

DISCUSSION

This study has shown that the amounts of radioiodine-labeled
tumor-associated monoclonal antibodies reaching their target
tissues after i.v. administration are small. It is interesting that
lymph node metastases showed higher antibody uptake than
their corresponding primary tumors. Nevertheless, these
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Fig. 7. Amount of radiolabel detected in various organs of patients with
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compared with nonspecific antibody H3l7 (El). The counts are expressedas
percentage of injected amount detected in I g of tissue. Bars, SE based on 3
differentsamplesfromthesamespecimen.

injected amount) contrasting to a value of 0.015% of the in
jected amount achieved in clinical studies.

There are at least 3 differences between experimental models
and human clinical studies. First, the relative amounts of in
jected radiolabeled antibodies are higher in animals than in
humans and it is possible that the low tumor uptake in patients
is due to a â€œdilutionfactor.â€•If this is the case, then much
higher amounts of mouse immunoglobulins would be needed
to achieve comparable tumor uptake, corresponding to 20â€”50
mg of immunoglobulin per patient. This could create logistic
problems of large scale antibody production. Administering
higher amounts (20 mg) of antibodies AUA1, HMFG2, and
H3 17 can achieve prolongation of tÂ½in the blood but it is not
yet clear whether there is improvement in the tumor:non-tumor
ratios.6 The patients in this study had not received monoclonal
antibodies previously.

Secondly, in experimental models the antibodies used are
truly â€œtumorspecific,â€•while in patients there will be positive
reactions with some normal tissues. A possible exception is the
class of antibodies (H31 7) directed against PLAP. We found

Fig. 6. Amount of radiolabel detected in various organs of patients with
ovarian, breast, and gastrointestinal cancer after injection of specific antibody
AUAI (0) comparedwith nonspecificantibodyH3I7 (0). The countsarecx
pressedaspercentageof injectedamountdetectedin I gof tissue.Bars,SEbased
on 3 different samples from the same specimen.

amounts are too small to be exploited therapeutically using
radioiodine-labeled antibodies, and this finding is disappointing
in view of the expectation that monoclonal antibodies should
perform better than conventional polyclonal antisera. On the
other hand, the tumor:non-tumor ratio in some instances (i.e.,
between 5 and 12 days after injection) was sufficiently high to
be potentially useful for specific imaging of tumor masses by
external body scintigraphy.

We chose 3 different types of tumor-associated antigen and
used 3 different monoclonal antibodies in an attempt to elimi
nate the possibility that the low uptake in the tumors was due
to unfavorable properties of a particular antibody. The fact that
all antibodies behaved in a similar fashion when used against
their respectivetumor targetsindicatesthat it is the hostrather
than the antibodies that is responsible for the low tumor uptake.
This is strengthened by previous experience in using the same
antibodiesin experimental models of human xenograftsand
achieving much higher tumor uptake, in the region of 1â€”25%
of the injected amount per g of tumor (14). In some instances,
aliquots of radiolabeled antibodies used in clinical studies were
given to animals bearing human tumors and a much higher
tumor uptake of labeled antibody was noted (1â€”25%of the 6 Work in progress.
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no positive staining reaction against the cell surface membranes
of any normal tissues (except term placenta) using fresh frozen
human tissue (12) but the antigen is expressed in normal tissues
at levels below the threshold of detection by the immunohisto
logical methods (13).

Thirdly, humans may be more efficient than nude mice at
catabolizing mouse immunoglobulins. Catabolism of immuno
globulin is an area that has received only limited attention thus
far, but this area is very important if one wishes to use antibod
ies for imaging and therapy of cancer. In this study, we noted
relatively high uptake of both specific and nonspecific antibod
ies in normal lymph nodes. This is not surprising because the
reticuloendothelial system, including lymphatics, liver, and
spleen, is the major site of immunoglobulin catabolism (18).
This probably occurs through binding of the Fc region of the
antibody as a first event. Therefore, it is possible that fragments
of antibodies F(ab)2 or Fab would give less antibody loss in
normal lymph nodes and increased antibody uptake in tumor
sites. Although improved tumor:non-tumor ratios have been
reported in some animal studies comparing simultaneously
mouse immunoglobulins and their fragments (16, 17), a 10â€”
100-fold increase in the presently obtainable antibody targeting
would be needed before achieving improved imaging and con
sidering therapeutic applications. A possible disadvantage in
the use of antibody fragments may be a higher dissociation rate
from tumor binding sites, as suggested by some studies (17)
where the total tumor accretion was lower for Fab and F(ab')2
compared with intact IgG. These workers (17) showed that the
F(ab')2 radioactivity faded from the tumor faster than that of
intact antibody indicating that either there is a higher dissocia
tion and loss of F(Ab')2 from tumor or there is more rapid
catabolism of F(ab')2 at the tumor site. Dehalogenation is a
potential problem with iodinated antibodies and from previous

studies (2) we found that 30% of radiolabel is excreted free in
the urine by 18 h. It is possible that if alternative radiolabels
are used, e.g.@â€˜@ â€˜In,higher tumor uptake of antibody can be
achieved (15, 19) but at the same time it must be noted that
there is higher uptake of â€˜â€˜â€˜In-labeledantibodies by normal
liver and kidneys (15).

It was of interest to note that, with the passage of time, up
to 12 days after injection, there was improvement in the tu
mor:nontumor ratios, particularly with antibody AUA1 reach
ing a maximum of 35.8:1 at 12 days. It is known that AUA1
detects an antigen associated with the stroma of tumors (14)
and this may be the reason for the prolonged retention. AUA1
may thus be most suitable for tumor imaging ifan isotope could
be used with a long half-life allowing for scanning at 4 days or
later.

HMFG2 has already been used successfully in the imaging
ofovarian and other cancers (2). Again, there was improvement
in the tumor:non-tumor ratio with the passage of time, up to
12 days after injection, but not to the same extent as AUA1
(maximum ratio, 11.1: 1). The antigens detected by HMFG2
have now been well characterized (20) and are associated with
abnormal exocrine secretions of glandular structures including
adenocarcinomas and other neoplasms. The antigens are
strongly expressed in the pseudolumina of tumor structures.
The combination ofAUA1 and HMFG2 should therefore pro
vide a more comprehensive coverage of epithelial neoplasms in
the same way in which they have been shown in vitro to detect
most epithelial neoplastic cells in serous effusions (21).

Antibody H31 7 was selected because of its possible superi
ority due to increased specificity against tumors as compared
to other antibodies such as HMFG2 and AUA1. It was also
selected to be used as negative control in tumors that did not
express detectable PLAP. Placental alkaline phosphatase is a
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cell surface antigen and its function is not understood at present.
In this study it performed better than antibodies HMFG2 and
AUA1 in the localization of PLAP-positive ovarian cancers,
but its uptake by tumors was still low (9 Â±2 x 10_2% of injected
amount per g of tissue at 1 day postadministration). Dosimetric
calculation based on the best data obtained using H31 7 mdi
cates that, for example, 200 mCi of labeled antibody would
deliver a whole body dose of 200 rads which is above the
maximum tolerable level, but only 500 rads to 1 g tumor which
is well below therapeutic levels for most epithelial origin neo
plasms (23, 24). The formula used to calculate these doses is

Cumulative mean dose= Effective half-life in target (ty,)

x constant (1.44) x activity (MCi) in target X S

where S is specific dose constant obtained using MIRD tables
(23). These data indicate that there are many factors determin
ing antibody uptake and retention other than the specificity of
the antibody for the antigen. Antibody-antigen interaction in
vivo is an area that needs to be explored before the technology
of radioimmunolocalization can be further advanced.

In summary, important considerationsfor improved anti
body-guided tumor localization are choice of antibody, antigen
antibody interactions, limitations in stability of radiolabel in
vivo, and mouse monoclonal antibody catabolism.

The low absolute amounts of radiolabel detected in tumors
and the significant uptake in normal lymph nodes, as demon
strated in this study, indicate that at present therapeutic use of
these three radioiodinated tumor-associated monoclonal anti
bodies or others with similar characteristics, given i.v., is map
propriate.
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