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ABSTRACF

Thirteen patients with metastatic breast carcinoma were given injec
dons of 50â€”1593@agof â€˜311-monoclonalantibody (MAb) B6.2 immuno
globulin G and F(ab')@for pharmacokinetic evaluation and radioimmu
noimaging. Blood clearance of the â€˜31I-MAb-B6.2was biphasic. The
mean half-times (t@, t@.,)for the immunoglobulin G were 33 Â±1.7 and
20.9 Â±11.0 h, respectively. The t@ for the F(ab'>@was 1.7 Â±1.3 h, and
the t@ was 31.0 Â±5.7 h. The percentageof protein bound â€˜@â€˜Ifor the
immunoglobulin G and for the F(ab')@ at 72 h was 73.7 Â±11.4% and
58.2 Â±14.5%, respectively. In vitro reactivity of MAb B6.2 with granu
locytes isolated from normal subjectsand patients was demonstratedby
cytofluorometric and radioimmunoassays.MAb B6.2 wasshownto bind
with normal cross-reactingantigen, a cell surface antigen known to be
expressedon normal humangranulocytes.Reactivity with normal cross
reacting antigen on granulocytes is consistent with the skeletal images
obtainedduring immunoscintigraphy of all 13 patients. A specific tumor
image was observed in one patient. No toxicity was encountered. In spite

of extensive preclinical data suggestingthat â€˜31I-MAbB6.2 would be a
useful agent for radioimmunoimaging, the clinical utility of this reagent
is probably limited because of the reactivity with granulocytes.

INTRODUCI'ION

The generation of MAb3 directed against human breast tu
mor-associated cell surface antigens offers the potential for
improved techniques in the evaluation of patients with cancer
(1). Radiolabeled MAbs have been utilized in patients for the
scintigraphic detection of a variety of tumors including colon,
lung, ovarian, and breast (1). We have previously reported the
characterization of a MAb, designated B6.2 (2). This IgGl was
generated against membrane-enriched fractions of human met
astatic mammary carcinoma cells (2). MAb B6.2 has been
shown by immunoperoxidase staining to react with 75% of
primary and metastatic breast tumors (2). Preclinical investi
gations demonstrate that B6.2 reacts with a Mr 90,000 antigen
expressed on the cell surface of breast carcinoma cells in culture
(3). This antigen is not detectable on a variety of normal,
melanoma, sarcoma, or lymphoid cell lines (3). However, MAb
B6.2 has been demonstrated to react with subsets of circulating

polymorphonuclear leukocytes (4).
The expression of B6.2 antigen is cell cycle dependent, and

the cell surface MAb-antigen complex is stable for at least 24
h in cell culture (3). Radiolabeled MAb B6.2 IgG, Fab, and
F(ab')2 have been used to successfully localize human mammary
tumor xenografts in nude mice (5, 6). We have also shown that
iodinated IgG and F(ab')2 fragments of MAb B6.2 bind to a
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human breast cancer cell line extract with greater affinity than
does the Fab fragment (7). Furthermore, clearance of the anti
body from the blood ofnude mice bearing Clouser breast tumor
xenografts is proportional to the size of the fragment (7). Thus,
these preclinical studies suggest that MAb B6.2 IgG and/or
F(ab')2 may be clinically useful agents for radioimmunoimaging
of patients with breast cancer.

In the present study, we have injected â€˜311-MAbB6.2 i.v. into
13 patients with known metastatic breast cancer to investigate
the pharmacokinetics of the intact â€˜31I-labeledIgG and the
F(ab')2 and for immunoscintigraphy.

MATERIALS AND METhODS

Monoclonal Antibody B6.2. MAb B6.2 waspurified from ascitesfrom
BALB/c mice given injections of MAb B6.2 producing hybridoma
cultures (5). MAb was purified by passagethrough a DE-52 ion cx
changecolumn (Whatman Chemical Separation,London, United King
dom) and subsequentmolecular sieving(Ultrogel ACA44; Reactifs IBF,
Paris, France)(5). F(ab')2 fragmentswereproducedby pepsindigestion
as previously described(5). Purified MAb was dialyzed against a 0.05
M phosphate-buffered saline solution (j,H 7.4) and sterilized by passage

though a O.22-Mmfilter (Microbiological Associates, Bethesda,MD).
Aggregatesand viral particles were removed by ultracentrifugation at
100,000 x g for 30 mm. The MAb was proven free of bacterial and
viral contamination by culture in routine medium and murine antibody
production testing(Biosafe Systems,Inc., New Hyde Park, NY). Frozen
aliquots of MAb B6.2 were stored at â€”20Cuntil used. Immediately
prior to injection, the MAb solution was tested for endotoxin by
examination for coagulation in the presence of Limulus amebocyte
lysate (Pyrogent; Mallinkrodt, Inc., St. Louis, MO) (8).

lodination of MAb B6.2. The stationary phasechloramide iodogen
technique (Pierce Chemical Co., Rockford, IL) was used to label MAb
B6.2 and the F(ab')2 fragment with â€˜31I(Dupont/New England Nuclear,
Boston, MA) (7). The MAb wasradiolabeled at a specific activity of 1-.
10 mCi/mg and separated from free @Iby passagethrough a gas
sterilized SephadexG-25 column. Immunoreactivity of â€˜311-MAbB6.2
wasevaluatedprior to injection by solid phaseradioimmunoassaywith
a sonicatedmembraneextract of MCF-7 cells (2).

Patients. Thirteen patients selectedfor this study had breast cancer
with metastases to known sites including skin, lung, chest wall, liver,
and bone (Table 1). Patients were excluded who had receivedchemo
therapy or radiotherapy within 6 wk of this study. Patients receiving
endocrine therapy were included. All patients had Karnofsky status of
80 or greater. Informed consent was obtained as per the guidelines of
the Investigational Review Board of the Human Protection Committee
of the Dana-Farber Cancer Institute.

Immunoperoxidase Studies. The reactivity of MAb B6.2 with paraf
fin-fixed tissuesectionsofbreast carcinomawasevaluatedby the avidin
biotin method (2). Tissue was obtained retrospectively from biopsy
specimensperformed for clinical purposesunrelated to this investiga
tion.

â€˜31I-MAbB6.2 Administration. All patients received five drops of
supersaturatedpotassium iodide 3 times daily for 1 day preceding and
5 days following injection of the â€˜311-MAb.Patients were tested for
hypersensitivity to murine MAb by i.d. injection of 0.1 @igof the
unlabeled MAb solution at least 1 h prior to i.v. injection. The â€˜@â€˜I
MAb B6.2 was injected i.v. in 5â€”10ml of sterile phosphate-buffered
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Table1Patientsgiven injections of'31!-labeledMAbB6.2MAb

B6.2reactivitywith
fixedbiopsytissue
(%ofcellsPatientAgeSite

ofdiseasepositive)I39Skâ€•,Bo90256LN(SC,RP),PU85334LN

(Mcd),Pu20430Br,Bo,BMNA562Bo85654Br10766Sk,LN(Ax),Pl08345k59625k,

Bo65â€”851055Sk,Bo,Pu901158LN(SC),BO,PU,PI951265LN(Med),Sk,BO701360Li100

Table 2 Biokinetic datafrom patients given injections ofMAb B6.2IgGMean
Â±SD: t@.,3.5 Â±1.7; tb,, 20.9 Â±11.0', serumprotein-associatedradioactivity

(%), 73.7Â±11.4;circulatingcell-associatedradioactivity,17.6Â±16.8.Serum

protein-CirculatingIgG
Radioactivity Half-time associatedra-cell-associatedinjected

injected dioactivity radioactivity
Patient (jig) (jzCi) tip.@ t@p@(%@1

50 600 1.9 14.6 74.322.02
100 360 2.5 15.6 78.012.03
50 900 NAC 16.0 87.42.14
50 900 2.3 15.4 76.72.99

500 990 1.1 20.8 71.124.810
920 2300 5 43 51.38.5I

I 800 1150 NA NA NANA12
800 1000 3.2 NA 51.849.713

1593 1087 6.3 NA 77.413.3a

Determined by precipitation in 12.5% TCA 48â€”72 h after injection.
b Forty-eight to 72 h afterinjection.C

NA, notavailable.Table

3 Biokineticdatafrom patientsgiveninjectionsofMAb B6.2F(ab')2Mean
Â±SD:t@, 1.7Â±1.3;t@,31.2Â±5.7;serumprotein-associatedradioac

tivity, 58.2Â±14.5;circulatingcell-associatedradioactivity,23.0Â±6.8.Serum
protein-CirculatingF(ab')

Radioactivity Half-time associatedra-cell-associatedinjected
injected dioactivity radioactivity

Patient (;@g) (j.cCi) ti,1. t,p@(%)â€œ5

100 1100 NAC 37 38.322.96
100 1200 1.2 24 72.213.57
100 1000 1.2 29 64.628.48
300 1100 3.0 34 57.7 27.5
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12.5% TCA, centrifugation, and quantitation ofthe radioactivity in the
supernatant and pellet. The percentage of protein bound â€˜@â€˜Iwas
calculated as follows.

% of protein-bound â€˜@â€˜I= cpm (jellet)@
cpm (pellet + supernatant)

In order to calculate blood clearance and cumulative urinary excretion,
samples were corrected for physical isotopic decay from the time of
injection. The total and percentageof protein-bound â€˜@â€˜Iin the urine
were determined similarly. Cumulative urinary â€˜@â€˜Iwas calculated by
multiplying the volume of urine output by â€˜@â€˜Iactivity level/mi.

Binding of MAb B6.2 to Granulocytesfrom Normal Subjects.Ten ml
of whole blood were collected from two healthy volunteers and then
subjected to sedimentation in Ficoll-Histopaque-1077 (Sigma, St.
Louis, MO). The purified, washed granulocytes were isolated by gravity
sedimentation of the erythrocyte fraction in the presence of a 1:10
volume of4% Dextran T500 (Fisher Scientific, Medford, MA) at room
temperature for 1 h. Granulocytes were incubated for 1 h at 4C with
either MAb B6.2 or the control isotype identical MAb 8A7. After
washing, the cells were analyzed by indirect immunofluorescent cell
sorting (3). The cell lineageofthe purified granulocytes wasconfirmed
by reactivity with MAbS MY4 and MY8 (9). The granulocytes were
similarly reactedwith the IgG1 MAbs B38.l and B72.3, both of which
react with other breastcarcinoma-associatedantigens (2).

Binding of MAb 86.2 to Granulocytes from Patients with Breast
Cancer. Ten ml of whole blood were collected from Patients 10, 11,
and 12 prior to injection of â€˜31I-MAbB6.2. Samples were incubated
with 10â€”50zCi of â€˜31I-MAbB6.2 at 37'C for 12 h with gentle shaking.
Following incubation, the blood was sedimented in Ficoll-Histopaque
1077 (Sigma). The mononuclear cells were isolated and washed twice
with RPMI-1640 medium containing 2% human AB serum. The radio
activity bound to 1 x 10@mononuclear cells was then determined by â€˜y
counting. The pellet following Ficoll-Histopaque-1077 sedimentation
was diluted 1:1 in RPMI-l640 medium with 2% human AB serum.
The granulocytes were harvested by gravity sedimentation in 1:10
volume of 0.4% Dextran T500 (Fisher Scientific, Medford, MA) at
room temperature for 1 h. The granulocytes were separatedfrom the
supernatant and washed,and contaminating erythrocytes were hemo
lyzed in the presence of0.155 Mammonium chloride-0.0001 MEDTA
0.001 M KHCO3 buffer (pH 7.2). The cell type and homogeneity of
eachcellular fraction were confirmed by Wright-Giemsa staining. The
â€˜@â€˜Iradioactivity in 3 x 10' granulocytes was determined by y counting.
Likewise, 2 x 10@erythrocytes were assayed for radioactivity. The
relative binding of â€˜311-MAbto granulocytes, mononuclear cells, and
erythrocytes was expressedas cpm/l00 cells. After correction for the
efficiency of the gamma counter and the specific activity of the â€˜@â€˜I
MAb B6.2, the number of antibody molecules bound per cell was
calculated.

Binding of MAb B6.2 with NCA. Monoclonal antibody B6.2 was
incubated with 96-well vinyl plates (Costar, Cambridge, MA) coated
with purified NCA or CEA (10). Additionally, MAb 1.1, which is
known to cross-react with both CEA and NCA(l 1),and the nonbinding
MAb 8A7 were incubated with the same antigen. The plates were
washed,and â€˜25I-ProteinA (Amersham Corp., Arlington Heights, IL)
(1 x 10@cpm/well) was added for 1 h at room temperature. The wells
were washed,and radioactivity was determined by â€˜ycounting.

Statistical Determination. The significance betweenbiokinetic values
for the IgG and F(ab')2 was calculated by the Mann-Whitney two
sample rank test (12). Pearson product moment correlation coefficients
were calculated to determine relationships between half-lives and cell
bound radioactivity and between TCA precipitation and cell bound
radioactivity (13).

RESULTS

Pharmacokinetics of â€˜31I-MAbB6.2 IgG and F(ab'>@.Thirteen
patients received from 50â€”1593 @g(360â€”2300 @iCi)of MAb
B6.2 (Tables 2 and 3). Serial collections of blood and urine
were obtained from all patients. The disappearance of radioac

a 5k, skin; Bo, bone; Ln, lymph node; SC, supraclavicular, RP, retroperitoneal;
Pu, pulmonary; Mcd, mediastinal; BR, breast; BM, bone marrow-, NA, not
available;Ax, arill@ P1,pleuraleffusion;Li, liver.

a Determined by precipitation in 12.5% TCA 48â€”72 h after injection.
b Forty-eight to 72 h after injection.
C NA, not available.

saline over 1â€”5mm. Patients receiveddosesof MAb IgG or F(ab')2 as
listed in Tables 2 and 3.

Imaging. Patients were serially imaged from 1 h to 8 days after
receiving injection. Scintigraphy was performed with a Model 61 pho
tomultiplier tube, Anger camera (Picker International, Northford, CT)
with a high energy parallel hole collimater. Ten-mm images were
accumulated.Data wereanalyzedusing a PDP 11/34 computer (Digital
Equipment Corp., Maynard, MA). No subtraction techniques were
used. Routine anterior and posterior images of the thorax, abdomen,
and pelvis were obtained. Additional views of sites of known disease
were performed when indicated.

Pharmacokinetics. Blood and urine sampleswere collected at inter
vals beginning at 15 mm to 7 days after injection of â€˜31I-MAbB6.2.
Blood (1â€”3ml) was collected in EDTA-containing tubes. The â€˜@â€˜I
activity/ml of whole blood was measuredusing a gamma scintillation
counter (Autogamma Packard, Inc., Downer's Grove, IL). The blood
was then separatedby centrifugation at 1000 x g for 5 mm. Aliquots
(100 @d)of the pellet and of the supernatant fractions were counted.
The protein bound â€˜@â€˜Iin the plasma was assessed by precipitation with
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tivity from the blood pool for each patient is listed in Tables 2
and 3. Blood clearance of MAb B6.2 was biphasic for both the
IgG (Fig. 1A) and the F(ab')2 (Fig. 1B). The mean first half
time (1Â½a)for the IgG was 3.5 Â±1.7 h, and the second (tÂ½@)was
20.9 Â±11.0 h (Table 2). The mean tÂ½aand the 1@ for the
F(ab')2 were 1.7 Â±1.3 h and 31.2 Â±5.7 h, respectively (Table
3). Although the t@ for the F(ab')2 tended to be longer, the
difference between the mean t@ of the IgG and that of the
F(ab')2 was not statistically significant (P = 0. 15). The per
centage ofcirculating â€˜@â€˜Ibound to cells at 48â€”72h varied from
2.1â€”49.7%for the IgG (Table 2)and 13.5â€”28.4%for the F(ab')2
(Table 3).

Fig. 2 illustrates the gradual decrease in protein-associated
radioactivity in blood with time. At 48â€”72h, the mean per
centage of protein-bound radioactivity seen in the plasma was
significantly greater for the IgG [73.7 Â±11.4 (SD)J than for the
F(ab')2 [58.2 Â±14.5 (SD)] (P = 0.05) (Tables 2 and 3). By 72
h after injection, 20.9 Â±3.0% (IgG) and 19.6 Â±5.3% F(ab')2
of the total injected dose of radioactivity had appeared in the
urine as free 1311(Fig. 3).

Binding of â€˜31I-MAbB6.2 to Granulocytes. Granulocytes from
two healthy volunteers were isolated and incubated with MAb
B6.2. Fig. 4, A and B, confirms that the isolated cells were
granulocytes as documented by cell surface binding with MAbS
MY4 and MY8. These MAbS have been shown to cross-react
with myeloid differentiation antigens (9). Similarly, MAbS B6.2
and B1.1 reacted with the granulocyte preparations (Fig. 4, C
and D). In contrast, MAbS B72.3 and B38.l, both of which

2 24 48 72

Hours
Fig. 2. Protein-associated t3tI â€˜311-MAbB6.2 IgG was injected into a patient

(No. I) with a metastaticbreastcarcinoma(600 @iCi/50ag).Thepercentageof
radioactivitywasdeterminedby precipitationin the presenceof 12.5%trichlo
roaceticacidfrom serialsamplesof bloodand urine.
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wereinjectedinto 12patientswith metastaticbreastcarcinoma.Thecumulative
amount of radioactivity which appeared in the urine was determined at 24, 48,
and72h.
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Fig. 1. Clearance of â€˜@â€˜Iactivity from the blood of patients with metastatic
breastcarcinoma.In A, Patient 9 with metastaticbreastcancerwas given an
injectionof â€˜31I-MAbB6.2IgG. In B, Patient7 with metastaticbreastcancerwas
given an injection of â€˜311-MabB6.2 F(ab')@.The radioactivity in 1 ml of whole
bloodwasdeterminedfromserialsamples.
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Fig.4. ReactivityofMAb B6.2with humangranulocytes.Humangranulocytes
wereharvestedfromtwonormaldonorsbyFicoll-Hypaquedifferentialsedimen
tation (A and C, Subject1; B and D, Subject2). In A and B, the cellswere
incubatedwith MAb 8A7 (negativecontrol) or MAb My4 or My8 and then
fluoresceinatedgoatanti-mouseantibody.Thecellswereanalyzedbyfluorescein
activatedcellsorting.C andD, sameasA andB exceptMAb 72.3,38.1,6.2,or
1.1wasusedinsteadof8A7, My4,or My8.

react with breast carcinoma-associated antigens (2), showed no
reactivity with granulocytes (Fig. 4, C and D). Although MAb
B6.2 did not bind to CEA, this MAb clearly reacted with NCA
in solid phase radioimmunoassay (Table 4). MAb 1.1 cross
reacted with both CEA and NCA (Table 4).

The binding of â€˜31I-MAbto granulocytes from the peripheral
blood of three patients with breast cancer was investigated by
differential separation of mononuclear cells, erythrocytes, and
granulocytes. The data listed in Table 5 demonstrate that 50
times more â€˜31I-MAbB6.2 bound to granulocytes than to lym
phocytes or erythrocytes isolated from Patient 11. The reactiv
ity of the â€˜31I-MAbB6.2 granulocytes from Patients 10 and 12
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Monoclonal
antibodyAntigenCEA(hOng)CEA (bOng)NCA (lOng)NCA(bOng)B6.2

Bl.b364k 1,0672,590 31,96910,149NAb37,88523,2978A7@1921,0841,2211,580

Reactivitywasdeterminedbyin vitro live cellradioimmunoassay..

.
Circulating

granulocytesNo.

ofantibody moleculesbound/cellMononuclearPatient(no./mm3)Granulocytes

leukocytesErythrocytes1053138700

140035II11201800
3021235402300
630 11

â€˜311-LABELEDMAb B6.2 PHARMACOIUNETICS AND BREAST CANCER

Table 4 MAb B6.2 and 1.1 reactivitywith CEA O,ndNCAby solid-phase
radioimmunoassay

a cpm.
b NA, not assayed.
C Nonbinding control IgG.

Table 5 MAb B6.2 reactivitywithhematopoieticcellsfrompatientswith
breast cancer

was also greater than that obtained with either lymphocytes or
erythrocytes (Table 5).

Imaging. All 13 patients were scanned on the day of injection
and then at various intervals up to 8 days. At 1 h after injection,
radiolabel was distributed throughout the blood pool (â€œAppen
dixâ€•).Hepatic uptake of radiolabel was observed early after
injection but tended to clear by 48 h (â€œAppendixâ€•).The presence
of splenic radioactivity was more prolonged, especially in pa
tients who received higher doses ofantibody and label (â€œAppen
dixâ€•).Scans obtained from 24â€”72h or longer revealed skeletal
uptake ofthe radionuclide (â€œAppendixâ€•).This pattern appeared
in all patients regardless of MAb dose.

Imaging of tumor was clearly demonstrated in only one
patient (Patient 12). This patient, who received 800 @tgof MAb
B6.2 IgG (1 .25 mCi/mg) (Table 2), had a 10-cm left-sided
retrosternal mass extending anteriorly to the chest wall as
demonstrated by physical exam and by computerized .tomo
graphic scan (Fig. 5). A radionuclide image obtained on Day 7
after injection demonstrated uptake in this metastasis (Fig. 6).
This patient also had three 0.5â€”1.0cm skin nodules on her
right anterior chest wall inferior to the clavicle which were not
detected by radioimaging.

Patients 1, 2, 3, and 5 were selected for radioimaging because
immunoperoxidase studies demonstrated that 20% or more of
the cells in at least one biopsy specimen reacted with MAb
B6.2. The remaining patients were chosen for clinical reasons,
and fixed tissue reactivity with MAb B6.2 was tested retrospec
tively (Table 1). Sixty to 70% of the tumor cells from the single
patient with a positive image (Patient 12) stained with MAb
B6.2. One hundred % of the cells from the biopsy of Patient 13
had detectable B6.2 antigen. While this patient received more
total antibody than Patient 12, her cancer was limited to me
tastases involving the liver. A specific tumor image was not
seen in this patient.

Toxicity. No toxicity was observed as a consequence of injec
tion of the radiolabeled antibody. In particular, no leukopenia
or granulocytopenia was found during follow-up of from 1 day
to 12 mo. No patient received a second injection of murine
MAb B6.2 or other antibodies.

DISCUSSION

Radiolabeled MAbs generated against human breast tumors
have been used to effectively localize human breast cancer

Fig.5. Computerizedtomographicimageoflower thoraxof Patient12.Soft
tissue mass can be seen infiltrating the xyphoid-sternal bone and extending as a
noduleonto the anteriorchestwall (arrowheads).

A. B.

Fig. 6. Immunoscintigraphy of Patient 12. A, schematic of anterior thorax.
Shadedarea representsapproximate extent of tumor. B, immunoscintigraphy of
regionpresentedin A. Patient wasgivenan injectioni.v. of 800 @igof i3iI.4@AA@b
B6.2(1000@iCi/@g)andimaged7 dayslater.

xenografts in nude mice (14, 15). Moreover, Epenetos et aL
have utilized â€˜23I-labeledMAbs directed against components of
the human milk fat globule (HMFG-1 and HMFG-2). Specific
imaging of metastases in four patients with breast cancer was
demonstrated with â€˜31I-MAbHMFG-2 (16). However, metas
tases in two other patients could not be imaged even though
tumors from these patients reacted with the MAbs as demon
strated by immunoperoxidase staining (16). Additionally, MAb
LICR-LON-M8, also directed against a component of the
HMFG, has been radiolabeled with â€˜â€˜â€˜Inand used to success
fully image bone metastases in several patients with breast
cancer (17, 18). In these studies, known extraskeletal metastases
failed to show selective uptake in radionuclide images. The
authors speculate that the discrepancies in successful imaging
related to tumor site might be secondary to differential antigen
expression in skeletal metastases. These authors also suggest
that the local medullary blood supply ofthe bone marrow might
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phasic manner (21). The t@ and tÂ½@for the IgG were 50 mm
and 32 h (21). Similarly, the tÂ½of â€˜â€œIn-MAb96.5, another
MAb active with Mr 97,000 protein has recently been reported
to be 32 h (22).

Results from the direct binding studies indicate that both
unlabeled and â€˜31I-labeledMAb B6.2 bind to human granulo
cytes (Tables 4 and 5; Fig. 4). Fig. 7 illustrates the relationship
between the circulating cell-bound radioactivity and the circu
lating â€˜31Ihalf-times determined from patients given injections
of â€˜31I-MAbB6.2 IgG or F(ab')2. This significant relationship
suggests that granulocyte binding may play a role in determin
ing the rate of clearance of â€˜31I-B6.2IgG from the blood.
Furthermore, when larger fractions of â€˜31I-B6.2were bound to
cells, the fraction of protein-associated activity decreased in the
blood (Fig. 8). The dehalogenation of â€˜311-B6.2may therefore
be related in part to granulocyte binding. Dehalogenation could
be the result of the action of membrane-associated proteases.
Alternatively, if B6.2 is internalized, degradation could occur
within the cell followed by leakage of radioiodine. Although in
vitro data suggest that the MAb B6.2-antigen complex is stable
on malignant cell surfaces for at least 24 h (3), the stability of
this complex on normal cells, for example granulocytes, is
unknown. Finally, the short half-life ofcirculating granulocytes
(approximately 7 h) (23) may also account for the relationship
between dehalogenation and cell-bound radioactivity. Rapid
removal of circulating granulocytes, either by margination or
destruction, might result in the release of free radioiodine.

Since free iodine is excreted rapidly via the urine, radioiodine
accumulation in the urine is often used as an indicator of
dehalogenation in vivo. In the present studies, less than 5%
urine â€˜@â€˜Iactivity was protein associated as measured by TCA
precipitation. The cumulative urinary excretion of â€˜@â€˜Iduring
the 72-h period following labeled antibody excretion was 20.9%
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Fig. 7. Relationshipbetweencirculatingcell-boundradioactivityand blood
clearancefor â€˜311-MAbB6.2.Nine patientswith metastaticbreastcancerwere
giveninjectionsof â€œb-MAbB6.2IgG(0) or F(ab')2(â€¢).Cell-boundactivitywas
calculated as the cpm pellet/cpm (pellet + supernatant) after centrifugation of
wholebloodat 3000X g. Bloodclearancewascalculatedby determiningthe
radioactivityin 100M1ofwholebloodfromserialsamples.

provide skeletal metastases with a more concentrated dose of
antibody (17, 18).

In the current study, the reactivity of MAB B6.2 with gran
ulocytes was the most likely cause of skeletal visualization,
which was seen in every patient receiving injection regardless
of dose. Paraffin-fixed tumor specimens from the patients had
similar reactivity with MAb B6.2 as determined by immuno
peroxidase staining (Table 1). However, a specific tumor image
was observed in only one patient. The failure to detect most of
these tumors may possibly be a function of one or all of several
factors. In vitro studies with MAb B6.2 suggest that heteroge
neity and modulation ofbreast tumor-associated antigens might
interfere with effective in vivo immunoscintigraphy (19). Thus,
reactivity of MAb B6.2 with paraffin-fixed random biopsy
sections may not predict subsequent in vivo reactivity with
tumors either in the same site or in distant metastases. Fur
thermore, compromised tumor blood flow might result in the
failure of the â€˜31I-MAbB6.2 to penetrate in concentrations
sufficient to allow binding and a positive image. Alternatively,
removal of the â€˜31I-MAbfrom the circulation by binding with
the cross-reacting antigen expressed on granulocytes could also
prevent sufficient availability of â€˜31I-MAbfor tumor interaction
and subsequent positive images.

Our data suggest that substantial â€˜31I-MAbB6.2 remains in
the blood pool for up to 72 h following injection, that 50â€”75%
is still protein associated at this time, and that the t@ of both
the intact IgG and the F(ab')2 is more than 20 h (Tables 2 and
3). These data are consistent with previously reported biokinetic
data obtained for other MAbS. A similar biphasic clearance has
been demonstrated for the â€˜31I-labeledF(ab')2 fragment of MAb
(1083-lA), a MAb directed against human colon carcinoma
(20). The serum tÂ½aand t@ were 3.8 and 21.4 h (20). â€˜@â€˜I
labeled MAb 8.2, a MAb directed against the melanoma-asso
ciated Mr 97,000 protein antigen, is likewise cleared in a bi
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wascalculatedasthecpmpellet/cpm(pellet+ supernatant)aftercentrifugation
ofwholebloodat 3000x g.
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for B6.2 IgG and 19.6% for B6.2 F(ab')2 (Fig. 3). These values
are significantly lower than those reported in both animals and
humans. Stern et a!. (24) observed that about 60% of'25I activity
was eliminated via the urine 24 h after injection of â€˜251-labeled
monoclonal anti-CEA in nude mice. Similarly, Sullivan et a!.
(25) reported that 50â€”90%of â€˜@â€˜Iactivity was observed in the
urine of patients during the 72-h period following injection of
â€˜31I-labeledgoat polyclonal anti-CEA. Differences between the
magnitude of dehalogenation observed in this study and those
in the literature may be due to a number of factors. These
include differences in antibody subclass, labeling technique, and
immune complex degradation. Our results suggest that, in some
cases, the rate of dehalogenation is sufficiently low to permit
use ofradioiodine isotopes as labels for antibody studies in vivo.
Indeed, the rate of dehalogenation (6â€”7%per 24 h) observed in
these studies is probably of comparable magnitude to the deg
radation rate of the â€œIn-labeledantibodies (22). Since some of
the degraded@ â€œInactivity may be responsible for the high liver
uptake observed following injection of â€œIn-labeledantibodies,
use of an antibody label such as 1231or â€˜@â€˜I,the catabolites of
which are rapidly excreted, may be an advantage.

Interestingly, no significant difference was noted between the
tÂ½,,for the IgG and of that for the F(ab')2 (Tables 2 and 3).
Previous studies with radioiodinated B6.2 injected into nude
mice bearing human breast cancer xenografts (5) and a clinical
study with another MAb (21) suggest that the fragment is
cleared faster than the IgG. The slower than expected blood
clearance observed following injection of the labeled B6.2
F(ab')2 might be related in part to binding of this antibody to
granulocytes. As noted, when data from the first nine patients

APPENDIX

receiving either IgG or F(ab')2 are combined, a positive corre
lation was observed between blood clearance half-time and cell
bound activity in the blood at 24 h and 48 h (Fig. 7).

MAb B6.2 binds to granulocytes presumably by reacting with
NCA (Table 4), a glycoprotein containing homologous regions
with CEA. NCA has been shown to be expressed on normal
granulocytes (26). Recently, the injection into humans of an
â€œIn-labeledMAb directed against CEA has been reported (27).
This anti-CEA MAb also cross-reacts with granulocytes (27).
Tumor-specific images were undetectable in five patients given
injections of MAb doses of 3 to 6 mg. These doses were
considerably higher than those used in our study. Five of these
six patients displayed distinct MAb-related toxicity (27). In
contrast, we observed no toxicity.

In conclusion, extensive preclinical investigations, including
successful imaging of human breast cancer xenografts in nude
mice, suggested that MAb B6.2 would be a useful agent in
clinical trials. Cross-reactivity of the MAb with granulocytes
may have interfered with imaging of tumor for at least two
reasons: (a) by absorbing available MAb, thus potentially di
mmishing reactivity with tumor cell SUrface antigen; and/or (b)
by obscuring any images of bone metastases that might other
wise have been observable. We are currently investigating ra
dioimmunoimaging of human breast cancer utilizing other
MAbs (28) and using alternative routes of administration.
These will hopefully lead to better diagnostic techniques in the
evaluation of patients with breast cancer.
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a@ image clearly visible; 0, no uptake; +, image faintly visible, NE, not evaluable; +++, image at least twice as dense as ++. All represent disease organ uptake
exceptâ€œtumor.â€•Tumorasdescribed.
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