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Summary. Patients with metastatic melanoma received ei-
ther the murine antimelanoma antibody ZME-018 (20 pa-
tients) or antibody 96.5 (26 patients) at doses ranging from
1 to 20 mg and coupled to 2.5 or 5 mCi of ['!'In]. The phar-
macokinetics and tissue disposition of these antibodies
were measured at various times after infusion of the radio-
label. The clearance of the [!!'In] label from plasma closely
fit (> >0.90) an open, one-compartment mathematical
model after administration of antibody 96.5. Clearance of
['"'In] from plasma after administration of ZME-018 fit a
one-compartment model in some patients and a two-com-
partment model in others. The terminal phase half-lives of
96.5 and ZME-018 antibodies at the 20-mg dose were al-
most identical (27*2h and 29+5h, respectively). The
half-lives calculated for 96.5 were not dependent upon the
total antibody dose; however, with increasing doses of
ZME-018 there was a dose-dependent increase in t% (from
17.8 +£2 h at the 2.5-mg dose to 29+ 5 h at the 20-mg dose).
For 96.5 antibody, the apparent volume of distribution
(V4) approximated the total blood volume (7.8+0.71) at
the 1-mg dose and decreased significantly at the 20-mg
dose, suggesting saturation of extravascular antigen sites.
In contrast, the V, calculated for ZME-018 did not appear
to be dependent upon the administered dose. Improved
imaging occurred with increasing doses of unlabeled 96.5
above 2 mg, a finding not observed with ZME-018. The
cumulative urine excretion of [''!In] after administration
of 96.5 or ZME-018 was 10%—14% of the total dose. These
studies show that murine monoclonal antibodies of the
same subtype but recognizing different surface antigens
can exhibit markedly different in vivo pharmacokinetic
behavior, which may partially explain differences in imag-
ing noted with increasing doses of monoclonal antibody.

Introduction

The availability of murine monoclonal antibodies reactive
with a variety of tumor-associated antigens has stimulated
considerable interest in their potential use for tumor imag-
ing and therapy in man. Both animal models [1, 7, 8, 10,
16] and clinical trials [3, 4, 11, 17, 21] have clearly demon-
strated that murine monoclonal antibodies can concen-
trate in human tumors with varying degrees of success.
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Radiolabeled antibodies have been utilized by investi-
gators to locate and visualize a variety of human tumors
[12, 19]. There are several methods of radiolabeling pro-
teins, one technique involving covalent binding of ''In to
antibodies with the functional chelating agent diethylene-
triaminepenta-acetic acid (DTPA) [9]. Studies by Hagan et
al. [5] have shown that antibodies labeled with '''In appear
to attain higher tumor-to-blood ratios than antibodies ra-
diolabeled with iodine. This improvement appears to be
related to the biological stability of the !!'In complex com-
pared to that of the radio-iodinated protein. In addition,
in contrast to the radio-iodination procedure, the binding
affinity of the antibody is not substantially affected after
11 labeling.

In concert with a phase I clinical trial to determine im-
aging effectiveness and toxicity, we studied the plasma
pharmacokinetics and urinary excretion of the !''In-label-
ed monoclonal antibodies 96.5 and ZME-018. Antibody
96.5 is reactive against the glycoprotein designated P97
found on most human melanoma cells {24, 25]. Antibody
ZME-018 is reactive with epitope “a” of a 240-Kd surface
glycoprotein (gp240) found on over 80% of melanoma cell
lines and fresh tumor cells [23]. Both antibodies ZME-018
and 96.5 are of the IgG,A subclass.

The purpose of our study was to determine the phar-
macokinetics of each antibody and to evaluate how
changes in tissue distribution and tumor localization of
labeled antibody reflect differences in antibody pharmaco-
kinetics.

Materials and methods

Preparation of [ In]-labeled ZME-018 and 96.5. The anti-
bodies were produced as ascites in BALB/c mice as de-
scribed previously [13, 25]. Both antibodies are of the
IgG,A subclass. Antibodies ZME-028 and 96.5 were cou-
pled to the chelating agent DTPA using a modification of
the Krejarek technique [15]. The details of this method
have been described elsewhere [10]. There was no apparent
loss of antibody immunoreactivity by this method. The
labeling yield was consistently 80%-100%, with routine
specific activities being 10 mCi !'"In/mg antibody. Anti-
bodies 96.5 and ZME-018 were supplied by Hybritech,
Inc. in vials, already bound to DTPA. Immediately prior
to use, the antibody was mixed with 2.5 or 5 mCi "'In in
aqueous HCIl solution and appropriate neutralizing buffer.
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Patients. Twenty-six patients with biopsy-proven ma-
lignant melanoma were selected for study of the 96.5 anti-
body. All patients gave written informed consent in accor-
dance with guidelines established by the human subjects
committee at M. D. Anderson Hospital and Tumor Insti-
tute. Patients in this study had not previously received mu-
rine antibodies. Each patient received either 1, 2, 5, 10, or
20 mg 96.5 antibody mixture comprised of 1 mg radiola-
beled antibody and coupled to either 2.5 mCi (21 patients)
or 5 mCi (5 patients) of ['''In] and admixed with 1, 4, 9, or
19 mg of unlabeled antibody. There were 4 or 5 patients
studied at each antibody dose level. For the ZME-018 an-
tibody study, we selected another group of 25 patients with
biopsy-proven malignant melanoma. In a similar manner,
patients received 1 mg labeled antibody mixed with
amounts of unlabeled antibody at concentrations of
2.5 mg (4 patients), S mg (5 patients), 10 mg (5 patients),
20 mg (6 patients), or 40 mg (5 patients). The antibody-iso-
tope mixture was suspended in 200 ml normal saline and
administered as a 2-h i. v. infusion delivered by infusion
pump. Each patient received one infusion at a single dose
level of antibody. Total-body imaging was performed us-
ing a longitudinal, tomographic imager (Phocon 192, Sie-
mens Nuclear Imaging, Des Plaines, Ill) and multiple spot
views were obtained using a larger field of view conven-
tional gamma camera. In some cases, digital spot views
were also acquired with computer-assisted data storage
(Gamma 11-Digital Equipment Corporation, Westwood,
Mass). Background subtraction techniques were not used.
The results of toxicity and image analysis following ad-
ministration of 'In-labeled monoclonal antibodies, 96.5
and ZME-018, are presented elsewhere [17, 18]. To deter-
mine relative tissue distribution of the ['!!In] label, desito-
metric analyses were performed with an X-rite model 301
desitometer (X-Rite Company, Grand Rapids, MI 49508)
on anterior and posterior scans obtained 4 h after infusion
of labeled antibody.

Method of comparing relative uptakes of '''In-labeled
monoclonal antibodies in tumor relative to background. Re-
gion of interest scans (ROT) were drawn on the digital im-
ages taken at 72 hours post injection over the bones (lum-
bar spine), kidneys, and spleen. These were compared with
ROIs over the liver and heart (blood pool) using average
counts per pixel. When image collection was different
from the standard 5 min, equalization was achieved first.
If any visceral organ contained tumor, these were avoided
in drawing ROIs.

ELISA assay for murine monoclonal antibody in human se-
rum. In 96-well microtiter plates (Costar, Cambridge,
Mass), a 50-ul aliquot of 50 mM bicarbonate buffer
(pH 9.6) containing 30 ug goat anti-mouse IgG antibody
(Cappel, Cochranville, Pa) per ml was added to each well.
The plate was incubated overnight at room temperature
and washed four times with 0.05% Triton X-100 using a
96-well plate washer (Dynatech, Santa Monica, Calif.). To
each well, 50 ul PBS containing 1% bovine serum albumin
was added. In addition, 50 pul of patient serum, PBS, or an-
tibody standards in serum were diluted (1:2) with PBS and
added to the plate in serial dilutions. The plates were incu-
bated for 3 h at room temperature with shaking and then
washed ten times with 0.05% Triton X-100. A 50 pl aliquot
of goat anti-mouse IgG conjugated to horseradish peroxi-
dase (Cappel diluted 1:800) was added, and the plates

were further incubated for 2 hrs at room temperature with
shaking. The plates were washed ten times with 0.05% Tri-
ton X-100. Then 200 ul 0.05 M phosphate: 0.025 M citrate
buffer (pH 5.0) containing 0.4 mg o-phenylenediamine di-
hydrochoride (Sigma Chemical Co., St. Louis, Mo) per ml
and 0.012% H,0, were added to each well. The plates were
incubated in the dark for 30 min, and the reaction was
stopped by the addition of 50 ul 2.5 M H,SO,. The plates
were read at 490 nm in a Dynatech Model MR580 ELISA
reader. Results from triplicate analysis of antibody stan-
dards were subjected to linear regression analysis for gen-
eration of standard curves. Values obtained from patient
samples are the result of triplicate assays on dilutions with-
in the dynamic range of the assay system.

Radiological methods for "' In measurement. Whole blood
samples (2 ml) were obtained from patients during ['!'In]
infusion, at the end of the infusion (0), and at 1, 5, 10, 30,
60, 70, 120, 180, 1320 and 2760 min after the end of infu-
sion. Blood samples were collected in 3-ml tubes contain-
ing sodium heparin anticoagulant. An aliquot (0.5 ml) of
the """In-labeled antibody infusion solution was also ob-
tained to serve as a standard and as an isotope decay con-
trol. Whole blood samples were centrifuged at 1500 rpm
(Sorvall GLC-2B centrifuge), duplicate 100-pl aliquots of
plasma were added to glass 13-y 100-mm disposable test
tubes. The tubes were loaded into plastic carriers, and !!'In
activity was assessed using a Packard gamma scintillation
spectrometer (Model 5360).

Urine samples were collected for 48 h following the in-
fusion of antibody in 4- and 8-h aliquots. The total urine
volume was measured, and duplicate 100-ul aliquots were
assayed for !!'In activity as described above. All analyses
of ''Tn activity were adjusted for isotopic decay. Values for
n-labeled antibody in plasma or values for murine an-
tibody in plasma measured by ELISA assay were subjected
to nonlinear regression analysis for calculation of stan-
dard pharmacokinetic parameters.

Results
Whole body images

The whole body tomographic images obtained from pa-
tients who received either antibody 96.5 or antibody ZME-
018 at a dose of 20 mg are shown in Fig. 1 A and B, respec-
tively. With antibody 96.5 there was substantial uptake,
primarily in the liver. However, after administration of
ZME-018 (Fig. 1 B), uptake of the radiolabel was observed
primarily in spleen, kidney, bone, and testes.

Plasma clearance curves for antibodies 96.5 and ZME-018

The plasma clearance curves for antibodies 96.5 and
ZME-018 at a dose of 20 mg, 5 mCi ['''In] are shown in
Fig. 2. At this dose, the '''In-label from both antibodies
was cleared from plasma mono-exponentially and closely
fit (r?>0.9) a one-compartment mathematical model. The
calculated plasma half-lives at this dose were similar, at
28+2 h and 29 +5 h for antibodies 96.5 and ZME, respec-
tively.

Pharmacokinetics of antibody 96.5

The pharmacokinetic summary for antibody 96.5 at doses
between 1 and 20 mg is shown in Table 1. The plasma
clearance for 96.5 antibody closely fit (r?>0.9) an open,
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Fig. 1 A. Biodistribution of MoAb 96.5: anterior (Jeff) and posterior (right) views of total-body tomograms taken at 72-h are shown. Note
intense liver uptake with considerable activity in blood pool. B Biodistribution of MoAb ZME-018. Views as above. Note lesser uptake in
liver (compared with 96.5 antibody) with more radioactivity in spleen and kidneys. There also appears to be some residual activity in the

pelvis and spine along with the testes and nasopharynx
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Fig. 2. Clearance of murine monoclonal antibody 96.5 and ZME-
018 from plasma. The open circles show the clearance of the ['''In]
label from plasma in 7 patients who received 20 mg 96.5 antibody
at a dose of 5 mCi ['''In). Closed circles show the clearance of mu-
rine monoclonal antibody ZME-018 from plasma of patients who
received 20 mg antibody at a dose of 5 mCi of ['''In]. The solid
lines show the best-fit, least-squares regression lines through these
points. Values shown are mean £ SEM

one-compartment mathematical model. This was found to
be the case regardless of antibody dose, size of tumor
burden in the patient, or degree or extent of labeled anti-
body uptake of the tumor. The plasma half-life calculated
for 96.5 was 279 h at the 1-mg dose and did not appear
to vary with the dose of either unlabeled antibody or the

dose of ['"'In] administered. However, the apparent vo-
lume of distribution (V) of the ''In-labeled antibody was
found to be significantly lower at the 5-mg dose than at the
2-mg dose level (Table 1). At doses of 96.5 higher than
5 mg, the apparent volume of did not appear to change
substantially. Similarly, the 48-h cumulative urinary excre-
tion of the ['!''In] label varied from 23%+ 6% to 12% =+ 5%
of the total dose administered and did not appear to be de-
pendent on the dose of antibody.

The clearance of murine monoclonal antibody from
plasma was measured by ELISA assay. The clearance of
monoclonal antibody from plasma exactly parelleled the
clearance of the ['''In] label as shown in Fig. 2. In addi-
tion, the pharmacokinetic parameters calculated from
nonlinear regression analysis of murine antibody clear-
ance from plasma (Table 2) were identical to the pharma-
cokinetic parameters calculated from measurement of the
['"'In] clearance from plasma. These data suggest that the
['''In] label remains attached to the antibody after in vivo
administration.

Pharmacokinetics of antibody ZME-018

In contrast to the invariant, one-phase clearance found for
antibody 96.5, the disappearance for antibody ZME-018
from plasma closely fit a one-compartment model for
clearance in some patients and a two-compartment model
in others (Table 2). Biphasic clearance profiles were found
in 2 of 4 patients at the 2.5-mg dose level and in 2 of 5 pa-
tients at the 10-mg dose level. There were no differences
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Table 1. Monoclonal antibody 96.5 pharmacokinetic summary®

Antibody No. of [t"In] dose tl Vyq Cxt 48-h cumulative
dose patients (mCi) (h) (uCi/ml x h) urinary excretion
(mg) (% of total dose)
1 4 2.5 27+£9 7.8+0.7 357+127 23+6
2 5 2.5 36+3 75+£0.6 428+ 47 19+3
5 5 2.5 32+£34 4+0.3 642+ 45 18+2
10 5 2.5 31+4 4+0.8 6531106 174
20 2 2.5 3919 44+0.1 1081 +296 12+5
20 5 5.0 28+2 3.0+0.09 1486+ 126 162

2 Values shown are means £ SEM

Table 2. Pharmacokinetic summary of murine monoclonal anti-

body

Dose No. of th Vyq Cxt

(mg) patients (h) ()] (w/ml x min)
2 3 322 3.5+2 72+ 3

20 9 31+3 3.1+03 32149

between the patients at any dose level which could account
for these effects. While the plasma half-life for 96.5 ap-
peared to be independent of dose, Table 2 shows that the
plasma half-life for ZME-018 demonstrates clear-cut dose
dependence, increasing from 17.8+2.13 h at the 2.5-mg
dose to 33.6 £ 3 h at the 40 mg dose level. The apparent vo-
Iume of distribution for ZME-018 was 4.6+0.71 at the
2.5-mg dose and did not appear to vary with the dose of
antibody administered.

the 2-mg dose and the 5-mg dose. This appears to sharply
define a boundary point for extravascular tissue saturation
by unlabeled antibody. To define the major tissue site(s)
which might account for this apparent change in tissue dis-
tribution of labeled antibody, comparative densitometric
analyses were performed after infusion of either antibody
96.5 (Table 4) or antibody ZME-018 (Table 5). As shown
in Table 4, the distribution of radiolabel to liver was de-
creased with increasing doses of unlabeled 96.5. The ratio
of label in the liver compared to that found in the blood
pool decreased from 2.7 at the 2-mg dose to 0.88 at the
20-mg dose. The relative ratios of label in spleen and kid-
ney were unchanged with increasing antibody dose. As
shown in Table 6, and in contrast to that found for 96.5,

Table 4. Plasma half-life of ZME-018 related to total tumor
burden

H 1
Patients who received ZME-018 at the 10- and 20-mg 2;?:13; tumor burden ;a(:em gﬁir;lat/z
doses (11 patients) demonstrated a wide variation in the
calculated plasma half-life. The group included 8 patients >10 1 987
with a relatively large tumor burden (> 10 cm?, Table 3) 2 1462
and 3 patients with a relatively small total tumor burden 3 1639
(<10 cm?). 4 2026
As shown in Table 3, in the patient group with a tumor 5 888

large burden the plasma half-life was significantly shorter g }:gg
(by 50%; P<0.001) than in patients with a relatively small 8 1074
tumor mass. There was no correlation of tumor mass with
plasma half-life at other dose levels of ZME-018, nor was X + SEM 1372+ 133
there a similar correlation for antibody 96.5 at the doses
studied. It is, therefore, unclear whether this was a result of <10 9 2748
a dose-related effect confined to this particular antibody. }‘1) 3213461431

Tissue distribution of antibody 96.5 and ZME-018 X + SEM 2585+ 213+
The greatest decrease in the apparent volume of distribu-
tion with antibody 96.5 (Table 1) was observed between * P<0.001
Table 3. ZME-018 pharmacokinetic summary
Antibody No. of [""In] dose t' (h) Vq Cxt 48-h cumulative
dose patients uCi) 0] (1Ci/ml x h) urinary excretion
(mg) o B (% of total dose)

2.5 4 5 1.46+0.33 17.8x2.13 46 +0.7 483 £ 722 16.7 +5.4

5.0 5 5 24.5+2.7 40 +05 752 +1333 8.7 £0.5

10.0 5 5 33 +3.1 27.5+5 36 £05 929 2176 9.6 0.8
20.0 6 5 29.1%5 44 +0.4 943  £196 10.5 +=1.7
40.0 5 5 33.6£3.7 3.84+0.55 1119.46 £211.99 11.72£2.19

2 Values shown are means = SEM



the distribution of ZME-018 to liver did not appreciably
change with increasing dose of unlabeled antibody. In ad-
dition, the concentration of labeled ZME-018 in spleen
and kidney was found to decrease significantly with in-
creasing antibody doses, again, in contrast to the tissue
distribution behavior described for antibody 96.5.

Comparative imaging effectiveness of antibody 96.5 and
ZME-018

The number of known metastatic lesions imaged at various
doses of antibody 96.5 is shown in Table 7. With increas-
ing dose of antibody and decreasing specific activity of the
[''In] label, there was a substantial increase in the percen-

Table 5. Tissue distribution® of ['!'In] monoclonal antibody 96.5

Dose No. of Tissue ratios
(mg) patients
S/H L/H K/A
2 5 0.56 2.7 1.76
5 5 0.54 1.30 1.60
10 5 0.54 1.16 1.36
20 4 0.50 0.88 1.30

H, heart; S, spleen; L, liver; K, kidney: A, aorta

a Relative tissue concentrations measured by densitometer analy-
sis of whole-body scans obtained 4 h after infusion end. Values
shown are means of those obtained from both anterior and pos-
terior scans of four or five patients at each dose level
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tage of known tumor sites imaged. The greatest imaging
occurred at 20 mg antibody with 5 mCi of ['''In] label. The
were also two sites of antibody uptake into soft tissue
which were not previously identified as tumor sites. Be-
cause of the position of the sites, a biopsy to either confirm
or rule out the presence of tumor could not be performed.

The imaging effectiveness of various doses of ZME--
018 is shown in Table 8. With increasing antibody dose
from 1 mg to 5 mg, imaging effectivenesss increased from
25% to 60%, respectively. However, at doses above 5 mg
and, therefore, decreasing specific activity, imaging effec-
tiveness remained between 60% and 74% of known sites
imaged. In addition, the number of uncorrelated sites of
isotope uptake increased at higher antibody doses.

Table 6. Tissue distribution of ['''In] monoclonal antibody
ZME-0i8

Dose No. of Tissue ratios
(mg) patients
S/H L/H K/H
2.5 5 417 £092 2.08+0.15 1.65 +0.25
5 5 382 £0.80 290%x042 1.57 £0.19
10 5 2.17 £0.10 2.03+0.20 1.13 £0.14
20 5 1.832+0.18 2.20+0.50 0.972+0.07

H, heart or blood pool; L, liver; K, kidney; S, spleen;

a Relative tissue concentrations measured by online analysis of
the digital image of the region of interest (ROI) scans obtained
72 h after infusion end

Table 7. Number of metastases imaged in relation to dose of MOAB 96.5

Dose of MOAB Mean dose Mean sp. act. No. of patients Metastases? Number of uncorrelated
(mg/patient) ["1In] (mCi) [!1In] (mCi/mg) studied sites of isotope uptake®
Known  Imaged (%)
1 23 2.3 4 23 2.9 0
2 2.3 1.2 5 10 5 (50) 0
5 2.2 0.44 5 10 4 (40) 0
10 23 0.23 5 12 9(75) 0
20 25 0.13 3 43 15 (35) 0
20 5.0 0.25 8 31 25 (81) 2
Total 31 130 61 (47) 2

¢ In three patients, two at 1 mg, one at 2 mg, metastases were too small and too numerous to count accurately. These were recorded by

site rather than number

b Indicates uptake of tracer in areas (excluding liver spleen and bone marrow) not previously identified as metastases

Table 8. Number of metastases imaged in relation to dose of MOAB ZME-018

Dose MOAB Mean sp. act. Patients Metastases? Number of uncorrelated
(mg) ['"'In] (mCi/mg) studied sites of isotope uptake®
Known Imaged (%)
2.5 2.0 4 24 7(29) 0
5 1.0 5 10 6 (60) 3
10 0.50 5 17 11 (65) 0
20 0.25 6 42 31(74) 6
Total 21 97 56 (58) 9
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Discussion

Although murine monoclonal antibodies have the poten-
tial to localize within human tumors, there are a variety of
factors which may influence antibody acquisition by tu-
mors in vivo [1]. Some of these factors are tumor-depen-
dent, and they include: cell heterogeneity of surface anti-
gen expression, tumor size, and blood flow to the tumor
[21]. Other factors which can affect in vivo antibody locali-
zation within tumors are dependent on the characteristics
of the surface antigen and the particular antibody [22, 23].

The pharmacokinetic handling of murine monoclonal
antibodies are probably affected by an interplay of tumor-
dependent, antibody-dependent, and antigen-dependent
factors, all of which can influence antibody clearance
from the plasma, tumor localization, and metabolism. It is
therefore not surprising that this study demonstrated that
murine antimelanoma antibodies of the same immuno-
globulin subclass but recognizing different cell surface an-
tigens have substantially different pharmacokinetic behav-
ior. Furthermore, the two monoclonal antibodies ex-
amined also exhibit markedly different patterns of tissue
distribution and tumor localization with increasing dose of
antibody.

One possible explanation for the observed differences
in pharmacokinetics between these two antibodies may be
the fact that each antibody cross-reacts to a greater or less-
er extent with non-target tissues. The antigen recognized
by antibody 96.5 designated P97 has structural homology
with transferrin [24]. Therefore, the binding of antibody
96.5 in some non-target tissues may be due to its transfer-
rin cross-reactivity. Unlike antibody 96.5, ZME-018 reacts
against a high-molecular-weight glycoprotein (gp240) and
does not cross-react with transferrin. Therefore, the whole-
body distribution and pharmacokinetics of each antibody
may vary depending on antibody specificity.

Particularly surprising was the finding that the plasma
half-life of ZME-018 at the 10- and 20-mg dose levels ap-
peared to be dependent on the total size of the patient’s tu-
mor (Table 3). Since tumor should (ideally) represent a
major compartment for antibody clearance, the plasma
half-life of the antibody in patients with a large tumor
burden should be different from that in patients with a
smaller tumor mass. It is not clear why this phenomena
was not observed in patients after administration of anti-
body 96.5.

Various clinical studies of labeled monoclonal anti-
bodies have incorporated pharmacokinetic analysis [6, 21,
24, 25]. The pharmacology of murine monoclonal antibod-
ies appears to be unique for each antibody studied. Sim-
ilarly, the clinical imaging effectiveness of monoclonal an-
fibodies also appears to be unique for each antibody stud-
ied. Therefore, it may not be possible to make generaliza-
tions concerning the behavior of new antibodies based on
prior studies of other antibodies.
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