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The serum clearance and biodistribution of a murine monocional antibody were compared to
the in vitro complex formation of the antibody with patients’ sera. lodine-125-labeled 9.2.27,
an anti-melanoma antibody, was incubated with sera from ten melanoma patients who had
received 9.2.27 in an earlier study. Complexes were observed in all patients using size
exclusion high performance liquid chromatography and complex formation was partially
blocked by nonspecific murine antibody, suggesting the presence of human anti-murine
antibody in serum. All patients subsequently underwent imaging studies with ['3'] 9.2.27
given intravenously. The serum levels of the antibody obtained after the second
administration were inversely correlated with the level of in vitro complex formation. Patients
whose serum formed high levels of complex showed a rapid serum clearance, high hepatic
uptake, and accelerated whole body clearance and urinary excretion of '*'l. This suggests
that in patients who receive repetitive administration of murine antibody the serum clearance
rate and biodistribution of intravenously injected antibody are altered by antibody complex

formation in the serum.
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Murine monoclonal antibodies (MoAbs) against
human tumor-associated antigens have been exten-
sively used for in vitro diagnosis and therapy of cancer
patients (/-4). Development of human anti-murine
antibody (HAMA), however, is a frequent problem in
the repetitive administration of mouse antibodies to
patients (5-8). HAMA may form high molecular weight
complexes with the injected MoADb resulting in rapid
blood clearance, high hepatic and/or splenic uptake,
and reduced tumor targeting of the MoAb (4,5,9,10).
Circulating antigen may also form complexes with
MOoADb and alter its biodistribution (/1,12).

In this study, we examined the in vitro complex
formation of anti-melanoma MoAb 9.2.27 with sera
from melanoma patients who had received the antibody
in another study 2 wk earlier, and compared the turn-
over and distribution of subsequently administered io-
dine-131 ('*'I) 9.2.27 in these patients to the level of
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complex formation. All patients underwent two studies
with the antibody as part of a larger protocol designed
to assess the role of interleukin-2 on antibody clearance.
But in the studies reported here the patients did not
receive interleukin-2.

MATERIALS AND METHODS

Mouse Monoclonal Antibody

The monoclonal antibody 9.2.27 is a murine IgG,, anti-
body, which recognizes a 250 kDalton chondroitin sulfate/
proteoglycan antigen on human melanoma cells (/3-15). The
purified antibody (Hybritech, Inc., La Jolla, CA) was labeled
with iodine-125 ('*’I) for in vitro studies and '*'I for human
use, both by the Chloramine-T method (76). The specific
activity of ' and '*'I labeled antibodies was 1.2-9.2 and 3.9-
9.0 mCi/mg protein, respectively.

Patients

Ten patients who had histologically proven metastatic mel-
anoma were studied. All patients had stage III melanoma and
with extensive metastatic involvement in most cases. Eight
tumors had positive immunohistochemical staining with
9.2.27, while two tumors were heavily pigmented and perox-
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idase staining could not be verified. As part of an immuno-
therapy protocol they were given intravenously 10 mCi and
nm100 mg of ['*'] 9.2.27 twice with an intervening period of
2 wk. To prepare specific activity doses of 10 mCi per 100 mg
of 9.2.27, unlabeled 9.2.27 was added to ['*'I] 9.2.27. The
antibody was infused over 1 hr. Serum taken immediately
before the second infusion was used for the in vitro complex
formation measurement, and the level of complex formation
was then compared to the in vivo biodistribution of the
antibody after the second infusion. The correlation coefficient
was calculated from the data and the significance of correlation
coefficients was determined using t statistics.

In four of the ten patients the biodistribution data from the
first study was used for comparison. The data from the other
six patients’ first study was excluded because they received
interleukin-2 with the first infusion of 9.2.27, which altered
the biodistribution of the antibody (/7).

In Vitro Complex Formation

Twenty-five nanograms (5.8 ul) of ['*’I] 9.2.27 was incu-
bated with 50 ul of serum for 1 hr at 37°C, and applied to a
high performance liquid chromatography (HPLC) system
(Millipore Corp., Milford, MA) with TSK-2000 and TSK-
4000 columns in series (Beckman Instrument Inc., San Ra-
mon, CA). Incubation mixtures were eluted by 0.067 M
phosphate buffered saline, 0.1 A KCl, pH 7.4 at flow rate of
0.5 ml/min (/8). The radioactivity was monitored by an on-
line detector (Beckman Instrument Inc.). The area of each
peak of radioactivity was calculated by a chromatography data
system (Nelson Analytical Inc., Paramus, NJ), and expressed
as the percentage of total counts found in all peaks. The
molecular weight of complexes was estimated by markers of
goat IgM (900 kD), bovine thyroglobulin (669 kD), beta-
galactosidase (570 kD), and goat IgG (150 kD).

To confirm that patients’ sera have HAMA, an inhibition
study with nonspecific mouse IgG was done. Fifty microliters
of serum were incubated with 25 ng/2.5 ul of ['*I] 9.2.27,
and 16.7 ug/3.3 ul of subclass matched irrelevant mouse
MoADb 2-135. Antibody 2-135 (Damon Biotech Inc., Needham
Heights, MA) is an anti-idiotype antibody against a human B
cell lymphoma. Complex formation was analyzed again by
size exclusion HPLC.

IgG free serum was prepared by adsorption with a Protein
A affinity chromatography column (Pharmacia Fine Chemi-
cals AB, Upsala, Sweden). For these preparations HPLC analy-
sis with monitoring of absorbance at 280 nm showed no
discernible IgG peak. To test whether the complexes formed
were between circulating antigen and 9.2.27, 100 ul of IgG
adsorbed serum (~'/s of original serum concentration) was
incubated with 5 ng/5 ul of ['*I] 9.2.27 and then analyzed
with HPLC.

Serum Clearance of 9.2.27

Serum samples were obtained at 5 min, 30min, 1, 2, 24,
72,96 hr and up to 7 days of postinfusion. Radioactive counts
in serum as well as aliquots of the injected dose were measured
by a gamma counter. The radioactivity in the protein-bound
fraction was determined as the percentage of counts precipi-
table with trichloroacetic acid. In addition to measurement of
radioactivity in the serum, mouse IgG levels were determined
using an immunoradiometric assay. Affinity purified goat
antibody against mouse IgG (Kirkegaard & Perry Lab. Inc.,
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Gaithersburg, MD) was coupled to imidazolyl-carbamate ac-
tivated agarose beads (Pierce Chemical Co., Rockford, IL).
Fifty microliters of diluted serum, an aliquot of the injected
dose of known 9.2.27 standards was incubated with 100 ul of
the suspension of goat anti-mouse IgG coupled beads (GAM-
beads) for 1 hr at room temperature. After washing and
separation from supernatant by centrifugation, GAM-beads
were incubated with 100 ul of '*’I-labeled goat anti-mouse
IgG (Kirkegaard & Perry Lab. Inc.) for 1 hr at room temper-
ature. The GAM-beads were then washed and centrifuged.
The pellet was counted by a gamma counter and the concen-
tration of mouse IgG was determined from a 9.2.27 standard
curve.

Both the serum levels of protein-bound radioactivity and
of mouse IgG were expressed as the percentage of the injected
dose present in the total plasma. Plasma volume was estimated
from the patients’ body surface area using a standard nomo-
gram (19).

Serum levels at 2 hr and 24 hr were selected as indices for
the fast component of the serum clearance. The half-life after
24 hr in serum, as an index for slow component, was deter-
mined by a least squares analysis of the logarithm of serum
concentration versus time.

Biodistribution Study

Gamma camera imaging was done on all patients. The data
were stored in a computer and regions of interest were drawn
over the heart, liver, spleen, and tumor. The values were
expressed as the ratio of cpm per pixel divided by the injected
counts determined from a dose standard that was imaged at
the time of the patient imaging. This method corrected for
both physical isotope decay and changes in camera perform-
ance. The urine was collected daily up to 96 hours postinfu-
sion. Whole-body retention of the radioactivity was measured
with a 5.0 X 5.0 cm sodium iodine detector, taking the
immediate postinfusion value as 100%.

RESULTS

Patient characteristics and data from the in vitro
complex formation studies are summarized in Table 1.
Complexes with a molecular weight of greater than 150
kD were found in all patients. Three different molecular
weight complexes were observed. The first was larger
than 900 kD, the second was between 650K to 750 kD,
and the third was 450 kD. Typical chromatograms of
patients numbered 2, 3, and 8 are shown in Figure 1.
The addition of nonspecific antibody 2-135 to serum
resulted in a shift of '*’I activity from larger complexes
to either smaller complexes or IgG, an effect that was
observed in all patients. These results indicate that all
patients had HAMA that recognize common antigenic
determinants on mouse IgG,, and that at least a portion
of the complexes formed were between 9.2.27 and
HAMA. Complexes which were not inhibited by excess
2-135 could represent either HAMA/9.2.27 complexes
where HAMA was specific for 9.2.27 or antigen/9.2.27
complexes. Patients’ sera from which human IgG was
removed by Protein-A absorption still formed com-
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TABLE 1
Patient Characteristics and Summary of In Vitro Complex Formation

%Complex* Compiex formation
Patient Age Main after absorption of
no. (yn Sex tumor >900KD 650-750KD 450KD IgG
1 49 M Skin 0 4 0 N.D.}

oy (4] )

2 39 F Skin 8 21 0 +)
(0) (25) 0)

3 33 F Ovary 81 0 0 N.D.
0) (62) )

4 51 M Lymph 16 13 0 +)
nodes 0) (10) 0

5 51 M Lymph 7 24 0 +)
nodes 0) (25) 0

6 40 M Lymph 2 25 0 +)
nodes (0) (18) 0

7 50 M Lymph 2 12 0 +)
nodes 0) (10) 0)

8 31 M Lymph 8 20 68 +)
nodes 0) 5) 0)

9 61 M Skin 0 11 0 N.D.
0) 2 0)

10 42 F Lymph 0 6 0 N.D.
nodes (0) ®) 0)

* Percentage of radioactivity in complexes formed by in vitro incubation.

t %Compilex after addition of 2-135.
* Not done.

plexes (Table 1), suggesting the presence of antigen/
9.2.27 complexes. Furthermore, the complexes formed
by adsorbed serum and 9.2.27 were of a size of less than
900 kD (660 k-880kD), that could be formed with
antigen/9.2.27 reactions.

The serum clearance rates defined as the percent
injected dose remaining in plasma at 24 hr, or as the
half-life of the slow component were then compared to
the percentage of complex formed in vitro. When the
total percentage of radioactivity present in three molec-
ular weight complexes were taken into account, the
correlation coefficient between percent complex and
serum radioactivity levels at 24 hr was —0.539 (p <
0.1). In Patient 8, almost all ['**I] 9.2.27 was found as
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complexes but the serum clearance was not very fast.
Plasma retention of protein-bound radioactivity was
35% at 24 hr in Patient 8, whereas it was 5% in Patient
3, whose serum also formed a high level of complexes.
Most complexes formed by serum from Patient 8 were
450 kDaltons. The other nine patients did not show the
smallest size complexes. Competition studies with 2-
135 suggested that these complexes were HAMA/9.2.27
forms. To test whether these smallest molecular weight
complexes were caused by a large excess of HAMA,
unlabeled 9.2.27 was added in a range between 25 ng
and 1575 ng. The peak of radioactivity shifted to free
IgG rather than larger complexes (data not shown);
indicating that the formation of the small complexes in
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FIGURE 1

HPLC chromatograms of ['%1] 9.2.27 after the incubation
with patients’ sera and control ['?°1] 9.2.27 without serum.
Vertical axis is arbitrary scale of counts. Three different
molecular weight complexes were observed. One was
greater than 900 kD (|), one was 650-750 kD (]), and the
other was 450 kD (V). Open arrow head (V) shows IgG
peak (150 kD). In Patients 3 and 8, IgG peak was not
detectable.

vitro was not the result of HAMA excess. When the
smallest complexes were excluded from the analysis,
the correlation coefficient between the total percentage
of the two larger complexes and serum levels of protein-
bound radioactivity at 24 hr was increased to —0.884
(p < 0.001, Fig. 2A). These findings suggest that larger
molecular weight complexes have a more important
role in altering the serum clearance of the antibody.
Thus, the total of the percentage of counts found in the
two larger molecular weight complexes were calculated
and this value was used for further correlations.
Although the percent dose of mouse IgG in the serum
was slightly higher than that of protein-bound radioac-
tivity, these two species were closely correlated except
in Patient 3. In this patient mouse IgG levels were very
low and could not be measured in serum obtained later
than 24-hr postinfusion. Serum levels of mouse IgG at
24 hr were also inversely correlated with percent com-
plex formed in vitro (r = —0.846, p < 0.01, Fig. 2B). In
an earlier time point of 2 hr, a similar inverse correla-
tion was observed between the levels of complex and
serum antibody levels (r = —0.852, p < 0.01 for radio-
activity, and r = —0.901, p < 0.001 for mouse IgG).
Correlation between the half-life and the percentage of
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FIGURE 2

Relationship between the serum clearance of ['3'1] 9.2.27
and the level of complex formation in vitro. The level of
complex formation was expressed as the total percentage
of counts found in the two larger molecular weight com-
plexes. A: Serum levels of protein-bound radioactivity at
24 hr and percent complex; r = —0.884, p < 0.001. B:
Serum levels of mouse IgG at 24 hr and percent complex;
r = —0.846, p < 0.01. C: Half-life of protein-bound radio-
activity in serum after 24 hr and percent complex; r =
—0.604, p < 0.1. D: Half-life of mouse IgG in serum after
24 hr and percent complex. r = —0.726, p < 0.05. T1/2 of
mouse IgG in Patient 3 was not calculated because serum
levels later than 24 hr postinfusion could not be measured.

complex was weaker (r = —0.604, p < 0.1 for radioac-
tivity and r = —0.726, p < 0.05 for mouse IgG, respec-
tively, Fig. 2C and D).

The liver-to-heart count ratio at 2 hr was also related
to percent complex formed in vitro (r = 0.874, p <
0.001, Fig. 3). However, there was not a significant
relationship between splenic uptake and percent com-
plex (r = —0.123). Whole-body retention of the radio-
activity at 24 hr and percent dose of urinary excretion
by 24 hr showed an inverse and direct relationship with
percent complex formed in vitro (r = —0.671,N=9, p
< 0.05 and r = 0.600, N = 8, p < 0.1, respectively).

HAMA in patients’ sera before the first infusion was
tested in all patients. Sera from seven of 10 patients
formed complexes with ['%’I] 9.2.27 in vitro and in one
of these patients (Patient 1), complex formation was
inhibited by the addition of nonspecific murine anti-
body. This finding suggests that one of 10 patients had
pre-existing HAMA. Figure 4 shows the serum time-
activity curves in four patients who were studied twice.
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The level of complex formation in the first study was
25% in Patient 1, 0% in Patients 2 and 4, and 6% in
Patient 3. The molecular weight of complex formed in
Patient 1 was 670 kD. In Patients 2, 3, and 4 the serum
clearance was faster and whole-body clearance and
urinary excretion was accelerated after the second in-

100 [-¢ Patient #1 [ Patient # 2
|
¢ o First Study
80 eSecond Study [~
60
40
s
»n 20
3
a
Z
o 100
17}
o
=)
£ 80
60
40
20
1 1 " 1 1 1 1
0 24 48 72 96 1200 24 48 72 96 120
HOURS AFTER INFUSION
FIGURE 4

Serum clearance of protein-bound radioactivity from four
patients. The percentage of the injected dose retained in
plasma after the first (O) and second study (®) was plotted.
Patient 1 received the first infusion of ['3'l] 9.2.27 as a
bolus rather than 1-hr infusion.
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Relationship between liver to heart
count ratio at 2 hr postinfusion and
the level of complex formation in vi-
tro. r = 0.874, p < 0.001.

fusion, when in vitro complex formation by the pa-
tients’ serum was greater (Table 1). In these three pa-
tients, whole-body clearance and urinary excretion were
also accelerated in the second study compared to the
first study. For example, in Patient 4 whole-body reten-
tion at 2 days was 56% in the first study and 30% in
the second study. Cumulative urinary excretion by 2
days was 38% and 76% of the injected dose, respec-
tively. Liver, heart, and tumor region of interest data
from Patient 3’s scintigraphic studies is depicted in
Figure 5. There is a striking difference between the first
and second studies. In the first study tumor uptake
increased over the first 2 days with activity clearing at
later times. Hepatic activity gradually diminished. In
the second study, when the patient’s serum formed a
high level of complexes with 9.2.27 by in vitro meas-
urement, there was much higher initial accumulation
of radioactivity in the liver, followed by a rapid clear-
ance from the liver. In this study cardiac blood-pool
activity was decreased and tumor activity was very low.
Furthermore, target-to-background ratio was lower in
the second study (4.9 in the first study and 2.9 in the
second study 3 days postinfusion). A similar time activ-
ity curve for the liver, that is, an initial high uptake
followed by a rapid clearance was seen in the second
study of Patients 2, 4, and 5.

DISCUSSION

In this study, sera from patients who received prior
injections of murine antibody formed complexes with
9.2.27 in vitro. These complexes consisted of HAMA/
9.2.27 forms, which were from determinants common
to IgG.,, and other complexes that could not be blocked
by a nonspecific murine IgG,,. It is likely that some of
these latter complexes were the result of antigen/anti-
body interaction as they were found when Protein A
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FIGURE 5 0
The time-activity curves in the liver,

heart, and tumor of Patient 3 follow-

ing the initial and second injection.

adsorbed sera were used for incubation. Alternatively
these complexes could have been due to the interaction
of HAMA with sites specific to 9.2.27, such as the
variable region. None of the patients included in this
study had known prior exposure to murine antibodies.
However, the analysis of pre-study serum before the
first injection suggested that Patient 1 had pre-existing
HAMA.

Studies with high concentration of nonspecific anti-
body show that antibody-antibody complexes can be of
several sizes. Complexes of 900 kD or larger could be
composed of MoAb 9.2.27 reacting with IgM HAMA
or polymeric forms of IgG HAMA. Complexes of 650-
750 kD likely represent HAMA IgG and specific IgG
polymers. On the other hand, complexes of size 450
kD could be related to two molecules of HAMA IgGs
interacting with one molecule of 9.2.27, or conversely
two 9.2.27 with one HAMA IgG. It was noted that the
percentage of the lower molecular weight complex
forms did not correlate strongly to the turnover rates of
9.2.27. These findings are analogous to those for anti-
insulin antibodies in which smaller immune complexes
did not shorten the circulation of the insulin (20).

There was an inverse correlation between the per-
centage of complexes formed in vitro and the rate of
antibody clearance from the circulation. This was true
whether the antibody concentration was determined as
protein-bound radioactive counts or as IgG. Patients
with a high level of complexes in vitro, showed a low
serum level at 2 and 24 hr, and an elevated liver-to-
heart count ratio at 2 hr, which suggests that the murine
antibody formed complexes immediately after the in-
fusion and these complexes were then cleared rapidly
by the liver. Acceleration of the slow component of the
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serum clearance could result from a secondary response
of HAMA following the booster immunization. Deiod-
ination of radioiodinated antibody in vivo is a well-
known phenomenon (21). Because the patients received
13'].labeled antibody, '*'I could be released from anti-
body or complexes that accumulated in the liver. Re-
leased '*'I could be excreted through the kidney. In the
second study the clearance rate of '*'I from the liver
after the initial high uptake was faster than the clearance
from the liver observed following the first injection.
Deiodination of complexes may be faster than that of
free '3'I antibody in the liver. An inverse relationship
between in vitro complex formation and whole-body
retention, and a direct correlation with urinary excre-
tion are in accordance with the changes in catabolism
of *'I antibody after the complex formation. A dra-
matic decrease of tumor targeting was seen in one
patient after the second infusion, when the serum
formed high level of complexes in vitro. The interfer-
ence of tumor targeting may be the result of a faster
serum clearance with a lower time-activity product. In
addition, other factors such as a reduced capillary
permeability for large complexes or blocking of the
antigen binding site of 9.2.27 by antigen or anti-idiotype
HAMA could have an effect.

Although this is a small study, the results suggest that
in patients who have repeat administration of murine
antibody, the serum clearance rate and biodistribution
of intravenously injected antibody are related to the
ability of serum to form complexes with the antibody,
and monitoring of forming complexes in serum prior
to administration may predict the handling of antibody
after subsequent diagnosis and treatment. There are
several characteristics of the altered biodistribution syn-
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drome. In patients whose serum formed high levels of
complexes, plasma clearance of antibody is accelerated
with increased hepatic uptake. When patients receive
radioiodinated antibody, radioactivity in the liver is
rapidly decreased after the initial high accumulation
and whole-body clearance and urinary excretion of
radioiodine is fast. Finally, tumor targeting is reduced
with both lower total accumulated activity and a lower
tumor-to-background activity ratio.
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