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Abstract Bispecific antibodies are currently being used
in clinical trials in increasing numbers in the areas of
breast cancer, prostate cancer, non-Hodgkin’s lympho-
ma and Hodgkin’s lymphoma. We have previously
performed two clinical trials in patients with Hodgkin’s
disease with an anti-CD30/anti-CD16 bispecific anti-
body and demonstrated a 30% response rate in a cohort
of patients otherwise resistant to standard therapeutic
modalities. However, no surrogate marker could be de-
fined in these trials indicative of optimal antibody dos-
ing/scheduling or predictive for favorable response. In
order to evaluate accurately the potential biodistribution
properties of bispecific antibody in patients, we have
performed a detailed analysis of the binding properties
and animal model in vivo characteristics of these
constructs. For this purpose, the parental antibodies
(anti-CD30 and anti-CD16) and the bispecific antibody
(anti-CD30/anti-CD16) were radiolabeled with either
25T or ""In. Antibody integrity and binding properties
after labeling were confirmed by Scatchard plot and
Lindmo analysis. '''In-labeled antibodies revealed su-
perior targeting properties in a standard SCID mouse
tumor model. Both the bivalent parental anti-CD30
monoclonal antibody and the monovalent anti-CD30/
anti-CD16 bispecific antibody showed excellent uptake
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in CD30" tumors which did not differ significantly be-
tween the two (maximum uptake 16.5% =+ 4.2% vs.
18.4% =+ 3.8% injected dose/gram tissue). The equiva-
lent targeting properties of the bispecific antibody
compared with the parental anti-CD30 antibody en-
courages the further clinical development of this bi-
specific antibody, and might help to explain the clinical
responses seen with this antibody so far in patients
suffering from Hodgkin’s disease.

Key words Bispecific antibodies -+ Hodgkin’s
lymphoma - Tumor targeting

Introduction

With the re-emerging clinical interest for antibody-based
approaches in cancer therapy [18, 27], attention is now
focusing on strategies to improve the genuine cytotoxic
activity of monoclonal antibodies, in order to achieve
higher and longer-lasting remission rates. The major
handicap of unconjugated monoclonal antibodies
(Mabs) is their variable and usually low cytotoxic po-
tential. Therefore, concepts have been developed that
take advantage of the high tumor-specificity of Mabs for
the specific delivery of cytotoxic drugs, enzymes or
radioisotopes [6, 28]. In addition, bispecific antibodies
(Bi-Mabs) were generated which are able to redirect
potential cytotoxic effector cells to the tumor site [7, 22,
35]. Immunological effector cells that can be activated by
such Bi-Mabs include granulocytes, macrophages, nat-
ural killer (NK), and T-cells [8, 10, 30]. The advantage of
Bi-Mabs is their ability to bridge tumor and effector cells
together and to induce local cell destruction subse-
quently. This concept of Bi-Mabs has proven its efficacy
in multiple tumor systems in vitro, and in pre-clinical
studies with animal models in vivo [13, 23, 25].

We have performed two clinical trials with an anti-
CD30/anti-CD16 Bi-Mab in a total of 31 patients with
Hodgkin’s disease so far [12, 26]. In both studies, an
objective response of 30% following antibody treatment



had been demonstrated. However, neither the first trial
which was performed as a dose escalation trial nor the
second one where two different infusion regimens were
compared, allowed us to design larger phase II/III
clinical trials. No surrogate marker emerged in these
trials that could be used to optimize antibody dosing
and scheduling in order to improve efficacy. This di-
lemma is not unique to our Hodgkin studies but is
typical for almost all antibody-based trials [2, 36, 37].
As a consequence, clinical trials with Bi-Mabs and
other biological response modifiers have to be re-
designed. Most importantly, a clear distinction between
chemotherapy and antibody trials has to be made, as
maximum tolerated dose is not an appropriate goal in
the field of immunotherapy. The basic fundamental of
antibody trials is the fact that the antibody to be tested
has to target the tumor specifically with an optimal tu-
mor to normal tissue ratio [29]. Therefore, we initiated
the present study to define the binding properties, and
conditions needed for radiolabeling of our anti-CD30/
anti-CD16 Bi-Mab. We also sought to examine in a
SCID mouse model the biodistribution properties of the
Bi-Mab in comparison with the parental antibodies.

Material and methods

Antibodies and cell lines

The generation, purification and characterization of the parental
anti-CD30 (HRS-3) and anti-CD16 (A9) antibodies and of the
bispecific anti-CD16/CD30 antibody have been described previ-
ously [12, 13]. A33, a murine antibody directed against a novel
antigen found in over 95% of colorectal cancers [16], was used as a
sub-class specific control. The recombinant CD30 antigen was
generated in our laboratory and has been described previously [24].
Recombinant CD16 antigen was kindly supplied by Dr. C. Sautes,
Institut Curie, Paris, France.

The established CD30" human tumor cell line L540CY has
been described elsewhere [4]. SW1222, a CD30-antigen-negative
human colonic cancer cell line, was used as a control cell line. All
cell lines were cultured under standard conditions in 5% CO, at-
mosphere at 37 °C. RPMI 1640 supplemented with standard an-
tibiotics and 10% FCS (all Gibco, Karlsruhe, Germany) was used,
and is referred as complete medium throughout the text. Cell via-
bility in all experiments, as determined by trypan blue exclusion,
exceeded 90%.

Plasmon resonance analysis (BIAcore)

Analyses were performed with a BIAcore 2000 biosensor (Phar-
macia Biosensor, Uppsala, Sweden) [19]. Carboxymethyldextran-
coated sensor chip, CM5 (Research grade) and the amine coupling
reagents (N-ethyl-N’-dimethylaminopropyl-carbodiimide (EDC),
hydroxysuccinimide (NHS) and ethanolamine) were obtained from
Pharmacia Biosensor. CD30 and CD16 antigens and the related
Mabs were re-purified, immediately prior to use in immobilization
and kinetic studies, by micropreparative HPLC using a Superose 12
HR 3.2/30 size-exclusion column equilibrated in HBS (10 mM
HEPES (pH 7.4), 3.4 mM EDTA, 150 mM NacCl) to ensure ho-
mogeneity. The column was connected to a SMART pHPLC sys-
tem (Pharmacia Biotech, Uppsala, Sweden) and eluted at a flow
rate of 100 pl/min. Monoclonal antibody concentrations were de-
termined by ultra-violet absorption at 280 nm using A280 (1 mg/
ml) of 1.46. CD16 and CD30 antigen were immobilized onto the
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biosensor surface using the conventional NHS/EDC chemistry.
Purified antibodies were diluted in HBS buffer prior to analysis.
Samples (30 pl) were injected over the sensor surface at a flow rate
of 10 pl/min. Following completion of the injection phase, disso-
ciation was monitored in HBS buffer for 360 s at the same flow
rate. Residual bound antibody was desorbed, and the surface re-
generated between injections, using 30 pl of 10 mM NaOH. This
treatment did not denature the surface, as shown by equivalent
signals on re-injection of an antibody-containing sample.

Kinetic analysis of the biosensor data

Binding data were generated by passing varying concentrations of
the antibodies 20, 40, 60, 80 and 100 nM) over the immobilized
CDI16 and CD30 antigens. For the Bi-Mab, which should exhibit
monovalent binding, the apparent association and dissociation rate
constants were calculated from regions of the sensorgrams where
1:1 Langmurien interactions appeared to be operative, with
BIAevaluation version 3.0 software that was supplied by the
manufacturer.

The goodness of fit between experimental data and fitted curves
was estimated by chi-squared analysis using the equation:
7 =1Zrr = r)°/n - p.

Radiolabeling and quality assurance

The parental anti-CD30 antibody HRS-3 and the anti-CD16/anti-
CD30 bispecific A9/HRS-3 antibody were labeled with '*°I or '''In
isotopes, respectively. Isotopes were obtained from Dupont, Life
Science Products, Boston, Mass. Radioiodination was performed
using a modification of a previously published chloramine-T re-
action [14] using a 2.5-fold molar excess of chloramine-T (Merck,
Darmstadt, Germany) over antibody, dissolved in 0.5 M potassium
phosphate buffer (pH 7.2). After a 2-min incubation period the
reaction was stopped by the addition of a 10-fold excess of sodium
metabisulfite, again dissolved in a 0.5 M phosphate buffer, and
then purified through a desalting column (P6DG BioRad,
Australia) equilibrated with phosphate-buffered saline (PBS).

Antibody labeling with ''In was achieved via a bifunctional
metal-ion conjugate, CHX-A"”-DTPA [38] using a modification of a
previously published method [20]. In brief, a dialysis bag with an
Mr cut-off of 10,000 kD (Novex, Sydney, Australia) was treated
with 10 mM sodium bicarbonate, soaked in deionized water and
1 mM EDTA (pH 7.0) to remove heavy metals. Antibodies were
dialyzed against a 50 mM sodium bicarbonate buffer (pH 8.6)
containing 0.15 M NaCl for 6 h. CHX-A”-DTPA was added in a
molar excess of 5:1 and incubated at room temperature (RT)
overnight in the dark. Excess unbound antibody was removed by
8-h dialysis with 20 mM sodium acetate buffer containing 0.15 M
NaCl (pH 6.3). "''In was bound to CHX-A”-DTPA antibody
conjugate under acidic conditions (pH 5.5, 20 min), then the pH
was raised to 7.0 by the addition of 2.0 M sodium acetate followed
by 10 mM EDTA. The radiolabeled mixture was purified by cen-
trifugal desalting on a Sephadex G50 column equilibrated with
PBS.

Radiolabeling was performed on the day of the experiment or
of injection into mice, respectively. Prior to use, percentage of
unbound radionuclide content was determined by instant thin-layer
chromatography (ITLC) [20, 34], and binding ability of the final
radiolabeled product was tested by a cell-binding assay. Scatchard
analysis was used to determine the binding constant (K,) and
number of antibody molecules bound per cell for '*’I- and '''In-
labeled antibody. The percentage of antibody-bound isotope was
>95% in all experiments detailed.

Immunoreactivity assay
Immunoreactivity assay (IR) of radiolabeled antibodies to L540CY

target cells was determined by linear extrapolation to binding at
infinite antigen excess using a ‘Lindmo’ assay [17]. Twenty nano-
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grams of radiolabeled antibodies were added to a range of L540CY
cell concentrations and incubated (RT, 45 min) with continuous
mixing throughout to keep the cells in suspension. Cells were wa-
shed three times, and pellets were measured in a gamma counter
(Cobra II, Model 5002, Auto-gamma, Packard Instruments,
Canberra, Australia). Three samples of radiolabeled antibody, at
the same concentration as that initially added to the cells, were
measured at the same time as cell pellets, and percentage binding of
antibody to L540CY cells was calculated by the formula: (cpm cell
pellet/mean cpm radioactive antibody standards) x 100. Percentage
binding was graphed against L540CY cell concentration, and IR
calculated as the y intercept of the inverse plot of both values. Cell
pellets to which > 100-fold unlabeled antibody was added, prior
to radiolabeled antibody, were used as a control to determine
background cpm.

Scatchard analysis was used to calculate the apparent associa-
tion constant (K,) and number of antibody molecules bound per
cell [17]. Unlabelled antibodies at concentrations ranging from
0.625-20 pg/ml were added to 1 x 10%/ml L540CY cells and mixed,
and subsequently 20 ng of the respective labeled antibody were
added. Cells were washed 45 min after incubation, and counted as
described above. Calculations were done as described by Collet [3].
When specific bound was plotted against specific bound/free reac-
tive activity, the slope of the straight curve obtained gave the K,
constant of the reaction.

Animal model

In vivo tissue biodistribution was performed in 5 to 6-week old
female CB17 SCID mice bred by the SPF Facility, University of
South Australia as described [23]. Mice were maintained in auto-
claved micro-isolator cages housed in a positive pressure contain-
ment rack (Thoren Caging Systems, Hazelton, Pa.).

Suspended in PBS at a volume of 400 pl, 2.5 x 107 L540CY
cells were injected subcutaneously into the left inguinal mammary
line. SW1222 colon cancer xenografts were established by injection
of 5x 10° cells in the right inguinal area of each mouse, as a
control tumor. The growth rates of both tumors differed. To obtain
comparable tumor sizes, we injected the more rapidly growing
SW1222 colon cancer cells 5 days after inoculation of L540CY
tumors. Both tumors were of a size appropriate for use 14 days
after this time. Tumor volume was calculated by the formula
(length x width?)/2 where length was the longest axis and width the
measurement at right angles to length [32].

Biodistribution studies

Mice were injected intravenously via the retro-orbital plexus with
10 uCi of 1251- or '"""In-CHX-A”-DTPA labeled antibody (total
4 ng of antibody, 10 pCi radioactivity) suspended in 150 pl of
sterile media. Groups of 4-5 mice, with a mean = SD tumor
volume of 647 mg + 252, were killed by cervical dislocation fol-
lowing light Ethrane (enflurane) anesthesia at 4, 24, 48, 72 and 96 h
(for 125T) or at 4, 24, 48, 72 and 144 h (for '''In) after injection of
radiolabeled antibody. Mice were bled via cardiac puncture and the
blood collected into heparinized tubes. Tumors and organs (skin,
liver, spleen, intestine, stomach, kidneys, brain, bone (femur),
lungs, and heart) were immediately removed, blotted dry and
weighed (Sartorius Basic Balance, Germany). All samples were
counted in a dual chamber gamma scintillation counter (Cobra II,
Auto-gamma, Packard Instruments, Canberra, Australia) using a
dual tracer program with standard windows set for each isotope.
Standards prepared from the injected material were counted each
time with tissues and tumors, enabling calculations to be corrected
for the isotopes’ physical decay. Results of labeled antibody dis-
tribution over time were expressed as percent injected dose per
gram (%ID/g: (cpm tissue sample/cpm standard) x 100/weight in
g) and as tumor to blood ratios. Wilcoxon rank sum tests were
performed on the different treatment groups at each time point and
between the tissues collected to assess differences observed for

statistical significance. Blood clearance kinetics were calculated
using a curve fitting program (SAMII; University of Washington,
Seattle, USA) and assuming a two-compartment model.

Results

Binding properties of the parental
and bispecific antibody

As a first step, the true binding values for the parental
antibodies (anti-CD30 and anti-CD16) and the anti-
CD30/CD16 Bi-Mab were determined by BIAcore
analysis (Fig. 1). The parental CD30 antibody (HRS-3)
demonstrated a strong binding, with an affinity constant
(Kp) of 4.8 x 107'' M. The bivalent anti-CD16 anti-
body (A9) did not bind as strongly to its target antigen,
and possessed a more average affinity (Kp=
1.55 x 10~ M). However, there was a significant loss of
affinity for both antibodies when binding monovalently
as they do in the Bi-Mab. This effect was more pro-
nounced for the anti-CD30 binding arm. The final af-
finity in the Bi-Mab construct was Kp = 2.6 x 107° M
for the anti-CD30, and Kp =3.77x 10™* M for the
anti-CD16 site.

Radiolabeling of antibodies

To perform biodistribution experiments in mice, we ra-
diolabeled antibodies with two different radionuclides
("""In and '*I), respectively. The proper binding of all
antibodies after labeling was proven by Lindmo analysis
(data not shown). Scatchard plot experiments revealed
that the antibodies had similar affinity constants for
their respective targets compared with the initial BIA-
core data, indicating that the labeling procedure did not
alter significantly the antigen recognition site (data not
shown). Inhibition experiments confirmed in a cell-based
assay that the binding affinity of the bivalent parental
anti-CD30 antibody for the membrane expressed CD30
antigen on Hodgkin cells was higher than the Bi-Mab
(Fig. 2). Radiolabeled Bi-Mab was easier to compete-off
with unlabeled parental anti-CD30 antibody, and ra-
diolabeled parental anti-CD30 antibody was harder to
compete-off with unlabeled Bi-Mab.

Biodistribution analysis in vivo

The '*I/'""In-labeled biodistribution study results are
presented in Fig. 3. The comparison of %ID/g of '*’I-
and "'In-labeled antibodies in Hodgkin and control
tumors, and at each time point, are detailed. The %ID/g
of both isotopes in Hodgkin tumor xenografts peaked
for the parental anti-CD30 and the Bi-Mab between 48
and 72 h after antibody injection, with the uptake of
"n-labeled antibodies being up to three times greater
than for '®I, and reaching statistical significance
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Fig. 1A-D Biosensor analysis of the interaction between anti-
CD16, anti-CD30 and bispecific anti-CD16 and anti-30 monoclo-
nal antibodies on immobilized CD16 and CD30 antigens. Varying
concentrations of antibodies (20-100 nM) were injected (30 pl) at a
flow rate of 5 pl/min over immobilized antigen. The sensorgrams
shown have been automatically subtracted with the corresponding
signal obtained when the same sample was passed over a control
blank channel. A CD16 IgG over immobilized CD16 antigen;
B bispecific anti-CD16/anti-30 IgG over immobilized CD30
antigen; C CD30 IgG over immobilized CD30 antigen; D bispecific
anti-CD16/anti-30 over immobilized CD16 antigen

(P = < 0.01; Fig. 3A). Most importantly, there was no
difference in the biodistribution properties of the
Bi-Mab when compared with the parental anti-CD30
antibody. The blood levels of both isotopes closely
approximated each other throughout the study, declin-
ing progressively over time (Fig. 3B). The T, as an
indicator for clearance of antibody from the body was
determined to be 78.84 h for the '''In-labeled Bi-Mab
and 85.98 h for the parental anti-CD30 Mab (HRS-3).
The tumor to blood ratio for the '''In-labeled parental
anti-CD30 and the '''In-labeled Bi-Mab peaked at
1.78 £ 0.1 (6 days) and at 2.05 + 0.05 (6 days), re-
spectively.

The biodistribution of radiolabel in normal murine
tissues was also studied, and results at different time
points for different organs are presented in Fig. 4. This
detailed analysis was done only with '''In-labeled anti-
bodies, in view of the poor tumor uptake properties of
the '*’I-labeled antibodies. The ID/g in all normal tis-

105

100nM
1 s — 80nM
1200 |- :
L N BOnM
. - A0nM
E jond - Py By 200M
."-'. -
BOO |- :
800 | i =
i/
E 400
L 200 ¢ |
0 1 i 1 Il i i J
o 200 400 600 BOO 1000 1200
Time (seconds)
700 .
e —— 100nM
600 |- i a0nM
? o= | BORM
= 500} | i —— 40nM
f | 20nM
400 |
I _—— i
300 | I/ \il
! il
E 200 | i Wi
|
100
al | . . : '-:':“—-‘=ll—=7—=- .
0 200 400 600 800 10040 1200

Time (seconds)

sues was less than 15%. Relatively high values in the
liver for both antibodies were most likely due to indium
metabolism. Antibody uptake (%ID/g) in SWI1222
control tumors was less than that seen in CD30 antigen-
positive Hodgkin L540 tumors at all time points except
at 4 and 24 h. The higher %ID/g at these early stages
most likely reflects differences in tumor vascularity be-
tween SW1222 and Hodgkin L540 xenografts, with in-
creased blood pool activity being seen in the more
vascular SW1222 tumor (data not shown). Both parental
anti-CD30 and Bi-Mab uptake in control tumors re-
flected blood pool activity rather than specific tumor
uptake, with low peak uptake and a decline progres-
sively over time.

Discussion

In an attempt to restructure our antibody program on
the anti-CD16/CD30 Bi-Mab, we have analyzed the
biodistribution pattern of our Bi-Mab in the Hodgkin
SCID mouse model established previously [23]. In vitro
assays proved that the 2parental and Bi-Mabs could be
labeled efficiently with '>°T and '''In. In the SCID mouse
system, specific tumor uptake of the parental anti-CD30
and Bi-Mab was observed compared to CD30-antigen-
negative control tumor, with the peak tumor (L540)
uptake for both antibodies occurring between 48-72 h
post-injection. The %ID/g for '"In was significantly
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Fig. 2A, B Cross-inhibition of antibodies. Cold parental anti-
CDI16 (square), parental anti-CD30 (circle) and anti-CD16/anti-
CD30 bispecific antibodies (Bi-Mab) (triangle) were analyzed for
their ability to block antigen binding of non-saturating amounts of
either A 20 ng parental anti-CD30 monoclonal antibodies (Mab) or
B 20 ng anti-CD16/anti-CD30 Bi-Mab, respectively. The Hodg-
kin’s-derived L540CY cell line was used as target. Standard
deviation is indicated by the bars

higher than for '*’I. In addition, '"'In was retained
within xenografts for a longer period of time than was
1251, Lower absolute levels of iodine uptake than '''In in
xenografts have been demonstrated in other studies [16],
and this, together with differences in tumor retention of
radiolabel, most likely represents differences in cellular
Processing of radiolabeled '*°I and '''In. Catabolism of
T linked to tyrosine results in the generation of
['**IJmono-iodotyrosine within lysosomes, which rapidly
leaves the cell via cell-mediated transport systems [21,
34]. In contrast, '"'In-DTPA antibodies following end-
ocytosis are delivered to lysosomes and hydrolyzed by
lysosomal enzymes into low molecular-weight metabo-
lites which are retained within tumor lysosomes [5, 21].
Within normal tissues, the uptake of "''In in liver was
high, which is consistent with known sequestration of
radiometals in reticuloendothelial organs [33].
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Fig. 3A, B Impact of radionuclide on biodistribution. A Specific
tumor uptake of '''In-labeled (circle) or '**I-labeled (rriangle)
parental anti-CD30 monoclonal antibodies (Mab) (open symbols)
and bispecific anti-CD16/anti-CD30 antibodies (Bi-Mab) (closed
symbols) were analyzed in tumor-bearing SCID mice. Mice were
killed at the indicated time points up to 144 h and the percentage of
injected dose per gram of Hodgkin’s tumor was determined.
B Enrichment of antibodies in CD30-positive tissues. Biodistribu-
tion properties of '''In-labeled parental (open symbols) or bispecific
antibody (closed symbols) was analyzed in blood (circle), CD30-
antigen-positive Hodgkin’s tumors (zriangles) and CD30-antigen-
negative colon cancer (square) at the indicated time points.
Standard deviation is indicated by the bars

To our surprise, there were no differences in tumor
targeting properties between the parental bivalent anti-
CD30 antibody and the monovalent Bi-Mab despite
in vitro results having revealed a significant difference
(Kp =4.8 x 107" M for the parental compared with
Kp = 2.6 x 107 M for the Bi-Mab) in the binding af-
finity of these antibodies with the CD30 target antigen.
Penetration into the tumor and clearance from the tu-
mor cells was virtually identical for both constructs. In
addition, both antibodies were very similar with regard
to their biodistribution profile in CD30-antigen-negative
tissue and elimination from the body. The impact of
affinity on successful targeting retention of antibodies in
tumors is still controversial. It has been proposed that



45
== 4h

an {VT
. 24 h

35 C—148h
KL

. Gd

% specific uptake (%I1D/g)
=

B EEE 4h
B 24h
. 48 h
3 72h
. 144 h

il M bii!‘h‘qx .

Fig. 4A, B Tissue biodistribution of '''In-labeled antibodies in
SCID mice with tumor xenografts. A Parental anti-CD30 monocl-
onal antibody (Mab) (n = 4-5 mice); B bispecific anti-CD16/anti-
CD30 antibody (n = 4-5 mice). Organs and tissues were resected at
indicated time points and analyzed as described. Standard
deviation is indicated by the bars. Tissues to be analyzed: blood
(1), Hodgkin’s tumor (2), colon tumor (3), liver (4), spleen (3),
kidney (6), lung (7) and small bowel (8)

25

% specific uptake (%I1D/g)
B

high-affinity antibodies do not successfully penetrate
deeply into tumors due to a binding site barrier effect.
This obstacle has been attributed to interaction with the
first antigen encountered at the periphery of the tumor,
blocking further diffusion of the antibody into the tumor
[1, 9, 15]. However, evidence that increased affinity
prolongs tumor retention of radiolabeled antibody
comes from studies using TAG-72 specific antibodies. In
these studies, high-affinity anti-TAG-72 antibodies lo-
calized human tumor xenografts in nude mice better
than did the low-affinity ones. Recently, Adams and
coworkers [1] published a study where they had gener-
ated affinity mutants of a HER2/neu specific scFv anti-
body by site-directed mutagenesis and compared these
constructs, with regard to their tumor targeting prop-
erties. They demonstrated that the antibody variants
used had to cross an affinity threshold to achieve selec-
tive tumor penetration and retention. Increasing affinity
above a certain threshold did not correlate with a further
significant increase in tumor uptake. In the case of our
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Hodgkin model, the high affinity of the parental anti-
CD30 monoclonal antibody seems to be sufficient to
achieve good tumor penetration and binding in a biva-
lent and monovalent format. We could not mimic the
situation of the human body, where we have a circu-
lating pool of CD16-antigen-positive cells competing for
binding with the Bi-Mab. However, we fortuitously
discovered the affinity of the Bi-Mab for the CD16 an-
tigen to be eight times lower than its affinity for the
CD30 antigen. This difference in affinity might enable
the antibody to penetrate into the CD30-antigen-posi-
tive tumor in sufficient amounts, and activate local
CDl6-antigen-positive effector cells. This theory is
supported by our clinical responses seen in Hodgkin’s
patients after treatment with the Bi-Mab but remains
still unproven and is the subject of further investigations.

Based on our pre-clinical and clinical experience with
Bi-Mabs in Hodgkin’s lymphoma we suggest that Bi-
Mab trials should be re-designed. Lacking any accepted
predictive markers, clinical studies with Bi-Mabs should
focus at the initial stage on in vivo properties such as
tumor targeting and antigen accessibility. This proposi-
tion is certainly true for native Mabs but can be trans-
ferred to Bi-Mabs as well. Bispecific antibodies aim at
initiating and perpetuating a local immune response at
the tumor site. The most appropriate area for the use of
Bi-Mabs (and other biological response modifiers) will
be the field of minimal residual disease [31]. As a pre-
requisite, the Bi-Mab has to be tested and optimized in
its structure and application regimen for optimal tumor
targeting efficacy. In the second step of a clinical trials
program with Bi-Mabs, attention has to focus on the
efficient activation of the immune system leading to local
tumor destruction and the eventual induction of a sys-
temic immune response [11]. However, the analysis of
the proper activation of the immune system has to fol-
low the tumor targeting aspect, as the efficient activation
of the immune system without adequate targeting may
result in general and non-specific toxicity.
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