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Eighteen patients with relapsed non-Hodgkin's lym-
phoma (NHL) were infused with escalating doses of
monoclonal antibody (mAb) OKB7, trace-labeled with
iodine-131 (*?'l), in order to study toxicity, pharmacol-
ogy, antibody localization, and dosimetry of radioio-
dine. OKB7 is a noncytotoxic mouse immunoglobulin
G2b (IgG2b) mAb reactive with B cells and most B-cell
NHL. Three patients each were treated at six dose
levels ranging from 0.1 mg to 40 mg. All patients had
radionuclide imaging and counting daily, had serial
blood sampling to study pharmacokinetics, human
antimouse antibody (HAMA), and circulating antigen,
and had o biopsy of accessible lymphoma to deter-
mine delivery of isotope to tumors and assess the
effect of tumor antigen expression on mAb delivery.
Bone marrow biopsies were also done in the majority
of patients. There was no toxicity. Serum clearance
showed a median early phase half-life of 1.9 hours
and a later phase half-life of 21.7 hours. Median total
body clearance half-life was 22 hours. Pharmacokinet-

EMATOPOIETIC neoplasms have long

been considered potential targets for mon-
oclonal antibody (mAb) therapy because of their
accessibility to the blood, their well-defined cell
surface antigens, and their sensitivity to mAb-
delivered radiation.! Early trials with unmodified
mAbs in acute and chronic leukemias and cutane-
ous T-cell lymphomas demonstrated some of the
problems associated with antibody therapy includ-
ing acute toxicities associated with mouse mAb
infusions, development of human antimouse anti-
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ics were not dose-related. HAMA was detected in five
patients. Circulating blocking antigen was detected in
the serum of four patients, but at levels that were of
pharmacologic consequence only in one. Biopsied
tumor tissue from five patients did not express OKB7
antigen. No significant uptake of antibody was seen
in these tumor sites. Mean total uptake of isotope into
lymphoma measured in biopsies correlated linearly
over the 400-fold increase in injected mAb dose.
However, the percent of injected dose found per gram
of tumor was unrelated to dose, but correlated in-
versely with tumor burden. In two patients with
minimal tumor burden, 1.0 mg and 5.0 mg doses of
OKB7 resulted in tumor to body radioisotope dose
ratios of 22 and 7, which would theoretically permit
tolerable delivery of 4,400 and 1,400 rads to these
tumors, respectively, if OKB7 were conjugated with
higher doses of '*'I.

J Clin Oncol 8:792-803. © 1990 by American Society
of Clinical Oncology.

body (HAMA) responses, and modulation of the
antigen from the target cell surface.”” Although
major tumor regressions were seen in these pilot
trials, they were almost always transient, in part
due to the problems noted above, and also be-
cause the mAbs did not activate cytotoxic ef-
fector mechanisms. More recent pilot studies
have focused on using cytotoxic, complement-
fixing mAbs or mAbs labeled with therapeutic
doses of radioisotopes.>®!3 These strategies have
resulted in consistently higher percentages of
major tumor regressions.

B-cell non-Hodgkin’s lymphomas (NHL) were
chosen as targets for our studies with mAbs for
several reasons. They express clearly defined
lineage and maturation-specific cell-surface anti-
gens that may be used as targets,'* and the
incidence of HAMA responses appears to be low
in patients with B-cell neoplasms.> Moreover,
they are a common adult hematopoietic cancer
for which no effective curative treatments exist
for the majority of patients.!>!® In patients with
diffuse and nodular poorly differentiated lympho-
mas (DPDL and NPDL), diffuse well-differenti-
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ated lymphocytic lymphomas (DWDL), and
chronic lymphocytic leukemias (CLL), a consis-
tent pattern of inevitable relapse is seen despite
chemotherapy-induced remissions.'®!®

Small numbers of patients with B-cell lympho-
mas have been treated in several pilot studies of
mAb including the use of the pan-B reactive
mAb IF5," mAb directed to the specific cell-
surface immunoglobulin (Ig) (idiotype) of nodu-
lar lymphomas,®®?? and several mAbs to the
pan-lymphoid antigen CAMPATH-1.'"'? Infu-

sions of radioiodinated Lym-1 and MB-1, both

broadly reactive with B-cell lymphomas, have
resulted in high rates of tumor regression, includ-
ing complete responses.®!* The success of these
pilot trials of mADb in B-cell lymphomas argue for
more detailed studies of mAb toxicity, pharmacol-
ogy, dosimetry, and HAMA responses to opti-
mize mADb use. Because of the complexities in the
interaction of the mAb with the host, the small
numbers of patients involved in early trials and
the lack of biopsy data in some of these trials,
many of the factors controlling antibody target-
ing to tumors are still poorly understood.

For the study presented here we have used
mAb OKB7, a mouse IgG2b reactive with the
Epstein-Barr virus receptor, CR2.2*%¢ The anti-
gen is restricted to a subset of peripheral blcod B
cells, lymph node and spleen follicular B cells,
and most NHL and CLL; it is not found in
normal adult tissues.”’” OKB7 was earlier re-
ported to cause B-cell activation and differentia-
tion in vitro after binding to cell-surface CR2.2
However, later preparations of the material lacked
the activity except when used concurrently with
phorbol esters.” The highly purified material
used in our clinical trial lacked activating activ-
ity in vitro. OKB7 does not fix complement or
mediate target cell killing via cell-mediated mech-
anisms, but it does induce modulation of the
antigen with some internalization of antibody.
The highly restricted expression of OKB7 permit-
ted us to study factors affecting mAb delivery
and assess the potential of this antibody as a
carrier of cytotoxic radionuclides in future thera-
peutic trials in patients with B-cell lymphomas.

METHODS
mAb

Mouse hybridomas producing OKB7 were provided by
Ortho Diagnostics (Raritan, NJ). The OKB7 hybridoma was
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grown as an ascites tumor in (CA) F1 mice, which had been
primed with pristane and sublethally irradiated. High titer
ascites fluid was pooled and clarified by ultracentrifugation.
Igs were concentrated and partially purified using 50%
neutral ammonium sulfate and then equilibrated to pH 8.6 by
Sephadex (Pharmacia, Piscataway, NJ) G50 chromatogra-
phy. OKB7 was purified from the crude Ig fraction by
sequential pH elutions using protein-A affinity chromatogra-
phy followed by cation exchange fast-performance liquid
chromatography (FPLC) on a Mono S column (Pharmacia).
A major contaminating peak of Ig produced by the OKB7
hybridoma was removed by the cation exchange step. Immu-
nopathologic analysis of pure OKB7 showed enhanced speci-
ficity for B cells as compared with the original hybridoma
product. Purity was assessed on silver-stained sodium-
dodecyl sulfate polyacrylamide gels, and antibody titers were
verified after each step in the purification. All procedures
were done aseptically with pyrogen-free materials.

Safety Testing and Quality Control

All batches of ascites were screened for murine viruses
before pooling. Low titer batches were discarded to reduce
the amount of nonspecific mouse Igs. The final OKB7 clinical
product was tested by FPLC, high-performance liquid chro-
matography (HPLC), and gel electrophoresis for purity.
Pyrogenicity was tested in rabbits. Assays were done for
contaminating viruses. Endotoxin was assayed by the limulus
test. Microbiologic cultures were done at the microbiology
laboratories at Memorial Hospital. General safety testing
was performed in small animals.

Radiolabeling of OKB7

One milligram of OKB7 was radiolabeled with 3 to 4 mCi
iodine-131 ("*'T) (Amersham, Arlington Heights, IL) using
chloramine-T. The reaction was terminated with sodium
metabisulfite, and the labeled antibody was purified by size
exclusion chromatography on Sephadex G25. Immunoreactiv-
ity of the labeled product was determined by binding to an
excess of antigen (live RAJI cells). Purity was determined by
HPLC on a 7.5 x 600 mm TSK-250 column (Biorad,
Richmond, CA). For doses of 5, 15, and 40 mg of OKB7, the
radiolabeled OKB7 was mixed with unlabeled OKB7 to
adjust the doses upwards and passed through a 0.20 um filter.
For doses of 0.1 and 0.5 mg OKB7, only these amounts of
OKB?7 were labeled. Injected doses contained approximately
2 mCi "'I; specific activities of the injected material ranged
from 20 mCi/mg to 0.5 mCi/mg (0.1 to 40'mg OKB7 doses).

Patients

All patients had histologically proven NHL who had
progressed on, or relapsed after, chemotherapy or chemother-
apy and additional radiotherapy or immunotherapy. Criteria
for eligibility included a Karnofsky performance status of at
least 70, no chemotherapeutic treatment, immunotherapy, or
radiation therapy within 4 weeks (6 weeks for nitrosoureas),
serum creatinine under 2 mg/100 mL, serum bilirubin under
2 mg/100 mL, granulocytes greater than 1,500/mm?, plate-
lets greater than 10°/mm?, and prothrombin time less than
1.3 x control. Patients with serious cardiac disease (New
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York State Heart Association class III-IV), pulmonary or
infectious diseases, known infection with human immunodefi-
ciency virus (HIV), prior treatment with mouse mAbs,
pregnancy or lactation, or with an expected survival of less
than 6 weeks, were excluded. All patients had lymphoma
nodes or masses, easily accessible for biopsy. All patients
signed informed consent.

Treatment Plan

Three patients each were entered at six ascending dose
levels: 0.1 mg, 0.5 mg, 1.0 mg, 5.0 mg, 15.0 mg, and 40.0 mg
OKB7. Two millicuries of "' attached to OKB7 were
administered at each level. A single infusion of '*'1-OKB7 in
100 mL of saline containing 5% human serum albumin was
administered over 60 minutes. Patients were given Lugol’s
solution 1 day before treatment and thereafter for 4 days. A
skin test for wheal and flare reaction to 0.1 ug OKB7 was
done 1 hour before beginning the OKB7 infusion.

Patient Evaluations

The following evaluation was done on patients before
treatment: physical examination including measurement of
nodes, masses, liver size and spleen size; complete blood count
including platelet counts, ECG, chest x-ray, urinalysis, Ig
levels, HIV antibody titer, serum biochemistry studies and
electrolytes, prothrombin and partial thromboplastin times,
serum C3 and CHS50, and cell-surface markers on peripheral
blood lymphocytes (and bone marrow if involved). Serum
was drawn before treatment, at 7 to 10 days after treatment
and monthly thereafter for measurement of HAMA re-
sponses. Other diagnostic imaging procedures (computed
tomography, *Tc-liver-spleen scans, gallium scans) were
used to measure the extent of disease when indicated.

Evaluations of the extent of disease were performed along
with serum chemistries and complete blood counts, at least
monthly as long as patients remained on study. Patients were
removed from the study when tumor progression occurred or
when chemotherapy or radiotherapy was reinstated.

Biopsies

A biopsy of a peripheral lymph node or tumor mass was
performed in all patients on days 3 to 5 after infusion of
OKBY7. In patients with possible bone marrow involvement, a
bone marrow biopsy and aspirate were also performed. The
tumor biopsy was evaluated for pathology, immunopathol-
ogy, and radioactivity.

I3 1_OKB7 Imaging

Patients underwent anterior and posterior whole body
imaging using a Gemini Imager (General Electric, Madison,
WI) at 2 to 4 hours, and then daily until biopsy.

Pharmacologic Studies and Dosimetry

Blood was collected at 5, 15, 30, 45, 60, 120, 240, 360, and
480 minutes and then every 12 hours until biopsy for
determination of OKB7 levels and radioactivity. Because
acid precipitable counts per minute (cpm) were similar to
total cpm in patients selected for study, the latter were used
for pharmacologic studies. Cumulative urine radioactivity
was obtained over 48 to 72 hours. Whole body radioactivity
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was measured at 3 m. Rad per millicurie doses to tumor,
whole body, blood, marrow and spleen were calculated using
biologic half-life data and MIRD S factors.*

HAMA

HAMA was measured in serum by enzyme-linked immu-
nosorbent assay (ELISA) on OKB7 dried onto 60-well
Teraski titration plates. Fifty nanograms of OKB7 was dried
into each well and then blocked with phosphate-buffered
saline (PBS) containing bovine albumin and gamma-globulin-
free fetal calf serum. Human serum (including known posi-
tive controls) was added in dilutions beginning at Y, and
washed off with PBS at 60 minutes. Alkaline phosphatase
conjugated goat antipolyvalent human Ig (Zymed) was
added for 60 minutes and then washed off. Sodium p-
nitrophenyl phosphate (Sigma) in diethanolamine buffer was
added for 10 minutes and the assay was read in an Artek
ELISA plate reader. Background optical density was approx-
imately 5% of the maximum; positive wells were scored when
the optical density was at least twice the background. The
titer was scored as the last positive well.

Pathology and Immunopathology

Tumor or lymph node specimens obtained after treatment
were examined in frozen and fixed sections for presence of
lymphoma, normal tissue, and inflammatory infiltrates. Indi-
rect immunoperoxidase assays were done to determine the
presence of OKB7 antigen and OKB7 antibody, as well as the
immunophenotype of the cells present.”!

Toxicity Criteria

Toxicity was scored according to the National Cancer
Institute common toxicity scale.

Serum Blocking Antigen

The presence of antigen capable of blocking the binding of
OKB7 IgG to target cells was measured using '>°I-OKB7 in a
competition direct radioimmunoassay with live RAJI cells.
This was done using pretreatment serum samples essentially
as described for another antibody.®

RESULTS

Eighteen patients were entered into the trial
between April 1988 and April 1989. Important
features of these patients are shown in Tables 1
and 2. All patients had a history of relapsed
NHL and had been diagnosed from 1 to 15 years
(median, 5 years) before entry onto this study.
All patients underwent a biopsy of accessible
lymphoma as part of this trial; most of the
patients required the biopsy as part of an ongoing
restaging and diagnostic reevaluation. Karnofsky
performance status ranged from 70 to 90 (me-
dian, 90). The extent of disease ranged from
single nodes to widespread disease involving the
blood, marrow, liver, and spleen.
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Table 1. Patient Characteristics

No./Age/Sex  Diagnosis Extent of Lymphoma Involvement Prior Therapy
1/54/M NPDL  Cervical, submental, axillary, inguinal nodes; spleen Chemotherapy
2/47/F LPCL Cervical, supraclavicular, inguinal nodes; liver; spleen Chemotherapy, immunotherapy
3/66/M NML Retroperitoneal node/pelvic mass with ureteral compression. Chemotherapy
4/26/M NPDL  Retroperitoneal, inguinal, cervical, axillary, supraclavicular nodes; spleen Chemotherapy, immunotherapy
5/39/M NPDL  Axillary, cervical, retroperitoneal nodes, spleen Chemotherapy, radiotherapy
6/37/F DHL Subcutaneous in buttocks and back Chemotherapy
7/73/F DHL Left submandibulor node Chemotherapy, radiotherapy
8/73/F DHL Pelvic, rib, and lung parenchymal masses Chemotherapy, radiotherapy
9/63/F NPDL  Cervical, supraclavicular, axillary retroperitoneal nodes; pulmonary effu- Chemotherapy
sions; ascites; liver; marrow
10/64/M DPDL Cervical, supraclavicular nodes; thigh and colonic masses Chemotherapy, radiotheropy
11/69/M LPCL Right inguinal; small cervical nodes Chemotherapy
12/55/M NPDL  Right axillary node Chemotherapy, radiotherapy
13/53/F DPDL Cervical, supraclavicular, axillary nodes, abdominal masses Chemotherapy, immunotherapy
14/48/M DML Pelvic, axillary, abdominal, pancreatic and subcutaneous masses Chemotherapy, radiotherapy
15/63/M DPDL Cervical and avricular nodes; bone marrow and blood Chemotherapy
16/63/M DHL Supraclavicular, mediastinal, cervical nodes Chemotherapy
17/31/M NPDL  Spleen; retroperitoneal, inguinal, axillary, cervical, nodes; pleural effusions  Chemotherapy
18/61/M NPDL  Cervical, mediastinal, mesenteric nodes Chemotherapy

Abbreviations: DHL, diffuse histiocytic lymphoma; DML, diffuse-mixed lymphoma; DPDL, diffuse poorly differentiated lymphocytic
lymphoma; LPCL, lymphoplasmacytoid lymphoma; NML, nodulor-mixed lymphoma; NPDL, nodular poorly differentiated lymphoma.

All patients were evaluable for toxicity, phar-
macology, dosimetry, and HAMA. Ten patients
were not evaluable for tumor response: seven
required chemotherapy within 1| month after
OKB?7 infusion, and three patients had no measur-
able disease following surgical-excisional biopsy.
One patient was not evaluable for immunopathol-

ogy because of technical problems with the
specimen.

OKB7 Labeling and Quality Control

Following radiolabeling with '*'I the OKB7
was analyzed for purity and immunoreactivity.
Trichloroacetic acid precipitation of the labeled

Table 2. Initial Laboratory Values for Potients Studied

Hematology*
Potient Abs. No. OKB7+1 Chemistryt
No. WBC Platelets Hgb of Lymphs Lymphs LDH Creat 1gG IgM
1 4.6 100 12.9 1,053 168 224 1.2 985 75
2 4. 257 12.2 .19 ND 184 0.8 1,230 386
3 6.7 250 15.7 938 13 193 1.6 ND ND
4 4.9 154 14.3 1,078 22 158 0.9 595 28
5 50 195 129 1,050 28 157 1.0 644 61
6 59 240 134 1,829 237 204 0.7 715 57
7 1.2 285 13.8 3,203 208 198 0.9 602 227
8 4.4 204 12.0 445 0 225 0.9 1,355 134
9 10.8 306 12 334 7 1,125 1.4 ND ND
10 37 150 12.0 473 28 139 14 1,119 36
n 6.8 238 1.8 1,890 189 129 1.0 855 68
12 6.6 205 16.5 1,775 142 217 0.9 1,026 24
13 5.8 322 1.8 1,426 182 168 0.7 490 a3
14 5.5 669 8.1 281 34 162 0.9 1,415 52
15 30.9 M6 12.5 19,776 14,824 220 1.1 272 22
16 52 23 13.5 1,742 157 373 1.0 1,081 20
17 5.0 90 10.3 3,650 2,113 201 0.9 281 17
18 8.5 264 13.9 1,680 165 209 1.0 495 80

Abbreviations: Abs no. of lymphs, the absolute number of lymphocytes per mm’; ND; not done; Hgb, hemoglobin; Creat, serum creatinine;

LDH, lactate dehydrogenase.

* All hematologic data, except Hgb, are per mm®: WBC (x 1077); platelets (x 10~%); Hgb is g/ 100 mL.
1LDH and alkaline phosphatase are U/L. Creat is mg/ 100 mL. IgG and IgM are mg/L.
$lymphocytes bearing OKB7 antigen on their surfaces were calculated from the percentage of OKB7 + cells by fiow cytometry.
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product showed that greater than 95% of the '
was precipitable. HPLC analysis of 12 samples
showed that in 11, more than 98% of the radionu-
clide was associated with Ig at a molecular
weight of 150,000 d. In one dose (no. 2), high
molecular weight aggregates of Ig accounted for
about 50% of the labeled IgG. Immunoreactivity
assays of the 'I-OKB7 from all 17 doses tested
consistently showed that approximately 60% of
the labeled antibody bound to excess live target
cells in 1 hour.

Initial Laboratory Data

Initial WBC counts ranged from 3,700 to
30,900/mm® (median, 5,800); platelets from
90,000 to 669,000/mm? (median, 239,000); he-
moglobin from 8.1 g to 16.5 g/100 mL (median,
12.7). With one exception, patient no. 15, no
patient had significant numbers of OKB7-
positive circulating cells. Patient no. 15 was in a
leukemic phase of DPDL, and 73% of his circulat-
ing cells bound OKB7.

Relevent serum chemistry values are shown in
Table 2. All patients were HIV-antibody nega-
tive. Baseline serum Ig levels were variable:
patients no. 4 to 7, 13, 15, and 17 had reduced
1gG; patients no. 4, 10, and 12 to 17 had reduced
IgM; patient no. 2 had elevated IgM.

Toxicity

There were no adverse reactions unequivocally
attributable to OKB7. All pretreatment skin
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tests for immediate hypersensitivity to OKB7
were negative. One patient (no. 14) who had a
history of recurrent disease-related fevers devel-
oped a brief fever of 38.5°C during the OKB7
infusion, which resolved within several hours. No
symptoms attributable to the treatment were
noted. There were no significant changes in the
measured hematologic or biochemical parame-
ters. Serum complement (C; and CHyy) levels,
measured on day 0 and day 3, did not change as a
result of OKB7 infusion.

OKB?7 binds to a subset of peripheral blood B
cells.® In 16 of the patients the number of
OKB7-positive peripheral blood cells was so
small that reliable changes were not detected
(Table 2). In patient no. 15, treated during a
leukemic phase of his DPDL, with 73% OKB7-
positive cells, WBC counts continued to rise
despite the OKB7 infusion.

Pharmacology

Computer regression analysis of the data fit a
two-slope model of the serum clearance with a
rapid early phase (alpha) (median, 1.9 hours)
and a slower later phase (beta) (median, 21.7
hours) (Table 3). Because the OKB7 was infused
over 1 hour, the initial clearances within minutes
cannot be determined. With one exception, se-
rum half-life (T'/;) beta ranged from 10.0 hours
to 69.3 hours: patient no. 3 had a significantly
prolonged serum T, of "'I, probably due to
ureteral obstruction resulting in an increased

Table 3. OKB7 Pharmacology

Dose Level Serum T Total Body % Urinary Excretion
Patient No. (mg) T% Alpha T% Beta 1% ("*'1 ot 48 hours)
1 0.1 0.7 217 30 49
2 0.1 2.8 17.3 16 70
3 0.1 3.9 115.5 48 38
4 0.5 0.9 23.9 27 61
5 0.5 0.5 14.4 18 53
-] 0.5 0.7 39.7 33 44
7 1.8 257 25 79
8 1 1.0 19.2 35 59
9 1 9.0 37.9 227 "
10 5 3.6 20.8 22 57
1 5 1.4 22.4 29 40
12 5 2.9 69.3 30 58
13 15 1.9 10.0 15 87
14 15 27 52.5 17 67
15 15 1.2 21.7 25 52
16 40 2.2 19.5 22 34
17 40 1.0 15.5 21 73
18 40 4.0* —_ 14 81

*The error in fitting a two-slope model was too large. A better fit was obtained with a single phase of clearance.
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serum creatinine (1.6 mg/dL), and a reduced
creatinine clearance. We did not distinguish free
from acid-precipitable '*', so the prolonged T 1/
may be due to decreased '*'I clearance. The
unusual pharmacokinetics seen in patient no. 18
may be related to high levels of circulating
blocking antigen (see following). There were no
clear changes in serum clearance related to dose
level.

Total body T/, ranged from 14 to 33 hours
(median, 22 hours) with two exceptions. Patient
no. 3 had a prolonged T/, (48 hours) probably
due to reduced clearance as discussed above.
Patient no. 9 had a markedly prolonged T/, (227
hours). This patient had extremely widespread
lymphoma involving multiple nodal areas, liver,
spleen, bone marrow, pleural effusions and as-
cites. Her images showed radiolabel retained
diffusely in her entire body, probably due either
to vascular leakage or lymphoma.

Urinary excretion of radiolabel accounted for
approximately 50% to 70% of the injected dose
within 48 hours except in patient no. 9 who had
minimal urine output, and only 11% of the
radiolabel cleared via her kidneys in 48 hours.
No major variations in pharmacokinetics re-
sulted from the 400-fold increase in doses admin-
istered.

Serum blocking antigen. Pretreatment sera
from four of 18 patients (no. 4, 13, 14, and 18)
were able to partially block OKB7 binding to
target lymphoma cells in vitro at a concentration
of 0.1 ug/mL. Blocking disappeared as OKB?7
concentrations were raised to 0.5 ug/mL in
patient no. 14 and to 2 ug/mL in patients no. 4
and 13. In patient no. 18, serum was still able to
partially block OKB7 binding at 2 ug/mL. The
circulating antigen in this patient may be respon-
sible for the marked change in pharmacology
seen in serum clearance and the shortened total
body clearance. As 2 ug/mL levels of OKB7 can
be achieved with doses of 10 mg or greater, the
10 mg dose may be the lower limit for overcom-
ing competition of circulating antigen for anti-
body binding.

Imaging

All patients had whole body gamma camera
images within 3 to 4 hours after injection and
then daily for at least 2 more days. At all time
points, the spleen was clearly seen in 17 of 18
patients. Patient no. 2 did not show spleen
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Fig 1. Anterior whole body gamma camera images at 2
days after injection of '>'I-OKB7. Left: patient no. 7 with left
submandibular node, spleen, and bladder indicated. Right:
patient no. 12 with right axillary nodes, spieen, and bladd
indicated.

visualization. This may be attributable to aggre-
gation of the labeled antibody at this dose as
detected by HPL.C analysis (see OKB7 Labeling
and Quality Control above). The blood pool,
including major vessels such as the vena cava and
iliac veins, were visible in most patients at the
higher dose levels, but only at the initial time
points.

Tumors were visualized in a minority of pa-
tients. Patients no. 7, 12, 16, and 18 had clear
images of involved lymph nodes (Fig 1). Tumor
to serum ratios of radioactivity measured by
biopsy in patients no. 7, 12, 18 were 12:1, 4:1, and
1:1, respectively. A different tumor than the one
that imaged was biopsied in patient no. 16.
Patients no. 4, 13, and 15 had borderline positive
images of nodes. Five patients were found to have
tumors that poorly expressed or did not express
antigen. None of these nodes or masses gave
positive images. In the case of patient no. 14,
whose tumor did not image, antigen expression
could not be assessed. High expression of the
OKB7 antigen on a target tumor was therefore a
necessary but not in itself sufficient condition for
imaging. Splenic images were presumed to be
“specific” for OKB7-positive B cells residing
there; however, deposition of OKB7 antigen-
antibody complexes cannot be ruled out. Since
antigen-negative masses did not take up signifi-
cant '*'I-OKB7, the targeting in vivo could be
assumed to be specific. The two patients with the
highest uptake of OKB?7 into their lymphoma
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(no. 7 and 12) had strongly positive images and
minimal tumor burden, no splenomegaly, and no
significant OKB7-positive circulating cells. Pa-
tient no. 11 showed high OKB7 uptake into a
node but did not have a positive image, probably
due to the small size of the node (1 cm). This
patient also had minimal tumor burden.

Organs involved in metabolism of free
imaged in all patients by the second day. This
included the thyroid, stomach, and bladder. Such
catabolism and excretion was predicted by ani-
mal models.® Besides these organs, no other
normal organs imaged suggesting that there was
no significant antigen present at sites accessible
to OKB7. This specificity was predicted based on
immunopathology data showing the presence of
OKB7 antigen only in areas of the spleen and
lymph nodes containing B cells. Nonspecific
uptake in the liver was not seen in any patient
suggesting that the high uptake seen in several
other imaging trials using radiometal chelate-
labeled mAb may be due to the labeling
methods.**36

1311

Pathology and Immunopathology

All patients entered on trial had a tumor
biopsy following OKB?7 infusion. Patients no. 1,
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2, and 4 to 6 had biopsies on day 5; all others had
biopsies on day 3. Immunopathologic analysis
included histopathologic diagnosis, indirect im-
munoperoxidase assay for the presence of target
antigen (gp140), and direct immunoperoxidase
analysis using goat antimouse antibody for the
presence of OKB7 IgG at the tumor site (Table
4). The biopsy from patient no. 14 could not be
examined due to technical problems. Five pa-
tients had either minimal or no staining for the
presence of OKB7 antigen. None of these tumors
imaged or showed high uptake ratios of *'I in the
tumors (Table 4). One patient (no. 6) had a
lipoma and a normal node which was positive for
OKB?7 antigen in the normal follicles only. Two
patients had large hyperplastic nodes: the lymph
node removed from patient no. 12 was morpholog-
ically atypical and showed a t(14; 18) transloca-
tion consistent with NPDL. The node from
patient no. 11 was read as “normal.” OKB7
uptake was seen in both of these nodes as
determined by counting radioactivity (see follow-
ing). The node in patient no. 12 also gave an
especially clear image (Fig 1).

All lymphomas were of B-cell origin. No
tumor showed the presence of OKB7 IgG in the
biopsy by immunoperoxidase. This is not surpris-

Table 4. Pathologic Findings and Immunopathology at Biopsy: Effects of Dose and Antigen Expression on '*'l Delivery

% Injected
Patient Dose Per Dose 1gG Per G of OKB7 OKB7 Immuno-
No. g of Tumor (mg) Tumor (x 107%) Biopsy* Antigent IgGt phenotype
1 .00020 0.1 <1 NPDL 2+ - B Cell
2 .00003 0.1 <1 DPDL 2+ - B Cell
3 00144 0.1 [ DML 2+ - B Cell
4 .00008 0.5 2 NPDL 3+ — B Cell
5 .00100 0.5 20 NPDL 3+ - B Cell
[ .00070 0.5 14 Normal node, lipoma (B cell +) - B Cell
7 01900 1 800 NML 3+ - B Cell
8 .00020 1 8 DHL - - B Cell
9 .00060 1 24 DHL - — B Cell
10 .00020 5 40 DPDL 3+ - B Cell
1 .00200 5 400 Hyperplastic normal node 2+ - B Cell
12 .00500 5 1,000 Atypical hyperplostic #(14;18) 3+ - B Cell
13 .00070 15 420 DPDL 24 - B Cell
14 .00050 15 300 DML NE NE NE
15 .00010 15 60 DPDL —/+ - B Cell
16 00090 40 1,460 DHL —/+ - B Cell
17 .00020 40 320 NPDL 3+ - B Cell
18 .00127 40 2,032 NPDL 3+ - B Cell

Abbreviation: NE, not examined due to technical problems.
*The histopathologic diagnosis of the tumor biopsied on study.

1Scored for the presence of OKB7 target antigen (gp140) by indirect inmunopathology: —, no positive cells; — / +, < 10% positive cells;

2+, 50% to 70% positive cells; 3+, > 70% positive cells.
1Scored for the presence of OKB7 IgG in the tumor biopsy.



SCHEINBERG ET AL

ing since the amount of OKB7 IgG per gram of
tumor in all of the biopsies was extremely low,
and about 1 billion lymphocytes might be con-
tained in 1 g of tissue (Table 4).

Tumor Uptake of OKB7 and Radioisotope
Dosimetry

The amount of *'I-OKB7 in the tumor was
determined by weighing the biopsy specimen and
counting the radioactivity in a gamma counter.
The percentage of the injected dose of OKB7 per
gram of tumor tissue was calculated (Table 4).

The mean amount of 1gG delivered per gram
of tumor varied directly with the injected dose
(Table 4). The average number of molecules of
OKB?7 per cell ranged 400-fold, from 2 to 3 IgG
to 1,270 IgG, exactly the same 400-fold range as
that of the doses injected (0.1 to 40 mg). In
contrast, the percentage of injected dose per
gram of tumor was unrelated to the injected dose.
Two features that were critical in determining
what percentage of the injected dose was found in
tumor tissue were the strength of OKB7 antigen
expression in the tumor and the size of the tumor
burden. Antigen-negative tumors did not take up
OKB?7 and the intensity of targeting to antigen-
positive tumors was related inversely to the
amount of tumor (Fig 2).

Radiation doses delivered to the whole body

799

and blood were calculated by MIRD S factors
and the effective T'ss of '>'I in the various parts
of the body (Table 5). In 17 of the patients rad
per millicurie doses to the whole body were low,
ranging from 0.2 to 0.7 rad/mCi. Nonpenetrat-
ing blood doses were somewhat higher. Patient
no. 9 received a higher rad per millicurie dose
due to a longer antibody T/ as discussed above.
Patient no. 3 had a large blood dose due to
increased serum TY. If 200 rad to the whole
body were considered a tolerable limit of radia-
tion dose,”” between 300 and 1,000 mCi total
dose of *'I could be injected safely, depending on
the particular patient’s pharmacokinetics, with-
out expecting severe myelosuppression.

Tumor doses were calculated in patients no. 7
and 12 using the exact dose delivered to the
tumor from the biopsy and the effective T'/; of
the iodine at the tumor based on cpm in areas of
interest from the images. The tumor to blood,
marrow, and body ratios for rad per millicurie
doses to these tissues suggested that therapeutic
doses might be delivered to these tumors with
significant dose escalation without compromising
marrow function. Assuming a 200 rad cumula-
tive dose to the bone marrow, then isotope dose
escalation to this upper limit would deliver 4,400
rad to the tumor in patient no. 7 and 1,400 rad to
the tumor in patient no. 12.
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HAMA Responses

Serum was collected from all patients to deter-
mine the presence, duration, and strength of the
HAMA response. Five patients developed
HAMA (patients no. 5, 7, 10, 11, 12). The
antibodies disappeared at 7, 9, and 11 months in
three patients and were still detectable at 9
months in two. These responses were not OKB7-
specific (antiidiotypic). The appearance of
HAMA did not appear to correlate with pretreat-
ment IgG or IgM levels. Of interest is that three
of the five HAMA-positive patients had a small
burden (no. 7, 11, 12) and are still without
evidence of disease. The two other patients had
moderate tumor burden.

Tumor Responses

No lymphoma regression could be attributed
to the OKB7 infusions. In two patients all measur-
able disease was removed by the surgical biopsy
(patients no. 7 and 12). Two patients (no. 6 and
11) had normal nodes at biopsy. Three of these
four patients (no. 7, 11, and 12) have remained in
remissionat 12+, 11+, and 11 + months, respec-
tively. These three patients had the highest
percentage of uptake of OKB7 per dose in their
nodes (Table 5).

MAB OKB7 IN NHL

DISCUSSION

This phase I trial was designed to examine
OKB?7 toxicity and pharmacology, the develop-
ment of HAMA responses to OKB7, and the
relationships of antibody dose, tumor antigen
expression, and tumor burden on the delivery of
mAb to the tumors. The study included a large
escalating dose range and a variety of patients
with relapsed NHL, differing in extent of disease
and degree of antigen expression in tumor tissue.
Accurate determination of tumor uptake was
made by biopsy in all patients. Other trials
examining some of these issues have been limited
either by small size, lack of biopsy data, no dose
escalation, or no immunopathologic correla-
tion.»*1335 The information offered in this study
will now be used to design a therapeutic trial that
will optimize *'I-OKB7 delivery to lymphomas.

The mADb doses showed reproducible labeling
characteristics and immunoreactivity. No toxic-
ity and no tumor response could be attributed to
the mAb infusion. Since these patients generally
did not have significant numbers of OKB7-
positive cells in their circulation, antigen modula-
tion was not studied.

Development of HAMA was observed in five
of 18 patients. The incidence of HAMA is

Table 5. Dosimetry Calculations for '*'I-OKB7

{Rad/mCi) 3| Ratios
Dose Doses Delivered (rad/mC) Ratio of Tumor to Tumor to
Patient No. (mg) Body Serum* Tumort Tumor to Body Marrows Serum
1 0.1 0.43 1.94 — 0.2
2 0.1 0.23 0.74 —_ 0.2
3 0.1 0.68 2.48 —_ 0.6
4 0.5 0.39 0.59 — 1.7
5 0.5 0.26 1.09 — 0.2
6 0.5 0.47 1.22 1.3 0.9
7 1 0.36 1.38 7.9 22-fold 32.2§ 1.9
8 1 0.45 1.18 0.3 0.2
9 1 3.24 1.93 — 0.2
10 5 0.31 0.74 1.2 0.2
1 5 0.41 0.79 11.4 1.6
12 5 0.43 1.95 3.0 7-fold 75.7 3.8
13 15 0.21 1.95 23 0.3
14 15 0.24 0.73 53 0.6
15 15 0.36 0.60 0.3 0.3
16 40 0.31 0.91 1.2 0.7
17 40 0.30 0.65 — 0.3
18 40 0.20 0.83 4.3 1.0

*Nonpenetrating serum doses.
1Data are not shown for tumors where uptake was not significant.
1Not all patients had bone marrow core biopsies.

§Marrow was obtained several hours before biopsy so the ratio is a minimum valve.
[The biopsy was obtained several hours after the last blood sample, therefore serum radioactivity was calculated by extrapolation.



SCHEINBERG ET Al

generally low in patients with B-cell neoplasms
treated with mAbs.2 This has been attributed
either to the immunosuppression associated with
B-cell lymphomas, especially CLL, or to the use
of cytotoxic and immunosuppressive therapies in
these patients, or to impure antibody prepara-
tions. However, pretreatment Ig levels, immuno-
suppressive therapy, and the dose of adminis-
tered antibody did not correlate well with the
development of HAMA in this trial. HAMA
response persisted for up to 1 year. This persis-
tence may be an impediment to re-treatment in
this subset of patients.

Pharmacologic studies demonstrated two
phases of serum clearance with median T/;s of
1.9 hours and 21.7 hours, and a total body
clearance, with a median T, of 22 hours. This
rapid clearance is similar to that seen in other
studies,**!>340 and results in 0.2 to 0.5 rad/mCi
to the whole body. Excretion of !>'I was largely
via the kidneys, but also included gastrointestinal
excretion following gastric secretion. Surpris-
ingly, despite the large range of doses given in
this trial, there did not appear to be a relationship
between dose and pharmacokinetics, perhaps
because even the largest dose used in this trial
was too low to saturate either the available
binding sites or the excretory mechanisms. Other
studies with mAbs have observed either dose-
related or -unrelated pharmacokinetics.'* 3% 3840
Prolonged total body and serum Tss of '*'I were
demonstrated in one patient each, resulting in
significant increases in estimated whole body
radiation doses. Therefore, pharmacokinetics
should continue to be studied in individual pa-
tients in future trials using radiolabeled antibody
at therapeutic levels to alert us to an unexpected
risk of major hematologic toxicity. A more rapid
clearance was seen in one patient, who had high
levels of circulating antigen, a factor that needs
to be assessed in order to more accurately esti-
mate the radiation dose delivered by an mAb.

The availability of tumor biopsies in these
patients allowed us to study the relationship
between OKB7 target antigen expression and
mAb uptake at the tumor site. Tumors with little
or no antigen expression did not specifically take
up "'I-OKB7 as determined on scans or in
biopsies. Similar results have been obtained in
radiolocalization studies in patients with colon
cancer.®® This uptake (median, 0.0007%) might
thus be considered nonspecific background. In
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contrast, several patients with antigen-positive
tumors had significant specific uptake of OKB7.
This uptake, expressed as percent of the injected
dose per gram of tumor, did not depend on dose.
Rather it appeared to vary inversely with the
tumor burden (Fig 2). Patients with a large
tumor burden, which included palpable spleno-
megaly, had the lowest uptake, even less than
patients with no antigen expression. This reduc-
tion in tumor uptake (median, 0.00008%) is
consistent with rapid absorption of antibody by
the spleen. Studies in primates using T- and
B-cell specific mAbs support this concept.*' In
patients with massive splenomegaly, the splenic
lymphoma and B cells might be able to absorb
much more than the 40 mg injected dose of
OKB?7, for example, as occurred in patient no.
17. In patients with large numbers of circulating
OKB7-positive cells, for example, in patient no.
15, similar absorption would be expected to
occur. Patients with multiple sites of disease and
no palpable spleen had eight times more uptake
(median, 0.0006%), but no more than antigen-
negative tumors. Patients with minimal disease
had a six times higher percentage uptake than
those with multiple sites of disease (median,
0.0035%). Thus tumor burden changed median
percentage uptake by more than 40-fold. At the
levels used in this study, antibody dose did not
appear to play a major role in determining
percentage uptake (Table 4). It is of interest that
the highest percentage uptakes, seen in patients
given 1 and 5 mg doses, were as high or higher
than the percentage uptakes seen in patients
given 500-fold larger doses of antibody in an-
other trial in patients with B-cell lymphoma,
suggesting dose escalation alone does not always
result in better mAb delivery to tumors.' This
other trial also showed a clear relationship be-
tween dosimetry and tumor burden. We cannot
predict how a similar dose escalation would
affect OKB7 dosimetry.

In contrast, dose did influence in a direct
manner the total OKB7 accumulation at a site.
The total amount of antibody present (not the
percentage of injected dose) at a tumor site
increased proportionally with the dose over a
400-fold range (Table 4).

The biopsy dosimetry data were supported by
whole body images, which clearly showed early
and significant uptake in the spleen, especially,
for example, in patient no. 17, and clear images
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of tumors in patients no. 7 and 12. Microdosime-
try within target tissues using quantitative
autoradiography*? was not examined in this study.
Pathologic examination of the nodular lympho-
mas clearly showed that only the lymphoma
nodules, which represent 40% to 60% of the
involved node, were OKB7 antigen-positive. Thus,
it is possible that radioisotope doses to these
lymphoma cells are twofold higher than can be
predicted by weighing the entire node. Welt et
al®® were able to show considerable quantitative
differences in the delivery of radioiodinated mAb
to colon carcinoma metastases by examining
different parts of large tumors.

With the exception of two patients with altered
renal and vascular function, doses delivered to
the whole body, marrow, blood, and organs other
than the spleen and bladder were low. In patients
no. 7 and 12 the cumulative rad per millicurie
doses to the tumor as compared with the body
were high enough that I dose escalation to
therapeutic levels should be feasible. At 200 rad
to the whole body, 4,400 and 1,400 rad would be
delivered to the lymphomas of patients no. 7 and
12, respectively.

The optimal delivery of mAbs specifically to
tumors will require an understanding of an ex-
traordinarily complicated pharmacologic system
that involves not only serum antibody levels and
clearance mechanisms, but also antibody affinity,
antigen-antibody interactions, host and cellular
responses to antibody, circulating and cell-
surface antigen levels, and tumor burden. The

MAB OKB7 IN NHL

difficult problems posed by antigen modulation,
HAMA response, and lack of antibody cytotoxic-
ity have been identified in prior trials."? The
present trial underscores the additional obstacles
posed by low antigen expression and large tumor
burden. While the issue of antigen heterogeneity
can be addressed by combined use of several
antibodies, the problem of tumor burden is less
easily solved. Therapy with mAb might be more
usefully applied in an adjuvant setting, in splenec-
tomized patients, or after cytoreduction. Alterna-
tively, the tumor dose might be increased by
increasing the dose of antibody as shown in a
study of "*'I-MBI1 in patients with NHL in which
up to 10 mg/kg of antibody were infused.'®
However, even at these large doses, adequate
tumor dosimetry was achieved only in one half of
the patients, and grade 4 hematologic toxicity
requiring marrow rescue was often seen. An
alternative approach to increasing specific deliv-
ery of isotope to tumor sites might be to use
repeated moderate doses of mAb to achieve a
large cumulative dose at the tumor. This might
reduce the total amount of antibody delivered to
the tumor but might increase the specificity and
consequently lower the toxicity.
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