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Chimeric T84.66 (cT84.66) is a high-affinity (1.16 X 10"" M) IgG,
monoclonal antibody (MAb) against carcinoembryonic antigen
(CEA). This pilot trial evaluated the tumor-targeting properties,
biodistribution, pharmacokinetics and immunogenicity of **'in-la-
beled cT84.66. Methods: Patients with CEA-producing metastatic
malignancies were administered a single intravenous dose of 5 mCi
""in-diethylenetriaminepentaacetic acid-cT84.66. Serial blood
samples, 24-hr urine collections and nuclear images were collected
up to 7 days postinfusion. Human antichimeric antibody response
was assessed up to 6 mo postinfusion. Results: Imaging of at least
one known tumor site was observed in 14 of 15 (93%) patients.
Seventy-four lesions were analyzed with an imaging sensitivity rate
of 45.1% and a positive predictive value of 94.1%. In one patient,
two additional bone metastases developed within 6 mo of antibody
administration at sites initially felt to be falsely positive on scan. One
patient developed a human antichimeric antibody response pre-
dominantly to the murine portion of the antibody. The antibody
cleared serum with a median T, of 6.53 hr and a T, ,, of 90.87
hr. Interpatient variations in serum clearance rates were observed
and were secondary to differences in clearance and metabolic rates
of antibody-antigen complexes by the liver. One patient demon-
strated very rapid clearance of antibody by the liver, which compro-
mised antibody localization to the primary tumor. Antibody uptake in
primary and metastatic tumors ranged from 0.5% to 10.5% injected
dose/kg, resulting in estimated radiation doses ranging from 0.97 to
21.3 cGy/mCi %°Y. Antibody uptake in regional lymph nodes ranged
from 1.3% to 377% injected dose/kg, resulting in estimated radia-
tion doses ranging from 2.0 to 617 cGy/mCi %°Y. Conclusion:
Chimeric T84.66 demonstrated tumor targeting that was compara-
ble to that of other radiolabeled intact anti-CEA Mabs. Its immuno-
genicity after single administration was lower than murine Mabs.
These properties make cT84.66 or a lower molecular weight deriv-
ative attractive for further evaluation as an imaging agent. These
same properties also make it appropriate for future evaluation in
Phase | therapy trials. Finally, a wide variation in the rate of antibody
clearance was observed, with one patient demonstrating very slow
clearance, resulting in the highest estimated marrow dose of the
group, and one patient demonstrating unusually rapid clearance,
resulting in poor antibody localization to tumor. Data from this study
suggest that serum CEA levels, antibody-antigen complex clear-
ance and, therefore, antibody clearance are influenced by both the
production and clearance rates of CEA. This underscores the need
to further identify, characterize and understand those factors that
influence the biodistribution and clearance of radiolabeled anti-CEA
antibodies to allow for better selection of patients for therapy and
rational planning of radioimmunotherapy.
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Radiolabeled monoclonal antibodies (MAbs) have shown
promise as agents for cancer imaging and therapy. Phase I and
II clinical trials involving several antibodies against tumor-
associated antigens have been reported (/—4). Carcinoembry-
onic antigen (CEA) is one of the most important of these, as it
is expressed in a variety of tumor types, including those arising
from the gastrointestinal tract, lung and breast (5-7). Radiola-
beled anti-CEA antibodies have been evaluated for both imag-
ing (7-11) and therapy (/2). For example, Beatty et al. (/3)
imaged 69% of primary colorectal carcinomas using '''In-
labeled anti-CEA murine Mab T84.66 (mT84.66).

A majority of the clinical trials have evaluated murine-
derived Mabs. Murine antibodies are recognized as foreign by
the patient, which leads to the production of human antimouse
antibodies (HAMAs) in as many as 50% of patients after single
administration (/4,15). HAMA production leads to rapid clear-
ance of subsequently administered antibody (/6,/7). To im-
prove this situation, investigators have engineered chimeric
(human and mouse) and humanized antibodies (/8—22), which
has reduced immunogenicity. For these reasons, a chimeric
version of the anti-CEA antibody mT84.66 was constructed and
evaluated in a pilot pretherapy imaging trial.

MATERIALS AND METHODS

Antibody Production and Conjugation

Chimeric T84.66 (cT84.66) is an intact IgG, antibody derived
from murine T84.66, an IgG, Mab developed at the City of Hope
with high specificity and affinity for CEA (23,24). Chimeric
T84.66 recognizes the A3 B3 domain of CEA and has little cross
reactivity with normal tissues. The affinity constant of cT84.66
(1.16 X 10" M) is comparable to that of the murine antibody
(1.25 X 10" M™') (25). For this study, purified antibody was
conjugated to the isothiocyanatobenzyl diethylenetriaminepenta-
acetic acid (DTPA) chelate of Sumerdon et al. (26). Details of the
production and characterization of cT84.66 have been previously
reported (27,28).

The final vialed lot of purified antibody conjugate used in this
study met standards set by the Food and Drug Administration
guidelines. An Investigational New Drug application for '''In-
labeled cT84.66 is currently on file with the Food and Drug
Administration.

Radiolabeling of Antibody

Radiolabeling was performed by incubating the cT84.66-DTPA
conjugate with '''In at a ratio of 1 mCi to 1 mg for 45 min at room
temperature, and the reaction was stopped by the addition of 0.01
M sodium-EDTA. The reaction mixture was then purified by
size-exclusion high-performance liquid chromatography (HPLC)
(TSK-G3000 column) and diluted in normal saline with 1% human
serum albumin to a total volume of 50 ml. Each dose was tested for
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endotoxin by limulus amebocyte lysate assay and isotope binding
by instant thin-layer chromatography. For all administered doses,
radiolabeling of >90% and endotoxin levels of <1 unit/ml were
demonstrated. Immunoreactivity by solid-phase CEA radioimmu-
noassay was consistently >95%. Preclinical human serum stability
testing demonstrated <4% of '''In activity dissociating from the
antibody up to 216 hr.

Preclinical murine antibody biodistribution studies of '!''In-
labeled cT84.66-DTPA demonstrated targeting to CEA-producing
colon carcinoma xenografts (LS174T) and normal organ biodistri-
butions that were comparable to other intact '''In-labeled anti-
CEA antibodies. Tumor uptakes in the range of 50%—-70% injected
dose (ID)/g at 48-72 hr postinfusion were observed. Yttrium-90-
DTPA-cT84.66 and '''In-DTPA-cT84.66 biodistributions were
similar in the mouse model (29).

Clinical Trial Design

‘The objectives of this pilot study were to evaluate the tumor-
targeting properties, immunogenicity, pharmacokinetics and safety
of administration of cT84.66. Patients were 18 yr of age or older
and had evidence of CEA-producing metastatic disease based on an
elevated serum CEA or positive staining on CEA immunohisto-
chemistry of tumor biopsies. The following studies were performed
before antibody administration: complete blood count and platelet
count with differential, SMA-18, urinalysis, pregnancy test if
indicated, plasma CEA levels, serum for human antichimeric
antibody (HACA) response (in patients with previous exposure to
murine or chimeric antibodies), CT scans of relevant anatomic
locations corresponding to areas of metastatic or suspected meta-
static disease, chest x-irradiation and electrocardiogram. If clini-
cally indicated, bone scan, barium enema or colonoscopy was
performed to assess disease location and extent. All blood studies
were performed at least 2 wk before infusion, and all radiologic
studies were performed at least 6 wk before antibody infusion. All
patients had adequate renal and hepatic function before antibody
infusion.

Chimeric T84.66 was radiolabeled with '''In at a ratio of 5 mCi
""'In to 5 mg of antibody. A 100-ug test dose was first adminis-
tered intravenously and was followed 15 min later by the remainder
of the antibody delivered over approximately 25 min. Blood
samples were taken at 30 min, at 1, 2 and 6 hr and at each scan
time. Twenty-four-hour urine collections were done daily for 5
consecutive days. Spot planar and whole-body imaging studies
were performed at 6, 24 and 48 hr and at 4-7 days after antibody
administration using a camera with SPECT capability. SPECT
scans were performed at 48 hr and at 4-5 days.

In selected cases, patients had planned surgical exploration
within 2 wk after antibody infusion. Biopsies and resection of
tumor and adjacent structures were done as medically indicated.
Indium-111 content of resected tissues was determined on a
gamma counter with a window setting of 150-500 keV, expressing
results, corrected for decay, as the % ID per kg of tissue.

Imaging Analysis

Imaging analysis was performed on a lesion-by-lesion basis. All
scans were read in a blinded fashion by a nuclear medicine
radiologist experienced in antibody imaging. Scan results were
then compared to known sites of disease, as defined by sites of
>1.0 cm on CT scans or on other conventional radiologic studies,
sites imaged on bone scan or sites identified at surgery that were
histologically positive for cancer. Lesions were then scored as
either true-positive (TP), false-negative (FN), false-positive (FP) or
true-negative (TN). Photopenic areas in the liver were not consid-
ered to be positive lesions.
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Statistical Analysis

Sensitivity and positive predictive value (PPV) were calculated
using the standard statistical formulas (30). Exact 95% binomial
confidence intervals were calculated. Specificity (TN/TN + FP)
and negative predictive value (TN/TN + FN) were not calculated
in this analysis because the sampling of nonmalignant tissue was
not routine in this study.

Analysis of Human Antichimeric Antibody Response

The serum HACA response to cT84.66 and cT84.66—-DTPA was
assayed before infusion, at 2 wk postinfusion and at 1, 3 and 6 mo
postinfusion using a double-capture, solid-phase quantitative radio-
immunoassay, similar to that published by LoBuglio et al. (20).
Briefly, patients’ sera were diluted 1:4 or 1:5 in normal saline, and
100 pl of each dilution were pipetted into quadruplicate glass
tubes. To each tube, 100 wl '''In-labeled cT84.66 (approximately
100,000 cpm) were added. Polystyrene beads coated with cT84.66
or cT84.66—-DTPA were then added to the tubes, incubated at room
temperature for 90 min and washed. The beads were counted on a
gamma counter. Serial dilutions of a goat antihuman Fc preparation
of known concentration were used to generate a standard curve
from 12.5 to 200 ng/ml 1% BSA in PBS, which was used as a
negative control. A sample was scored positive if it was >12.5
ng/ml.

To further define and characterize the HACA response, compet-
itive inhibition studies with excess cT84.66, cT84.66-DTPA,
mT84.66, mT84.66-DTPA normal human IgG and normal human
IgG-DTPA were performed. For inhibition studies, 50 ul of
competing agent at 10 ug/ml were added to 50 ul of 1:1 diluted
serum. Human antichimeric antibody radioimmunoassays were
then performed as described above.

Pharmacokinetic Analysis and Dosimetry Estimates

Blood and urine samples were counted for '''In activity on a
gamma counter and were also processed on a HPLC size-exclusion
Superose 6 column. In a lowest-order modeling analysis, serum
kinetics were analyzed for all 15 patients using a two-compartmen-
tal model fit of each patient’s time against blood and urine
radioactivity curve. Fits were performed using ADAPT II software
(31). For modeling, data points were corrected for decay and were
equally weighted.

In nine patients, all nuclear scans were digitally stored for later
analysis, making whole-body and normal organ absorbed radiation
doses estimates possible from serial '!''In scans of the whole body
and local anatomical areas. Parallel-opposed images were used to
construct the geometric mean uptake as a function of time for those
organs seen in both projections. Otherwise, single-view images
were acquired. All resultant curves on '''In activity against time
were corrected for background and patient attenuation. Attenuation
was estimated using a separate series of experiments involving
gamma camera efficiency in counting a planar '''In phantom
source as a function of tissue-equivalent absorber thickness. Given
the geometric mean or single-view uptake values, a five-compart-
ment modeling analysis was performed (32) to estimate residence
times for '''In and *°Y. Dose estimates for °°Y-cT84.66 were then
estimated with the MIRD method (33) using the MIRDDOSE3
program (34).

Red marrow absorbed radiation dose estimates were possible in
all 15 patients using the AAPM algorithm (35) based on the plasma
clearance curves. For the nine patients on whom analyses of
digitally stored nuclear images were performed, blood clearance
curve fits were generated using the five-compartment model
described above. For the remaining six patients, blood clearance
curve fits were generated using a three-compartment model to fit of
blood and urine data. Further details on the kinetic modeling and
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TABLE 1

Patient Characteristics
Serum
Primary Age Primary CEA
no. (V] site Histology (ng/mi) Disease extent
1 67 Rectum Adenocarcinoma 25 4.5 x 3.0-cm rectal mass; multiple liver metastses (largest
8 X 13 cm); 1.5 X 2.0-cm porta hepatis lymph node
2 56 Esophagus Adenocarcinoma 150 6 X 6-cm espohageal mass; 3 X 3-cm left
supraclavicular lymph node; multiple 2-3-cm
mediastinal lymph nodes; 3 X 5-cm gastric lymph node
3 70 Lung Squamous cell 7.0 17 X 16-cm right lung mass; 3 X 3-cm left adrenal mass
carcinoma
4 63 Colon Adenocarcinoma 203 Multiple hepatic metastases (largest, 7.3 X 3.3 cm); 3.5 X
3.7-cm right adrenal metastasis; 2.2-cm mediastinal
lymph node; Multiple lung metastases (Jlargest, 1.5 cm)
5 70 Thyroid Medullary 1034 Muttiple lung metastases (largest, 2 cm); multiple bone
metastases (largest, 4.5 cm)
6 24 Thyroid Medullary 156 Muttiple cervical lymph node metastases (largest, 1.5 cm)
7 51 Rectum Adenocarcinoma <25 8 X 8-cm rectal mass
8 72 Colon Adenocarcinoma 3.9 Muttiple lung metastases (largest, 3.5 cm)
10 35 Breast Infiltrating ductal 20 Multiple bone metastases on bone scan (size not
carcinoma documented)
1" 59 Breast Infiltrating ductal 7.3 Two 2-cm liver metastases; three bone metastases on
carcinoma bone scan (size not documented)
13 76 Colon Adenocarcinoma 120 7 X 7.2-cm anterior chest wall mass; multiple bone
metastases on bone scan (size not documented)
14 7 Colon Adenocarcinoma 977 4.4 X 2-cm right adrenal mass; 1.3-cm lung mass; 1.2-
cm mediastinal lymph node
15 52 Colon Adenocarcinoma 485 4.5 X 3-cm right adrenal mass; 7 X 5.5-cm left adrenal
mass
17 54 Colon Adenocarcinoma 71 1.3 X 2.3-cm lung mass; 1.5-cm mediastinal lymph node
18 70 Lung Squamous cell 228 6 X 10-cm left lung mass; multiple bone metastases
carcinoma (largest, 2 cm)

dosimetry methods used can be found in a companion paper to this
study by Odom-Maryon et al. (32).

All tumor dose estimates used a single uptake against time curve,
as determined by serial images from one representative patient.
Pathology specimens when available were used to define tumor
volume and provided tissue counts to quantitate tumor uptake.
Doses were estimated by integrating the point source function over
the tumor volume. Edge effects were considered using a method
previously published by this group (36).

RESULTS

Eighteen patients were enrolled, of which 15 were evaluable
for analysis. One patient did not receive antibody due to clinical
deterioration, and one patient was infused with the antibody but
did not return for any scans. A third patient was infused with the
antibody based on elevated serum CEA levels by reports from
the referral institution. However, tumor CEA expression could
not be confirmed at this institution by either elevated serum
CEA levels or by positive CEA immunohistochemistry staining
of tumor tissue.

Table 1 lists the characteristics of all 15 patients. Eight
patients were men and seven were women, with a median age
of 62 yr (range, 36-76 yr). Seven patients had colorectal
cancer, three had lung cancer, two had breast cancer, one had
esophageal cancer and two had medullary thyroid cancer.

Imaging Results

Fourteen of 15 patients (93%) had imaging of at least one
known tumor site. Examples from four of these patients are
presented in Figures 1-4. A total of 74 lesions was analyzed.
The median number of lesions per patient was three with a
range of 1-20. Sensitivity of the antibody scans was 45.1% (32
of 71), and PPV was 94.1% (32 of 34). Table 2 presents the
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imaging results for all lesions. All four primary tumors (two
colorectal, one lung and one esophageal) were imaged with the
chimeric antibody. Hepatic metastases were not imaged or seen
as cold spots due to normal liver uptake and were scored as
FNs.

Five (62.5%) of eight lymph node metastases seen on CT

FIGURE 1. (A) Anterior whole-body view and (B) anterior spot pelvis view of
a 64-yr-old woman with medullary thyroid cancer metastatic to bone (Patient
5) at 48 hr postinfusion. Antibody localization to metastases in the pelvis,
bilateral femurs and shoulder regions was seen.
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FIGURE 2. A 51-yr-old man with an
8 X 8-cm rectal adenocarcinoma
(Patient 7). Antibody localization to
the primary tumor was observed on
the posterior whole-body view 48 hr

scan were imaged by the antibody. In addition, four patients
demonstrated imaging of radiologically normal lymph nodes,
which, in three patients, was felt secondary to CEA draining
from nearby metastatic sites (Patients 7, 8 and 18). The fourth
patient (Patient 14) had unusually slow antibody clearance and
demonstrated nonspecific uptake to bilateral axillary and ingui-
nal lymph nodes.

FIGURE 3. Antibody uptake was
visualized in two left lung metasta-
ses on the 48-hr posterior spot
chest view in a 72-yr-old woman
with metastatic colon cancer (Pa-
tient 8). Antibody localization also
was seen in left hilar lymph nodes.
Tissue counts from biopsies of
these nodes are reported in Table 3.

FIGURE 4. A 76-yr-old woman (Pa-
tient 13) with a 7 X 7.2-cm anterior
chest wall metastasis from colorec-
tal cancer. Antibody localization is
demonstrated on the anterior spot
chest view at 48 hr postinfusion.

Patients were followed for at least 6 mo after antibody
infusion. During this period, one patient with medullary thyroid
cancer (Patient 5) developed two additional bone metastases at
sites that were originally felt to be FPs on antibody scan.

Tumor histologic type, extent of disease and preinfusion
serum CEA level, which ranged from <2.5 to 1034 ng/ml, did
not appear to influence antibody imaging. No side effects,
changes in vital signs or changes in laboratory values were
associated with antibody administration.

Evaluation of Immunogenicity

All 15 patients were evaluated for HACA within the first
month after antibody infusion, with 13 patients evaluated at 3
mo and 9 patients evaluated at 6 mo. One patient (Patient 13)
developed a HACA response with measurable titers to
cT84.66-DTPA (54.9 ng/ml) at 2 wk postinfusion. At 1 mo,
titers had increased to 152.4 ng/ml. At 3 mo antibody titers to
cT84.66-DTPA further increased (221 ng/ml), and antibodies
to cT84.66 (114.8 ng/ml) were first detected. The patient
expired from metastatic disease before the planned 6-mo blood
sample. Competitive inhibition studies were performed to
determine the site of HACA reactivity. mT84.66, mT84.66—
DTPA and cT84.66-DTPA produced approximately 80%—
100% inhibition, whereas normal human IgG-DTPA produced
no inhibition of binding to cT84.66, suggesting that the anti-
body response was directed predominantly toward the murine
portion and not the Fc portion of cT84.66. Ongoing studies are
defining whether the HACA response was anti-idiotypic, and
these results will be reported separately.

Tissue Counts

Tissue counts were available from four patients who had
exploratory surgery within 1-2 wk after antibody infusion
(Table 3). Indium-111 uptake in one primary (Patient 7) and
two metastatic (Patients 8 and 17) colorectal cancer lesions
ranged from to 4.4% to 10.5% ID/kg. In a fourth patient (Patient
1), uptake was only 0.5% ID/kg in the primary tumor and 1.3%
ID/kg in a histologically positive porta-hepatic lymph node,
whereas uptake in liver metastases was higher (5.1 and 13.2%
ID/kg). This patient demonstrated the fastest clearance of
antibody to liver in the group (Fig. 5), possibly contributing to
low uptake in the primary tumor and lymph node.

Tissue counts were not available for the eight lymph node
metastases seen by CT scan and reported in Table 2. However,
tissue counts were available from an enlarged porta-hepatic
lymph node from Patient 1, which contained tumor on histo-
logic examination. Tissue counts also were available from a
separate set of clinically normal regional lymph nodes removed
at surgery from three patients (peri-colonic lymph nodes in
Patient 7 and hilar/mediastinal lymph nodes in Patients 8 and
17). Activity in these draining regional lymph nodes varied
from 4.5% to 377% ID/kg (Table 3). All surgically sampled
nodes from Patients 7, 8 and 17 were histologically negative for
tumor on routine bisection and single section examination. Four
lymph nodes from Patient 8 stained positive for CEA, primarily
in sinus histiocytes.

Pharmacokinetic Analysis and Dosimetry Estimates

Serum clearance rates were estimated for all 15 patients.
Antibody cleared serum with a median T, ,, of 6.53 hr (range,
0.31-43.36 hr) and T, ;5 of 90.87 hr (range, 30.03-229.06 hr).
A wide range of blood clearance rates was observed (Figs. 5 and
6). For all patients, the rate of clearance from blood was directly
proportional to the rate of activity excreted in the urine. This is
demonstrated in Figure 6, which compares blood residence time
of ''"In activity with residence times in urine and liver for the
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TABLE 2

Imaging Results with Indium-111-Labeled cT84.66

No. sites

Type of lesion analyzed TP FN TN FP Sensitivity (%) PPV (%)
All lesions 74 32 39 1 2 45.1 (33.2-57.3) 94.1 (80.3-99.3)
Primary tumor 4 4 0 0 0 100 (47.3-100.0) 100 (47.3-100.0)
Pulmonary lesion 8 6 2 0 0 75.0 (34.9-96.8) 100.0 (60.7-100.0)
Bone lesion 41 15 24 0 2 38.5(23.4-55.4) 88.2 (63.6-98.5)
Hepatic lesion* 6 0 6 0 0 0.0 (0.0-39.3)
Adrenal lesion 6 1 4 1 0 20.0 (0.4-57.9) 100 (0.8-90.6)
Soft tissue lesion 1 1 0 0 0 100 (5.0-100) 100 (5.0-100)
Lymph node 8 5 3 0 0 62.5 (24.5-91.5) 100 (54.9-100)

95% confidence intervals are in parentheses; Sensitivity = TP/(TP + FN); PPV = TP/(TP + FP).

*One of six lesions seen as cold area within the liver.

nine patients where data were fitted using the five-compartment
model (32). Patients with faster blood clearance of activity, seen
as lower blood residence time, demonstrated greater activity
localizing to liver and clearing through the urine. Urine activity
was seen as a low-molecular weight (5-kDa) metabolite on
HPLC.

Blood clearance did not correlate with preinfusion serum
CEA levels (Fig. 7). In all patients with detectable circulating
antigen, CEA-antibody serum complexes were observed on
size-exclusion HPLC analysis, with higher circulating CEA
serum levels, resulting in a larger complex peak (Fig. 8). In
patients with high liver accumulation, the CEA complexes
cleared quickly from the serum, whereas in those patients with
less hepatic accumulation, serum complexes persisted. Taken
together, these data suggest that individual differences in
antibody blood clearance kinetics were due to differences in
hepatic clearance and metabolic rates of antigen—antibody
complexes. Complexes localizing to liver were metabolized to
a low-molecular weight metabolite that was excreted though the
renal system. .

Yttrium-90-cT84.66 radiation dose estimates to normal or-
gans are given in Table 4. Differences between patients were
primarily due to variations in the rate of antibody clearance
from blood to liver as described above. Tumor dose estimates
also were performed in five patients (Table 3). Four of these

patients had exploratory surgery 7-14 days after antibody
infusion and, therefore, tumor dimensions from pathologic
specimens and '''In counts were available. In Patient 7 with a
8 X 8 X 8-cm primary rectal cancer, antibody uptake at 7 days
postinfusion was 4.8% ID/kg. Tumor doses were estimated
from uptake against time curves determined from serial nuclear
images, resulting in an estimated dose of 10.1 cGy/mCi *°Y. In
Patient 8, who had a surgically-resected lung metastasis, anti-
body uptake was 10.5% ID/kg. Assuming a time—activity curve
similar to Patient 7 and scaling for uptake, a dose of 21.3
¢Gy/mCi *°Y was estimated. In a third patient (Patient 17), a
dose of 12.8 cGy/mCi *°Y to a 1.7 X 1.0 X 1.0-cm surgically-
resected lung metastasis was estimated from tissue biodistribu-
tion data and assuming a time-activity curve identical in shape
to that of Patient 7 but scaled for uptake. In a fourth patient
(Patient 13) with a chest wall metastasis, tissue counts from
biopsies were not available but, as with Patient 7, tumor
dimensions were measurable by CT scan and tumor images
were clearly seen on all serial scans, allowing for adequate
determination of time against uptake curves. Assuming tumor
biodistribution as with Patient 7, a dose of 11.0 cGy/mCi *°Y
was estimated for this 7.2 X 4.5 X 7-cm chest wall metastasis.
Finally in Patient 1, who demonstrated very rapid clearance of
antibody to liver, primary tumor ugtake was low, resulting in a
dose estimate of 0.97 cGy/mCi *’Y, again assuming a time—

TABLE 3
Indium-111 Activity in Resected Tumor and Regional Lymph Nodes
Lymph node
Tumor indium-111 indium-111 Lymph node
Patient Tumor size activity Tumor yttrium-90 dose Lymph node size activity yttrium-90 dose
no. (greatest dimension, cm) (%ID/kg) (cGy/mCi) (greatest dimension, cm) (%ID/kg) (cGy/mCi)
1 4.5 (rectal primary) 0.5 0.97 20 13 20
2.5 (liver metastasis) 3.0 5.1
13.0 (liver metastasis) 6.6 13.2
7 8.0 (rectal primary) 4.8 101 0.7 45 4.5
0.8 35.3 574
8 3.5 (lung metastasis) 105 213 1.0 6.8 9.1
0.7 294 29.5
0.6 50.7 46.8
1.0 921 122.7
0.7 208" 209
0.8 37t 617
17 1.7 (lung metastasis) 44 12.8 0.5 67.0 89.2
13 140 34.5

*Positive for tumor on histologic examination.

TCarcinoembryonic antigen immunostaining performed. All lymph nodes stained positive (3+ on a scale of 1-4), with staining primarily in sinusoidal

histiocytes.
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clearance was primarily dictated by the rate of activity cleared by the liver,
with subsequent hepatic metabolism to a low-molecular weight metabolite
excreted into the urine.

20 40 60 8OO 20 40 60 80
minutes

O 20 40 60 80 O

FIGURE 8. Size-exclusion HPLC tracings of serum samples at 2-6 hr
post-antibody infusion from three patients administered cT84.66. (A) Serum
CEA levels for Patient 5, 1034 ng/ml; (B) Patient 6, 156 ng/ml; and (C) Patient
7, 2.5 ng/mi (C). All three demonstrated a second smaller peak representing
the formation of antibody-antigen complexes. The size of the peak corre-
lated with the level of circulating CEA.
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TABLE 4
Normal Organ Dosimetry with Yttrium-90-Chimeric T84.66

Dosimetry (rod/mCi)
Organ Average Range
Lung 1.75 1.09-2.31
Liver 241 16.0-37.1
Spieen 4.65 0.65-10.2
Kidney 281 0.29-5.34
Red marrow 2.37 0.77-3.54
Total body 2.35 1.55-2.78
DISCUSSION

Radiolabeled murine Mabs have shown promise as agents for
cancer imaging and therapy. However, HAMA formation in a
significant percentage of patients who are administered murine
antibodies limits multiple administrations (/6,/7). To reduce
antibody immunogenicity, several groups have genetically en-
gineered chimeric Mabs with most (2/,22) but not all (/8)
murine antibodies, demonstrating reduced immunogenicity.
The purpose of this study was to evaluate the immunogenicity
and tumor-targeting properties of chimeric T84.66, an anti-CEA
IgG, derived from murine T84.66.

Chimeric T84.66 retained high affinity (1.16 X 10'' M~ ")
and specificity to CEA as its murine antecedent. When radio-
labeled with '''In and administered to patients with CEA-
producing metastatic cancers, cT84.66 showed tumor targeting,
with 100% (four of four) primary tumors imaged, 62.5% (five
of eight) known lymph node metastases imaged and an imaging
sensitivity rate of 45.1% and PPV of 94.1% (Table 2). As
anticipated, hepatic and adrenal metastases were difficult to
image due to normal liver uptake of activity. Bone metastases
accounted for a significant fraction of the lesions, the majority
of which were in two patients, Patient 5, with 20 bone lesions,
and Patient 13, with 13 lesions. Although bone metastases in the
pelvis and extremities were visualized (Fig. 1), more centrally
located bone lesions, particularly those in the axial skeleton,
were more difficult to image due to cardiac and hepatic activity.
If bone lesions are excluded, imaging sensitivity would improve
to 53.1%. If bone, adrenal and hepatic lesions are excluded,
imaging sensitivity would increase to 75%.

Imaging results appear to be comparable to previously
reported '!'In intact anti-CEA Mabs (/6,37-39). For example,
the '''In-labeled anti-CEA murine monoclonal IgG, ZCE-025,
when evaluated at this institution (37), demonstrated an imag-
ing sensitivity of 40.5% and PPV of 83.1%. Divgi et al. (/6), in
a multi-institutional trial, reported a lesion detection rate of 56%
with '"'In-labeled C110, a murine IgG, against CEA, in
patients with colorectal cancer.

Chimeric T84.66 cleared serum with a median T, ,, of 6.53
hr (range, 0.31-43.36 hr) and T,,g of 90.87 hr (range,
30.03-229.06 hr). Comparisons cannot be made with murine
T84.66 because serum pharmacokinetic analyses were not
reported from that imaging study. However, clearance kinetics
were similar to that reported by Buchegger et al. (22), who
evaluated a radioiodinated chimeric intact anti-CEA in 18
patients with colorectal cancer and reported a T,,,, of 7.2 hr
(range, 1.4-18.4 hr) and T, ;5 of 91 hr (range, 30-292 hr).

A wide variation in serum clearance rates was observed, with
an inverse correlation between blood and liver residence times
observed (Fig. 6). Patients with greater localization of activity
to liver demonstrated greater excretion of activity through the
urine, indicating that the interpatient variability of antibody
serum clearance was related to the rapidity of clearance of
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antigen—antibody complexes from blood to liver. Complexes
once localized to liver were metabolized and excreted through
the urine as a low-molecular weight (5-kDa) metabolite. Rea-
sons for such interpatient variation in hepatic clearance and
CEA trafficking, however, remain unexplained at this time.

Antibody clearance was not related to preinfusion levels of
CEA (Fig. 7). Of interest are the two patients with the highest
serum CEA levels. One demonstrated relatively fast clearance
(Patient 5), whereas the other demonstrated the slowest clear-
ance on this study (Patient 14), suggesting that serum CEA
levels are determined by an interplay between the rates of CEA
production and clearance.

These observations differ from those recently reported by Yu
et al. (40), who noted increased clearance rates of '*'I-COL-1,
a murine monoclonal IgG,, anti-CEA, in patients with higher
serum CEA levels and/or greater tumor burden. Why a similar
correlation was not observed in this study is not clear, but the
lack of correlation may be related to the greater heterogeneity of
tumor types in our patient population, which included not only
gastrointestinal malignancies but also lung, breast and thyroid
malignancies.

With high-affinity Mabs, such as cT84.66, increased antigen
complexation was anticipated, which potentially could compro-
mise tumor targeting. However, as predicted from previous
murine biodistribution studies (4/), although murine T84.66
demonstrated higher liver uptake and lower blood uptake
compared to lower-affinity anti-CEA Mabs, presumably due to
greater complexation of CEA and clearance of these complexes
to liver, tumor uptake was not compromised. In the current
study, complexation with circulating CEA was observed (Fig.
8), but as in the murine studies, antibody uptake to tumor did
not appear to be adversely affected because tumor biodistribu-
tions and imaging results with '''In-DTPA-cT84.66 were
comparable to that of lower-affinity anti-CEA Mabs
(16,38,39,42).

Immunogenicity after single administration of cT84.66 was
reduced compared to murine Mabs, with 1 of 15 patients
developing HACAs directed against the murine portion of the
antibody. These results are similar to that reported by other
groups (19,20,22). Other chimeric antibodies have been more
immunogenic. Human antichimeric antibody was seen in 7 of
12 patients receiving a single administration of chimeric B72.3
(18). Low-level HACA titers were observed in six of eight
patients receiving a single dose of chimeric NR-LU-13 (43). As
in this study, HACA responses have been generally directed to
the murine portion of the molecule (/8,20,21).

Tumor uptake ranged from 0.5% to 10.5% ID/kg, which was
comparable to that observed for other radiolabeled anti-CEA
antibodies, evaluated at this institution (42) and at other
institutions (/6,22). In other ongoing trials evaluating '''In-
labeled cT84.66, uptakes as high as 52% ID/kg in primary
colorectal cancers have been observed. Buchegger et al. (22)
noted similar tumor targeting in select patients with a radiodi-
nated chimeric anti-CEA antibody. Uptake as high as 62.6%
ID/kg was observed primarily in small tumor deposits, which
would be predicted from animal models (44).

Five of eight radiologically enlarged lymph nodes were
imaged by the antibody. Tissue counts were not available from
these sites. Tissue counts were available from a separate set of
regional lymph nodes removed at surgery (Table 3). Uptake in
these nodes ranged from 1.3% to 377% ID/kg. All surgically
sampled lymph nodes, with the exception of one (from Patient
1), were clinically nonsuspicious and histologically negative for
tumor. CEA immunostaining was positive, primarily in sinu-
soidal histiocytes, in the four lymph nodes examined. False-
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positive nodal uptake has been previously reported by this
group (37,45) and is felt to be possibly secondary to filtering of
CEA by antigen-processing macrophages. Others hypothesize
that binding of IgG, to Fc receptors may be involved (46).
Alternatively, antibody—CEA complexes may form at the tumor
site and eventually drain to regional nodes. Cote et al. (47) have
noted microscopic disease in up to 50% of lymph nodes that
were initially felt to be FPs when histologic examination of
multiple sections and immunohistologic cytokeratin staining
were performed, indicating that, in many of these nodes,
antibody may actually be targeting antigen-producing tumor
cells instead of antigen alone.

Yttrium-90-DTPA—-cT84.66 dose estimates to tumor and
normal organs also were performed. Excluding the primary
tumor from Patient 1, who demonstrated unusually rapid
clearance and, therefore, low tumor uptake, estimated tumor
doses ranged from 5.1 to 21.3 ¢Gy/mCi *°Y. This is approxi-
mately 2—10 times greater than the average estimated marrow
dose, which is expected to be the dose-limiting organ for
radioimmunotherapy. Based on biodistributions from available
lymph node biopsies, dose estimates to lymph nodes ranged
from 2 to 617 cGy/mCi *°Y. Although these b|0p5|ed lymph
nodes were histologically negative for tumor, it is reasonable to
predict comparable radiation doses to tumor-involved lymph
nodes, which are targeted by the antibody.

CONCLUSION

Chimeric T84.66 demonstrated, in this pilot imaging trial,
tumor-targeting and imaging properties comparable to other
radiolabeled intact anti-CEA Mabs. Immunogenicity after sin-
gle administration was lower compared to murine antibodies.
These properties make cT84.66 or a lower-molecular weight,
faster-clearing derivative attractive for further evaluation as an
imaging agent. Its further evaluation in Phase I therapy trials is
also warranted because dose estimates indicate that potentially
therapeutic radiation doses can be delivered to select tumors
and regional lymph nodes. Finally, a wide variation in the rate
of antibody clearance was observed, with one patient demon-
strating very slow clearance, resulting in the highest estimated
marrow dose of the group, and one patient demonstrating
unusually rapid clearance, resulting in poor antibody localiza-
tion to tumor. Data from this study suggest that serum CEA
levels, antibody—antigen complex clearance and, therefore,
antibody clearance are likely to be influenced by both the
production and clearance rates of CEA. This underscores the
importance of further identifying and understanding those
factors that influence antibody trafficking and clearance, to
allow for optimal patient selection and rational planning of
radioimmunotherapy.
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The objective of this article was to model pharmacokinetic data from
clinical diagnostic studies involving the '*'in-labeled monoclonal
antibody (MAb) chimeric T84.66, against carcinoembryonic antigen.
Model-derived results based on the '"'In-MAb blood, urine and
digital imaging data were used to predict °°Y-MAb absorbed radi-
ation doses and to guide treatment planning for future therapy trials.
Fifteen patients with at least one carcinoembryonic antigen-positive
lesion were evaluated. We report the kinetic parameter estimates
and absorbed '''In-MAb dose and projected %°Y-MAb doses for
each patient as well as describe our approach and rationale for
modeling an extensive set of pharmacokinetic data. Methods: The
ADAPT |l software package was used to create three- and five-
compartment models of uptake against time in the patient popula-
tion. The “best-fit” model was identified using ordinary least
squares. Areas under the curve were calculated using the modeled
curves and input into MIRDOSES3 to estimate absorbed radiation
doses for each patient. Results: A five-compartment model best
described the liver, whole body, blood and urine data for a subco-
hort of nine patients with digital imaging data. A three-compartment
model best described the blood and urine data for all 15 clinical
patients accrued in the clinical trial. For the subcohort, the largest
projected ®°Y-MAb doses were delivered to the liver (mean, 24.78
rad/mCi; range, 15.02-37.07 rad/mCi), with red marrow estimates
on the order of 3.32 rad/mCi (range, 1.24-5.55) of ®°Y. Correspond-
ing estimates for the '''In-MAb were 3.18 (range, 2.09-4.43) and
0.55 (range, 0.34-0.74), respectively. Conclusion: The three- and
five-compartment models presented here were successfully used to
represent the blood, urine and imaging data. This was evidenced by
the small standard errors for the kinetic parameter estimates and R?
values close to 1. As planned future therapeutic trials will involve
stem cell support to alleviate hematological toxicities, the develop-
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ment of an approach for estimating doses to other major organs is
crucial.

Key Words: compartmental models; anti-CEA; chimeric antibody;
dose estimation
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Monoclonal antibodies (MAbs) have had multiple clinical
applications in both diagnostic (/-3) and therapeutic (4-6)
nuclear medicine. Originally, most of these agents were murine
antibodies generated by injecting normal mice with human
tumor cells or other human proteins of interest. In the case of
serial studies in the same patient, however, the use of such
murine antibodies has typically led to the induction of a human
antimouse antibody response (7,8). Others have suggested that
the use of chimeric antibodies should reduce the incidence of
human antiprotein responses (9,/0). In this strategy, two-thirds
of the murine IgG molecule is replaced with the corresponding
human sequences by using recombinant DNA technology.
Because the patient is less likely to develop a human antichi-
meric antibody response, the potential for serial therapeutic
infusions is increased. As the use of chimeric molecules could
result in changes in the human pharmacokinetics (PK), deter-
mination of a mathematical model describing the biodistribu-
tion of the antibody in the human system is desirable. Molecular
changes in the MAb could then be correlated with variations in
the model parameter estimates.

Although mathematical modeling has had a long association
with the study of radiotracers (//), the application of modeling
in clinical studies of antibodies has been much less extensive
(9,10,12). A fundamental goal of such analyses is to establish a
set of parameters that describe the distribution of a radiolabeled
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