may simulate skeletal mÃ©tastases(1,6). Symmetric distribution,
however, is considered a suggestive sign of osteomalacia (2).
Flare response is characterized by both increased activity in
baseline lesions and new foci of tracer uptake on 99mTc-MDP
bone scan (3). It occurs shortly after initiation of therapy and is
easily confused with progressive disease (7). In reports of flare
response in skeletal mÃ©tastases,it occurs several months after
initiation of therapy (3,8). This phenomenon has been hypoth
esized to represent either osteoblastic activity, which is part of
the healing reaction to successful therapy, or the manifestation
of increased blood flow due to an inflammatory response at the
sites of skeletal tumor destruction (7).
In the healing process of osteomalacia, mineralization restarts
in the osteoid seams. Bone turnover will be activated there, and
these reactions may be manifested in a flare response. In the
same manner as with cases of skeletal mÃ©tastases,this phenom
enon prevents an exact evaluation of therapy effectiveness. This
phenomenon should be considered in therapy for osteomalacia.
In a patient with typical radiologie findings before therapy, it is

important that therapy be continued even though the bone scan
after therapy initiation shows both increased activity in baseline
lesions and new foci of tracer uptake.
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Dose Escalation Trial of Indium-111-Labeled
Anti-Carcinoembryonic Antigen Chimeric
Monoclonal Antibody (Chimeric T84.66) in
Presurgical Colorectal Cancer Patients
Jeffrey Y.C. Wong, David Z.J. Chu, Dave Yamauchi, Tamara L. Odom-Maryon, Lawrence E. Williams, An Liu, Jose M.
Esteban, Anna M. Wu, F. James Primus, J. David Beatty, John E. Shively and Andrew A. Raubitschek
Divisions of Radiation Oncology, Radioimmunotherapy, Surgery, Radiology, Biostatistics, Pathology, Molecular Biology and
Immunology, City of Hope National Medical Center and Beckman Research Institute, Duarte, California
Chimeric T84.66 (cT84.66) is a high-affinity (1.16 x 1011/IT1) lgG1
monoclonal antibody against carcinoembryonic antigen (CEA). The
purpose of this pilot trial was to evaluate the tumor-targeting
properties, biodistribution, pharmacokinetics and immunogenicity
of 111In-labeled CT84.66 as a function of administered antibody
protein dose. Methods: Patients with CEA-producing colorectal
cancers with localized disease or limited metastatic disease who
were scheduled to undergo definitive surgical resection were each
administered a single intravenous dose of 5 mg of isothiocyanatobenzyl diethylenetriaminepentaacetic acid-cT84.66, labeled with 5
mCi of 111ln. Before receiving the radiolabeled antibody, patients
received unlabeled diethylenetriaminepentaacetic acid-cT84.66.
The amount of unlabeled antibody was 0, 20 or 100 mg, with five
patients at each level. Serial blood samples, 24-hr urine collections
and nuclear images were collected until 7 days postinfusion. Human
antichimeric antibody response was assessed up to 6 mo postinfusion. Results: Imaging of at least one known tumor site was
performed in all 15 patients. Fifty-two lesions were analyzed, with an
imaging sensitivity rate of 50.0% and a positive predictive value of
76.9%. The antibody detected tumors that were not detected by
conventional means in three patients, resulting in a modification of
surgical management. Interpatient variations in serum clearance
rates were observed and were secondary to differences in clearance
and metabolic rates of antibody and antibody:antigen complexes by
the liver. Antibody uptake in primary tumors, metastatic sites and
regional metastatic lymph nodes ranged from 0.4% to 134% in
jected dose/kg, resulting in estimated 90Y-cT84.66 radiation doses
ranging from 0.3 to 193 cGy/mCi. Thirteen patients were evaluated
Received Oct. 8, 1997; revision accepted Mar. 24, 1998.
For correspondence or reprints contact: Jeffrey Y.C. Wong, MD, Division of Radiation
Oncology, City of Hope Medical Center, Duarte, CA 91010.

1-6 mo after infusion for human antichimeric antibody, and none
developed a response. No major differences in tumor imaging,
tumor uptake, pharmacokinetics or organ biodistribution were ob
served with increasing protein doses, although a trend toward
increasing blood uptake and decreasing liver uptake was observed
with increasing protein dose. Conclusion: Chimeric T84.66 demon
strated tumor targeting comparable to other radiolabeled intact
anti-CEA monoclonal antibodies. Its immunogenicity after single
administration was lower than murine monoclonal antibodies. These
properties make 111ln-cT84.66, or a lower molecular weight deriv
ative, attractive for further evaluation as an imaging agent. Yttrium-90 dosimetry estimates predict potentially cytotoxic radiation
doses to select tumor sites, which makes 90Y-cT84.66 also appro
priate for further evaluation in Phase I radioimmunotherapy trials.
Although clinically important changes in biodistribution, pharmaco
kinetics and tumor targeting with increasing protein doses of 111lnCT84.66 were not demonstrated, the results do suggest that anti
body clearance from the blood is driven by hepatic uptake and
metabolism, with more rapid blood clearance seen in patients with
liver mÃ©tastases.These patients with rapid clearance and potentially
unfavorable biodistribution for imaging and therapy may, therefore,
be a more appropriate subset in which to evaluate the role of
administering higher protein doses. 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.
Key Words: Chimericantibody; carcinoembryonic antigen; indium111; protein dose; radiolabeled antibodies

J NucÃ-Med 1998; 39:2097-2104

DOSEESCALATION
TRIALOF INDIUM-!I I-LABELEDCHIMERICT84.66 â€¢
Wong et al.

2097

Evaluation
of radiolabeled antibodies for cancer imaging and
therapy continues to be an active area of investigation (7-5).
The ability of these agents to target and image tumor sites is
influenced by a complex interplay of multiple factors, including
affinity and size of the antibody construct, the level of antigen
expression in tumor, size and vascularity of the tumor, overall
tumor burden and interpatient differences in antibody metabo
lism and clearance rates.
The amount of administered antibody protein and its influ
ence on antibody biodistribution and tumor uptake have also
been investigated (6-14). Beatty et al. (6), evaluating '"inlabeled anti-carcinoembryonic antigen (CEA) murine T84.66 in
tumor-bearing murine models, demonstrated that increasing
amounts of unlabeled protein resulted in decreased hepatic
uptake of radiolabeled antibody, without compromising tumor
uptake. In addition. Pati et al. (7) reported improved imaging
sensitivity with a 40-mg dose of ' " In-labeled anti-CEA
ZCE025 in patients with colorectal cancer, compared to patients
administered lower (5-20 mg) doses of antibody protein.
The purpose of this study was to evaluate clinically whether
increasing the amount of administered chimeric antibody pro
tein would favorably alter biodistribution, tumor uptake and
tumor imaging of a chimeric anti-CEA monoclonal antibody,
chimeric T84.66 (cT84.66), radiolabeled with '"in. If success
ful, this result could have potential implications
clinical imaging and radioimmunotherapy efforts.

for future

MATERIALS AND METHODS
Antibody Production and Conjugation
Human/murine cT84.66 is an anti-CEA intact IgGl, with high
affinity (Ka = 1.16 x 10" A/"') and specificity to CEA. Details of
its production, characterization, purification, conjugation and radiolabeling have been reported previously (15-19). Briefly, for this
study CT84.66 was conjugated to isothiocyanatobenzyl diethylenetriaminepentaacetic acid (DTPA). Preparation of the radiolabeled
dose involved incubation of '"in at a ratio of 1 mCi to 1 mg,
followed by size-exclusion high-performance liquid chromatography (HPLC) purification. All administered doses demonstrated
radiolabeling of >90%, endotoxin levels of <1 U/ml and immunoreactivity of >95%. The final vialed lot of purified conjugated
antibody met standards set by the Food and Drug Administration.
An Investigational New Drug application for '"ln-DTPA-cT84.66
is currently on file with the U.S. Food and Drug Administration.
Clinical Trial Design

The objectives of this pilot study were to evaluate the tumortargeting properties, immunogenicity, pharmacokinetics and safety
of administration of cT84.66 with antibody protein levels, ranging
from 5 to 105 mg. Patients were 18 yr of age or older and had
evidence of CEA-producing colorectal cancer, based on an ele
vated serum CEA or positive staining on CEA immunohistochemistry of tumor biopsies. The following studies were performed
before antibody administration: complete blood cell 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 metastatic disease, chest radiography and electrocardiography. Barium
enema or colonoscopy was also performed to assess disease
location and extent. All studies were performed within 6 wk before
antibody infusion.
For each patient, a 100-/j,g anaphylaxis test dose of unlabeled
DTPA-cT84.66 was first administered intravenously. This was
followed 15 min later by administration of unlabeled DTPA2098

CT84.66 intravenously over 25 min, followed immediately by the
radiolabeled dose of 5 mg cT84.66 labeled with 5 mCi "'in,
administered intravenously over 3-5 min. The amount of unlabeled
antibody administered at this second time was escalated through
three levels (0, 20 and 100 mg) with five patients at each level.
Blood samples were taken at 30 min and 1, 2 and 4 hr and at each
scan time. Twenty-four-hour urine collections were performed
daily for 5 consecutive days. Spot planar and whole-body imaging
studies were performed at 24-48 and 96-168 hr after antibody
administration using a Toshiba 901 camera with SPECT capability.
SPECT scans were performed at 48 and 96-120 hr.
Patients underwent planned surgical exploration within 10 days
after antibody infusion. Biopsies and resection of tumor and
adjacent structures were undertaken as medically indicated. In
dium-1 11 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 percentage of injected dose (%ID)/kg.
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 (D.Y.). Scan results
were then compared to known sites of disease, as defined by sites
identified on bone scan, sites identified on conventional radiologie
studies, sites of s: 1.0 cm identified on CT scans 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 considered to be positive lesions.
Statistical Analysis

Sensitivity and positive predictive value (PPV) were calculated
using the standard statistical formulas (20). 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
Serum HACA response to cT84.66 and cT84.66-DTPA was
assayed before infusion and at 2 wk and 1, 3 and 6 mo postinfusion
using a double-capture solid-phase quantitative radioimmunoassay
described previously (19). Briefly, patients' sera were diluted 1:4
or 1:5 in normal saline, and 100 /nl of each dilution were pipetted
into quadruplicate glass tubes. To each tube, 100 Â¡u"'in-labeled
CT84.66 (â€”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 then 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 ng/ml to 200 ng/ml 1% BSA
in PBS was used as a negative control. A sample was scored
positive if it was >12.5 ng/ml.
Pharmacokinetic Analysis and Dosimetry Estimates
Blood and urine samples were counted for '"in activity on a
gamma counter and were processed on a HPLC size-exclusion
SuperÃ³se6 column. For those organs seen in both projections, ' "in
activity in normal organs was estimated using parallel-opposed
nuclear images to construct the geometric mean uptake as a
function of time. Otherwise, single-view images were acquired. All
resultant curves on '"in activity versus 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 and measured blood and urine
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was defined as AUC(g, 90Y). Residence times (in hours) for
A. Tumor FID curve

specific lesions were obtained by using the ratio:
AUC(s, 90Y) =

b(t')-AUC(g,90Y)
f(t')

Eq. 1

where b(t') is the biopsy uptake in fraction of injected activity and
f(t') the comparable tumor value determined via the generic curve
of Figure IB at biopsy time t'.
Biopsy uptake in terms of FID was calculated using well
counting and standards of "'in. Tumor or nodal dimensions and,
SO

100

160

200

Time (hr)
B. Tumor FIA curve
0.7
0.6

Â« 0.5
N 0.4
S

0.3

I

Â°2

hence, masses were obtained from the pathology report. Tumors
were assumed to be of ellipsoidal shape inscribed within the
rectangular dimensions of the pathology lesion. If only two
pathology dimensions were available, the third dimension was
taken as the geometric mean of the other two. In this computation,
the loss of absorbed dose due to penetration of beta rays outside the
target volume was considered (23 ) by assuming that the lesion was
a sphere having the same mass as the pathology sample. Explicitly,
we set dose/mCi in the biopsied lesions as:
Dose (rad/mCi) = 2.13 â€¢
<EÃŸ>
â€¢
1000 ju.Ciâ€¢
e â€¢
AUC(s, 90Y)/M.

0.1
0

100

ISO
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Time (hr)
FIGURE 1. Fraction of injected dose (FID) (A) and fraction of injected activity
(FIA) (B) for tumor as function of time after antibody infusion. Data are from
serial images of three patients. Curves represent biexponential fits of the
data.

activity, a five-compartment modeling analysis was performed to
estimate residence times for '"in and 90Y activity in blood, urine,
liver, kidney and whole body. Details of this compartmental model
have been published previously (21 ). Yttrium-90 radiation doses to
normal organs based on biodistribution of "'ln-cT84.66 were
estimated with the MIRD method (22) using the MIRDOSE3
program (23),
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 antiCEA antibodies. Tumor uptakes in the range of 50%-70%ID/g at
48-72 hr postinfusion were observed. Yttrium-90-DTPA-cT84.66
and H1In-DTPA-cT84.66 biodistributions were similar in the
mouse model (24). Red marrow radiation dose estimates were
performed using the AAPM algorithm (25), based on blood
residence times determined from the five-compartmental model.
Human tumor and lymph node dose estimation were done in a
multiple-step process. First, serial tumor image data could be
obtained from 3 of the 15 patients receiving cT84.66 in protocol
91169. These images were analyzed using either single or geomet
ric mean projections (26). Regions of interest were drawn around
lesion images and background areas of comparable size generated.
Correction for body attenuation was determined using the known
patient thickness from CT scan. Each patient's tumor curve,
corrected for the decay of '"in, was normalized to a maximum of
unity (Fig. 1A). Here, the units were fractional injected dose (FID).
Using least squares, the set (n = 12) of such normalized points was
then represented by the sum of two exponentials. Before integra
tion, decay of 90Y was included in the computation by multiplying
this biexponential by exp(â€”At), where A is the physical decay
constant for 90Y. The resultant generic function, f(t), is shown in
Figure IB. Area under the curve (AUC) for this generic function

Eq.2
Here, <EÃŸ>is the mean beta energy from 90Y (0.93 MeV), 1000
jj,Ci is the nominal amount of 90Y injected into the patient and e is
the absorbed fraction of beta radiation. Tumor (or node) mass M
was in grams (27), and integration over time (hours) was repre
sented by patient-specific AUC(s, 90Y) from Equation 1.
RESULTS
Fifteen patients were enrolled and Ã©valuablefor analysis.
Table 1 lists the characteristics of all patients. Nine patients
were men and six were women (median age = 56 yr; age range
22-77 yr). Twelve patients underwent planned surgery 1-2 wk
after antibody infusion, allowing for intraoperative correlation
of sites of disease with sites of antibody uptake. Three patients
did not proceed with the planned exploratory surgery after
antibody infusion. Patient 9, who had recurrent colorectal
cancer, was found to have multiple lung mÃ©tastaseson chest CT
scan and, therefore, did not undergo exploratory laparotomy.
Patient 10 had biopsy-proven right supraclavicular lymph node
mÃ©tastaseson preoperative work-up (detected only by antibody
scan) and, therefore, did not have exploratory laparotomy.
Initial laparoscopy on Patient 15 demonstrated diffuse multiple
liver mÃ©tastasesnot seen on preoperative CT scan, and there
fore, definitive resection of liver mÃ©tastaseswas not attempted.
Imaging Results
All 15 patients demonstrated imaging of at least one known
tumor site. A total of 52 lesions were analyzed. The median
number of lesions per patient was four, with a range of one to
six lesions. Overall sensitivity of lesion detection was 50.0%
(20 of 40), and PPV was 76.9% (20 of 26). Table 2 presents the
imaging results for all lesions. Twelve of 13 primary tumor sites
were imaged, with a sensitivity of 92.3% and PPV of 100%. In
two patients, hepatic mÃ©tastasesimaged as areas of increased
uptake relative to liver background, with the remaining hepatic
lesions either not imaged or seen as photopenic areas. Four of
eight (50%) metastatic lymph nodes also imaged with mlnCT84.66.
No major or obvious differences in imaging results were
observed for the different antibody protein doses administered
(Table 3). Extent of disease and preinfusion serum CEA level,
which ranged from <2.5 to 45.7 ng/ml, did not appear to
influence antibody imaging. No side effects, changes in vital
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TABLE 1
Patient Characteristics

Age

Sex

Preinfusion
serum
CEA
(ng/ml)

77

M

<2.5

3.5 x 5.0 cm rectal primary; diffuse multiple (<1.0 cm) hepatic mÃ©tastases;two
0.5-cm pericolonic lymph node mÃ©tastases*

F
M
M
F
M
F
F
F

<2.5
3.0

4.0 x 4.5 cm sigmoid colon primary
11.0 x 7.0 cm cecal primary; 0.5-cm hepatic metastasis*

5
6
7
8
9

52
66
58
53
47
70
62
22

12.0
13.9
18.5

Six 1- to 1.5-cm hepatic mÃ©tastases
2.5 x 2.5 cm sigmoid colon primary; 0.5-cm mesenteric lymph node metastasis*
6.5 x 7.0 cm presacrai recurrence; 0.5-cm perirectal lymph node metastasis*

<2.5

Three 0.5- to 1.0-cm lung mÃ©tastases

<2.5
12.8

10

72

M

3.0

9.0 x 6.0 cm colon primary
8.5 x 10.0 cm rectal recurrence; 2.6-cm transverse colon metastasis; four 0.8to 2.0-cm hepatic mÃ©tastases;1.2-cm periaortic lymph node metastasis
2.0-cm porta-hepatis metastasis; two 1.5-cm mediastinal lymph node
mÃ©tastases;one 0.6-cm right supraclavicular node metastasis*

11

56

M

3.5

12
13
14
15

50
51
61
34

F
M
M
M

3.2
45.7

3.5 x 4.0 cm rectal recurrence
6.0 x 5.0 cm presacrai recurrence; 1.3-cm distal sigmoid colon metastasis

25.1
25.3

5.4 x 4.0 cm presacrai recurrence
Multiple hepatic mÃ©tastases(largest, 6.5 x 6.5 cm)

Patient
no.

2
3
4

Diseaseextent

6.0 x 6.0 cm sigmoid colon primary; 0.5 x 1.0 cm hepatic metastasis; 0.2-cm
pericolonic lymph node metastasis*

*Not detected radiologically or on clinical examination. Found only at surgery or after biopsy.
CEA = carcinoembryonic

antigen.

signs or changes in laboratory values were associated with
antibody administration at the 5- and 25-mg dose levels. At the
105-mg dose level, three of five patients experienced mild
flu-like symptoms for the first 24 hr after antibody administra
tion. Results of the antibody scan altered surgical management
in three patients. These cases are presented in greater detail
below.
Patient 4. This 58-yr-old man presented, 2 yr after resection
of a Duke's B2 rectal cancer, with an elevated serum CEA of
13.9 and four small liver mÃ©tastasesconfined to the right lobe
of the liver. Before planned exploration and possible definitive
resection, luIn-cT84.66 (5 mg) scans revealed areas of in
creased uptake correlating to the known sites of right lobe liver
mÃ©tastasesand additional areas of increased uptake in the left
lobe of the liver (Fig. 2). At exploration, mÃ©tastasesin the left

lobe were confirmed, and definitive resection was not per
formed.
Patient 10. This 72-yr-old man presented after incomplete
resection at another facility of a transverse colon carcinoma
extending into the liver. Before planned exploratory laparotomy
and possible resection, scans with inIn-cT84.66
(25 mg)
showed uptake in radiologically normal right supraclavicular
lymph nodes and 1.5 cm mediastinal lymph nodes (Fig. 3). A
biopsy of the right supraclavicular nodes revealed microscopic
involvement with metastatic adenocarcinoma, and therefore,
exploratory laparotomy was not performed.
Patient 13. This 52-yr-old man presented with urinary ob
structive symptoms 2 yr after surgery for a Duke's C2 rectal
cancer. CT scans showed a presacrai recurrence extending to
the floor of the bladder. Indium-lll-cT84.66
scans (105 mg)

TABLE 2
Imaging Results by Lesion Site
lesionAll
Type of

of sites
analyzed52141419311TP201244000FN201413200TN6122100FP6040011Sensitivity*50.0%(33.8%-66.2%)92.3%(64.0%-99.8%)50.0%(15.7%-

lesionsPrimary
tumorsLymph
nodesHepatic
lesionsPulmonary
lesionsBone
lesionsSoft
tissue lesionsNo.

*95% confidence intervals are in parentheses.
TP = true-positive; FN = false-negative; TN = true-negative; FP = false-positive; PPV

2100

positive predictive value.
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TABLE 3
Imaging Results by Antibody Protein Administered
Administered
proteinAll
antibody

of sites
analyzed52221911TP20785FN201064TN6150FP6402Sensitivity"50.0%(33.8%-66.2%)41.2%(18.4%-67.1%)57.1%(28.9%-82.3%)55.6%(21.2%-8

patients5
mg25
mg105

mgNo.

*95% confidence intervals are in parentheses.
TP = true-positive; FN = false-negative; TN = true-negative; FP = false-positive; PPV = positive predictive value.

showed uptake
tional site near
of an additional
CT scans, was

in the presacrai area, low pelvis and an addi
the sigmoid colon. At exploration, the presence
tumor nodule on the sigmoid colon, not seen by
confirmed and resected.

Pharmacokinetic

Analysis and Dosimetry Estimates

Size-exclusion HPLC demonstrated that blood activity was
associated with the intact antibody or, in patients with elevated
serum CEA, with antibody:antigen complexes (18). Urine
activity was seen as a low molecular weight (5 kDa) metabolite.
Using a five-compartment model described previously (21), we
estimated '"in residence times for blood, urine, kidney, liver
and whole body for all 15 patients. A wide range of blood
clearance rates, as indicated by blood residence times, was seen
in this group of patients. In general, patients with lower blood
residence times or faster blood clearance demonstrated greater
liver and urine residence times (Fig. 4). No major differences
were observed in blood, urine and liver residence times with
preinfusion serum CEA levels (Fig. 5) or with the amount of
administered protein (Fig. 6 and Table 4). However, there was
a trend toward increased uptake in blood and decreased uptake
in liver as protein dose was increased.
Tissue Counts

Tissue counts were available from 14 patients who underwent
biopsies or exploratory surgery within 10 days after antibody
infusion (Table 5). Indium-111 uptake in primary or metastatic
tumor sites varied over a wide range, from 1.2% to 134.2%
ID/kg, resulting in 90Y dose estimates from 1.8 cGy/mCi to 193
cGy/mCi. As has been previously reported in an earlier study
evaluating the same antibody in patients with various CEAproducing malignancies (19), there was also a wide range of
uptake in metastatic lymph nodes, ranging from 0.4% to 79.5%
ID/kg, correlating with estimated 90Y doses from 0.3 to 32.7
cGy/mCi. In four patients, select lymph nodes were immunostained for CEA, and all demonstrated diffuse and intense
staining. In addition, five patients demonstrated imaging of
histologically negative or radiologically normal lymph nodes,

FIGURE 2. Anterior planar view of the
abdomen at 48 hr postinfusion from a
58-yr-old man with metastatic colon
cancer (Patient 4). Images demon
strated multiple liver mÃ©tastases in
the right and left hepatic lobes, seen
as areas of increased uptake relative
to the surrounding normal liver activ
ity.

felt secondary to CEA draining from nearby metastatic sites.
High '"in uptake (up to 90.2%ID/kg) was also observed in a
regional lymph node histologically negative for tumor (Patient
7), suggesting that draining antigen or antibody:antigen com
plexes from nearby CEA-producing lesions may play a role in
targeting of antibody to lymph nodes. The level of uptake did
not appear to be influenced by the amount of administered
antibody protein or size of the tumor. There was a suggestion
that patients with more rapid clearance of antibody from the
blood, as evidenced by lower blood residence times, demon
strated lower levels of tumor uptake, as seen in Figure 7.
Evaluation of Immunogenicity

Thirteen patients underwent evaluation for HACA response
at 2 wk and 1 mo after antibody infusion, with 10 patients
evaluated at 3 mo and 9 patients evaluated at 6 mo. No patients
developed detectable HACA response by radioimmunoassay.
DISCUSSION

The primary objective of this pilot clinical study was to
evaluate the effects of administered protein dose on the biodistribution, pharmacokinetics and immunogenicity of '"in-la
beled cT84.66. Several groups have previously evaluated these
effects with various '"in-labeled murine monoclonal antibod
ies (6-10). In general, results demonstrate that increasing the
amount of administered protein will decrease hepatic uptake,
presumably secondary to saturation of antibody clearance
mechanisms, resulting in prolonged circulation times and in
creased blood levels of the antibody. In colon cancer-bearing
nude mice, Beatty et al. (6) observed a progressive decrease in
hepatic uptake associated with an elevation of blood uptake of
an '"in-labeled anti-CEA with increasing amounts of protein.
Saturation of these effects was seen at 0.2 mg of administered
protein. Similar observations have been reported for various
clinical trials evaluating '"in-labeled
antibodies directed
against CEA and other tumor-associated antigens. In most of

FIGURE 3. Anterior planar view of the
chest at 120 hr postinfusion from a
72-yr-old man with colon cancer (Pa
tient 10). Uptake was observed in
radiologically normal right supraclavicular nodes and 1.5-cm mediastinal
lymph nodes. Biopsy of the right supraclavicular lymph nodes revealed
micrometastatic colon cancer.
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these trials (7-9,28), tumor imaging sensitivity improved with
higher protein doses, although the optimum protein dose varied
with the particular antibody. Improved imaging was thought to
be secondary to reduced hepatic uptake, permitting improved
imaging of hepatic mÃ©tastases(7) and/or increased circulation
times of the antibody, making more of it available to the tumor.
Paradoxically, although higher protein doses may improve
tumor imaging, they may prove disadvantageous for tumor
therapy. In the mouse model, increasing protein doses from 0.2
mg to 2.0 mg of an '"in-labeled
anti-CEA significantly
decreased the %ID/g tumor uptake, presumably due to satura
tion of available tumor antigen sites (6). Furthermore, increased
blood uptake and clearance times as a result of increased
administered protein may potentially result in greater radiation
doses to marrow and hÃ©matologietoxicity, further diminishing
the therapeutic ratio.
Administered protein doses also have potential implications
for other radiolabeled antibodies. With increasing amounts of
administered protein, most in vivo studies demonstrate an initial
increase in /Â¿gof antibody per g of tumor, followed by a plateau
in tumor uptake as antigen sites are saturated (11-13). How
ever, increasing protein doses did not increase tumor suppres
sion in a murine model (11) but did improve tumor biodistri
bution and dosimetry in one clinical therapy trial (14).
Before the current study, mIn-cT84.66 was evaluated in
patients with metastatic CEA-producing malignancies of vari
ous histologies with each patient receiving 5 mg labeled with 5
mCi (19). That initial study demonstrated imaging properties
comparable to other '"in labeled intact anti-CEA monoclonal
antibodies and lower immunogenicity compared to most murine
and some chimeric monoclonal antibodies. This study was
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FIGURE 5. lndium-111 residence times for blood, liver and urine as function
of preinfusion serum CEA level. No correlation between serum CEA and
residence times was observed.
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FIGURE 6. Blood, liver and urine residence times as function of antibody
protein dose. No major differences were observed between protein levels.

designed to evaluate further the biodistribution, pharmacokinetics, immunogenicity, imaging properties, dosimetry and thera
peutic potential of '"ln-cT84.66
and to evaluate changes in
these parameters as a function of administered protein dose.
Previous studies (19,29,30) have documented significant interpatient variation in anti-CEA antibody clearance kinetics and
biodistribution that appear to be influenced by tumor burden,
circulating CEA levels and overall antigen load. Therefore, to
minimize individual variation in these parameters, entry criteria
were selective and limited to colorectal cancer patients with
localized or limited metastatic disease planned for definitive
resection.
Overall imaging sensitivity was comparable to the initial trial
evaluating '"ln-cT84.66
and to trials evaluating other '"inlabeled anti-CEA monoclonal antibodies (4,31). As in the
initial study, immunogenicity was low, with none of 13 patients
evaluated demonstrating a HACA response by radioimmunoassay. It should be noted that the assay used in this study, which
is similar to that used in other studies (32), will detect a HACA
response, which results in bridging of cT84.66 on the solid
substrate and in solution. It may not detect a response in which
bridging does not occur.
As in the earlier trial, variation in the rate of antibody
clearance from blood to liver (Figs. 4-6) was observed,
reflecting individual differences in hepatic clearance of anti
body and antibody:antigen complexes. Factors that are associ
ated with more rapid clearance have not been clearly defined
but may be associated with large tumor burden, particularly
large liver mÃ©tastases.Behr et al. (33,34) reported that colo
rectal cancer patients with large liver mÃ©tastasesdemonstrated
more rapid clearance of anti-CEA murine NP-4. Yu et al. (30)
also observed faster clearance of radioiodinated anti-CEA
COL-1 in patients with large tumor burden (>150 cm2).
Although a correlation between clearance rates and tumor
burden in liver was not specifically commented on, 83% of
these patients had liver mÃ©tastases. In this study, patients
presented with potentially resectable disease and smaller tumor
burden. However, in general, those with larger tumor burden
and liver mÃ©tastasesdemonstrated faster blood clearance rates
(Fig. 4 and Table 1). Exceptions to this trend were observed.
For example, Patient 4, who had only six small hepatic
mÃ©tastasesat the time of surgery, was the fastest clearer of the
group, suggesting that factors other than tumor burden may
influence clearance rate. Some groups have hypothesized that
the faster-clearing CEA subtypes produced by some tumors
may play a role (34).
Increasing the amount of administered antibody protein did
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TABLE 4
Estimated

Yttrium-90

Absorbed

Radiation

Doses (cGy/Administered
^V

90Y
OrganRed

mCi) to Normal Organs
^V

dose of 5 mg
(range)2.98

dose of 25 mg
(range)3.52

dose of 105 mg
(range)4.23

(2.18-3.95)

(3.05-4.59)

(2.42-6.60)

*Â°Y
dose, all patients
(range)3.58

marrow
Liver

23.6
(22.6-25.2)

25.5
(15.4-38.6)

20.1
(15.6-32.2)

(2.18-6.60)
23.1
(15.4-38.6)

Kidneys

3.08
(1.06-5.92)

4.09
(1.55-6.41)

2.72
(0.63-7.34)

3.29
(0.63-7.34)

Lungs

1.54
(1.06-2.07)

1.79
(1.50-2.19)

1.71
(1.20-2.39)

1.68
(1.06-2.39)

Total bodyAverage

2.19
(1.70-2.72)Average

2.48
(1.98-2.86)Average

2.29
(2.05-2.97)Average

2.32
(1.70-2.97)

not result in major or obvious differences in imaging results
(Table 3), tumor and organ biodistribution and dosimetry
(Tables 4 and 5), pharmacokinetics or blood clearance (Figs. 4

scans and not by conventional radiologie studies, leading to a
modification in surgical management, which indicates potential
utility of '"ln-cT84.66 as an imaging agent. Estimated ')0Y

and 6). This is in contrast to what has been observed in animal
(6) and some clinical studies (7-9). Possibly, interpatient

radiation doses to biopsied tumors and regional lymph nodes
ranged from 0.3 to 193 cGy/administered mCi '>0Y(Table 5),

variation in antibody pharmacokinetics was large enough to
mask any differences between dose levels, despite narrow entry
criteria. In addition, for this particular construct, protein doses
of > 105 mg may have been required to produce the magnitude
of changes in kinetics and biodistribution predicted from in vivo
models. Beatty et al. (6) observed that it was necessary to
administer at least 0.2 mg of murine T84.66 to significantly
affect biodistribution of '"in-murine T84.66 in mice (6).
Extrapolating to humans, this would imply that >500 mg of
protein would have to be administered to see any significant
changes in biodistribution. Administration of this amount of
protein to each patient may prove challenging due to potential
side effects and to economic factors.
In 3 of the 15 patients, disease was detected by antibody

indicating that potentially cytotoxic radiation doses can be
delivered by cT84.66 labeled with 90Y to select tumor and
regional lymph node sites,
CONCLUSION
This trial did not demonstrate clinically important changes in
biodistribution, pharmacokinetics or tumor targeting with increasing protein doses to 105 mg of mIn-cT84.66. However,
the results of this trial do suggest that antibody clearance from
the blood is driven by hepatic clearance and metabolism, with
more rapid clearance seen in patients with liver mÃ©tastases,
These patients with rapid clearance and potentially unfavorable
biodistribution for imaging and therapy may, therefore, be a
more appropriate subset in which to evaluate the role of

TABLE 5
Tumor Biodistribution and Dosimetry
Patient
protein
no.123456781011121314Antibody
(mg)555552525252525105105105Tumor
site3.5

(days
after antibody
radiation dose
infusion)7698866778977Biodistribution
(%ID/kg)4.7/10.62.0*0.4134.2/60.4/33.71.216.93.36.96.2r7.04
(cGy/mCi)4.6/10.61.20.3193/86.7/4

primary0.5-cm
x 5.0 cm rectal
metastasis*0.5-cm
pericolonic lymph node
metastasis*4.0
pericolonic lymph node
primary1
x 4.5 cm sigmoid colon
primary1-cm
1.0 x 7.0 cm cecal
metastasis1
hepatic
metastasis2.5
-cm hepatic
primary0.5-cm
x 2.5 cm sigmoid colon
metastasis*6.5
mesenteric lymph node
recurrence0.5
x 7.0 cm presacrai
metastasis*1
cm perirectal lymph node
metastasis9.0
.0-cm lung
primaryOne
x 6.0 cm colon
metastasis*6.0
0.6-cm right supraclavicular node
primary0.2-cm
x 6.0 cm sigmoid colon
metastasis*3.5
pericolonic lymph node
recurrence6.0
x 4.0 cm rectal
recurrence1
x 5.0 cm presacrai
metastasis5.4
.3-cm distal sigmoid colon
x 4.0 cm presacrai recurrenceSurgery
*Not detected radiologically or on clinical examination. Found only at surgery or after biopsy.
tCarcinoembryonic antigen immunohistostaining performed. All samples stained were 3-4 + positive (on a scale of 4).
ND = not done.
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increasing unlabelled monoclonal antibody (MoAb) doses on mÃ©tastasesdetection and
on body distribution of various '"in MoAbs [Abstract]. Br J Cancer 1986;54:535.
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FIGURE 7. lndium-111 uptake in %ID/kg of tumors and lymph nodes as a
function of blood residence times from 14 patients where biopsies postinfusion were available.

administering higher protein doses, in an attempt to saturate
hepatic clearance mechanisms, prolong circulation times and
increase tumor uptake. The results also indicate that, given its
low immunogenicity after single administration, its tumor
imaging properties and its ability to deliver potentially cytotoxic radiation doses to select tumor sites, cT84.66 or a more
rapidly clearing smaller molecular weight derivative should be
further evaluated as a diagnostic and therapeutic agent.
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