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A B S T R A C T  

In a phase I study, 21 patients with metastatic adenocarcinoma of the 
gastrointestinal tract received the murine monoclonal antibody D612. This 
antibody is directed at a Mr 48,000 antigen restrictively expressed on 
tumors of the gastrointestinal tract and to a limited degree on normal 
gastrointestinal mucosa. Patients received total doses of 10-180 mg/m 2 
administered as single or multiple doses of 1-100 mg/m 2 over an 8-day 
period. Dose-limiting toxicity was secretory diarrhea. A single dose of 
100 mg/m 2 exceeded guidelines for maximal tolerated dose. Higher total 
doses were achieved in subsequent patients by using repeated administra- 
tion of lower doses. Three of five patients receiving 60 mg/m 2 for 3 doses 
(180 mg/m 2 total dose) experienced grade 3 diarrhea and could not com- 
plete the prescribed course. The dose of 40 mg/m 2 administered on days 1, 
4, and 8 (total dose, 120 mg/m 2) has been selected as the dose for phase II 
studies. 

The pharmacokinetics of D612 is best described by a one-compartment 
model with a mean ill2 of 48 _+ 3 h (SEM). Eighteen of 21 patients devel- 
oped human anti-mouse antibody (HAMA). Patients who developed high 
levels of HAMA demonstrated a more rapid clearance of the day 8 dose 
than those who developed low levels of HAMA. In all patients studied, a 
component of HAMA was directed at the D612 variable region. With one 
exception, serum from all patients with detectable antibody to the D612 
variable region demonstrated anti-paratope reactivity. Thirty-four % of 
known metastatic sites demonstrated uptake of radiolabeled D612. There 
were no objective antitumor responses in this phase I trial. The antitumor 
effect of D612 in vitro has been shown to be potentiated by interleukin 2 
and recombinant human macrophage colony-stimulating factor. A phase 
II study of D612 administered in combination with cytokines that enhance 
human effector function is presently ongoing. 

using monoclonal antibodies directed at these TAAs 3 have been con- 
ducted (14-20). The clinical response to passive immunotherapy to 
date has been modest at best (7, 10, 21, 22), and a variety of obstacles 

inherent to MoAb therapy are beginning to be understood (22). These 
include tumor heterogeneity, the inability of the MoAb to effectively 
harness the human effector system in vivo, and the development of 

neutralizing HAMA following initial exposure. Different approaches 
to overcome some of these obstacles are currently being studied (7, 
21, 22). One of the approaches is the use of newer monoclonal 
reagents that are directed at highly restricted and more uniformly 
expressed TAA. Such MoAbs are also selected based upon their high 
affinity for the TAA and the ability to effectively induce ADCC. 

The MoAb D612 is a murine IgG2a antibody developed by Schlom 
et al. (23) and is directed at a Mr 48,000 membrane glycoprotein 
expressed on gastrointestinal tumors (24). The antigen is expressed, to 
a limited degree, on normal gastrointestinal mucosa but not on any 
other malignant or normal human tissue (24). Immunohistochemical 
studies reveal that 85% of primary gastrointestinal tumors and over 

70% of metastatic tumors express the target antigen in a homogeneous 
fashion (23, 24). The antibody mediates ADCC which is potentiated 
by interleukin 2 (25) and M-CSF in vitro. 4 Radiolabeled D612 local- 
izes preferentially to tumor xenografts in nude mice and tumor re- 
gressions have been observed in animals treated with the native un- 

labeled antibody (23, 26). 
We conducted a phase I clinical trial using the murine MoAb D612 

in the treatment of patients with metastatic gastrointestinal cancer to 

establish a treatment regimen for subsequent phase II trials. 

I N T R O D U C T I O N  

,Colorectal cancer is a major cause of morbidity and mortality in the 

United States. Over 140,000 new cases are diagnosed each year (1, 2) 
and the overall 5-year survival rate is approximately 50% (2). Despite 

the encouraging results using 5-fluorouracil/levamisole in the adju- 
vant setting (3), the outlook for patients with metastatic colorectal 

cancer continues to be poor with no or very modest survival benefit 

achieved from conventional therapeutic modalities (4-6). Colorectal 

cancer has thus become the focus of a variety of innovative therapeu- 
tic approaches including monoclonal antibody directed therapy 
(7-10). 

A variety of cell surface antigens are expressed by tumors of the 
gastrointestinal tract and are frequently shared by adenocarcinomas of 

diverse origin, e.g., carcinoembryonic antigen, tumor-associated gly- 

coproteins-72 (TAG-72), 17-1A, etc. (11-13). Several clinical trials 
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M A T E R I A L S  AND M E T H O D S  

Patient Population. Patients with metastatic adenocarcinoma originating 
from the colon, rectum, or stomach were eligible. Pathology confirmation of 
the diagnosis was a requirement but D612 reactivity with the tumor was not 
required since the antigen is not stable following formalin fixation. Patients 
had to have objectively measurable disease and an Eastern Cooperative On- 
cology Group performance status of 0-2. Previously treated patients could not 
have received chemotherapy within the last 4 weeks and any treatment related 
toxicity had to have resolved. Patients who had previously received whole 
mouse immunoglobulin were excluded. Patients who had previously received 
murine antibody fragments [Fab, F(ab)'2] or chimeric antibody were eligible if 
pretherapy testing revealed no detectable human anti-D612 antibody. Labora- 
tory eligibility criteria included a leukocyte count of >3500/mm 3, blood urea 
nitrogen <30 mg/100 ml, creatinine <2 rag/100 ml, bilirubin < 1.5 mg/100 ml, 
and serum glutamic oxaloacetic transaminase and alkaline phosphatase <4 
times the normal value. This study was reviewed and approved by the Insti- 
tutional Review Board, University of Alabama at Birmingham. All patients 
were required to give written informed consent prior to enrollment. 

Antibody Dose and Schedule. D612 was produced by Damon Biotech and 
distributed by the National Cancer Institute under its IND No. 3854. The 
antibody was packaged in vials containing 3 or 6 ml of antibody (10 mg/ml). 

3 The abbreviations used are: TAA, tumor-associated antigen; MTD, maximum toler- 
ated dose; HAMA, human anti-mouse antibody; HPLC, high-pressure liquid chromatog- 
raphy; ADCC, antibody-dependent cell-mediated cellular cytotoxicity; M-CSF, macro- 
phage colony-stimulating factor; anti-Id, antibody to the D612 variable region; PMN, 
polymorphonuclear leukocyte. 

4 j. Schlom, personal communications. 
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PHASE I CLINICAL TRIAL OF MoAb D612 IN GASTROINTESTINAL CANCER 

A buffer of 10 mM NaPO4 and 150 mM NaC1 was added to the preparation (pH 
7-7.2). The drug was reconstituted in 250 ml of physiological saline (contain- 
ing 1 g/100 ml albumin) for administration. All patients received a 0.5-mg test 
dose administered prior to each therapeutic infusion. This was followed by a 
30-min observation period. None of the patients experienced any adverse 
reaction to the test dose. The therapeutic dose was initially infused over 60 min 
with vital signs being taken every 10 min during the infusion. The infusion 
time was increased to 4 h following occurrence of gastrointestinal toxicity in 
group III. This was a phase I dose escalation trial and the patients were 
hospitalized on the clinical research unit for the duration of therapy. The MTD 
was defined as that dose which produces grade 3 non-hematological or grade 
4 hematological toxicity in >--1 patient of 5. 

The trial utilized a rapid dose increment schedule with a total of four 
antibody infusions over an 8-day period (days 1, 3, 5, and 8) (Table 1). Once 
toxicity resulted at any dose level, the rate of dose escalation was reduced. 
Patients in group I received 1,1,4,4 mg/m 2, respectively, on each of the four 
treatment days (total dose, 10 mg/m2). Patients in group II received 
10,10,40,40 mg/m 2, respectively (total dose, 100 mg/m2). Patients in group III 
were to receive a total dose of 1000 mg/m 2 (doses of 100, 100, 400, and 400 
mg/m 2) but had dose-limiting toxicity following the day 1 dose. It thus ap- 
peared that the dose of 100 mg/m z was well tolerated when administered in 
divided doses (group II) but not when administered as a single infusion (group 
III). Given the observation that single doses of up to 40 mg/m z were well 
tolerated (group II), patients in group IV received a dose of 40 mg/m 2 admin- 
istered on days 1, 4, and 8 (total dose of 120 mg/m 2) and patients in group V 
received 60 mg/m / on days 1, 4, and 8 (total dose of 180 mg/m2). No patients 
received a second course of antibody. 

Radioimmune Imaging. All patients received 0.5 mg of 131I-labeled D612 
(10 mCi) together with the day 1 therapeutic dose and underwent imaging on 
days 3, 5, and 9. D612 was labeled by using the standard Iodo-Gen method as 
previously described (27). Percentage of incorporation of iodine was deter- 
mined by HPLC and free iodine separated from the radiolabeled protein 
through a desalting column (Clinitic, Inc.). Quality control of the radiolabeled 
protein included immunoreactivity by the method of Lindmo et al. (28), HPLC, 
and Limulus amebocyte lysate assay. Whole body images as well as multiple 
spot views of the trunk and other areas of interest were obtained by using a 
wide field of view gamma camera (Sopha, Inc.) equipped with a high energy 
parallel hole collimator and a 30% window centered on 364 KeV as previously 
described (29). Patients received 15 drops of saturated solution of potassium 
iodide administered prior to the imaging dose and for a total of 14 days 
thereafter. 

Pharmacokinetics of MoAh D612. The pharmacokinetics of the murine 
D612 was determined by two independent methods. Firstly, the kinetics was 
determined based upon the serum radioactivity counts after the 131I-labeled 
D612 (imaging dose). Radioactivity of the serum samples was determined by 
using the LKB 1282 Compugamma CS counter. The cpm were converted into 
dpm and back-corrected to zero time for radioactive decay. The radioactive 
counts were then utilized to calculate the pharmacokinetic parameters as pre- 
viously described (17). 

In addition, serum samples collected following therapy were stored at 
-20~ for 10 weeks to allow for radioactive decay of the x31I-labeled tracer 
dose. Serum concentration of murine D612 was quantitated by using a previ- 
ously described radiometric assay (30) for mouse immunoglobulin. These 
concentrations were then used as an independent set of values to calculate the 
pharmacokinetic parameters (31). 

HPLC Analysis. Selected postinfusion samples (20-0,1 aliquots) were ana- 
lyzed for the distribution of radioactivity by using a Bio-Rad Quick check 
analyzer system with a Bio-Sil SEC-250 column (300 x 7.5 mm). The elution 
buffer was 10 mM phosphate, pH 6.8, 0.3 M NaC1, 10% (v/v) dimethyl sulf- 
oxide. The column was eluted at 1.0 ml/min and 1.0-ml fractions were col- 
lected. The fractions were counted in a Packard gamma counter and corrected 
for decay. 

Human Anti-Mouse Antibody Response. Serum samples were tested for 
the presence of human anti-D612 antibody utilizing a radiometric double 
antigen assay (28). The results were expressed as ng of D612 bound/ml of 
patient serum. Results 2-fold above the base-line pretherapy value and greater 
than 2 SD above the mean of normal donors were considered positive. Healthy 
normal donors (n = 13) had a nonspecific base-line value of 6 +_ 3 ng/ml 
(SD). 

Human anti-Id was determined by using a modification of the double 
antigen assay whereby the incubation of the serum sample was performed in 
the presence of excess (100/xg) of D612 or mouse IgG. Excess D612 antigen 
would be expected to completely inhibit the anti-D612 reactivity while excess 
mouse IgG would only inhibit the component of the immune response directed 
to the murine constant region of D612. The difference between the two values 
provides the anti-Id reactivity which was expressed as a percentage of total 
HAMA. The presence of antibody to the antigen combining site of D612 
(anti-paratope) was assayed via the inhibition of radiolabeled D612 binding to 
cell surface bound antigen on LS-174T cells (20). A positive assay was defined 
as >20% inhibition of binding. 

Histological Staining of Gastrointestinal Biopsy Samples. Six patients 
(patients 8-13) underwent fiber optic colonoscopy to the level of the splenic 
flexure as evaluation for the new onset diarrhea following D612 therapy. In 
addition, patients 11-13 also underwent gastroscopy to the level of the duo- 
denal loop. All patients underwent the procedure within 24-48 h of the onset 
of the gastrointestinal toxicity. Biopsies from the respective areas of the gas- 
trointestinal tract were transferred in ice-cold saline from the endoscopy suite 
to the University of Alabama at Birmingham Tissue Procurement Facility 
where they were quickly placed into cryomolds and surrounded by frozen 
section support media. These cryomolds were flash frozen in liquid nitrogen 
vapor and stored temporarily in the vapor phase of a liquid nitrogen freezer for 
less than 1 week. Similarly processed samples of colon and small bowel from 
untreated individuals (control) were also obtained from the Tissue Procurement 
Facility. Mucosa demonstrating edema and hyperemia on fiber optic visual- 
ization was considered abnormal. 

Immunohistochemistry. Frozen sections of the specimens from patients 
and control were cut at 4 /xm and fixed in neutral buffered formalin. These 
sections were stained concomitantly by standard immunohistochemical proce- 
dures with the avidin-biotin complex technique using peroxidase followed by 
diaminobenzidine for localization (32). Primary antibodies utilized in these 
studies included no antibody ("delete"), D612, and the isotype control antibody 
14G2a, a murine anti-GD2 antibody (33). Furthermore, sections for standard 
hematoxylin and eosin staining were obtained from each specimen. 

Patient Follow-up. Complete blood count, serum chemistry, and serum 
complement levels were determined prior to each infusion, 24 h following the 
end of therapy, and weekly thereafter for a total of 6 weeks. Serum samples for 
pharmacokinetics were obtained at zero time, 1, 2, 4, 12, 24, 36, and 48 h 
following the day 1 dose, and at zero time, 4, 8, and 24 h following each 
subsequent dose. Samples for human anti-mouse antibody response were 
drawn prior to therapy, weekly for 6 weeks, and monthly thereafter. All patients 
were reevaluated for evidence of objective response 6 weeks from the start of 
therapy. Response was judged by standard WHO criteria (34). 

Data Analysis and Statistical Methods. The pharmacokinetic parameters 
for circulating antibody were estimated by fitting to a one- and two-compart- 
ment model. SIPHAR program (SIMED, Creteil, France) and SAS NLIN 
procedure (31) were used for nonlinear estimation by least squares method. 
Analysis of variance and covariance were used to compare the significance of 
differences in pharmacokinetic parameters among individual patients and dose 
groups (29). 

R E S U L T S  

Patient Characteristics.  Table 1 provides the doses and schedule 

of  D612 administrated to the 21 patients enrolled in this study. Their  

clinical characteristics are summar ized  in Table 2. There were  6 

Table 1 Dose and schedule olD612 therapy 

Dose (mg/m 2) 
Total dose 

Group n d 1 a d2 d3 d4 d5 d6 d7 d8 (mg/m 2) 

I 3 1 1 4 4 10 
II 3 10 10 40 40 100 
III 5 100 b b b b 100 
IV 5 40 40 40 120 
V 5 60 60 60 180 c 

a 131i_labele d tracer dose given on day 1. Patients underwent radioimmunoscintigra- 
phy on days 3, 5, and 9. 

b No further antibody could be administered because of toxicity. 
c All patients could not receive scheduled doses because of toxicity. Two patients 

received all 3 doses (180 mg/m2), two patients received 2 doses (120 mg/m2), and one 
patient received one dose (60 mg/m e) total dose. 
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PHASE I CLINICAL TRIAL OF MoAb D612 IN GASTROINTESTINAL CANCER 

Table 2 Patient characteristics and response in D612 trial 

Dosage Performance 
Patient Age (mg/m 2) Primary site Prior therapy status a Response 

1 62 1, 1, 4, 4 Sigmoid 5-FUra, b mitomycin, MoAb cB72.3 1 pc 
2 58 1, 1, 4, 4 Sigmoid 5-FUra, levamisole 0 S 
3 66 1, 1, 4, 4 Colon 5-FUra, leucovorin, cytoxan, interferon 1 S 
4 45 10, 10, 40, 40 Sigmoid 5-FUra, leucovorin, mitomycin, MoAb cB72.3 2 S 
5 73 10, 10, 40, 40 Sigmoid 5-FUra, leucovorin, levamisole 0 P 
6 45 10, 10, 40, 40 Colon 5-FUra 0 P 
7 49 100 Sigmoid MoAb cB72.3 2 P 
8 63 100 Colon 5-FUra, levamisole, Leucovorin, MoAb c l 7 - 1 A  0 P 
9 70 100 Sigmoid 5-FUra 0 P 

10 52 100 Colon 5-FUra, Leucovorin 1 P 
11 52 100 Colon 5-FUra, Leucovorin, mitomycin 1 P 
12 51 40, 40, 40 Cecum 5-FUra, interferon 0 S 
13 58 40, 40, 40 Sigmoid Methotrexate, 5-FUra, Leucovorin 0 S 
14 74 40, 40, 40 Gastric 5-FUra, FdUrd 1 P 
15 68 40, 40, 40 Rectum 5-FUra, Leucovorin, levamisole 1 P 
16 61 40, 40, 40 Colon 5-FUra, interferon 1 S 
17 75 60, 60, 60 Colon 5-FUra 1 S 
18 61 60, 60, 60 Colon 5-FUra 1 P 
19 67 60, 60 Colon 5-FUra, Leucovorin, methotrexate 1 S 
20 75 60, 60 Colon 5-Fura, Leucovorin 1 S 
21 53 60 Rectum 5-FUra, levamisole 1 P 

a Eastern Cooperative Oncology Group performance status (0-4). 
b 5-FUra, 5-fluorouracil; FdUrd, 5-fluoro-2'-deoxyuridine. 
c p,  disease progression; S, stable disease (WHO response criteria) (34). 

women and 15 men with ages ranging from 45 to 75 years. The 
patients received total doses ranging from 10 to 180 mg/m 2. Nineteen 
of the patients had an Eastern Cooperative Oncology Group perfor- 
mance status of 0-1 and two patients had a performance status of 2. 
One patient (patient 14) had metastatic gastric cancer while all others 
had metastatic colorectal cancer. All patients had previously under- 
gone resection of their primary disease and all except one (patient 7) 
had received prior chemotherapy. All previously treated patients had 
received at least one 5-fiuorouracil-based chemotherapy regime. Four 
patients (patients 1, 4, 7, and 8) had previously received chimeric 
monoclonal antibody therapy. Three of these patients (patients 1, 4, 
and 7) had received the 131I-labeled chimeric MoAb cB72.3 (17) and 
patient 8 had received the 125I-labeled chimeric MoAb cl7-1A (35). 
None of these patients demonstrated anti-D612 reactivity on pre- 
therapy screening. 

Toxicity. The toxicity associated with D612 therapy is summarized 
in Table 3. The most common side effects associated with D612 
administration were gastrointestinal and consisted of nausea, vomit- 
ing, and diarrhea. Diarrhea was the most frequent side effect and 
consisted of watery stools without appreciable fecal content and gen- 
erally occurring within 24 h of antibody infusion. Several patients 
receiving higher doses (100 mg/m 2 single dose or multiple doses of 60 
mg/m 2) had diarrhea beginning during or shortly after completion of 
antibody infusion. The diarrhea was generally self-limiting and re- 
solved within 24--48 h except in those patients receiving higher doses 
of antibody or in patients who received further therapy before com- 
plete resolution of symptoms. Diarrhea was treated symptomatically 
with the patients being encouraged to increase their fluid intake and 
use Lomotil if patients had more than 2-3 bowel movements in a shift. 
The response to antidiarrheal therapy (Lomotil) was equivocal. Fever 

Table 3 Toxicity a noted during D612 trial 

Dose 
Patient (mg/m 2) Day 1/2 Day 3/4 Day 5/7 Day 8+ 

1 1, 1, 4, 4 b __ __ F2 c __ __ __ F2 . . . . .  

2 1, 1, 4, 4 . . . . . . . . . . . . .  
3 1, 1, 4, 4 . . . . . . . . . . . . .  

4 10, 10, 40, 40 . . . . . . . .  N2 - -  D2 ~ N1 
5 10, 10, 40, 40 . . . . . . . . . . . . .  
6 10, 10, 40, 40 . . . . . . . .  N1 - -  - -  - -  N1 

7 100 N2 V1 D1 - -  N2 - -  D1 F2 N1 - -  - -  F2 - -  
8 100 N1 V1 D2 - -  - -  V1 D2 . . . . . .  
9 100 N1 V2 D3 - -  - -  - -  D3 - -  - -  - -  D3 - -  - -  

1 0  100 - -  - -  D1 . . . . . . . . . .  
11 100 - -  - -  D3 F2 - -  - -  D2 . . . . . .  

12 40, 40, 40 . . . . . . . . . . . . .  
13 40, 40, 40 . . . . . .  D1 . . . . . .  
14 40, 40, 40 - -  - -  D1 . . . . . . . . . .  
15 40, 40, 40 . . . . . . . . . . . . .  
16 40, 40, 40 - -  - -  ~ F2 - -  - -  D1 F2 . . . . .  

17 60, 60, 60 . . . . . . . . . . . . .  
18 60, 60, 60 - -  - -  - -  F2 - -  - -  - -  F2 - -  - -  - -  F2 - -  
19 60, 60 N1 V1 - -  F2 N2 V1 D1 F2 N3 V1 D2 F2 N3 
20 60, 60 - -  - -  D3 F2 N2 - -  D3 F2 N2 - -  D2 F2 N2 
21 60 N2 V3 D3 F2 N2 - -  D3 F2 N2 . . . .  

_ _  - -  w 

- -  D 2  - -  

- -  D 2  - -  

D 3  - -  

D 1  - -  

- -  - -  F2 

- -  D1 F2 
V2 D3 F2 
- -  D2 F2 

"Toxic i ty  according to National Cancer Institute Consensus Criteria (grades 1--4). 
b__,  no toxicity. 
c F, fever; N, nausea; V, vomiting; D, diarrhea. The number following the toxicity abbreviation denotes the grade of  toxicity. 
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PHASE I CLINICAL TRIAl, OF MoAb D612 IN GASTROINTESTINAL CANCER 

following MoAb therapy without evidence of an infectious etiology 
was also observed in eight patients. The fever was usually 38.5-39~ 
(grade 2), lasted approximately 24 h, and responded to acetamino- 
phen. 

Patients in group I (total dose, 10 mg/m 2) tolerated D612 without 
any toxicity. Patient 1 had a history of tumor fever and experienced 
temperature elevation during antibody therapy. 

Patients in group II (total dose, 100 mg/m 2) experienced no toxicity 
with the 10-mg/m 2 doses on days 1 and 3. Two of the patients had 
grade 1-2 nausea/diarrhea with the 40-mg/m 2 doses. Patient 5 had no 
toxicity during the week of antibody administration but had frequent 
watery stools at home starting on day 10 and lasting for 3-4 days 
(grade 2 toxicity). 

All patients in group III (100 mg/m 2 single dose) had diarrhea 
following therapy. Three of five patients (patients 8, 9, and 11) expe- 
rienced grade 2-3 diarrhea. Three patients (patients 7-9) also expe- 
rienced grade 1-2 nausea/vomiting, and two patients (patients 7 and 
11) had grade 2 fever. A dose of 100 mg/m 2 was considered the 

maximum tolerated single dose since 3 of 5 patients experienced 
->grade 2 toxicity and could not receive further therapy. 

In group IV, one patient (patient 15) experienced no toxicity at all. 
Four patients experienced diarrhea which was mild in all patients 
except patient 12, who had grade 3 diarrhea following the last anti- 
body dose. Fever was the only other side effect noted in this group and 
occurred in patient 16. 

In group V, patients 17 and 18 experienced minimal toxicity and 
were able to receive the full 180-mg/m 2 dose. The next two patients 
entered at this dose level experienced grade 2-3 gastrointestinal tox- 
icity and could only tolerate two of the three scheduled infusions. 
Patient 21 had grade 3 gastrointestinal toxicity following the first 
60-mg/m 2 infusion and did not receive any further therapy. This dose 
level was considered to have exceeded the MTD since 3 of 5 patients 
experience grade 3 toxicity and could not complete the outlined treat- 
ment regimen. 

Patients 7 and 11 (100 mg/m 2 single dose) had a rise in serum blood 
urea nitrogen and creatinine due to volume depletion resulting from 

Fig. 1. Fig. 1 shows the \~orst lesions identified 
in the (t palicnls hiopsicd. A. foc~d invasion of poly- 
morphonuclcar leukocytcs (arrows) into the epithe- 
lium L~f a b iopsy  or the gastr ic  Ltlltl-tl[ll. SOIIIC focal 
db, rupt ion of  the ep i the l ium is m~tcd as marked  hv 
the h m g c r  a r row,  t~'. shows  a slide from tt duodenal  
bi,~ps,, in v, hich n u m e r o u s  p o l > m o r p h o n u c l e a r  leu- 
kocxtcs  as well  as cos inophi l s  x~crc present  in the 
lamin~ propria.  Some  of lhe~,c p o l y m n r p h o m m l e a r  
Icukocvles  ,acre invad ing  into Ihc ep i the l ium (ar-  
rows),  t I&E.  < 2{)0. 
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PHASE I CLINICAL TRIAL OF MoAb D612 IN GASTROINTESTINAL CANCER 

diarrhea. This was readily reversed with i.v. hydration. No other 
alterations in laboratory parameters were observed in the patient popu- 
lation. No long-term sequel resulting from any of the toxicities were 
observed in any of the patients and the side effects generally subsided 
following symptomatic intervention. 

Evaluation of Gastrointestinal Tract. Patients 8-11 (100 mg/m 2 
for 1 dose) and patients 12 and 13 (40 mg/m 2 for 3 doses) underwent 
flexible sigmoidoscopy within 24-48 h of the onset of diarrhea. Pa- 
tients 11-13 also underwent fiber optic gastroduodenoscopy at the 
same time. Tissue biopsies obtained from the stomach, duodenum, 
sigmoid colon, and rectum were labeled as normal or abnormal based 
upon visual assessment of the endoscopist. No ulceration or bleeding 
was noted in any of the patients. Patient 11 had what appeared to be 
pseudomembranes in the rectum (modest change), although subse- 
quent evaluation revealed no evidence of Clostridium difficile infec- 
tion. 

Routine Histopathology. Sections identified endoscopically as ei- 
ther normal or abnormal were examined in standard hematoxylin and 
eosin preparations. The main histopathological feature seen through- 
out the colonic mucosa was slight to moderate edema and scattered, 
focal collections of eosinophils. There was no evidence of mucosal 
damage in any of the colonic samples from the six patients and no 
difference could be detected histopathologically between the biopsies 
categorized abnormal or normal areas. 

The major histopathological changes were observed in the upper 
gastrointestinal tract, i.e., the antral samples from the stomach and the 
mucosal samples from the duodenum. In the upper gastrointestinal 
tract, there were numerous eosinophils and PMNs present throughout 
the mucosa. Areas could be identified where both the PMNs and 
eosinophils invaded superficially into the epithelium. In most areas 
this invasion was minor, but in at least one area of the gastric antrum 
(patient 11) there was superficial damage to the epithelium and PMNs 
could be noted invading through the epithelium into the lumens of 
gastric glands (Fig. 1A). Fig. 1B demonstrates the increase in poly- 
morphonuclear leukocytes and eosinophils present within the epithe- 
lium of the duodenum. Most pathological changes were relatively 
minor, and the photographs demonstrate the worst lesions noted after 
extensive sampling and careful examining of the biopsies. 

Immunohistoehemistry. The staining pattern with MoAb D612 
on a frozen colonic section from an untreated individual (control) 
reveals that most of the D612 binding is localized at the base of the 
superficial epithelium and there is no background staining in the 
absence of prior incubation with D612 (data not shown). 

Fig. 2, B, C, and D, demonstrates the typical staining patterns in 
biopsies from patients treated with D612. The staining seen in Fig. 2, 
B, C, and D is present in the delete specimen indicating the presence 
of D612 binding to the tissue in vivo. This in vivo binding is not 
saturating since staining is accentuated when D612 is used as the 

Fig. 2. Fig. 2 shows sections of gastrointestinal mucosa from 1 untreated individual (A) and 3 patients (B-D). In the staining of these specimens, no primary antibody was applied 
but the sections were stained with rabbit anti-mouse conjugated antibody as discussed in "Materials and Methods." A ( x  100 avidin-biotin complex (ABC) peroxidase hematoxylin 
counterstain) demonstrates that there was no staining while the 3 patients who were treated with D612. B (•  ABC peroxidase hematoxylin counterstain), C and D (X200 and • 
both ABC peroxidase hematoxylin counterstain), show deposition of murine D612 in the superficial colonic epithelium (arrows). This distribution was similar to that noted in all 6 
patients treated with D612. Binding of D612 to the basal and basolateral epithelium coincides with the distribution of the target antigen seen on normal colonic mucosa by using direct 
binding of D612 followed by counterstain. 
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primary antibody (data not shown). Fig. 2A represents a concomitant ly  

stained frozen section from an untreated individual (control). In all six 

patients treated with D612, the delete sections demonstrated the pres- 

ence of  D612 in the superficial gastrointestinal epithelium, while none 
1 6 

of  the sections f rom the three untreated individuals demonstrate this 2 4 

finding. The in  v i v o  D612 deposition is limited to the superficial 3 2 

epithelium with accentuation at the basal-lateral epithelium. 4 9 
5 2 

P h a r m a e o k i n e t i c s .  The pharmacokinet ic  parameters based upon 6 2 

the serum concentrations of  murine D612 fol lowing the day 1 dose are 7 5 

summarized in Table 4. The kinetics is best described by a one- 8 9 9 6 
compar tment  model  with an overall mean plasma half-life of  48 +__ 3 10 14 

h (SEM). The mean volume of  distribution was 54 _ 4 ml/kg and a 11 3 
12 4 

clearance of  0.81 _+ 0.07 ml/h/kg. There was no correlation between 13 3 

dose administered and pharmacokinet ic  parameters except for the 14 13 

expected correlation with area under the curve (dose ranging from 1.8 15 3 
16 3 

to 228.5 mg). 17 4 

All patients also received a radiolabeled imaging dose on day 1. In 18 5 

order to most  accurately compare the kinetics of  the radiolabeled 19 2 20 3 
v e r s u s  the unlabeled antibody, the individual parameters for the five 21 3 

patients in group III who each received a single dose o f  D612 (thera- 

peutic dose of  100 mg/m 2 combined with 0.5 mg of  131I-D612) were 

compared (Table 5). The mean plasma half-life, volume of  distribu- 

Table 4 Murine D612 pharmokinetics a o f  initial infusion 

Day 1 
dose Dose tl/213 AUC b Voss CI 

Patient (mg/m 2) (mg) (h) (h//xg/ml) (ml /kg)  (ml/h/kg) 

1 1 2.0 45 25 74 1.13 
2 1 2.0 53 37 54 0.70 
3 1 1.8 74 78 36 0.33 

4 10 16.4 38 310 45 0.83 
5 10 23.9 62 486 37 0.41 
6 10 20.0 42 455 34 0.56 

7 100 228.5 39 2341 50 0.88 
8 100 183.5 38 3200 39 0.73 
9 100 151.5 40 2874 55 0.94 

10 100 185.5 42 5429 31 0.50 
11 100 195.5 41 3041 43 0.72 

12 40 85.6 ND ND ND ND 
13 40 80.8 52 1375 53 0.71 
14 40 76.5 ND ND ND ND 
15 40 77.6 34 809 61 1.26 
16 40 62.7 45 1326 58 0.88 

17 60 122.2 59 1216 99 1.16 
18 60 110.6 35 1175 69 1.34 
19 60 111.7 79 2845 59 0.52 
20 60 89.3 54 1826 79 1.02 
21 60 123.3 43 1852 45 0.72 

48 • 3 c 54 -+ 4 0.81 • 0.07 

"̀ Pharmacokinetic parameters based upon immunologicaUy determined circulating 
levels of D612 following the day 1 dose. 

b AUC, area under the curve; Voss, volume of distribution at steady state; CI, clear- 
ance; ND, not determined. 

c Mean - SEM. 

Table 5 Comparative pharmacokinetics of  131I-labeled and unlabeled D612 antibody 

Radioactivity" Mouse immunoglobulin b 

Dose 6.3 • 0.3/.LCi 100 mg/m 2 
Concentration, maximum 1.32 • 0.19 ~Ci 58 • 8 p.g/ml 
Plasma tl/2 49 _ 1.6 h 39 • 0.5 h 
AUC c 92 • 11 h/~Ci/ml 3283 ___ 485 h//xg/ml 
MRT 70 • 2 h 56 • 0.7 h 
VDSS 64 ___ 3 ml/kg 43 - 4 ml/kg 
CI 0.91 • 0.03 ml/h/kg 0.77 --- 0.07 ml/h/kg 

a Pharmacokinetics based upon serum radioactivity of a31I-labeled D612 (imaging 
dose) administered on day 1 (Patients 7-11; Group III). 

b Pharmacokinetics based upon immunologically determined serum concentration of 
murine antibody following the day 1 dose. 

c AUC, area under the curve; MRT, mean residence time; VDSS, volume of distribution 
at steady state; C1, clearance. All results expressed as mean --- SEM. 

Table 6 Human immune response to D612 (HAMA)`" 

Patient Pretherapy 

Wk b % of mirror 
% of image 

1 2 3 4 5 6 anti-Id ~ inhibition d 

5 19 
8 4 

36 35 
5 7 
6 3 2 
4 4 3 
5 36 
5 30 56 

12 28 1288 
7 11 33 

10 4 202 
77 52 
30 237 

4 1402 
4 
3 183 

14 15 7 
20 746 222 

2 307 158 
19 2590 1305 

2 4282 3019 

27 23 15 15 71 20 
7 10 34 40 80 92 

54 20 81 44 93 
47 34 15 12 33 

3 2 2 ND e 17 
3 3 8 ND 11 

79 61 48 
72 102 103 38 59 

722 165 156 29 58 
39 37 43 70 2 

125 65 54 92 
59 62 62 90 74 

101 62 28 28 24 
784 541 412 26 71 

3 3 2 ND 14 
83 72 31 41 46 
8 12 ND 8 

112 71 20 59 
65 29 44 24 45 

790 254 65 84 
158 143 101 44 87 

a Results expressed as ng D612 bound per ml serum. 
b Weeks following first dose. Results twice the pretherapy base-line values and 2 SD 

above the mean value for healthy volunteers are considered positive (italicized). 
c Component of HAMA directed at the variable region of D612 (anti-Id) expressed as 

percentage of HAMA (see "Materials and Methods"). 
d Percentage of inhibition of 125I-D612 binding to LS-174T cells by patient serum. 

This assay (mirror image inhibition) assesses the presence of antibody to D612 antigen 
combining site (see "Materials and Methods"). 

e ND, not determined. 

Table 7 Effect of  l lAMA on day 8 pharmacokinetics a 

Low HAMA High HAMA 

No. of patients 7 4 
tl/2/3(h) 57 + 6 b 29 + 6 ~ 
VDss (ml/kg) 40 -+ 6 42 -+ 12 
MRT (h) 82 • 8 41 + 8 c 
C1 (ml/h/kg) 0.53 • 0.11 1.38 • 0.72 c 

a Comparison of the pharmacokinetics of the day 8 dose (based upon immunologically 
determined D612 levels) in patients who have low levels of HAMA (<100 ng/ml) versus 
moderate to high levels of HAMA (>100 ng/ml). 

b Mean - SEM. 
c Statistical difference (P = 0.01). 
d VDSS, volume of distribution at steady state; MRT, mean residence time; CI, 

clearance. 

tion, and clearance o f  the unlabeled and labeled antibody preparations 

were not significantly different. The H P L C  analysis of  selected patient 

sera obtained at different t ime points up to 24 h fol lowing the day 1 

dose revealed the radioactivity peak to be superimposed upon the 

mouse IgG peak with no evidence of  free iodine (data not shown). 

I m m u n e  Response .  Eighteen of  21 patients treated with murine 

D612 developed H A M A  (Table 6). A majori ty o f  patients had circu- 

lating H A M A  detectable by week 2 with peak values generally ob- 

served between weeks 2 and 3. Ant ibody response was low ( < 1 0 0  

ng/ml) in eight patients, moderate  (100-1000 ng/ml) in six patients, 

and high ( > 1 0 0 0  ng/ml) in four patients. No correlation could be 

demonstrated between doses of  D612 administered and degree of  

antibody response, al though the three patients receiving 10 mg/m e had 

relatively low levels of  H A M A  compared to the other patient groups. 

All patients with detectable H A M A  demonstrated the presence of  

anti-Id antibodies. There was a direct correlation between the quan- 

titative levels of  H A M A  and the amount  of  anti-Id binding (Pearson 

correlation coefficient,  R = 0.96; P = 0.001). The relative proportion 

of  anti-Id varied from 12 to 90% of the total anti-D612 reactivity 

(Table 6) and did not appear to correlate with dose or schedule of  

D612 administered. 

Serum samples from all patients obtained between weeks 2 and 4 

(at the time of  max imum H A M A  response) were assayed for the 

presence of  antibody directed at the ant igen-combining site of  D612 
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(anti-paratope) (Table 6). The three patients with no HAMA response 
(patients 5, 6, and 15) and the patient with a marginal HAMA response 
(patient 17) all tested negative (<20% inhibition). Sixteen of 17 
remaining patients all demonstrated positive anti-paratope reactivity. 
There was a direct correlationship between the anti-paratope reactivity 
and the total HAMA (Pearson correlation coefficient, R = 0.46; P = 
0.03) as well as between the anti-paratope and amount of anti-Id 
reactivity (Pearson correlation coefficient, R = 0.45; P = 0.03). 

Effect of HAMA on Day 8 Pharmacokinetics. Thirteen patients 
received antibody on day 8 (patients 1-6 and 12-18). Pharmacokinetic 
studies based upon serum antibody concentration could be conducted 
on 11 of these patients (all except patients 3 and 15). The mean plasma 
half-life of the entire group for the day 8 dose was 47 _+ 6 h with a 
mean volume of distribution of 41 + 4 ml/h and a clearance of 0.84 
ml/h/kg. These parameters were not significantly different from the 
day 1 data for this group of patients. Four of these patients (patients 
13, 14, 16, and 18) developed moderate to high levels of HAMA 
(>100 ng/ml). There was a statistically significant difference in the 
day 8 pharrnacokinetics of the four patients with moderate to high 
HAMA as compared to the seven patients with low HAMA response 
(Table 7). Patients with high HAMA had a much more rapid antibody 
clearance (1.38 +_ 0.72 versus 0.53 - 0.11 ml/h/kg) and a shorter 
circulating half-life (29 +_ 6 versus 57 - 6 h). 

Radioimmunoscintigraphy. Nine of 21 patients (43%) demon- 
strated localization of radiolabeled D612 to at least one tumor site. Of 
a total of 35 sites of metastatic disease previously documented by 
conventional studies, 12 (34%) imaged. Optimal images were ob- 
served between days 4 and 5. There was no difference in radiolocal- 
ization between the various groups of patients (all of whom received 
the same radiolabeled dose combined with various amounts of unla- 
beled D612). Two of nine known liver metastases were detected on 
radioimmune imaging. In both cases, the lesions imaged as negative 
defects compared to the surrounding liver parenchyma. The remaining 
sites of disease which imaged included abdominal masses and lung 
metastasis. No distinct imaging of the gastrointestinal tract was noted 
even though the target antigen is expressed on normal gastrointestinal 
epithelium (24). 

Clinical Response. No objective clinical responses were observed 
in this phase I trial. Of the 21 patients entered on this phase I trial, 8 
(40%) had stable disease at 6 weeks posttherapy evaluation and the 
rest had disease progression (Table 2). 

DISCUSSION 

This is the first clinical trial of a monoclonal antibody directed to a 
gastrointestinal-specific tumor-associated antigen (24). This murine 
IgG2a antibody mediates ADCC in vitro which is augmented both by 
interleukin 2 and M-CSF (23, 25). In this phase I trial, 21 patients with 
metastatic gastrointestinal cancer received total doses ranging from 10 
to 180 mg/m 2 over an 8-day period administered in single doses of 
1-100 mg/m 2. Dose-limiting toxicity associated with D612 adminis- 
tration was gastrointestinal and consisted primarily of dose-limiting 
secretory diarrhea. Diarrhea associated with the administration of 
gastrointestinal active monoclonal antibodies has been previously de- 
scribed (14, 15). For example, in the case of MoAb 17-1A, the 
diarrhea was associated with abdominal pain and occurred during the 
antibody infusion. It was also infusion rate dependent (15). Prolonging 
the infusion duration and lowering the flow rate to <200 mg/h re- 
suited in resolution of the toxicity (15). With D612, the diarrhea 
appears to be secretory (watery), dose related, and occurs at single 
doses of ->60 mg/m 2. Response to antidiarrheal therapy (Lomotil) was 
equivocal. Prolonging the infusion from 1 to 4 h (maximum flow rate, 
30 mg/h) did not alter the toxicity. Binding of D612 to normal gas- 
trointestinal epithelium was documented in all patients who experi- 

enced the toxicity and underwent an endoscopic biopsy. In general, the 
diarrhea resolved within 24--48 h, although prolonged symptomatol- 
ogy was noted in some patients receiving higher antibody doses. 
Whether the duration of the side effect was related to the level of 
circulating antibody (above a threshold concentration) is unclear. For 
instance, patients who received single doses of 100 mg/m 2 appeared 
to have a more prolonged course of diarrhea than patients at lower 
dose levels. It could be speculated that higher circulating levels of the 
antibody could lead to enhanced deposition onto normal gastrointes- 
tinal epithelium, thereby resulting in worsening toxicity. There was no 
ulceration, hemorrhage, or evidence of epithelial cell damage and the 
pathological findings were nonspecific (36, 37). The etiology for the 
D612-associated secretory diarrhea remains uncertain. The antigen 
bound by the D612 antibody may be a receptor or a regulatory mol- 
ecule for epithelial secretion. The pathophysiology of the prototype 
cholera enterotoxin has been extensively studied and is mediated by 
activation of tissue adenylate cyclase, causing increase in intestinal 
cyclic AMP concentrations (38). In experimental models, prostaglan- 
din inhibitors have been shown to prevent the enterotoxin mediated 
watery diarrhea (39). A different form of secretory diarrhea associated 
with intestinal vasoactive peptides (40) generally responds well to 
stomatostatin analogues (41, 42). Whether prostaglandin inhibitors or 
stomatostatin analogues can ameliorate D612-induced diarrhea needs 
to be studied and may allow insight into the pathophysiological basis 
of the observed antibody-mediated toxicity. 

The pharmacokinetics of D612 followed a one-compartment model 
with a plasma half-life similar to that observed with other murine 
monoclonal reagents (29, 30). The half-life of radiolabeled D612 
(imaging dose) was comparable to unlabeled antibody (therapeutic 
dose), indicating that the radiolabeled preparation was stable in vivo 

with little intravascular dehalogenation of the preparation. This was 
further supported by the HPLC analysis which demonstrated all ra- 
dioactivity associated with the IgG peak. 

Our data indicate that the murine D612 is immunogenic in humans 
with 18 of 21 patients developing HAMA. The immune response to 
D612 was directed both at the variable and constant region of the 
antibody with the anti-Id component accounting for 12-90% of the 
total HAMA response. All patients with demonstrable anti-Id reactiv- 
ity also demonstrated anti-paratope reactivity. These findings are simi- 
lar to the HAMA response seen with other murine antibodies (29, 43). 

Only two patients tolerated the 180-mg/m 2 total dose. Three of the 
five patients experienced grade 3 gastrointestinal toxicity and could 
not complete the outlined treatment. This dose level thus exceeded the 
predefined MTD. Therefore, based upon our observations, the optimal 
dose for a phase II study would be 40 mg/m z administered 3 times 
over 8 days for a total dose of 120 mg/m 2. At this dose level, a peak 
serum concentration of 35 ~g/ml was achieved and circulating anti- 
body levels in excess of 10 #,g/ml persisted for up to 8-10 days. 

The multiple dose schedule administered over 8 days has the ad- 
vantage of being able to administer large doses of antibody within a 
short time frame before the appearance of an immune response to the 
murine antibody. It is apparent that patients who eventually developed 
moderate to high antibody response had a significant reduction in the 
circulating half-life of the day 8 antibody dose (29 h versus 57 h, P = 
0.002). This observation is comparable to our findings with murine 
14G2a in patients with high levels of HAMA receiving a day 8 dose 
(27). However, the patients still had substantial circulating levels of 
antibody over a 10-day period of therapy. 

Despite evidence of antibody localization to metastatic deposit by 
radioimaging, no reduction in measurable disease was apparent in any 
of the patients in this phase I study. Attempts to improve the thera- 
peutic index of unconjugated D612 by enhancing human effector 
function in vivo will need to be addressed in future trials. Just such a 
trial utilizing M-CSF with D612 is underway at our Center. Our study 
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establishes the dose of 120 mg/m 2 as the recommended phase II dose. 
Whether further dose escalation could be permitted by using specific 
antidiarrheal strategies such as premedication with prostaglandin in- 
hibitors and/or stomatostatin analogues is being evaluated. 
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