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ABSTRACT
Purpose: Humanized A33 (huA33; IgG1) monoclonal

antibody detects a determinant expressed by 95% of colo-
rectal cancers and can activate immune cytolytic mecha-
nisms. The present study was designed to (a) define the
toxicities and maximum tolerated dose of huA33 and (b)
determine huA33 immunogenicity.

Experimental Design: Patients (n � 11) with advanced
chemotherapy-resistant colorectal cancer received 4-week
cycles of huA33 at 10, 25, or 50 mg/m2/week. Serum samples
were analyzed using biosensor technology for evidence of
human antihuman antibody (HAHA) response.

Results: Eight of 11 patients developed a HAHA re-
sponse. Significant toxicity was limited to four patients who
developed high HAHA titers. In two of these cases, infusion-
related reactions such as fevers, rigors, facial flushing, and
changes in blood pressure were observed, whereas in the
other two cases, toxicity consisted of skin rash, fever, or
myalgia. Of three patients who remained HAHA negative,
one achieved a radiographic partial response, with reduc-
tion of serum carcinoembryonic antigen from 80 to 3 ng/ml.
Four patients had radiographic evidence of stable disease (2,
4, 6, and 12 months), with significant reductions (>25%) in
serum carcinoembryonic antigen levels in two cases.

Conclusions: The complementarity-determining region-
grafted huA33 antibody is immunogenic in the majority of
colon cancer patients (73%). HAHA activity can be mea-
sured reproducibly and quantitatively by BIACORE analy-
sis. Whereas the huA33 construct tested here may be too
immunogenic for further clinical development, the anti-
tumor effects observed in the absence of antibody-mediated

toxicity and in this heavily pretreated patient population
warrant clinical testing of other IgG1 humanized versions of
A33 antibody.

INTRODUCTION
The original mAb3 A33 is a murine IgG2a that has under-

gone extensive preclinical analysis (1–8) and a series of pilot
Phase I localization-radioimmunotherapy studies from 1991–
1995 (9–11). Immunohistochemical testing of a large panel of
normal and malignant tissues has shown A33 antigen expression
to be restricted to the epithelia of the lower gastrointestinal tract
and to carcinoma lesions that originate from the rectal and
colonic mucosa (2). Despite limited normal tissue reactivity, this
antigenic system was selected as a target for clinical studies
because the A33 antigen is expressed homogeneously and at
high levels in 95% of cases of metastatic colorectal cancers (2).

Although much has been learned regarding the biochemi-
cal, immunological, and molecular biology of the A33 antigen,
the function of this molecule remains unknown. The A33 anti-
gen is a Mr 43,000 glycoprotein that has been sequenced; its
cDNA has been cloned (12–15), and posttranslational modifi-
cations have been characterized (15). Biochemical and fluores-
cence microscopy experiments have shown that a portion of
cell-bound mAb A33 is internalized into cytoplasmic vesicles
(1). In general, antibodies targeting cell surface antigens, which
are internalized into pathways that lead to the lysosomal vesi-
cles, have been found to undergo rapid catabolism (16, 17). In
contrast, cell-bound mAb A33 represents a stable pool of anti-
body in equilibrium between the cell surface and macropinoso-
mal or endosomal compartments (1). The clinical observation
that radioiodinated mAb A33 is retained in tumor tissues for up
to 6 weeks has led to the hypothesis that this retention is a
consequence of the unique cell trafficking pathways of this
antibody, which only slowly enters the lysosomal compartment
(1, 10).

In our initial clinical imaging and biopsy-based biodistri-
bution studies using the mouse A33 antibody, we observed
specific targeting to antigen-positive tumor tissues in 95% of
patients (9–11). Whereas the only other tissue that concentrated
the radioisotope was bowel, clearance from the gastrointestinal
tract was much more rapid than that from tumor tissue, so that
at the end of the imaging period, only the tumors were visual-
ized (11). These localization characteristics led us to a Phase I
131I-labeled mAb A33 therapy trial that demonstrated bone
marrow as the dose-limiting organ toxicity (9). As the colon
expresses A33 antigen, gastrointestinal toxicity was monitoredReceived 8/30/02; revised 11/14/02; accepted 11/15/02.
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closely and found to be minimal at the MTD for the bone
marrow (80 mCi/m2). Antitumor effects were observed in 5 of
23 assessable patients, despite the fact that only a single dose
could be administered due to the development of an antimouse
Ig response (human antimouse antibody) in all patients (9).
Based on the unique internalization pathway of mAb A33 and
its retention in tumor cells, we also examined whether a low-
energy electron-emitting radionuclide, such as 125I, might have
therapeutic advantages over high-energy � emitters such as 131I
(1, 10). This concept was supported by therapy experiments in
a nude mouse model, which demonstrated complete ablation of
tumors with nontoxic doses of 125I-mAb A33 (8). This clinical
study confirmed the longer retention of 125I-mAb A33 in tumor
sites when compared with the uptake by the colon, and external
imaging of the 125I was possible even 6 weeks after antibody
administration (10). Whereas the radiotherapeutic doses tested
did not approach the MTD of bone marrow or other normal
tissues, plasma levels of 125I-mAb A33 reached cytotoxic levels
for colon cancer cells based on in vitro assays. Minor antitumor
effects were observed in 4 of 22 patients (10). Of note was the
observation that additional major responses were observed in a
subgroup of patients who were treated with a specific chemo-
therapy regimen (10) after treatment with 125I-mAb A33. This
finding is consistent with results in a mouse model indicating
synergistic antitumor effects between radiolabeled A33 anti-
body and chemotherapy (3).

These preliminary studies with mAb A33 have defined the
targeting capability of this antigenic system as well as its lim-
itations. However, full characterization of the therapeutic poten-
tial of the mouse-derived A33 antibody could not be accom-
plished due to the inability to effectively retreat patients with an
immunogenic foreign protein. Thus, a fully humanized CDR-
grafted IgG1 was developed (18, 19) and evaluated in the
current report. This IgG1 humanized antibody has the added
advantage of being able to direct cell-mediated immune lysis of
human colon cancer cell lines in vitro. As a consequence of this
cytotoxic capability, normal antigen-positive tissue toxicity was
monitored closely in this study.

MATERIALS AND METHODS
Production and Purification of huA33 Antibody.

huA33, a fully humanized IgG1 mAb, was derived from murine
A33 antibody by CDR grafting (18). The antibody was ex-
pressed in NSO cells, and culture supernatant was produced in
bioreactors by Celltech Limited (Berkshire, United Kingdom)
and concentrated. huA33 was purified from NSO supernatant at
the New York Branch of the Ludwig Institute for Cancer
Research at MSKCC, using a three-step chromatography pro-
cess: Q-Sepharose anion-exchange; protein A affinity; and S-
Sepharose cation exchange chromatography. Virus inactivation
was achieved by exposure of the protein A elute to pH 3.0 at
room temperature for 30 min. The antibody was formulated in
PBS [0.05 M sodium phosphate and 0.15 M sodium chloride (pH
7.0)], sterile filtered, and stored at –70°C. The purified huA33
did not form aggregates, did not contain detectable levels of
protein A, and retained the original binding specificity of the
murine A33 antibody (20).

Patient Selection and Eligibility. Histology slides from
all patients were reviewed by the Department of Pathology at
MSKCC and confirmed to be colorectal carcinoma. Eligibility
criteria were as follows: patients had to be at least 18 years of
age; have unresectable stage IV disease; and have tumors re-
fractory to standard chemotherapy and measurable or evaluable
by conventional imaging. Patients had to be off prior therapy for
at least 4 weeks, be ambulatory with a Karnofsky performance
status of 70 or greater, and have an estimated survival of at least
6 weeks. Laboratory requirements included serum creatinine �
2 mg/100 ml, serum bilirubin � 2 mg/100 ml, granulocyte
count � 1,500/mm3, platelet count � 100,000/mm3, and pro-
thrombin time � 1.3� control. All patients had to be capable of
giving written informed consent according to institutional and
federal guidelines. Patients with the following criteria were
excluded from the study: clinically significant cardiac disease
(New York Heart Association class III/IV); infections requiring
antibiotics; illnesses requiring the use of steroids or other anti-
inflammatory reagents; clinical evidence of central nervous sys-
tem tumor involvement; history of prior administration of
mouse-derived antibodies or protein constructs or human anti-
mouse antibody serum reactivity; and positive pregnancy test or
lactation.

Study Design/Administration of huA33. The study pro-
tocol was reviewed and approved by the Institutional Review
Board at MSKCC (Protocol 94-100), and the study was con-
ducted under a United States Food and Drug Administration
Investigational New Drug Application (BB-IND #6084). The
study was designed with two major objectives: (a) to define the
toxicities and MTD of huA33 administered in weekly doses; and
(b) to determine whether huA33 is immunogenic and character-
ize the anti-idiotypic response and toxicities associated with the
development of anti-huA33 Ig (human antihuman Ig antibody,
HAHA).

Patients were monitored with weekly complete blood
counts, weekly tests for occult blood in stools, and liver function
and renal function tests every 4 weeks. CT scan evaluation of
response was performed at least every 9 weeks. We had previ-
ously shown that upon retreatment, the mouse A33 antibody was
cleared rapidly and prevented from targeting colon cancer in the
presence of human antimouse antibody (9–11). Thus, in addi-
tion to directly monitoring HAHA levels using biosensor tech-
nology (BIACORE), we also measured A33 antigen-reactive
huA33 in serum (by ELISA) as another indicator of anti-huA33
activity after treatment. Because clinical toxicities directly re-
lated to the effects of huA33 binding to cell surface A33 antigen
would be masked by the presence of neutralizing antibodies
(HAHA), it was critical to detect the presence of even low titers
of anti-huA33 activity. Blood samples were collected every
week, before and after antibody infusion, to monitor HAHA
activity. Thus, the observed toxicities could be correlated to the
presence or absence of HAHA throughout the treatment course.
Doses (10–50 mg/m2/week) and schedule (weekly doses) were
selected based on the amount of clinical grade huA33 available
and the preliminary clearance rates of radiolabeled huA33
antibody.

Toxicity was graded according to the National Cancer
Institute Common Toxicity Criteria. Dose-limiting toxicity was
defined as follows: any grade 2 or greater allergic reaction; any
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grade 4 nonhematological toxicity; any grade 4 WBC toxicity
lasting �1 week (2 consecutive weeks); or any grade 4 platelet
count toxicity requiring platelet transfusion. To be dose-limit-
ing, an adverse event had to have been judged by the principal
investigator to be possibly related to the investigational agents.
The MTD was defined as the dose level immediately below the
dose level inducing dose-limiting toxicity in two patients (of
three to six patients tested). Standard criteria for response to
treatment were based on radiological examination before and
after treatment cycles (2 cycles or 9 weeks), and response was
rated as complete (disappearance of all lesions), partial (�50%
decrease in the sum of the products of the perpendicular diam-
eters), stable (�50% decrease or �25% increase in the sum of
the products of the perpendicular diameters), or progression
(�25% increase or new lesions). Serum CEA levels were mon-
itored every 5 weeks.

The antibody was diluted in 100–150 ml of physiological
saline containing 5% human serum albumin and infused through
a line containing normal saline at a rate of approximately
1 mg/min. All patients were treated in the outpatient facility, and
all infusion-related toxicities had to be resolved before dis-
charge. Patients who could not be treated as outpatients were
removed from the study.

Immune Response to huA33 and Pharmacokinetics.
Induction of an antibody response to huA33 (HAHA) was
monitored by surface plasmon resonance technology using a
BIACORE 2000 instrument (21). This methodology allows di-
rect measurement of specific antihuman Ig antibodies in sera of
patients, which bind to huA33 in a label-free manner in real
time. huA33 and control antibodies were immobilized by amine
coupling to CM5 biosensor microchips. Control antibodies in-
cluded murine anti-A33 mAbs, A33 (IgG2a), and 100.310
(IgG2a; Ref. 11). SK10B, a humanized IgG1 of the same allo-
type as huA33, and a humanized IgG4 antibody, SK10C, were
provided by Celltech. Goat antihuman IgG, goat antihuman
IgM, and goat antimouse IgG were obtained from Sigma Chem-
ical Co. (St. Louis, MO). mAbs against human IgG, IgE, and
IgM were from Zymed Laboratories, Inc. (San Francisco, CA).
Antibodies against human IgG1, IgG2, IgG3, and IgG4 were
from Southern Biotechnologies (Birmingham, AL). Diluted pa-
tient serum (1:100) was passed over the chip, and alterations in
the refractive index were recorded as the relative RUs (21).

Controls included pretreatment of serum samples with protein
G-Sepharose to remove IgG and blocking with huA33 or control
antibodies before BIACORE analysis (21). huA33 serum levels
were assayed by ELISA, using recombinant A33 antigen-coated
plates incubated with serial dilutions of serum samples. Bound
huA33 was quantitated with alkaline phosphatase-coupled goat
antihuman IgG. Attophos (JBL, San Luis Obispo, CA) was used
as a substrate, and fluorescence was measured in a Cytofluor
2350 reader (Millipore, Bedford, MA).

RESULTS
Patient Characteristics

Twelve patients were registered into this study. Character-
istics of the 11 evaluable patients are listed in Table 1. All
patients had tumors resistant to conventional chemotherapy con-
sisting of a fluorouracil-based regimen and received a mean of
3.3 chemotherapeutic agents before protocol entry. All patients
had stage IV disease; two patients had known metastatic colo-
rectal cancer limited to one site (lung), two patients had two
sites of disease (pelvic/lung and liver/lung), and seven patients
had three or more sites of disease. Review of tissue sections in
the Department of Pathology, MSKCC confirmed that all pa-
tients had colorectal cancer. Because the antigen is not detect-
able after formalin fixation using mAb A33, tumor typing for
A33 antigen expression was not performed. Because the A33
antigen is expressed in �95% of colorectal cancers, requiring
additional fresh-frozen biopsy specimens specifically for A33
antigen typing was not justified.

All patients who received at least one full dose of huA33
were considered evaluable for toxicity (n � 11). One patient
with underlying hypertension and coronary artery disease could
not tolerate the saline/human serum albumin infusion and re-
ceived �10% of her first dose; she was removed from the study
and excluded from the analysis.

Toxicity
Induction of Anti-huA33 Activity in Serum. Blood

samples collected before and after each huA33 treatment were
monitored for anti-huA33 reactivity. Two patterns of reactivity
(type I and type II) emerged from this serological analysis, and
these data have been reported in detail elsewhere (21). Patients

Table 1 Patient characteristics and HAHA response

Patient
no.

Age
(yrs) Sex Sitea

huA33 dose
(mg/m2)

Serum CEA
(ng/ml)

LDH
(units/dl) HAHAb

1 75 M R 10 11 225 Negative
2 53 M A 10 342 186 I
3 76 F S 10 80 301 Negative
4 71 F A 10 3110 765 I
5 52 F D 10 156 194 II
6 70 M A 25 186 280 I
7 56 F D 25 2237 357 Negative
8 59 M A 25 219 167 I
9 73 F S 50 22 290 II

10 48 F R 50 333 224 II
11 71 F A 50 992 440 I

a Site of primary disease: A, ascending colon; D, descending colon; R, rectum; S, sigmoid colon.
b I, type I HAHA response; II, type II HAHA response.
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with a type II response developed anti-huA33 antibodies with
progressively increasing titers. This pattern has been the general
experience with HAHA activities. Patients with a type I re-
sponse to huA33 developed a limited anti-huA33 response usu-
ally by week 2 or 3 and had stable levels of activity, that
resolved, in most cases, by week 7 or 8 of treatment (tolerance).
Induction of reactivity was scored as type II [persistently in-
creasing titers (n � 3); patients 5, 9, and 10], type I [stable or
transient levels of anti-huA33 activity (n � 5); patients 2, 4, 6,
8, and 11], or no detectable reactivity (n � 3; patients 1, 3, and
7; Table 1; Fig. 1). Patient 4 had modestly high titers of
anti-huA33 activity, but the titers stabilized, and she was there-
fore designated as a type I pattern. Serum reactivity was shown
to be specific for huA33-variable regions or CDRs by preincu-
bation of serum samples with either huA33, mouse mAb A33, or
control humanized or mouse antibodies. No IgG1 constant re-
gion (allotypic) reactivity was demonstrated. There did not
appear to be a clear correlation between induction of anti-huA33
and antibody dose level because HAHA occurred in all dose
levels; however, the highest titer was in a patient at the highest
antibody dose level (patient 9). The duration of treatment did not
appear to be a factor because patients developed type II HAHA
titers as early as the 4th week of treatment (patient 9) or only
after 5 months (patient 10), whereas one patient was treated for
almost 4 years without evidence of HAHA (patient 3). Low
HAHA titers of the type I pattern appeared earlier than those of
type II and were detectable at week 2 in some cases (patients 2,
6, and 8).

Serum samples from four patients (patients 4, 5, 9, and 10)
with strong anti-huA33 serum titers, type I or type II patterns,
were shown to have clinically significant huA33 binding reac-
tivities by two assays. In the first assay (BIACORE), anti-
huA33 activity was measured in percentage response units of
post- versus pretreatment serum (Fig. 2). In one case, HAHA
was shown to decrease only modestly, even after an infusion of
a 100-mg dose (50 mg/m2 dose level) of huA33 (Fig. 2, patient
9). Thus, there were sufficiently high levels of anti-huA33
activity in the blood so that an administration of 100 mg of
huA33 could not completely neutralize the HAHA activity. The

second assay measured serum huA33 antibody binding to solid
phase A33 antigen from blood samples collected after each
antibody infusion. The results indicate that once the patients
developed detectable (either type II or type I or high or low titer
response) anti-huA33 activity by biosensor methodology (n �
8), they cleared or neutralized virtually all or a substantial
portion of serum huA33 binding activity to antigen (data not
shown).

Clinical toxicity correlates of these laboratory results indi-
cated that two of four patients (patients 9 and 10) with high
anti-huA33 activity had acute infusion-related toxicities such as
fever, rigors, facial flushing, nausea with vomiting, and changes
in blood pressure (grade 1–2) resulting in discontinuation of
treatment (Table 2). In contrast, toxicities in the other patient
with a type II pattern of HAHA and in the five patients with a
type I pattern of HAHA activity consisted of persistent erythem-
atous rashes, myalgias, and fevers in two of these patients
(patients 4 and 5) and no symptoms in the remainder (patients 2,
6, 8, and 11). The four patients (patients 4, 5, 9, and 10) with
symptoms had the absolute highest titers by BIACORE analysis,
and these symptoms only occurred when BIACORE measure-
ments of HAHA exceeded 100 response units, suggesting that
symptoms correlate quantitatively with BIACORE results.

Further characterization of the serum anti-huA33 activity
of these patients indicated that HAHA consisted of an IgG
response, without evidence for significant IgM activity and no
detectable IgE anti-huA33 antibodies. This was the case for both
type I and type II patterns. Of note is that the response detected
at 2 weeks consisted of IgG antibodies, which was consistent
with a memory response rather than a primary immunization.
An anti-HAHA response or an idiotope network antibody 3
response, reactive with A33 antigen, could not be detected. The
four patients with the highest HAHA levels did not have IgE
anti-huA33 or eosinophilia. One patient without HAHA activity
received only 4 weeks of antibody (1 cycle). Thus, of the 10
patients receiving more than 4 weeks of treatment, 8 patients
(80%) developed HAHA, and 4 patients (40%) had clinical

Fig. 1 Examples of the three patterns of HAHA activity are plotted as
relative RU over time. Patient 9 had a type II pattern with increasing
high anti-huA33 activity. Patient 8 had a transient low-level type I
pattern and became tolerant to the huA33. Patient 3 had no significant
induction of anti-huA33 activity.

Fig. 2 HAHA activity before (Pre) and after (Post) infusion of huA33
in four patients with high HAHA levels (type I, patient 4; type II,
patients 5, 9, and 10) expressed as the percentage of HAHA activity
remaining after huA33 administration, where the pretreatment value is
normalized to 100%. In each case, the administered dose was not
sufficient to overcome or neutralize the anti-huA33 activity. These
posttreatment serum samples had little or no measurable huA33 activity
by testing on A33 antigen-coated plates (data not shown).
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symptoms. Although tolerance can be achieved with continued
administration of huA33 in patients with low levels of HAHA,
in practical terms, antibody treatment during a type I response
may have no benefit for the patient because antibody-antigen
binding activity is blocked. The fine specificity analysis (epitope
mapping) of the induced anti-A33 activity is described in
Ref. 21.

Adverse Reactions to huA33. Eight patients (patients 1,
2, 3, 5, 6, 7, 9, and 10) reported one or more of the following
symptoms (mild rhinorrhea, cough, periorbital fullness, or head-
ache) occurring by the end of the infusion or within a few hours
thereafter. These symptoms, which commonly started with the
first infusion and always resolved by the next day, occurred in
patients who never developed HAHA or before the development
of HAHA and thus are attributable to the effects of huA33 alone
(Table 2).

Two patients (patients 3 and 7), one each from the first and
second dose levels, developed eosinophilia after 24 and 20
months of treatment, respectively. Eosinophil counts ranged
from 15–25% (normal up to 7%) of WBC counts, whereas other
blood elements remained unchanged or within normal limits. At
the time the eosinophilia was first noted, patient 3 also had
intermittent episodes of diarrhea (grade 2), and patient 7 devel-
oped a pruritic erythematous rash with a minor urticarial com-
ponent (grade 2). Colonoscopy of patient 3 did not reveal any
gross pathology, and a blind biopsy demonstrated only normal
mucosa. Eosinophilia resolved spontaneously in patient 3 when
treatment was withheld for 5 weeks. A skin biopsy of a rash site
of patient 7 showed an intense perivascular eosinophilic infil-
tration. Her antibody treatments were withheld, and she received
a short course of prednisone (15 mg/day) with resolution of her
rash and blood eosinophilia 4 weeks later (grade 3). Neither
patient 3 nor patient 7 had evidence of HAHA during the time
when eosinophilia was present, and IgE anti-huA33 activity was
specifically excluded.

At the third dose level, patient 9 had no adverse events
until, beginning with the fifth treatment, she developed infusion-
related symptoms consisting of nausea (grade 2), emesis (grade
1), hypotension (grade 1), and fever and rigors (grade 2), which
were controlled with Demerol and Tylenol. At her eighth treat-
ment, she also complained of joint pain, and her treatments were
discontinued. She was found to have hyperuricemia (22.6 mg/
dl) and a 10-fold increase over her baseline serum LDH (Fig. 3).
Except for resolution of obstructive edema, there was no evi-
dence of tumor response on physical exam, and her adverse
infusion-related reactions correlated with the development of
increasing anti-huA33 serum levels. The patient’s serum CEA
levels initially decreased (week 4); however, the laboratory
findings suggesting lysis of tumor cells (hyperuricemia) oc-
curred during the subsequent 4-week period during significant
HAHA activity (weeks 5–9) when there was an absence of
detectable free huA33 antibody in the blood. The rapid increase
of serum uric acid level to 22.6 mg/dl is suggestive of a cell lysis
process; however, there is no evidence indicating whether the
cells undergoing lysis were A33 antigen-positive tumor cells or
normal cells or whether the process was nonspecific due to the
deposition of immune complexes. The presence of circulating
anti-huA33 IgG-IgG1 complexes and a serum uric acid of 22.6
mg/dl resulted in progressive renal insufficiency. This patient
did not wish any further medical intervention, and she was
maintained with supportive care, having no radiological exam-
inations or biopsy to document the status of her disease.

Patient 10 had a history of radiation enteritis with recurrent
episodes of nausea, emesis, abdominal pains, and ileus. These
symptoms, which had subsided before study entry, recurred 3–4
days after huA33 treatments. Although these symptoms preex-
isted, they appeared to be induced in a synchronized fashion

Table 2 Toxicitiesa

HAHA type I-related toxicity
Rash (n � 1)
Myalgia (n � 1)
Fever (n � 1)

HAHA type II-related toxicities
Fevers (n � 3)
Rigors (n � 2)
Facial flushing (n � 2)
Nausea (n � 2)
Emesis (n � 2)
Blood pressure changes (n � 2)
Fever (n � 1)
Myalgia (n � 1)
Hyperurecemia (n � 1, grade 4)
Renal insufficiency (n � 1, grade 4)

huA33 toxicity unrelated to HAHA
Rhinorrhea, periorbital fullness (n � 8)
Headache (n � 4)
Cough (n � 2)
Eosinophilia (n � 2, grade 3 in one case)
Abdominal pains (n � 2)
Diarrhea (n � 2)
Fever (n � 1)

a Grade 3 or 4 toxicities are indicated.

Fig. 3 huA33-specific HAHA activities measured in RU increased
each week of treatment (patient 9). By week 5, the patient developed
infusion-related fever, chills, nausea, and vomiting (�), which responded
to Demerol and acetaminophen. On week 8, the patient complained of
arthralgias (arrow), and upon treatment she developed a grade 1 de-
crease in blood pressure, and her treatments were discontinued. Corre-
sponding laboratory values are consistent with a cell lysis syndrome
with elevated uric acid and a 10-fold increase in LDH.
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after antibody treatments, and thus the antibody treatments may
have contributed to an underlying radiation-induced functional
bowel disorder. A decrease of her dose from 50 to 10 mg/m2 did
not affect the frequency of her symptoms. The patient under-
went a surgical procedure in which the segment of involved
bowel was resected. Pathology revealed changes consistent with
radiation enteritis, without evidence for antibody effects. How-
ever, given the antibody’s known targeting to normal bowel
and the temporal relationship to the antibody infusions, bowel
dysfunction was felt to be reactivated by the huA33 treatments
in a fashion similar to chemotherapy induced radiation recall
reactions.

Patients had stools monitored for occult blood, and no
episodes of antibody-induced bowel bleeding were documented.
Diarrhea was a common preexisting condition, but no grade 3 or
4 toxicity was encountered in the huA33 doses examined here,
although two patients (patients 9 and 10) at the highest antibody
dose level had a low-grade increase in frequency of bowel
movements and abdominal pains related to huA33 treatment.

Patient accrual was discontinued before establishing a
MTD unrelated to HAHA-associated toxicities, due to the im-
munogenicity of huA33 (73% of patients) and the inability to
give repeated treatments and because all three patients at the
highest dose level developed HAHA. Because HAHA activity
was not clearly huA33 dose dependent, and HAHA responses
occur at all huA33 dose levels, a MTD could not be assigned
to HAHA toxicities. Nevertheless, the most severe HAHA-
associated toxicities occurred in the two patients (patients 9 and
10) treated at the highest dose level. These data emphasize the
potential toxicity of HAHA-related IgG1 immune complexes.

Responses. All patients had measurable disease and were
evaluated for response by CT scan every two cycles (9 weeks),
except for patients 1 and 9 (CT scan done on week 5 only).
Patient 3 had a partial response of lung and liver metastases for
16 months (Fig. 4). huA33 treatments were discontinued after
1 year, at which point her serum CEA had been normal for

6 months (Fig. 5), and all lesions had disappeared except for a
single residual defect in the liver. While off treatment, her
pulmonary metastases recurred, and she was restarted on
huA33. She had stable disease for another 32 months, eventually
progressing in the lymph nodes.

An additional four patients (patients 5, 6, 7, and 10) had
evidence of stable disease by CT scan (week 9), with two
patients (patients 7 and 10) having reduced serum CEA levels
(�25%). Patients 5, 6, 7, and 10 had stable disease for 4, 2, 12,
and 6 months, respectively. Patient 7 had stable disease for 12
months when she underwent a surgical debulking procedure.
The stable disease observed on CT scan and the modest serum
CEA declines were observed only before development of
HAHA (patients 5, 6, and 10) or in the absence of HAHA
(patient 7). Stabilization of disease was not seen in the presence
of HAHA. Four patients had progression of disease on CT scan
at week 9.

DISCUSSION
The present study indicates that huA33, at the doses ex-

amined, induces little toxicity by direct effects of the antibody
targeting to antigen in normal tissue. However, the neutraliza-
tion of huA33 by HAHA may block the complete manifestation
of toxicity. All but three patients developed HAHA, and one of
these three patients was treated for only 4 weeks. Therefore, a
complete evaluation of huA33 as an immunotherapeutic agent
must await construction of a nonimmunogenic form of this
antibody. Based on the clinical targeting data available for
the A33 antibody, we expect that, in the absence of immuno-
genicity, dose escalation would be limited by bowel toxicity
(9–11). Despite the limitations of the current study, it provides
preliminary evidence of antitumor activity in a group of heavily
pretreated patients at doses below the level where significant
bowel toxicity would be observed. One patient had a major
response of liver and lung disease, and four patients had stabi-
lization of disease by CT scan. The patient with the major
response was one of three patients who did not develop HAHA.
The patient with the longest-lasting stable disease was also one
of the three who did not develop HAHA. One patient with stable
disease and decreasing serum CEA levels subsequently devel-

Fig. 4 Representative sections through a liver metastasis in a pretreat-
ment CT scan and a follow-up scans at 4.5 and 16 months. Patient 3
achieved a partial response of liver and lung metastases lasting 16
months, at which time small pulmonary metastases were visible,
whereas the liver remained free of disease.

Fig. 5 A decline in serial serum CEA levels of patient 3 was apparent
only after 3 months of treatment with huA33.
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oped type II HAHA and was removed from the study. No
radiological evidence of response or declining serum CEA lev-
els were noted while patients had HAHA. Thus, in addition to
blocking tumor targeting of huA33, HAHA is also responsible
for abrogating the antitumor activity of the antibody.

The mechanism by which huA33 exerts its antitumor ac-
tivity is believed to be via activation of immunological effector
functions. huA33 has no direct growth-inhibitory or cytotoxic
effect on colon cancer cell lines in vitro, and the function of the
antigen is unknown (3–5). Human IgG1 antibodies in general
have the potential to direct cellular and complement-mediated
cytotoxicity, and it was for this reason that we selected IgG1 as
the isotype of huA33 for clinic therapy studies (22). As we
and others have reported previously (23), critical factors for
immune-directed tumor lysis include antibody isotype, cell sur-
face antigen quantity, and density. Quantitative measurements
of mAb A33 binding to cell surface A33 antigen on colon cancer
cell lines predicted the immune-mediated lytic capability of the
humanized version (1). Without tissue biopsies from regressing
tumors, it is difficult to document that this mechanism is active
in patients. Experience with humanized IgG1 antibodies as
mediators of immune effector function in patients with solid
tumors has been limited thus far. However, the inherent poten-
tial of IgG1 antibodies for activation of immune-mediated ef-
fects, such as antibody-dependent cell-mediated cytotoxicity,
human complement lysis, opsonization, and induction of tar-
geted inflammation, may render IgG1 isotype treatment a new
potent antitumor therapeutic modality.

Studies of the IgG1 anti-p185HER2 antibody (Herceptin)
clearly show antitumor activity in selected breast cancer patients
whose tumors express high levels of antigen (24). Whether
clinical antitumor activity is due to a growth factor-inhibitory
effect, Herceptin’s ability to mediate immune-cellular cytotox-
icity, or a combination of these two mechanisms is not clear
(25). When Herceptin was first engineered, consideration was
given to capture both of these activities (cell growth inhibition
and antibody-dependent cell-mediated cytotoxicity; Ref. 26);
however, from a mechanistic point of view, it is not possible at
present to separate these effects in the clinic. Similar consider-
ations apply to the anti-epidermal growth factor receptor anti-
bodies. However, in this case, clinical studies are proceeding,
evaluating antibodies with (C225 and IgG1) or without (ABX-
EGF and IgG2) immune capabilities or drugs that specifically
interrupt the signaling pathways (27, 28). Results in animal
studies suggest that immune mechanisms are not required for
antitumor activity (29), and clinical studies that are under way
will provide important information with regard to sorting out the
relative contributions of each antitumor mechanism. Thus, we
will be able to distinguish whether the immune effects of anti-
body add to the antitumor activity of growth factor signal
blockade. Another antigenic system, the Lewis Y epitope found
on glycoproteins and glycolipids, is expressed at high levels in
a large number of solid tumor types, and new humanized anti-
Lewis Y IgG1 antibodies are strong mediators of immune-
directed lysis (30, 31). Preliminary clinical reports of the Phase
I trial of a humanized IgG1 antibody to the 17.1A antigen
(anti-EGP40) indicated that toxicity in antigen-expressing pan-
creatic ducts and bowel may be dose-limiting (32). This is in
striking contrast to the experience with the widely used mouse

antibody to the 17.1A antigen, demonstrating the potency of the
human IgG1 constructs when compared with mouse antibody
(32, 33). Even among the human IgG isotypes, there may be
subtle differences in effector functions using IgG1 or IgG3 or
combinations of these isotypes, and these differences need to be
explored (34).

The two patterns of HAHA activity described here for
huA33 have been confirmed by analysis of a larger population
of patients treated with this antibody (21). Of note is that in the
current study, three patients had a type II pattern of HAHA
response. These patients had a classical response to an immuno-
gen (huA33), with increasing titers as exposure to antigen con-
tinued. Considering the potential toxicity of continued huA33
treatments in patients with type II HAHA responses, this rate of
immunogenicity [3 of 11 (27%)] is too high for the general use
of this antibody. In addition, five patients had the more unusual
HAHA response, a type I pattern, developing a limited response
that in some cases resolved (tolerance). Because these HAHA
activities occurred early (as soon as week 2), these are not
consistent with primary immunological responses but rather
secondary responses and we speculate that the huA33 contains
a determinant that mimics a common immunogen. Thus, the
unexpected high rate of HAHA activity is due to a chance
cross-reactivity between one or more epitopes in the variable
portion of the huA33 and a common immunogen. To our knowl-
edge, huA33 may be the only such example of an antibody
inducing a type I immunogenicity pattern, but this needs further
examination. Type I HAHA activities may be missed unless
sensitive assays are used, and it may be an important mechanism
of resistance to antibody-based therapies regardless of the anti-
tumor mechanism involved. Expectations that the humanization
process would be successful for each new reagent was perhaps
unrealistic, given the complexity of the engineering required to
maintain specific antigen binding. The current study illustrates
that in some cases, clinically significant immunogenicity can be
induced despite the humanization process.

Due to the binding of huA33 to normal bowel, gastroin-
testinal symptoms were monitored closely. No occult bleeding
was detected. Diarrhea was more difficult to evaluate. Due to
the effects of their prior treatments, 6 of 11 patients required
antidiarrheal medication at some point in the 30-day period
before starting the protocol. However, two of the three patients
(patients 9 and 10) at the highest dose level developed increased
frequency of bowel movements associated with grade 2 abdom-
inal pains, clearly related to the antibody administration. Of note
was that this toxicity occurred only 24–48 h after antibody
treatment. Another patient (patient 3) developed significant di-
arrhea (grade 2) after 1 year of treatments, but only in conjunc-
tion with the onset of eosinophilia. When the huA33 treatments
were temporarily discontinued, eosinophilia and diarrhea re-
solved.

Three unusual clinical observations were made during this
study that may be of more general relevance regarding immu-
notherapy with humanized IgG1 antibodies. First, the renal
toxicity induced in patient 9, in the setting of continued treat-
ment with huA33 and rising HAHA activity, no doubt led to
increasing levels of circulating immune complexes. Because
both the immune complexes and hyperuricemia induced in this
patient are toxic to the kidneys, the reversal of renal dysfunction
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was particularly difficult in the presence of these two factors.
Second, the hyperuricemia of patient 9 appeared to be part of a
cell lysis syndrome because it occurred with a 10-fold increase
of LDH and minor changes in phosphate and calcium. Hyperkal-
emia was not a prominent feature because the patient was on
furosemide. This patient had a large volume of tumor, and
although some rapid tumor lysis may have occurred, the patient
remained with a significant amount of active disease. This
partial cell lysis may be a manifestation of heterogeneity of
antigen expression within the tumor leading to rapid lysis of a
subset of colon cancer cells. Alternatively, the cell lysis may
have involved normal A33 antigen-expressing cells or nonspe-
cific toxicity due to immune complexes. The third observation
regarding reactivation of symptoms in patient 10, with a patho-
logic diagnosis of radiation enteritis, indicates that human IgG1
binding to normal tissue in the area of prior radiotherapy may
reinduce or exacerbate tissue radiotoxicity. The interaction be-
tween chemotherapy and radiotherapy is well known. Radiation
recall reactions have the potential to cause severe tissue damage.
In the case described, retreatment with antibody reinduced a
defined radiation-related bowel dysfunction. The corollary to
this observation is that there might be additive antitumor effects
from combining radiotherapy with the immune effector func-
tions of human IgG1 antibodies.

We had reported previously (10) that a subset of patients
with tumors refractory to chemotherapy who were treated with
a specific drug regimen after a single dose of radiolabeled mAb
A33 had significant responses. We investigated these effects in
a mouse model and found that there is synergy between the
antitumor activity of 5-fluorouracil and 131I-mAb A33 (3). Sim-
ilar observations have now been made with some chemothera-
peutic agents when they are administered after completing treat-
ment with huA33 without a radiolabel.4 The significance of
these observations will be better defined in subsequent studies
designed to investigate the interaction between immunotherapy
and chemotherapy (35). The molecular mechanisms critical for
the enhancement of immune-directed lysis of tumor cells by
chemotherapeutic regimens have been studied since the original
observations focused on lipid synthesis (36, 37). Whereas some
chemotherapeutic agents have been reported to show synergy
with complement and antibody-dependent cellular toxicity, de-
velopment of relevant assays to identify the most promising
drug-antibody combinations and to define the molecular mech-
anisms critical for this interaction remains of primary impor-
tance. Studies have demonstrated that Herceptin has additive or
synergistic antitumor effects when used in combination with
chemotherapy (38). In this case, the dual activities of Herceptin
(cytostatic effects and immune effector function) may both be
critical for the enhanced antitumor responses observed when
antibody is used in conjunction with chemotherapy in patients
(25, 39). Studies with rituximab have also supported the role for
an enhancing effect of chemotherapy on immune-mediated kill-
ing of tumor cells (40).

Two patients (patients 3 and 9) with evidence of antitumor
effects shared a characteristic, which may indicate that a certain

level of autoimmune reactivity may be required for antibody-
based therapy to be fully effective in the clinic. Both patients
had evidence of preexisting autoimmunity. Patient 3 had a
diagnosis of polymyalgia rheumatica, and patient 9 had myositis
with elevated creatine phosphokinase serum levels and muscle
weakness. The evidence of immune-mediated normal tissue
dysfunction in these patients may indicate preexisting domi-
nance of activation Fc receptors (41). Identifying biological
factors that modulate antibody-directed immune killing in pa-
tients is critical to increase the response rate of IgG1 therapeutic
antibodies.

REFERENCES
1. Daghighian, F., Barendswaard, E., Welt, S., Humm, J., Scott, A.,
Willingham, M. C., McGuffie, E., Old, L. J., and Larson, S. M. En-
hancement of radiation dose to the nucleus by vesicular internalization
of iodine-125-labeled A33 monoclonal antibody. J. Nucl. Med., 37:
1052–1057, 1996.
2. Garin-Chesa, P., Sakamoto, J., Welt, S., Real, F. X., Rettig, W. J.,
and Old, L. J. Organ-specific expression of the colon cancer antigen
A33, a cell surface target for antibody-based therapy. Int. J. Oncol., 9:
465–471, 1996.
3. Tschmelitsch, J., Barendswaard, E., Williams, C., Jr., Yao, T-J.,
Cohen, A. M., Old, L. J., and Welt, S. Enhanced antitumor activity of
combination radioimmunotherapy (131I-monoclonal antibody A33) with
chemotherapy (fluorouracil). Cancer Res., 57: 2181–2186, 1997.
4. Barendswaard, E. C., Scott, A. M., Divgi, C. R., Williams, C., Jr.,
Coplan, K., Riedel, E., Yao, T-J., Gansow, O. A., Finn, R. D., Larson,
S. M., Old, L. J., and Welt, S. Rapid and specific targeting of mono-
clonal antibody A33 to a colon cancer xenograft in nude mice. Int. J.
Oncol., 12: 45–53, 1998.
5. Barendswaard, E. C., O’Donoghue, J. A., Larson, S. M.,
Tschmelitsch, J., Welt, S., Finn, R. D., and Humm, J. L. 131I radioim-
munotherapy and fractionated external beam radiotherapy: comparative
effectiveness in a human tumor xenograft. J. Nucl. Med., 40: 1764–
1768, 1999.
6. Deckert, P. M., Jungbluth, A., Montalto, N., Clark, M. A., Finn,
R. D., Williams, C., Jr., Richards, E. C., Panageas, K. S., Old, L. J., and
Welt, S. Pharmacokinetics and microdistribution of polyethylene glycol-
modified humanized A33 antibody targeting colon cancer xenografts.
Int. J. Cancer, 87: 382–390, 2000.
7. Ruan, S., O’Donoghue, J. A., Larson, S. M., Finn, R. D., Jungbluth,
A., Welt, S., and Humm, J. L. Optimizing the sequence of combination
therapy with radiolabeled antibodies and fractionated external beam.
J. Nucl. Med., 41: 1905–1912, 2000.
8. Barendswaard, E., Humm, J. L., O’Donoghue, J. A., Sgouros, G.,
Finn, R. D., Scott, A. M., Larson, S. M., and Welt, S. Relative thera-
peutic efficacy of I-125- and I-131-labeled A33 in a human colon
xenograft. J. Nucl. Med., 42: 1251–1256, 2001.
9. Welt, S., Divgi, C. R., Kemeny, N., Finn, R. D., Scott, A. M.,
Graham, M., St. Germain, J., Richards, E. C., Larson, S. M., Oettgen,
H. F., and Old, L. J. Phase I/II study of iodine 131-labeled monoclonal
antibody A33 in patients with advanced colon cancer. J. Clin. Oncol.,
12: 1561–1571, 1994.
10. Welt, S., Scott, A. M., Divgi, C. R., Kemeny, N. E., Finn, R. D.,
Daghighian, F., St Germain, J., Richards, E. C., Larson, S. M., and Old,
L. J. Phase I/II study of iodine 125-labeled antibody A33 in patients with
advanced colon cancer. J. Clin. Oncol., 14: 1787–1797, 1996.
11. Welt, S., Divgi, C. R., Real, F. X., Yeh, S. D., Garin Chesa, P.,
Finstad, C. L., Sakamoto, J., Cohen, A., Sigurdson, E. R., Kemeny, N.,
Carswell, E. A., Oettgen, H. F., and Old, L. J. Quantitative analysis of
antibody localization in human metastatic colon cancer: a Phase I study
with monoclonal antibody A33. J. Clin. Oncol., 8: 1894–1906, 1990.
12. Catimel, B., Ritter, G., Welt, S., Old, L. J., Cohen, L., Nerrie, M. A.,
White, S. J., Heath, J. K., Demediuk, B., Domagala, T., Lee, F. T., Scott,
A. M., Tu, G. F., Ji, H., Moritz, R. L., Simpson, R. J., Burgess, A. W.,4 N. E. Kemeny, personal communication.

1345Clinical Cancer Research

Cancer Research. 
on November 11, 2019. © 2003 American Association forclincancerres.aacrjournals.org Downloaded from 



and Nice, E. C. Purification and characterization of a novel differenti-
ation marker for normal and transformed colonic epithelium. J. Biol.
Chem., 271: 25664–25670, 1996.

13. Heath, J. K., White, S. J., Johnstone, C. N., Catimel, B., Simpson,
R. J., Moritz, R. L., Tu, G-F., Ji, H., Whitehead, R. H., Groenen, L. C.,
Scott, A. M., Ritter, G., Cohen, L., Welt, S., Old, L. J., Nice, E. C., and
Burgess, A. W. The human A33 antigen is a transmembrane glycopro-
tein and a novel member of the immunoglobulin superfamily. Proc.
Natl. Acad. Sci. USA, 94: 469–474, 1997.

14. Ji, H., Moritz, R. L., Reid, G. E., Ritter, G., Catimel, B., Nice, E.,
Heath, J. K., White, S. J., Welt, S., Old, L. J., Burgess, A. W., and
Simpson, R. J. Electrophoretic analysis of the novel antigen for the
gastrointestinal-specific monoclonal antibody. A33. Electrophoresis,
18: 614–621, 1997.

15. Ritter, G., Cohen, L. S., Nice, E. C., Catimel, B., Burgess, A. W.,
Moritz, R. L., Ji, H., Heath, J. K., White, S. J., Welt, S., Old, L. J., and
Simpson, R. J. Characterization of posttranslational modifications of
human A33 antigen, a novel palmitoylated surface glycoprotein of
human gastrointestinal epithelium. Biochem. Biophys. Res. Commun.,
236: 682–686, 1997.

16. Geissler, F., Anderson, S. K., Venkatesan, P., and Press, O. Intra-
cellular catabolism of radiolabeled anti-mu antibodies by malignant
B-cells. Cancer Res., 52: 2907–2915, 1992.

17. Shih, L. B., Lu, H. H., Xuan, H., and Goldenberg, D. M. Internal-
ization and intracellular processing of an anti-B-cell lymphoma mono-
clonal antibody, LL2. Int. J. Cancer, 56: 538–545, 1994.

18. King, D. J., Antoniw, P., Owens, R. J., Adair, J. R., Haines,
A. M. R., Farnsworth, A. P. H., Finney, H., Lawson, A. D. G., Lyons,
A., Baker, T. S., Baldock, D., Mackintosh, J., Gofton, C., Yarranton,
G. T., McWilliams, W., Shochat, D., Leichner, P. K., Welt, S., Old,
L. J., and Mountain, A. Preparation and pre-clinical evaluation of
humanised A33 immunoconjugates for radioimmunotherapy. Br. J. Can-
cer, 72: 1364–1372, 1995.

19. Antoniw, P., Farnsworth, A. P. H., Turner, A., Haines, A. M. R.,
Mountain, A., Mackintosh, J., Shochat, D., Humm, J., Welt, S., Old,
L. J., Yarranton, G. T., and King, D. J. Radioimmunotherapy of colo-
rectal carcinoma xenografts in nude mice with yttrium-90 A33 IgG and
Tri-Fab (TFM). Br. J. Cancer, 74: 513–524, 1996.

20. Catimel, B., Nerrie, M., Scott, A. M., Ritter, G., Welt, S., Old, L. J.,
Burgess, A. W., and Nice, E. C. Kinetic analysis of the interaction
between the monoclonal antibody A33 and its colonic epithelial antigen
using an optical biosensor: a comparison of immobilisation strategies.
J. Chromatogr., 776: 15–30, 1997.

21. Ritter, G., Cohen, L. S., Williams, C., Jr., Richards, E. C., Old, L. J.,
and Welt, S. Serological analysis of human anti-human antibody
(HAHA) responses in colon cancer patients treated with repeated doses
of humanized monoclonal antibody A33. Cancer Res., 61: 6851–6859,
2001.

22. Burton, D. R., and Woof, J. M. Human antibody effector function.
Adv. Immunol., 51: 1–84, 1992.

23. Welt, S., Carswell, E. A., Vogel, C-W., Oettgen, H. F., and Old,
L. J. Immune and non-immune effector function of IgG3 mouse mono-
clonal antibody R24 detecting the disialoganglioside GD3 on the surface
of melanoma cells. Clin. Immunol. Immunopathol., 45: 214–229, 1987.
24. Baselga, J. Clinical trials of single-agent trastuzumab (Herceptin).
Semin. Oncol., 27 (Suppl. 9): 20–26, 2000.
25. Cooley, S., Burns, L. J., Repka, T., and Miller, J. S. Natural killer
cell cytotoxicity of breast cancer targets is enhanced by two distinct
mechanisms of antibody-dependent cellular cytotoxicity against LFA-3
and HER2/neu. Exp. Hematol., 27: 1533–1541, 1999.

26. Carter, P., Presta, L., Gorman, C. M., Ridgway, J. B., Henner, D.,
Wong, W. L., Rowland, A. M., Kotts, C., Carver, M. E., and Shepard,
H. M. Humanization of an anti-p185HER2 antibody for human cancer
therapy. Proc. Natl. Acad. Sci. USA, 89: 4285–4289, 1992.
27. Goldstein, N. I., Prewett, M., Zuklys, K., Rockwell, P., and Men-
delsohn, J. Biological efficacy of a chimeric antibody to the epidermal
growth factor receptor in a human tumor xenograft model. Clin. Cancer
Res., 1: 1311–1318, 1995.
28. Yang, X., Jia, X., Corvalan, J. R., Wang, P., and Davis, C. G.
Development of ABX-EGF, a fully human anti-EGF receptor mono-
clonal antibody, for cancer therapy. Crit. Rev. Oncol. Hematol., 38:
17–23, 2001.
29. Yang, X. D., Jia, X. C., Corvalan, J. R., Wang, P., Davis, C. G., and
Jakobovits, A. Eradication of established tumors by a fully human
monoclonal antibody to the epidermal growth factor receptor without
concomitant chemotherapy. Cancer Res., 59: 1236–1243, 1999.
30. Kitamura, K., Stockert, E., Garin-Chesa, P., Welt, S., Lloyd, K. O.,
Armour, K. L., Wallace, T. P., Harris, W. J., Carr, F. J., and Old, L. J.
Specificity analysis of blood group Lewis-y (Ley) antibodies generated
against synthetic and natural Ley determinants. Proc. Natl. Acad. Sci.
USA, 91: 12957–12961, 1994.
31. Co, M. S., Baker, J., Bednarik, K., Janzek, E., Neruda, W., Mayer,
P., Plot, R., Stumper, B., Vasquez, M., Queen, C., and Loibner, H.
Humanized anti-Lewis Y antibodies: in vitro properties and pharmaco-
kinetics in rhesus monkeys. Cancer Res., 56: 1118–1125, 1996.
32. LoBuglio, A. F., Saleh, M. N., Braddock, J. M., Lampkin, T. A.,
Khor, S. P., Wissel, P. S., and Bigley, J. W. A Phase I trial of humanized
anti-EGP40 monoclonal antibody 3622W94. Proc. Am. Soc. Clin. On-
col., 16: 436a, 1997.
33. Riethmuller, G., Holz, E., Schlimok, G., Schmiegel, W., Raab, R.,
Hoffken, K., Gruber, R., Funke, I., Pichlmaier, H., Hirche, H., Buggisch,
P., Witte, J., and Pichlmayr, R. Monoclonal antibody therapy for re-
sected Dukes’ C colorectal cancer; seven-year outcome of a multicenter
randomized trial. J. Clin. Oncol., 16: 1788–1794, 1998.
34. Bindon, C. I., Hale, G., Bruggemann, M., and Waldmann, H.
Human monoclonal IgG isotypes differ in complement activating func-
tion at the level of C4 as well as C1q. J. Exp. Med., 168: 127–142, 1988.
35. Welt, S., Ritter, G., Kemeny, N. E., Jungbluth, A. A., Mahalingam,
E., Cohen, L., Iversen, K., Williams, C., and Old, L. J. Phase I study of
combination of humanized A33 (huA33) immunotherapy and chemo-
therapy in patients with advanced colorectal cancer. Am. Assoc. Clin.
Oncol., 20: 276a, 2001.
36. Segerling, M., Ohanian, S. H., and Borsos, T. Chemotherapeutic
drugs increase killing of tumor cells by antibody and complement.
Science (Wash. DC), 188: 55–57, 1975.
37. Schlager, S. I., and Ohanian, S. H. Correlation between lipid syn-
thesis in tumor cells and their sensitivity to humoral immune attack.
Science (Wash. DC), 197: 773–776, 1977.
38. Pegram, M. D., Lopez, A., Konecny, G., and Slamon, D. J. Tras-
tuzumab and chemotherapeutics: drug interactions and synergies. Se-
min. Oncol., 27 (Suppl. 11): 21–25, 2000.
39. Slamon, D. J., Leyland-Jones, B., Shak, S., Fuchs, H., Paton, V.,
Bajamonde, A., Fleming, T., Eiermann, W., Wolter, J., Pegram, M.,
Baselga, J., and Norton, L. Use of chemotherapy plus a monoclonal
antibody against HER2 for metastatic breast cancer that overexpresses
HER2. N. Engl. J. Med., 344: 783–792, 2001.
40. Wilson, W. H. Chemotherapy sensitization by rituximab: experi-
mental and clinical evidence. Semin. Oncol., 27 (Suppl. 12): 30–36,
2000.
41. Ravetch, J. V., and Lanier, L. L. Immune inhibitory receptors.
Science (Wash. DC), 290: 84–89, 2000.

1346 Phase I Study of huA33

Cancer Research. 
on November 11, 2019. © 2003 American Association forclincancerres.aacrjournals.org Downloaded from 



2003;9:1338-1346. Clin Cancer Res 
  
Sydney Welt, Gerd Ritter, Clarence Williams, Jr., et al. 
  
Phase I Study of Anticolon Cancer Humanized Antibody A33

  
Updated version

  
 http://clincancerres.aacrjournals.org/content/9/4/1338

Access the most recent version of this article at:

  
  

  
  

  
Cited articles

  
 http://clincancerres.aacrjournals.org/content/9/4/1338.full#ref-list-1

This article cites 40 articles, 22 of which you can access for free at:

  
Citing articles

  
 http://clincancerres.aacrjournals.org/content/9/4/1338.full#related-urls

This article has been cited by 12 HighWire-hosted articles. Access the articles at:

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions
Reprints and 

  
.pubs@aacr.orgDepartment at

To order reprints of this article or to subscribe to the journal, contact the AACR Publications

  
Permissions

  
Rightslink site. 
(CCC)
Click on "Request Permissions" which will take you to the Copyright Clearance Center's

.http://clincancerres.aacrjournals.org/content/9/4/1338
To request permission to re-use all or part of this article, use this link

Cancer Research. 
on November 11, 2019. © 2003 American Association forclincancerres.aacrjournals.org Downloaded from 




