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Summary: Epidermal growth factor receptor (EGFR) overexpression has been de-
tected in many tumors of epithelial origin, and it is often associated with tumor growth
advantages and poor prognosis. h-R3 is a genetically engineered humanized antibody
(mAb) that recognizes an epitope located in the extracellular domain of human EGFR.
The antibody exhibited potent in vitro and in vivo antitumor effect on EGFR overex-
pressing cell lines. To study safety, pharmacokinetics, and biodistribution, 12 patients
with advanced epithelial-derived tumors received single intravenous infusion of h-R3
at four dose levels. Safety evaluation was made according to World Health Organi-
zation toxicity criteria. For biodistribution, 3 mg of the total dose were labeled with
99m-Technetium and then pooled with the rest of the dose. Anterior and posterior
whole-body images were acquired using a gamma camera. Blood samples were taken
for pharmacokinetics, antiidiotypic response, and for soluble EGFR detection. After
hR3 administration, no evidence of severe toxicity was observed. Secondary reactions
were mild and moderate and mainly consisted of tremors, fever, and vomiting. No
anaphylactic or skin reactions were detected. Qualitative analysis of whole-body im-
ages showed that the liver had the highest mAb uptake. Pharmacokinetic analysis
revealed that elimination half-lives and the AUC increased linearly with dose, while
total body clearance decreased when increasing doses of h-R3. No relation between
shed EGFR and mAb clearance was found. No antiidiotypic response against h-R3 was
detected. Several phase II trials are now underway to evaluate the efficacy of h-R3 in
the treatment of advanced cancer patients. Key Words: Epidermal growth factor
receptor—Monoclonal antibody—Phase I clinical trial.

The epidermal growth factor receptor (EGFR) is a
transmembrane glycoprotein mediating mitogenic effects
on epithelial cells. It is overexpressed in a wide variety of
human tumors, including nonsmall cell lung cancer (1,2),
astrocytic tumors (3,4), head and neck (5,6), ovarian (7),

cervical (8,9), bladder (10), and esophageal cancers
(11,12). EGFR has been associated with high malignant
degree and poor outcome of cancer patients. More re-
cently, EGFR expression has been correlated with alter-
ations in cell cycle progression (13), increased invasive
capacity (14), enhanced angiogenesis (15,16), and de-
creased apoptosis of tumor cells (17).

Several strategies have been developed to disrupt the
EGFR-associated signal transduction cascade. The main
therapeutic approaches include monoclonal antibodies
(mAb) (18,19) directed against the extracellular binding
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domain of the receptor and small molecule tyrosine ki-
nase inhibitors (20), which act by interfering with ATP
binding to the receptor.

Ior efg/r3 is a murine mAb obtained at the Center of
Molecular Immunology (CIM) using the standard hy-
bridoma technology, after immunization of BALB/c
mice with a purified fraction of human placenta enriched
in EGFR. The antibody recognizes EGFR with high af-
finity, inhibiting in vitro and in vivo proliferation of
EGFR overexpressing cell lines (21,22).

Fifty-eight advanced cancer patients were treated
with the referred murine mAb at doses from 160 to
3,200 mg, cumulative dose (23,24). After repeated expo-
sure to ior egf/r3, anaphylactic reactions were detected
in four patients, probably related with the develop-
ment of human anti-mouse antibodies (HAMA)
response. Pharmacokinetics demonstrated that the elimi-
nation half-life and the area under the time-concentration
curve of the murine mAb increased linearly with the
dose. Elimination half-life ranged from 27.3 hours for 50
mg to 65.89 hours for 500 mg (24). In parallel, 148
patients were included in immunoscintigraphic studies
with the same antibody, at a low dose, labeled
99-mTechnetium (99mTc) (25). Overall sensitivity of
the immunoscintigraphic imaging was 84.2% for in vivo
detection of primary tumors, metastases, and recur-
rences of many different epithelial neoplasms (25).
No other similar study has been reported for any anti-
EGFR mAb.

Ior egf/r3 was humanized by complementarity de-
termining regions grafting into a human framework,
to avoid immune response against the murine anti-
body and to improve its immunologic effector func-
tions (26).

h-R3, the humanized mAb derived from ior egfr/r3, is
a genetically engineered IgG1, with high affinity (KD �
10−9 mol/L) and specificity to the EGFR that blocks
growth-factor binding receptor activation and subsequent
signal-transduction events (27).

The antiproliferative and antiangiogenic effects of
h-R3 were demonstrated in vitro as well as in vivo on the
vulvar carcinoma cell line A431. In addition, a signifi-
cant proapoptotic activity was shown in vivo, after the
induction of complete regression of well-established hu-
man cancer xenografts. Flow cytometric analysis re-
vealed that h-R3 arrest cell cycle progression at the G1/S
boundaries (28).

To evaluate the tolerability, biodistribution, pharma-
cokinetics, and immunogenicity of h-R3, an open-label,
dose-escalation phase I clinical trial was carried out in
patients with advanced epithelial-derived tumors.

MATERIALS AND METHODS

Trial Design and Treatment Procedure

Twelve patients were included in four treatment co-
horts (three patients each), receiving a single administra-
tion of the antibody. A modified Fibonacci scheme was
used for dose escalation. The starting dose was selected
taking into account the mAb effective dose at the experi-
ments with human tumors xenografts (27,28) and con-
sidering that doses above 40 mg of another anti-EGFR
mAb induced significant saturation of the target receptor
within the tumor (29). mAb doses in the four defined
groups were 50, 100, 200, and 400 mg. The antibody was
administered by intravenous (IV) infusions, in 250 mL of
sodium chloride, over 30 minutes. The Institutional Re-
view Boards of the Center for Surgical and Medical Re-
search, the “Hermanos Ameijeiras Hospital,” and the
Center for Clinical Research, hospitals in which the trial
was carried out, approved the protocol. The State’s Cen-
ter for Drug Quality Control (CECMED), the National
Regulatory Agency, also approved the protocol.

Patient Selection

Patients with histologically confirmed advanced-stage
epithelial tumors that were not amenable to receive any
further therapy and who had finished their last treatment
at least 4 weeks before were included in the trial. Other
selection criteria were a good performance status, normal
hematological conditions, as well as conserved hepatic
and renal functions. The most important exclusion crite-
ria consisted of previous treatments with murine anti-
EGFR antibodies, pregnancy or lactation, serious chronic
diseases, and active infections. All patients signed a writ-
ten consent form before their inclusion in the clinical
trial.

Safety and Tolerability

Adverse reactions were detected by physical examina-
tion every 4 hours during the infusion day and then daily,
up to 72 hours after h-R3 administration. In addition,
patients underwent complete blood count including dif-
ferential leukocyte count, platelet count, and hemoglo-
bin. Other biochemical parameters such as total proteins,
albumin, bilirubin, glucose, creatinine, and enzymes in-
cluding glutamic oxalacetic transaminase, glutamic-
pyruvic transaminase, and alkaline phosphatase were
also measured. All laboratory tests were done before in-
clusion in the trial, then weekly for the first month and
there after, monthly up to 6 months. Adverse events were
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classified according to the World Health Organization
(WHO) Toxicity Scale (30).

Biodistribution Study

Antibody Labeling and Quality Control

h-R3 was directly labeled according to the Schwartz
and Steinstrasser’s method (31) as described previously
(32,33). Labeled product was subjected to ascending pa-
per chromatography on Whatman 3 MM paper as sta-
tionary phase and 0.9% saline and acetone as mobile
phases for the radiochemical purity control. Radiochemi-
cal purity higher than 90% was considered satisfactory
for patient administration.

Three milligrams of the total antibody dose were la-
beled with 99mTc and were pooled with the rest of the
unlabeled mAb, for all dosage groups to enable the as-
sessment of biodistribution in vivo. The labeled antibody
was used as a tracer for biodistribution purposes.

Antibody Immunoreactivity

A homogeneous radio receptor analysis (34) was used
to measure the ability of the reduced mAb to interact
with the EGFR expressed in a human placenta micro-
somal fraction. Reduced mAb was compared with nonre-
duced (native) antibody for its ability to compete with
radioiodinated human EGF (125I-EGF). Data from three
independent experiments were averaged and plotted,
showing that the reduction process had no effect on mAb
immunoreactivity. Previously, similar results were ob-
tained for 99mTc-labeled h-R3 compared with nonre-
duced, control antibody after using the same radiolabel-
ing procedure (32,33).

Image Acquisition

Anterior and posterior whole-body images were ac-
quired at 10 minutes, 1, 3, 5, and 24 hours after mAb
infusion, using a gamma camera (SOPHYCAMMERA
DS7, France). The gamma camera head was fitted with a
diverging parallel-hole collimator to increase the lateral
viewing aspect. A 20% window centered on the 140 keV
emission peak of the 99mTc was used. All views were
acquired at a speed of 20 cm/min using a 512 × 1024
matrix, zoom 1.

Images were processed in a SOPHY-20P system using
the software BioDose v1.0, developed at the Center for
Clinical Research. Geometric mean images were com-
puted from the anterior and posterior whole-body scans
and regions of interest were drawn over organs with

higher mAb uptake. Total counts were computed for the
selected organs at different time intervals. Then, organ
count values were converted to activity, corrected for
decay and expressed as percentage of the total adminis-
tered activity. Whole-body activity was initially 100%,
followed by an exponential clearance due to biologic
removal and physical decay of activity. No planar or
single photon emission computed tomography images
were acquired over the known disease sites.

Pharmacokinetics Analysis

Following antibody infusion, 3 mL of blood samples
were collected in patients from an antecubital vein, op-
posite to the injection site, using an indwelling catheter at
the following time intervals: 5, 10, 20, 30 minutes, 1, 3,
5, 8, 18, 24, 36, 48, 72, 168, and 720 hours after injec-
tion.

Counting radioactivity in serum to estimate antibody
concentration was not useful, due to the short physical
half-life of the isotope selected for the biodistribution
assessment. The physical half-life of technetium (t1/2 �
6.02 hours) was too short for optimal pairing with h-R3,
resulting in an underestimation of the antibody clearance.
To overcome this technical problem, a cellular ELISA
was developed to estimate the serum antibody concen-
tration. Briefly, A431 (104 cells/well), an established
overexpressing EGFR cell line, was plated into 96 wells
culture plates. The cells were maintained at 37°C until
confluence and formaldehyde 1% (50 �L/well) was
added to fix cells to the plate solid phase. Serial dilutions
of h-R3 together with serum samples were added in trip-
licates. Plates were incubated for 1 hour at 37°C and,
after washing, were incubated with an alkaline phospha-
tase-labeled anti-human IgG conjugate (Sigma Chemical
Co, U.S.A.) at 37°C for 1 hour. Color was developed by
adding 1 mg/mL of para-nitro-phenyl-phosphate diluted
in diethanolamine buffer. Absorbance was read at 405
nm.

Pharmacokinetics was evaluated using model-depen-
dent analyses performed according to the Akaike’s In-
formation Criteria (AIC) (35) as a statistical test by a
software package (WIN NONLINE, MD, U.S.A.), which
performs a nonlinear least squares regression analysis.
All statistical analyses were performed using the SPSS
software, version 8.0 (SPSS Inc, Chicago, IL, U.S.A.).

Determination of Serum EGFR Level

To evaluate the impact of shed EGFR in mAb clear-
ance, the level of EGFR extracellular domain (ECD) in
the pretreatment serum samples was measured, using a
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commercial quantitative kit (Oncogene Science, Union-
dale, NY, U.S.A.). The sandwich ELISA uses a capture
mAb and an alkaline phosphatase-labeled mouse anti-
body as detector. Capture and detector antibodies recog-
nize the ECD of EGFR. The ELISA was performed ac-
cording to the manufacturer’s recommendation. A posi-
tive elevation of serum EGFR level was defined as any
value above the upper limit for healthy subjects.

Antiidiotypic Response

Blood samples were collected at 0 and 7 days and then
monthly up to 6 months, to detect antibodies that react
with the murine ior egf/r3 idiotype. A qualitative direct
ELISA was performed by first coating high binding
ELISA plates (Maxisorb; Costar, Cambridge, MA,
U.S.A.) with ior egf/r3 (10 �g/mL) overnight at 4°C.
Plates were washed and 1:100 dilutions of sera from
h-R3-treated patients were added. Plates were incubated
for 1 hour at 37°C and washed after an Alkaline Phos-
phatase coupled anti-human IgG antibody (Sigma
Chemical Co) was added. Plates were incubated and
washed and substrate (para-nitro-phenyl-phosphate, 1
mg/mL) was added. Absorbance was measured at 405
nm. A pretreatment serum sample of each patient was
used as control. The assay was considered positive, when
posttreatment/pretreatment ratio was higher than 2.

The sera working dilution was selected by making a
dilution-absorbance calibration curve of a positive
sample (from a treated patient) in parallel with the pre-

treatment sample. The working dilution was defined as
the one in which the ratio between the positive and pre-
treatment sample was the highest. Absorbance of the
positive sample was measured in the section of the stan-
dard curve that exhibited a linear relationship between
absorbance and dilution.

RESULTS

Patient Characteristics

Twelve patients, 1 man and 11 women, mean age 59
years (35 to 74 years), were enrolled in the trial; all had
histologically confirmed advanced-stage epithelial tu-
mors.

Primary tumors corresponded to ovary (four cases),
breast (four cases), lung (two cases), stomach (one case),
and kidney (one case). Patients were not eligible for any
further treatment: five had previous surgery in combina-
tion with radiation and/or chemotherapy, two patients
were treated with radio and chemotherapy, and four pa-
tients received radiotherapy or surgery alone, while one
patient received chemotherapy exclusively. Patient char-
acteristics are detailed in Table 1.

Safety and Tolerability

No evidences of serious adverse events were observed.
Seven of 12 patients (58.3%) developed mild or moder-
ate adverse reactions according to the WHO toxicity

TABLE 1. Patients’ baseline characteristics and adverse events after h-R3 treatment

Patient
no.

Dose
level, mg

Age,
y/sex Entry diagnoses Stage

Previous
treatment Adverse events

Intensity
(grade)

1 50 35/F Ovarian adenocarcinoma IV Chemotherapy Nausea and vomiting 1
2 50 50/F Ovarian adenocarcinoma IV Surgery

Chemotherapy
Fever, tremors, dryness of mouth 1

3 50 53/M Lung epidermoid carcinoma III Radiotherapy
Chemotherapy

Fever, flushing 1

4 100 68/F Stomach adenocarcinoma IV Surgery Tremors 2
5 100 58/F Ductal infiltrating carcinoma of the breast IV Radiotherapy

Chemotherapy
Tremors, asthenia 1

6 100 66/F Ductal infiltrating carcinoma of the breast IV Surgery No
7 200 65/F Ovarian adenocarcinoma IV Surgery

Radiotherapy
Chemotherapy

No

8 200 68/F Ductal infiltrating carcinoma of the breast IV Radiotherapy No
9 200 55/F Lung epidermoid carcinoma IV Radiotherapy No

10 400 74/F Ovarian adenocarcinoma III Surgery
Radiotherapy

Tremors 2

11 400 58/F Renal cell carcinoma IV Surgery
Chemotherapy

Tremors, hypertension 2

12 400 62/F Ductal infiltrating carcinoma of the breast IV Surgery
Chemotherapy
Radiotherapy

No No
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scale. All adverse events appeared between 30 minutes
and 1 hour after infusion completion and were controlled
with standard medication. Adverse reactions mainly con-
sisted of tremors, fever, vomiting, nausea, dryness of
mouth, asthenia, hypertension, and flushing. No acne-
iform rash or other dermatological toxicity was detected.
Adverse events are described in Table 1.

Biodistribution

The relative biodistribution of the antibody was ex-
pressed as the percentage of the injected dose (ID) in
different organs at 5 time intervals. Time courses of ra-
dioactivity showed close similarities between individual
patients at the same dose level. The results of the relative
accumulation per organ and per dose levels at 1 and 24
hours after mAb infusion are given in Table 2.

A high background activity was present in the scinti-
graphic images during the first 5 hours, due to the slow
blood clearance of h-R3.

The whole-body images revealed mAb accumulation
in the liver, heart, kidneys, urinary bladder, and spleen
through all time intervals. Two serial whole-body images
are depicted in Figures 1A and B.

The liver showed a statically significant high accumu-
lation in comparison with the rest of the body for the four
doses. The activity was accrued in this organ immedi-
ately after the injection, reaching a maximum value
within the first hour.

Antibody uptake was also evident in the large intestine
of five patients. The activity imaged at this organ was
visualized only 24 hours after mAb administration. For
the rest of the patients, the activity in colon was probably
eliminated before the acquisition of the late images. On
the contrary, kidneys and urinary bladder were imaged in
all patients within the first hour after mAb administra-
tion. The percentage of uptake in kidneys and urinary

bladder largely varied according to patients’ urinary
evacuation. In general, the antibody uptake decreased
with time in all organs, except for kidneys, urinary blad-
der, and the gastrointestinal tract, which represent the
excretion pathway of the antibody.

Five of 12 patients had at least one focus of moderate
to high activity at a known disease site. There was no
clear relation between mAb dose and tumor visualization
since positive images were found almost at all dosage
levels, excluding the second treatment cohort (100 mg).
Primary tumors as well as extrahepatic metastases
showed moderate to high uptake, while liver metastases
were photopenic. Positive images corresponded to dif-
ferent tumors histology and were evident in patients 1, 2,
7, 9, and 11.

The biologic antibody clearance was compared be-
tween tumors and normal tissues as determined by the
whole-body scans. Figure 2 represents h-R3 clearance,
expressed as percentage of injected dose per gram of
tissue (ID/g) in the tumor, in comparison with the liver
and the heart for all patients showing positive uptake at
the primary tumor. The percent of ID/g of tissue was
significantly higher at the tumor than in the liver and the
vascular pool. Furthermore, the percent of ID/g of tissue
decreased after 24 hours posttreatment for normal or-
gans, while the uptake in the tumor remained relatively
constant.

Pharmacokinetics

Pharmacokinetics parameters were obtained from ten
patients. In two patients, blood sampling over the in-
dwelling catheter was not possible, as a consequence of
previous heavy chemotherapy.

Plasma disappearance curves of the humanized anti-
EGFR mAb were best fit by bi-exponential equation with
an elimination half-life (t1/2�) of 62.91, 82.60, 302.95,

TABLE 2. h-R3 biodistribution in patients expressed as percent of the injected
dose at 1 and 24 hours after mAb administration

Source
organ

Time,
hrs.

% of injected dose

50 mg 100 mg 200 mg 400 mg

Heart 1 4.76 ± 0.7 5.84 ± 1.0 3.61 ± 0.6 4.07 ± 1.6
24 1.12 ± 0.3 1.98 ± 0.78 1.71 ± 0.9 1.94 ± 1.1

Liver 1 24.76 ± 10.8 11.79 ± 2.5 9.88 ± 3.7 10.58 ± 0.9
24 12.78 ± 4.9 10.35 ± 2.3 5.57 ± 3.8 5.98 ± 3.0

Spleen 1 0.96 ± 0.8 1.74 ± 0.1 1.58 ± 0.6 1.33 ± 0.1
24 0.27 ± 0.03 1.03 ± 0.6 0.80 ± 0.4 0.69 ± 0.3

Kidneys 1 2.66 ± 0.6 2.46 ± 1.1 2.49 ± 0.2 3.04 ± 1.0
24 11.02 ± 2.5 5.94 ± 4.8 8.82 ± 7.7 8.62 ± 1.6

Urinary bladder 1 1.37 ± 0.3 25.21 ± 4.1 4.21 ± 1.4 3.29 ± 1.4
24 0.92 ± 0.8 4.34 ± 3.3 2.16 ± 1.3 3.04 ± 1.0
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and 304.51 hours for the dose of 50, 100, 200, and 400
mg, respectively. The AUC was 45/458, 145/931,
573/612, and 635/275 ng/mL/min, and the maximal ac-
tivity concentration (Cmax) was 27/790, 36/612, 52/713,

57/117 ng/mL for the dose of 50, 100, 200, and 400 mg,
respectively. The apparent volume of the central com-
partment (Vc) was 2321.96, 2823.67, 4279.71, and
7173.99 mL, and the total elimination clearance (Cl) was
1.08, 0.67, 0.34, and 0.76 (mL/hr/kg) for the dose of 50,
100, 200, and 400 mg, respectively. No statistically sig-
nificant differences in clearance for the four dose levels
were found (P � 0.095, Kruskal-Wallis Test).

Determination of Serum EGFR Level

EGFR level was quantified before inclusion in the
clinical trial, using a human EGFR quantitative kit, to
correlate pharmacokinetics with the soluble blocking an-
tigen.

Since according to the kit information, the mean serum
level of EGFR in the healthy population is 61 ng/mL
(range 48–72 ng/mL), the cutoff value for EGFR posi-
tivity was 72 ng/mL. Positive serum elevation of EGFR
was observed in 4 of 12 patients included in the study.
Unexpectedly, the peak amounts of the soluble EGFR
were detected in three patients bearing ductal infiltrating
carcinomas of the breast (Fig. 3). No correlation was
found between clearance and shed receptor.

FIG. 2. Antibody clearance in tumor, liver, and heart, as determined
by whole-body scans in a gamma camera expressed as Log % ID/g of
tissue (tumor � 2 g, liver � 1,800 g, and heart � 330 g). The
percentage of ID/g of tumor showed a greater variability than the
percent of ID/g of normal tissues due to the diversity of the neoplasms
showing mAb uptake. � � Heart; � � Liver; � � Tumor.

FIG. 1. (A and B) Serial anterior and posterior whole-body images of patients 1 and 2. Images were acquired at 1, 3, 5, and 24 hours after 99Tc
h-R3 infusion and showed mAb accumulation in the liver, heart, spleen, kidneys, and urinary bladder. Patient 1 had one focus of high activity in the
ovarian primary tumor (left ovary) and multiple liver metastases that were photopenic. Patient 2 had one focus of high activity in the ovarian primary
tumor (left ovary).
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Antiidiotypic Response

No patient had detectable antiidiotypic antibodies after
one infusion of h-R3 at any dosage level, with measure-
ments performed up to 6 months after h-R3 treatment.

DISCUSSION

Despite the advances in surgery, radiation, and che-
motherapy, advanced epithelial-derived cancer largely
represents an unsolved problem. Today, biologic therapy
emerges as the fourth modality for cancer management,
being a very attractive option taking into consideration
its specificity and low toxicity (36). Passive immuno-
therapy against solid tumors with naked antibodies has
recently demonstrated efficacy in the clinical setting
(36).

EGFR is a very attractive target for immunotherapy
since EGFR driven autocrine growth pathway has been
implicated in the development and progression of the
majority of human epithelial cancers (37).

We report the results of a single-dose escalation study
of the humanized anti-EGFR mAb h-R3 in advanced
cancer patients. The trial was designed to evaluate h-R3
safety, pharmacokinetics, biodistribution, and immuno-
genicity.

After a single injection, h-R3 was very well tolerated.

No dose-limiting toxicity was observed, and, therefore,
the maximum-tolerated dose was not reached. The ad-
verse events appeared immediately after the mAb admin-
istration and were considered infusion reactions. Infu-
sion related events have been previously described in
clinical trials with high doses of other antibodies like
Herceptin (TrastuzumAb) (38), Rituxan (RituximAb)
(39,40), Campath (AlemtuzumAb) (41), and Mylotarg
(GemtuzumAb) (42).

Unlike other EGFR targeting compounds, such as
mAbs C225 (43,44) and ABX-EGF (45), or small TKI,
such as Iressa (46) and OSI 774 (47), h-R3 did not pro-
voke acneiform rash or folliculitis. The antibody did not
cause liver toxicity either, which was expected consid-
ering the high EGFR expression in the hepatocytes.
Similar results were obtained with the parental, murine
mAb, in several patients, in spite of the high cumulative
dose used (23,24).

Differences in toxicity are still unclear, but could be
associated with the pharmacodynamic and pharmacoki-
netics properties of the referred compounds. For any
drug, effective targeting relies on appropriate pharmaco-
kinetics, ideally showing maximum uptake and retention
in tumor and rapid clearance from normal tissue (48).
This seemed to be the case of h-R3, where the percentage
of ID/g of tissue was significantly higher in malignant
lesions than in normal organs, which also showed faster

FIG. 3. Serum EGFR level in patients before treatment with h-R3.
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clearance according to the serial whole-body images.
Similar data for other anti-EGFR drugs are not available
in the literature, and, in our view, such comparison is
warranted. We cannot preclude that the different safety
profile could also be explained at cellular or molecular
level.

Biodistribution showed the main binding sites of the
h-R3, the blood activity profile, and the mAb elimination
routes. h-R3 accumulation was seen in liver, heart, kid-
neys, urinary bladder, spleen, and large intestine. The
biodistribution profile agreed with previous reports of
our group for the murine antibody (49). Similarities in
biodistribution confirmed that after the humanization
process, h-R3 maintained the original in vivo recognition
pattern of normal organs and tissues. The high liver up-
take was related with the high EGFR expression in he-
patocytes, while the accumulation of the humanized
mAb in heart and spleen could be considered as the
activity of the vascular compartment. Immune complex
formation between the antibody and shed EGFR could
also explain the specific accumulation in the spleen.
Blood pool activity appeared considerably reduced in the
late images. The activity found in kidneys, urinary blad-
der, and colon illustrated the main excretion routes of the
antibody and its metabolites.

Despite the fact that planar or single photon emission
computed tomography images were not acquired, posi-
tive tumor uptake was observed in five patients (six le-
sions). The protocol used during the scintigraphic acqui-
sitions was appropriated for biodistribution assessments,
but not for lesion imaging. Therefore, the defined matrix
format and the scan times provided scintigraphic studies
with low statistical counts. As a consequence, low con-
trast images with minimal usefulness for diagnosis pur-
poses were collected. In addition, since 99Tc has a short
half-life (t1/2 6.02 hours), the latest images were acquired
24 hours after mAb administration, before optimal
tumor/nontumor ratios were achieved, taking into con-
sideration that some tumors have a slow antibody uptake
index. Positive tumor visualization was achieved at three
of the dosage levels (50, 200, and 400 mg); while at the
second lowest dose, tumors were not identified. Malig-
nant lesions in this particular treatment cohort corre-
sponded to two breast carcinomas and a stomach adeno-
carcinoma, and, therefore, tumor imaging could have
been interfered by positive uptake in the vicinity by the
liver and the blood pool. Other factors like EGFR ex-
pression at the primary tumor as well as the tumor vas-
cularity may also influence mAb uptake.

The use of ior egf/r3, the original murine mAb, for
radioimmunodetection had already proved to be success-
ful, with 84% of sensitivity for in vivo detection of ep-

ithelial tumors from all localizations (25). A diagnostic
clinical trial to evaluate the sensitivity, specificity as well
as predictive values of h-R3 is ongoing.

99mTechnetium was not appropriate for the pharmaco-
kinetics study, because its physical half-life did not
match with the antibody clearance. Consequently, an
ELISA was developed to quantify h-R3 in serum. How-
ever, pharmacokinetics should be considered as prelimi-
nary in view of the small number of patients per group.
The parameters determined using bicompartmental
analysis suggested a nonlinear behavior of h-R3. The
AUC and elimination half-lives increased linearly with
dose, while increasing concentrations of the antibody
lead to a decrease in plasma clearance between the doses
50 and 200 mg. The peak serum concentrations of h-R3
after infusion were also dose-dependent and its elimina-
tion half-life (62.91 to 304.51 hours) was significantly
higher than that obtained with the murine mAb (27.3 to
65.89 hours). Similar elimination half-lives had been re-
ported for other chimeric or humanized anti-EGFR anti-
bodies (50,51).

Clearance in cancer patients could be modified by sev-
eral factors including soluble antigen in circulation. For
instance, phase I studies revealed that an increased clear-
ance of Herceptin, was associated with high levels of
shed antigen. In our small sample, EGFR shedding did
not correlate with h-R3 clearance.

Increased serum ECD levels have been reported in
patients with cancers known to overexpress Her 1 or Her
2 (52–54). In our set, soluble EGFR was very high in
three patients bearing ductal infiltrating breast carcino-
mas, while according to the literature, EGFR is only
overexpressed in 25–30% of breast carcinomas using im-
munohistochemistry or Fluorescence in Situ Hybridiza-
tion (FISH) (55,56). Previously, no significant associa-
tion had been found between the serum EGFR level and
TNM stage, tumor burden or the differentiation degree.
Moreover, in some studies, no differences in this onco-
protein serum levels, had been observed in patients with
immunohistochemically overexpressing and nonoverex-
pressing tumors (52–54). The origin and biologic role of
soluble EGFR remains to be determined.

The lack of antiidiotypic response emphasize the rela-
tively nonimmunogenicity of the humanized mAb, al-
though it is necessary to confirm this finding in a larger
series of patients treated with repeated doses of h-R3.

In conclusion, h-R3 is a new, promising anti-EGFR
antibody. Major advantages of the antibody rely on its
reduced toxicity and immunogenicity and on its pro-
longed half-life. It can be used as a single agent or in
combination with radiation or chemotherapy. As radio or
chemotherapy may increase EGFR-mediated signal
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transduction or expression by tumor cells, the combina-
tion seems to be the ideal scenario for the antibody.
Completion of the phase II trial using repeated mAb
doses in conjunction with radiotherapy is underway to
define the response rate in advanced head and neck can-
cer patients. Further work is in progress to optimize the
effects of h-R3 in other tumor localizations.
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