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Purpose:This phase II study investigated the efficacy and safety of cetuximab combined with std. oxaliplatin-based chemotherapy 
(infusional fluorouracil, leucovorin, and oxaliplatin [FOLFOX-4]) in the first-line treatment of epidermal growth factor receptor-expressing 
metastatic colorectal cancer (mCRC).  Patients and Methods: The activity of cetuximab plus oxaliplatin was investigated in colon 
cancer cell lines and xenograft models.  In the clin. study, patients with mCRC received on day 1 of a 14 day cycle, cetuximab (initial 
dose 400 mg/m2 during week 1, then 250 mg/m2 weekly) followed by FOLFOX-4 (oxaliplatin 85 mg/m2 on day 1; leucovorin 200 
mg/m2 on days 1 and 2, followed by fluorouracil 400 mg/m2 bolus then 600 mg/m2 i.v. infusion during 22 h on days 1 and 2).  
Results: The preclin. studies confirmed the supra-additive activity of cetuximab to oxaliplatin.  In the clin. study, 43 patients were 
included, with a median age of 65 years (range, 43 to 78 years).  Response rates (RRs) were 79% (unconfirmed) and 72% (confirmed), 
with 95% disease control.  Median progression-free survival (mPFS) and median duration of response were 12.3 and 10.8 mo, resp.  
Ten patients (23%) underwent resection with curative intent of previously unresectable metastases.  After a median follow-up of 30.5 
mo, median overall survival (mOS) was 30.0 mo.  Cetuximab did not increase the characteristic toxicity of FOLFOX-4 and was 
generally well tolerated.  Conclusion: Cetuximab in combination with FOLFOX-4 is a highly active first-line treatment for mCRC, 
showing encouraging RR, mPFS, and mOS values.  The treatment resulted in a high resectability rate, which could potentially result in 
an improved cure rate.  This combination is under phase III development.
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Objective: Combining the therapeutic and diagnostic properties of targeted antibodies may improve clin. assessment of disease with 
limited added toxicity during treatment.  Methods: Mice (n = 10) were xenografted with SCC-1 tumor cells and then treated with 
radiation, cisplatin and cetuximab.  Brightfield and fluorescent imaging was performed after systemically injecting fluorescently labeled 
cetuximab prior to treatment and at six or ten weeks after initiation of treatment.  The relative fluorescence intensity was detd. for 
each image.  Results: The tumor luminosity measured before (week 0), during (week 6) and after treatment (week 10) did not 
significantly change.  Actual tumor measurement corresponded to fluorescent measurements of tumors both before treatment and 
after treatment.  Complete response to therapy occurred in one animal, where resoln. of the tumor correlated with loss of fluorescent 
activity.  Conclusions: This preclin. data suggests combining the diagnostic and therapeutic properties of cetuximab may be clin. 
useful.
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Purpose: Natural killer (NK) cells express an activating Fc receptor (FcγRIIIa) that mediates antibody-dependent cellular cytotoxicity 
(ADCC) and prodn. of immune modulatory cytokines in response to antibody-coated targets.  Cetuximab is a therapeutic monoclonal 
antibody directed against the HER1 antigen.  We hypothesized that the NK cell response to cetuximab-coated tumor cells could be 
enhanced by the administration of NK cell-stimulatory cytokines.  Exptl. Design: Human NK cells stimulated with cetuximab-coated 
tumor cells and interleukin-2 (IL-2), IL-12, or IL-21 were assessed for ADCC and secretion of IFN-γ and T cell-recruiting chemokines.  
IL-21 and cetuximab were given to nude mice bearing HER1-pos. xenografts.  Results: Stimulation of human NK cells with 
cetuximab-coated tumor cells and IL-2, IL-12, or IL-21 resulted in 3-fold to 10-fold higher IFN-γ prodn. than was obsd. with either agent 
alone.  NK cell-derived IFN-γ significantly enhanced monocyte ADCC against cetuximab-coated tumor cells.  Costimulated NK cells 
also secreted elevated levels of chemokines (IL-8, macrophage inflammatory protein-1α, and RANTES) that could direct the migration 
of naive and activated T cells.  IL-2, IL-12, and IL-21 enhanced NK cell ADCC against tumor cells treated with cetuximab.  The 
combination of cetuximab, trastuzumab (an anti-HER2 monoclonal antibody), and IL-21 mediated greater NK cell cytokine secretion 
and ADCC than any agent alone.  Furthermore, administration of IL-21 enhanced the effects of cetuximab in a murine tumor model.  
Conclusions: These results show that cetuximab-mediated NK cell activity can be significantly enhanced in the presence of NK 
cell-stimulatory cytokines.  These factors, therefore, may be effective adjuvants to administer, in combination with cetuximab, to 

 
Abstract
 

The Activation of Natural Killer Cell Effector Functions by Cetuximab-Coated, Epidermal Growth Factor Receptor-Positive 
Tumor Cells is Enhanced By Cytokines.     Roda, Julie M.; Joshi, Trupti; Butchar, Jonathan P.; McAlees, Jaclyn W.; Lehman, Amy; 
Tridandapani, Susheela; Carson, William E., III.    Integrated Biomedical Sciences Graduate Program, Arthur G. James Comprehensive 
Cancer Center and Solove Research Institute,  Ohio State University,  Columbus,  OH,  USA.    Clinical Cancer Research  (2007),  
13(21),  6419-6428.  Publisher: American Association for Cancer Research,  CODEN: CCREF4  ISSN: 1078-0432.  Journal  written in 
English.    CAN 148:424600    AN 2007:1243724    CAPLUS   (Copyright (C) 2008 ACS on SciFinder (R))  

 
Bibliographic Information
 
Answer 4:

Purpose: Physiol. and mol. findings indicate over-expression of HER proteins and dysregulation of neo-angiogenesis during 
progression of advanced prostate cancer.  The aim of this study was to test a novel rational therapeutic approach by combining 
docetaxel with an EGFR-targeting agent (cetuximab) and with an anti-angiogenic agent (sunitinib, SUTENT).  Methods: Mice bearing 
well-established PC3 prostate tumors (mean tumor vol./treatment group .apprx.250 mm3) were treated every week with vehicle alone 
(controls), sunitinib (40 mg/kg/day, 5 days/wk for 3 wk, 0.2 mL p.o.), cetuximab (0.2 mg/kg/day, 5 days/wk for 3 wk, 0.2 mL i.p.) and 
docetaxel (10 mg/kg, 1 day/wk for 3 wk, 0.2 mL i.p.).  Results: Each drug, administered as a single-agent, demonstrated comparable 
and moderate effects on tumor growth with approx. 50 % inhibition at the end of the 3-wk dosing schedule.  Computed combination 
ratio (CR) values for tumor growth detd. on days 61, 68 and 75 after cell implantation indicated supra-additive effects for the 
sunitinib-docetaxel (1.53, 1.15 and 1.47, resp.) and sunitinib-cetuximab combinations (1.2, 1.32 and 1.14, resp.), and suggested 
additive effects only for the sunitinib-cetuximab-docetaxel combination (CR = 1).  The effects on tumor growth were accompanied by a 
parallel diminution in tumor cell proliferation (Ki 67) and tumor vascularization (von Willebrandt factor).  There were significantly higher 
pro-apoptotic effects (caspase-3 cleavage) obsd. for the sunitinib-docetaxel and sunitinib-docetaxel-cetuximab as compared to the 
other conditions.  Conclusion: The supra-additive anti-tumor effect obsd. with the sunitinib-docetaxel combination might support 
innovative strategies in the management of advanced prostate cancer.
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Purpose: Cetuximab, a chimeric monoclonal antibody targeting epidermal growth factor receptor (EGFR) on the surface of cancer cells, 
was approved by the FDA to treat patients with metastatic colorectal cancer.  It is currently also in advanced-stage development for 
the treatment of several other solid tumors.  Here we report for the first time the quant. positron emission tomog. (PET) imaging of 
EGFR expression in xenograft-bearing mice using 64Cu-labeled cetuximab.  Methods: We conjugated cetuximab with macrocyclic 
chelating agent 1,4,7,10-tetraazadodecane-N,N',N'',N'''-tetraacetic acid (DOTA), labeled with 64Cu, and tested the resulting 
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 Complete regression was seen in 31% (A12), 31% (C225), and 44% (A12 + C225) of tumors.  CONCLUSION: Here we 
found the overexpression of IGF-IR, the functional heterodimerization of IGF-IR and EGFR, and effective therapeutic 
targeting of these receptors in human head and neck cancer xenografts.

PURPOSE: Insulin-like growth factor type I receptor (IGF-IR) plays crit. roles in epithelial cancer cell development, proliferation, 
motility, and survival, and new therapeutic agents targeting IGF-IR are in development.  Another receptor tyrosine kinase, the 
epidermal growth factor receptor (EGFR), is an established therapeutic target in head and neck cancer and IGF-IR/EGFR 
heterodimerization has been reported in other epithelial cancers.  The present study was undertaken to det. the effects of anti-IGF-IR 
therapeutic targeting on cell signaling and cancer cell phenotypes in squamous cell carcinomas of the head and neck (SCCHN).  Exptl. 
Design: The therapeutic efficacy of the human anti-IGF-IR antibody IMC-A12 alone and in combination with the EGFR blocking 
antibody cetuximab (C225) was tested in SCCHN cell lines and in tumor xenografts.  RESULTS: IGF-IR was overexpressed in human 
head and neck cancer cell lines and tumors.  Pretreatment of serum-starved 183A or TU159 SCCHN cell lines with A12 (10 μg/mL) 
blocked IGF-stimulated activation of IGF-IR, insulin receptor substrate (IRS)-1 and IRS-2, mitogen-activated protein kinase, and 
phosphatidylinositol 3-kinase.  A12 induced G0-G1 cell cycle arrest and blocked cell growth, motility, and anchorage-independent 
growth.  Stimulation of head and neck cancer cells with either IGF or EGF resulted in IGF-IR and EGFR heterodimerization, but only 
IGF caused activating phosphorylation of both receptors.  Combined treatment with A12 and the EGFR blocking antibody C225 was 
more effective at reducing cell proliferation and migration than either agent alone.  Finally, TU159 tongue cancer cell xenografts grown 
in athymic nude mice were treated thrice weekly for 4 wk with vehicle, A12 (40 mg/kg i.p.), C225 (40 mg/kg i.p.), or both agents (n = 8 
mice per group; 2 tumors per mouse).  Linear regression slope anal. showed significant differences in median tumor vol. over time 
between all three treatment groups and the control group.
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patients with HER1-pos. malignancies.

20 August 2008 Page: 3SciFinder



Physicians and surgeons rely on subtle tissue changes to detect the extent of tumors and the presence of residual disease in the clin. 
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Purpose: To optimally integrate epidermal growth factor receptor (EGFR) inhibitors into the clin. treatment of head and neck cancer, two 
important questions must be answered: (a) does EGFR inhibition add to the effects of radiochemotherapy, and (b) if so, which method 
of inhibiting EGFR is superior (an EGFR antibody vs. a small mol. tyrosine kinase inhibitor) We designed an in vivo study to address 
these questions.  Exptl. Design: Nude mice with UMSCC-1 head and neck cancer xenografts received either single, double, or triple 
agent therapy with an EGFR inhibitor (either cetuximab or gefitinib), gemcitabine, and/or radiation for 3 wk.  Tumor vols. and animal 
wts. were measured for up to 15 wk.  Immunoblotting and immunofluorescent staining were done on tumors treated with either 
cetuximab or gefitinib alone.  Results: The addn. of an EGFR inhibitor significantly delayed the tumor vol. doubling time, from a 
median of 40 days with radiochemotherapy (gemcitabine and radiation) alone, to 106 days with cetuximab and 66 days with gefitinib 
(both P < 0.005).  Cetuximab resulted in significantly less wt. loss than gefitinib.  Immunoblot anal. and immunofluorescent staining of 
tumors show that although levels of phosphorylated AKT and extracellular signal-regulated kinase were decreased similarly in response 
to cetuximab or gefitinib, cetuximab caused prolonged suppression of pEGFR, pSTAT3, and BclXL compared with gefitinib.  
Conclusions: EGFR inhibition, particularly with cetuximab, improves the effectiveness of radiochemotherapy in this model of head and 
neck cancer.  The correlation of response with prolonged suppression of EGFR, STAT3, and BclXL offers the possibility that these may 
be candidate biomarkers for response.
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64Cu-DOTA-cetuximab in seven xenograft tumor models.  The tracer uptake measured by PET was correlated with the EGFR 
expression quantified by western blotting.  The estd. human dosimetry based on the PET data in Sprague-Dawley rats was also calcd.  
Results: MicroPET imaging showed that 64Cu-DOTA-cetuximab had increasing tumor activity accumulation over time in EGFR-pos. 
tumors but relatively low uptake in EGFR-neg. tumors at all times examd. (<5%ID/g).  There was a good correlation (R2 = 0.80) 
between the tracer uptake (measured by PET) and the EGFR expression level (measured by western blotting).  Human dosimetry estn. 
indicated that the tracer may be safely administered to human patients for tumor diagnosis, with the dose-limiting organ being the liver.  
Conclusion: The success of EGFR-pos. tumor imaging using 64Cu-DOTA-cetuximab can be translated into the clinic to characterize the 
pharmacokinetics, to select the right population of patients for EGFR-targeted therapy, to monitor the therapeutic efficacy of 
anti-EGFR treatment, and to optimize the dosage of either cetuximab alone or cetuximab in combination with other therapeutic agents.
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Targeting the epidermal growth factor receptor (EGFR) is a validated approach to treat cancer.  In non-small cell lung cancer (NSCLC), 
EGFR contains somatic mutations in 10% of patients, which correlates with increased response rates to small mol. inhibitors of EGFR.  
We analyzed the effects of the monoclonal IgG1 antibody Erbitux (cetuximab) in NSCLC xenografts with wild-type (wt) or mutated 
EGFR.  NSCLC cell lines were grown s.c. in nude mice.  Dose-dependent efficacy was established for cetuximab.  To det. whether 
combination therapy produces tumor regressions, cetuximab was dosed at half-maximal efficacy with chemotherapy used at max. 
tolerated dose.  Cetuximab showed antitumor activity in wt (A549, NCI-H358, NCI-H292) and mutated [HCC-827 (delE746-A750), 
NCI-H1975 (L858R, T790M)] EGFR-expressing xenografts.  In the H292 model, cetuximab and docetaxel combination therapy was 
more potent to inhibit tumor growth than cetuximab or docetaxel alone.  Cisplatin augmented efficacy of cetuximab to produce 6 of 10 
regressions, whereas 1 of 10 regressions was found with cetuximab and no regression was found with cisplatin.  Using H1975 
xenografts, gemcitabine increased efficacy of cetuximab resulting in 12 of 12 regressions.  Docetaxel with cetuximab was more 
efficacious with seven of nine regressions compared with single treatments.  Cetuximab inhibited autophosphorylation of EGFR in both 
H292 and H1975 tumor lysates.  Exploring the underlying mechanism for combination effects in the H1975 xenograft model, docetaxel 
in combination with cetuximab added to the antiproliferative effects of cetuximab but was the main component in this drug combination 
to induce apoptosis.  Cetuximab showed antitumor activity in NSCLC models expressing wt and mutated EGFR.  Combination 
treatments increased the efficacy of cetuximab, which may be important for the management of patients with chemorefractory 
NSCLC.
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setting.  The development of a cancer-specific fluorescent contrast agent has the potential to provide real-time tumor imaging in the 
clinic or operating room.  Because epidermal growth factor receptor (EGFR) is highly overexpressed on the surface of head and neck 
squamous cell carcinoma (HNSCC), we sought to det. if fluorescently labeled anti-EGFR antibody could be used to image HNSCC 
xenografts in vivo.  Cetuximab or control isotype-matched IgG1 was conjugated with the Cy5.5 fluorochrome and systemically 
injected into mice bearing human split thickness skin grafts, tumor cell line xenografts, transplanted human tumor xenografts, or 
mouse mesothelioma tumors.  Xenografts were imaged by time-domain fluorescence imaging or fluorescence stereomicroscopy.  Both 
imaging modalities detected specific uptake of cetuximab-Cy5.5 in HNSCC xenografts with significantly higher fluorescence levels 
relative to control IgG1-Cy5.5.  Tumor xenograft fluorescence was higher compared with background (before injection), human split 
thickness skin grafts, or mouse mesothelioma tumors at 24, 48, and 72 h.  Fluorescence was detected in multiple HNSCC tumor cell 
lines with variable EGFR expression levels.  Mock resections of flank tumors using fluorescence stereomicroscopy showed that small 
(2 mm) specimens could be detected in the surgical wound bed.  These results show the feasibility of using fluorescently labeled 
anti-EGFR antibody to detect human tumors in the surgical setting.
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Purpose: Combination therapies that target the epidermal growth factor receptor (EGFR) and vascular endothelial growth factor receptor 
(VEGFR) pathways, are being actively tested for the treatment of cancer.  In evaluating combination strategies, the ideal combination 
would be one in which the treatments interact in a way that is synergistic with regard to antitumor effects.  Here, we have evaluated 
the interaction between anti-EGFR antibody Erbitux (cetuximab) and anti-VEGFR2 antibody, DC101, in preclin. models of pancreatic 
(BxPC-3) and colon (GEO) cancer.  Exptl. Design: Anal. of the interaction between cetuximab and DC101 in vivo used a novel method 
for establishing the upper 95% confidence limits for the combination index (CI) of isobologram analyses, where CI < 1 indicates 
synergy.  Assessment of tumor cell proliferation, apoptosis, VEGF prodn., and hypoxia, as well as tumor vascularization, was 
performed to gain insights into the mechanistic basis for synergy between agents targeting different tumor compartments.  Results: 
Monotherapy ED50 values for tumor growth inhibition ranged from 1.8 to 2.3 mg/kg and 10.5 to 16.6 mg/kg for cetuximab and DC101, 
resp.  From the dose response of the combination treatment, it was detd. that cetuximab and DC101 are synergistic in the BxPC-3 (CI 
= 0.1, P < 0.01) and GEO (CI = 0.1, P < 0.01) models.  Overlapping effects on the tumor cell and vascular compartments form a basis 
for the interaction, with VEGF prodn. and hypoxia-inducible factor 1α potentially acting as mol. links between EGFR and VEGFR2 
inhibition.  Conclusions: Results show antitumor synergy for combined EGFR and VEGFR2 targeted therapy, supporting the significant 
therapeutic potential of this combination strategy.
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The epidermal growth factor receptor (EGFR) autocrine pathway plays an important role in cancer cell growth.  Vascular endothelial 
growth factor A (VEGF-A) is a key regulator of tumor-induced endothelial cell proliferation and vascular permeability.  ZD6474 is an 
orally available, small mol. inhibitor of VEGF receptor-2 (VEGFR-2), EGFR and RET tyrosine kinase activity.  We investigated the 
activity of ZD6474 in combination with cetuximab, an anti-EGFR blocking monoclonal antibody, to det. the antitumor activity of EGFR 
blockade through the combined use of two agents targeting the receptor at different mol. sites in cancer cells and of VEGFR-2 
blockade in endothelial cells.  The antitumor activity in vitro and in vivo of ZD6474 and/or cetuximab was tested in human cancer cell 
lines with a functional EGFR autocrine pathway.  The combination of ZD6474 and cetuximab detd. synergistic growth inhibition in all 
cancer cell lines tested as assessed by the Chou and Talalay method.  In nude mice bearing established human colon carcinoma 
(GEO) or lung adenocarcinoma (A549) xenografts and treated with ZD6474 and/or cetuximab for 4 wk, a reversible tumor growth 
inhibition was caused by each drug.  In contrast, a more significant tumor growth delay resulted from the combination of the two 
agents with an approx. 100-110 days increase in mice median overall survival as compared to single agent treatment.  This study 
provides a rationale for evaluating in a clin. setting the double blockade of EGFR in combination with inhibition of VEGFR-2 signaling as 
cancer therapy.
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Purpose: Anaplastic thyroid carcinoma (ATC) remains one of the most lethal known human cancers.  Targeted mol. therapy with 
cetuximab, a monoclonal antibody against epidermal growth factor receptor, offers new treatment potentials for patient with ATC.  
Cetuximab has also been reported to have synergistic effects when combined with irinotecan, a topoisomerase inhibitor.  Therefore, we 
hypothesized that cetuximab and irinotecan would be effective in inhibiting the growth and progression of ATC in a murine orthotopic 
model.  Exptl. Design: The in vitro antiproliferative effects of cetuximab and irinotecan on ATC cell line ARO were examd.  We also 
studied the in vivo effects of cetuximab and irinotecan on the growth, invasion, and metastasis of orthotopic ATC tumors in nude 
mice.  The in vivo antitumor efficacy of cetuximab/irinotecan combination was also compared with that of doxorubicin.  Results: 
Cetuximab alone did not show any antiproliferative or proapoptotic effect on this cell line.  However, when combined with irinotecan, 
cetuximab potentiated the in vitro antiproliferative and proapoptotic effect of irinotecan.  Cetuximab, irinotecan, and 
cetuximab/irinotecan combination resulted in 77%, 79%, and 93% in vivo inhibition of tumor growth, resp.  Incidences of lymph node 
metastasis, laryngeal invasion, and tumor microvessel d. were also significantly decreased in these treatment groups.  Furthermore, 
the cetuximab/irinotecan combination was significantly more effective than doxorubicin in inhibiting the growth of orthotopic ATC 
xenografts.  Conclusions: Combination therapy with cetuximab/irinotecan inhibits the growth and progression of orthotopic ATC 
xenografts in nude mice.  Given the lack of curative options for patients with ATC, combination therapy with cetuximab and irinotecan 
treatment warrants further study.
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This study aimed to assess the effect of cetuximab (C225, Erbitux, a chimeric anti-epidermal growth factor receptor (EGFR) 
monoclonal antibody) in combination with oxaliplatin in vitro and in vivo on four colon cancer cell lines (HCT-8; HT-29, SW620, 
HCT-116) expressing different levels of EGFR.  In vitro, cetuximab combined with oxaliplatin significantly decreased the IC50 values 
of oxaliplatin in HCT-8 (EGF-R moderate) and HT-29 (EGF-R weak) cell lines, while SW620 (EGF-R neg.) and HCT-116 (EGFR strong) 
cell lines remained unresponsive.  This combination was synergistic in HCT-8 and HT-29 cell lines while cetuximab induced no major 
modification of the IC50 of oxaliplatin in HCT-116 or SW620 cell lines.  We then detd. the effect of cetuximab on the EGF-induced 
EGFR phosphorylation and we highlight a correlation between the basal level of phospho-EGFR and the response to the combination.  
In vivo, the combination of cetuximab plus oxaliplatin significantly inhibited tumor growth of HCT-8 and HT-29 (tumor delay or Td = 
21.6±2.9 and 18.0±2.9 days resp., synergistic effect) compared to either oxaliplatin (Td=12.6±2.3 and 14.4±3.2 days resp.) or 
cetuximab (Td=13.4±2.9 and 14.5±2.4 days, resp.) alone in xenograft models.  The combination had no effect on HCT-116 and SW-620 
cell lines.  The obsd. responses are strictly dependent on the cell type, and are not correlated with the level of EGFR expression but 
related to the basal level of phospho-EGFR.  This study provides promising preclin. results for a possible clin. investigation of the 
combination of oxaliplatin plus cetuximab in chemorefractory colorectal tumors.
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 Therefore, dose levels of Cetuximab from 1 mg/inj to 0.04 mg/inj can be considered to be within the efficacious range, while dose 
levels of 0.25 mg/inj or higher appeared to be optimal for the antitumor activity of Cetuximab in the GEO tumor model.  When 
Cetuximab was given iv to mice, the elimination half life (t1/2) was 39.6, 37.8, and 42.2 h for doses of 1.0, 0.25, and 0.04 mg/inj, 

Purpose: The epidermal growth factor receptor (EGFR), a protein tyrosine kinase expressed in many types of human cancers including 
colon and breast, has been strongly assocd. with tumor progression.  Cetuximab, an IgG1 anti-EGFR chimeric mouse/human 
monoclonal antibody, has been proven to be effective in the treatment of advanced colon cancer.  To date, there has not been a 
study to systematically evaluate the pharmacokinetics (PK) of Cetuximab in a preclin. model and to further explore any correlation of 
drug exposure between animal models and cancer patients.  In the present study, we characterized the PK of Cetuximab in nude mice 
at efficacious dose levels and further compared the preclin. optimal dose and active plasma drug concn. with those detd. in clin. 
studies.  Exptl. design: The antitumor activity of Cetuximab was evaluated using the GEO human colon carcinoma xenografts 
implanted s.c. in nude mice.  The drug was administered i.p. every 3 days for five total injections (inj) (q3dx5) at dose levels ranging 
from 1 mg/inj to 0.04 mg/inj.  The plasma PK of Cetuximab was detd. at dose levels of 1.0, 0.25, and 0.04 mg/inj with a single bolus iv 
or i.p. administration in nude mice.  The tumoral PK of Cetuximab was detd. at dose levels of 0.25, and 0.04 mg/inj with a single bolus 
i.p. administration in nude mice bearing GEO tumor xenografts.  The plasma and tumoral levels of Cetuximab were quantitated by an 
ELISA assay.  Results: Cetuximab demonstrated a dose-dependent antitumor activity at dose levels of 0.25, 0.1, and 0.04 mg/inj, with 
a statistically significant tumor growth delay (in reaching a tumor target size of 1 gm) of 18 days (P<0.001), 12.3 days (P<0.01), and 
10 days (P<0.01) for 0.25, 0.1, and 0.04 mg/inj, resp.  A sep. study employing the same treatment schedule showed that Cetuximab 
was equally active at dose levels ranging from 0.25 mg/inj to 1 mg/inj.
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Purpose: Immunostimulating Toll-like receptor 9 (TLR9) agonists cause antitumor activity interfering also with cancer proliferation and 
angiogenesis by mechanisms still incompletely understood.  We hypothesized that modified TLR9 agonists could impair epidermal 
growth factor receptor (EGFR) signaling and, by this means, greatly enhance EGFR inhibitors effect, acting on both the receptor 
targeting and the immunol. arm.  Exptl. Design: We used a novel second-generation, modified, immunomodulatory TLR9 agonist (IMO), 
alone and in combination with the anti-EGFR monoclonal antibody cetuximab or tyrosine kinase inhibitor gefitinib, on the growth of GEO 
and cetuximab-resistant derivs. GEO-CR colon cancer xenografts.  We have also evaluated the expression of several proteins crit. for 
cell proliferation, apoptosis, and angiogenesis, including EGFR, mitogen-activated protein kinase, Akt, bcl-2, cyclooxygenase-2, 
vascular endothelial growth factor, and nuclear factor-κB.  Results: IMO inhibited GEO growth and signaling by EGFR and the other 
proteins crit. for cell proliferation and angiogenesis.  IMO plus the anti-EGFR antibody cetuximab synergistically inhibited tumor growth, 
signaling proteins, and microvessel formation.  EGFR signaling inhibition by IMO is relevant because IMO cooperated also with EGFR 
tyrosine kinase inhibitor gefitinib in GEO tumors, while it was inactive against GEO-CR xenografts.  On the other hand, IMO boosted 
the non-EGFR-dependent cetuximab activity, causing a cooperative antitumor effect in GEO-CR cells.  Finally, combination of IMO, 
cetuximab and chemotherapeutic irinotecan eradicated the tumors in 90% of mice.  Conclusion: IMO interferes with EGFR-related 
signaling and angiogenesis and has a synergistic antitumor effect with EGFR inhibitors, esp. with cetuximab, boosting both the EGFR 
dependent and independent activity of this agent.  Moreover, this therapeutic strategy could be translated in patients affected by 
colorectal cancer.
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Prediction of active drug plasma concentrations achieved in cancer patients by pharmacodynamic biomarkers identified 
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Monoclonal antibody (mAb) 806 is a novel epidermal growth factor receptor (EGFR) antibody with significant antitumor activity that 
recognizes a mutant EGFR commonly expressed in glioma known as delta2-7 EGFR (de2-7 EGFR or EGFRvIII) and a subset of the 
wild-type (wt) EGFR found in cells that overexpress the receptor.  We have used two human xenograft mouse models to examine the 
efficacy of mAb 806 in combination with mAb 528, a prototypical anti-EGFR antibody with similar specificity to cetuximab.  Treatment 
of nude mice, bearing s.c. or i.c. tumor human xenografts expressing the wt or de2-7 EGFR, with mAbs 806 and 528 in combination 
resulted in additive and in some cases synergistic, antitumor activity.  Interestingly, mAb 528 was also effective against xenografts 
expressing the ligand independent de2-7 EGFR when used as a single agent, showing that its antitumor activity is not merely mediated 
through inhibition of ligand binding.  When used as single agents, neither mAbs 806 or 528 induced down-regulation of the de2-7 EGFR 
either in vitro or in vivo.  In contrast, the combination of antibodies produced a rapid and dramatic decrease in the total cell surface 
de2-7 EGFR both in vitro and in xenografts.  Consistent with this decrease in total cell surface de2-7 EGFR, we obsd. up-regulation of 
the cell cycle inhibitor p27KIP1 and a decrease in tumor cell proliferation as measured by Ki-67 immunostaining when the antibodies 
were used in combination in vivo.  Thus, mAb 806 can synergize with other EGFR-specific antibodies thereby providing a rationale for 
its translation into the clinic.
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in preclin. model predicts better than the optimal preclin. dose for the clin. development of antibody drugs.

resp., suggesting a similar disposition kinetics of Cetuximab within this dose range.  The vol. of distribution (Vd) ranged from 0.062 l/kg 
to 0.070 l/kg, suggesting that Cetuximab is primarily confined to the plasma compartment with limited peripheral tissue distribution.  
Clearance (CL) was similar and no apparent PK satn. was obsd. across the dose ranging from 0.04 mg/inj to 1.0 mg/inj.  When mice 
were administered with a single bolus i.p. administration at doses of 1, 0.25, and 0.04 mg/inj, the max. plasma concn. (Cmax) was 
407.6, 66.4, and 16.5 μg/mL.  The area under the curve of plasma drug concn. (AUC) was 19212.4, 3182.4, and 534.5 μg/mL h, for 
1.0, 0.25, and 0.04 mg/inj, resp.  The av. steady state plasma concn. (Css avg) for the multiple dosing schedule was estd. to be 73.1 
μg/mL at 0.25 mg/inj and was considered as an active plasma drug concn.  The max. tumoral concn. of Cetuximab was 2.6 and 0.53 
ng/mg-tumor while the tumoral drug exposure was 112.6 and 18.3 ng/mg h for 0.25 and 0.04 mg/inj, resp.  The EGFR was estd. to be 
nearly completely occupied by Cetuximab at the optimal dose of 0.25 mg/inj.  Conclusion: In the present study, we compared the 
preclin. optimal dose and the corresponding active plasma concn. detd. in mice with those being obsd. in cancer patients, i.e. 65-100 
μg/mL.  The preclin. optimal dose of 0.25 mg/inj was significantly lower than the current clin. dose.  However, the active plasma 
concn. at 0.25 mg/inj is within the range of the active drug concns. in cancer patients treated with Cetuximab under the current optimal 
dosing regimen.  It appears that the active plasma drug concn. detd.
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Purpose: Inhibition of angiogenesis can influence tumor cell invasion and metastasis.  We previously showed that blockade of 
vascular endothelial growth factor receptor-2 (VEGFR-2) with the monoclonal antibody DC101 inhibited intracerebral glioblastoma growth 
but caused increased tumor cell invasion along the preexistent vasculature.  In the present study, we attempted to inhibit glioma cell 
invasion using a monoclonal antibody against the epidermal growth factor receptor (EGFR), which in the context of human 
glioblastomas, has been implicated in tumor cell invasion.  In addn., we analyzed whether blockade of vascular endothelial 
(VE)-cadherin as a different antiangiogenic target could also inhibit glioblastoma angiogenesis and growth.  Exptl. Designs: Nude mice 
who received intracerebral glioblastoma xenografts were treated using monoclonal antibodies against VEGFR-2 (DC101), EGFR (C225), 
and VE-cadherin (E4G10) either alone or in different combinations.  RESULTS: Increased tumor cell invasion provoked by DC101 
monotherapy was inhibited by 50% to 66% by combined treatment with C225 and DC101.  C225 inhibited glioblastoma cell migration in 
vitro, but had no effect on the vol. of the main tumor mass or on tumor cell proliferation or apoptosis in vivo, either alone or in 
combination with DC101.  The anti-VE-cadherin monoclonal antibody E4G10 was a weaker inhibitor of tumor angiogenesis and growth 
than DC101, and also caused a weaker increase in tumor cell invasion.  Conclusions: Inhibition of angiogenesis achieved by blocking 
either VEGFR-2 or VE-cadherin can cause increased glioma cell invasion in an orthotopic model.  Increased tumor cell invasion induced 
by potent inhibition of angiogenesis with DC101 could be inhibited by simultaneous blockade of EGFR.
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Epidermal growth factor receptor (EGFR), a protein tyrosine kinase expressed in many types of human cancers, has been strongly 
assocd. with tumor progression.  Cetuximab is an IgG1 anti-EGFR chimeric mouse/human monoclonal antibody that has been 
approved for the treatment of advanced colon cancer.  Using human tumor xenografts grown in nude mice, we have detd. the in vivo 
pharmacodynamic response of cetuximab at efficacious doses.  Three pharmacodynamic end points were evaluated: tumoral 
phospho-EGFR, tumoral mitogen-activated protein kinase (MAPK) phosphorylation, and Ki67 expression.  The pharmacodynamic study 
was conducted in nude mice bearing Geo tumors following a single i.p. administration of 0.25 and 0.04 mg.  The tumors were analyzed 
by immunohistochem.  The levels of phospho-EGFR were quantitated by an ELISA assay.  At 0.25 mg, phospho-EGFR was maximally 
inhibited by 91% at 24 h, whereas the level of inhibition decreased to 72% by 72 h.  At 0.04 mg, the max. inhibition of phospho-EGFR 
was 53% at 24 h, whereas the level of inhibition decreased to 37% by 72 h.  The time course of phospho-EGFR inhibition and recovery 
seemed to correlate with the pharmacokinetics of cetuximab.  Immunohistochem. anal. showed that phospho-MAPK and Ki67 
expression were inhibited between 24 and 72 h at 0.25 and 0.04 mg.  A pharmacokinetic/pharmacodynamic model was established and 
predicted that the plasma concn. of cetuximab required to inhibit 90% of phospho-EGFR was 67.5 μg/mL.  
Phospho-EGFR/phospho-MAPK could be useful clin. biomarkers to assess EGFR inhibition by cetuximab.
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Anal. of gene expression of cancer cell lines exposed to erlotinib, a small mol. inhibitor of the epidermal growth factor receptor (EGFR), 
showed a marked increase in EGFR mRNA in resistant cell lines but not in susceptible ones.  Because cetuximab induces EGFR 
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 Other phase II and III studies show significant response to treatment in variable proportions of patients with squamous 
cell carcinoma of the head and neck, non-small cell lung cancer and pancreatic cancer when cetuximab is used first or 
second line in combination with chemotherapy.  Thus, cetuximab is emerging as a very promising new therapy to be used 
in conjunction with existing therapies for the treatment of a spectrum of solid tumors.

 Based on these studies, cetuximab can be added to regimens using docetaxel, cisplatin, carboplatin, irinotecan, paclitaxel 
and fluorouracil and may add to treatment efficacy.  Phase I dose-finding studies showed that satn. of cetuximab 
clearance occurred after administration of 400 mg/m2 as a loading dose followed by weekly infusions of 250 mg/m2.  The 
most commonly reported adverse event assocd. with cetuximab treatment is an acneiform rash that occurs in 70-80% of 
patients treated with cetuximab.  The rash is rarely dose- or treatment-limiting, and may diminish in intensity with 
continued exposure to cetuximab.  Improvement may be seen after treatment with topical antibiotic prepns., topical 
steroids or topical retinoids.  The rash resolves fully after discontinuation of cetuximab treatment.  EGFR is widely 
expressed in skin and skin biopsies in areas involved with the characteristic cetuximab eruption demonstrate neutrophilic 
folliculitis.  In fact, anal. of four phase II clin. trials of cetuximab in combination with chemotherapy in patients with 
colorectal cancer, squamous cell carcinoma of the head and neck, or pancreatic cancer showed that development of the 
acneiform rash was significantly correlated with response to treatment; grade 3 rash may be esp. predictive of response.  
It is possible that development of acneiform rash may become an important clin. prognostic marker.  Serious 
cetuximab-related toxicities include hypersensitivity, infusion reactions and interstitial lung disease.  Results of a large 
phase II study have shown response when used in combination with irinotecan in 22.9% of patients with 
EGFR-expressing, irinotecan-refractory, colorectal cancer.  Cetuximab has recently been approved for this indication in 
the United States, Switzerland, Iceland, Norway and the 25 member states of the European Union.

A review.  The epidermal growth factor receptor (EGFR) is a member of the ErbB family of receptors.  It is composed of extracellular 
domains, including a ligand-binding domain, a hydrophobic transmembrane region and a tyrosine kinase-contg. cytoplasmic region.  
Stimulation of the EGFR by endogenous ligands, EGF or transforming growth factor-α (TGF-α), results in a conformational change in 
the receptor, permitting it to enter into dimers and other oligomers.  Dimerization results in activation of intracellular tyrosine kinase, 
protein phosphorylation and stimulation of various cell signaling pathways that mediate gene transcription and cell cycle progression.  
The EGFR is expressed on normal human cells but higher levels of expression of the receptor have also been shown to be correlated 
with malignancy in a variety of cancers.  In addn., expression of the EGFR by malignant cells is assocd. with poor prognosis and 
resistance to therapy.  Cetuximab is a chimeric human-murine monoclonal antibody that binds competitively and with high affinity to 
the EGFR.  Binding of the antibody to the EGFR prevents stimulation of the receptor by endogenous ligands and results in inhibition of 
cell proliferation, enhanced apoptosis, and reduced angiogenesis, invasiveness arid metastasis.  Binding of cetuximab to the receptor 
also results in internalization of the antibody-receptor complex which leads to an overall downregulation of EGFR expression.  The 
EGFR is a prime target for new anticancer therapy, and other agents in development include small mol. tyrosine kinase inhibitors and 
antisense therapies.  Preclin. studies have demonstrated that cetuximab reduces chemotherapy and radiotherapy resistance in human 
tumor cell lines in vitro and in nude mice bearing xenografts of human tumors.  In clin. and preclin. studies cetuximab has been shown 
to induce response to treatment when used in combination with chemotherapy in patients previously refractory to chemotherapy.
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 In the absence of EGF, cetuximab alone increased the level of pEGFR and pHER2 above that seen in untreated control 
cells in both sensitive and resistant cell lines that were EGFR- and HER2-pos., but not in EGFR- or HER2-neg. lines.  
Despite the cetuximab-induced increase in phosphorylation of EGFR and HER2, peak EGF-induced levels of pEGFR and 
pHER2 were reduced by cetuximab in the cetuximab-sensitive lines but not in the resistant lines.  Cooperative 
(combination index values < 1.0) growth inhibitory effects were obsd. in vitro combination assays with cetuximab and 
radiation only in cetuximab-sensitive NSCLC cell lines.  A lack of cooperation was seen in cetuximab-insensitive NSCLC 
cell lines.  Similar findings were obsd. with in vitro combination studies of cetuximab plus cisplatin or paclitaxel.  In nude 
mice bearing EGFR-expressing, cetuximab-sensitive, NSCLC cell line xenografts, cetuximab plus radiation induced a 
marked improvement in tumor growth inhibition over either agent alone.  The growth inhibitory effects of 
cetuximab-radiation were similar to the growth inhibitory effects of concurrent chemoradiation.  Triple combination therapy 
of cetuximab and chemoradiation yielded a nonsignificant advantage in tumor growth control over doublet combinations 

The epidermal growth factor receptor (EGFR) overexpressed in approx. 80% of non-small cell lung cancers (NSCLC) is a target for 
novel therapeutics.  Concurrent chemoradiation is the current std. of care for treatment of patients with locally advanced NSCLC.  
However, < 20% of patients remain disease-free at 5 years despite this aggressive treatment.  Cetuximab is a humanized monoclonal 
antibody that recognizes the human EGFR, and in previous studies, inhibited the growth of EGFR-expressing human cancer cell lines.  
In this report, we investigated the cellular and mol. effects of cetuximab alone and in combination with radiation and/or chemotherapy 
in human NSCLC cell lines with varying levels of EGFR overexpression in vitro and in vivo.  We evaluated the EGFR status of a 
panel of human NSCLC cancer cell lines by immunohistochem. and flow cytometry.  We then evaluated cetuximab effects on growth, 
cell cycle distribution, and downstream intracellular signaling mols. in this panel of NSCLC cancer cell lines.  NSCLC cell lines were 
treated with cetuximab alone or in combination with radiation, chemotherapy, or chemoradiation to det. the cooperative effects of 
cetuximab both in vitro and in vivo in athymic nude mice bearing NSCLC xenografts.  Cetuximab alone inhibited the in vitro growth of 
some but not all EGFR-expressing NSCLC cell lines in a dose-dependent manner.  Flow cytometric anal. of cell cycle distribution after 
24 h of cetuximab treatment revealed a shift into the G0/G1 phase of the cell cycle in cetuximab-sensitive EGFR-expressing cell lines 
and at concns. that were growth-inhibitory.  There were no cell cycle changes in the EGFR-neg. cell lines.  After 4 h of exposure, 
cetuximab reduced epidermal growth factor (EGF)-induced phosphorylation of EGFR (pEGFR) and HER-2 (pHER2) in 
cetuximab-sensitive cell lines but not in cetuximab-resistant cell lines.  Cetuximab reduced EGF-induced phosphorylation of 
extracellular signal-regulated kinase-1/2 (pERK) in all EGFR-expressing cell lines.
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down-regulation, we explored the hypothesis that treatment with cetuximab would interfere with erlotinib-induced EGFR up-regulation and 
result in antitumor effects.  Exposure of the resistant biliary tract cancer cell line HuCCT1 but not the susceptible A431 epidermoid cell 
line to erlotinib induced EGFR mRNA and protein expression.  Combined treatment with cetuximab blunted the erlotinib-induced EGFR 
up-regulation and resulted in inhibition of cell proliferation and apoptosis in the HuCCT1 cells.  Blockage of erlotinib-induced EGFR 
synthesis in HuCCT1 cells by small interfering RNA resulted in identical antitumor effects as cetuximab, providing mechanistic 
specificity.  In mice xenografted with A431, HuCCT1, and the pancreatic cancer cell line Panc430, maximal growth arrest and decrease 
in Ki67 proliferation index were documented with combined therapy, and EGFR down-regulation was obsd. in cetuximab-treated tumors.  
These results may indicate that resistance to EGFR kinase inhibition may be, at least in part, mediated by a highly dynamic feedback 
loop consisting of up-regulation of the EGFR upon exposure to EGFR kinase inhibitors.  Abrogation of this response by small 
interfering RNA-mediated EGFR mRNA down-regulation and/or by cetuximab-mediated protein clearance induced tumor arrest across 
several cancer models with different EGFR expression levels, suggesting that resistance and sensitivity are dynamic events where 
proportional decrease in the target rather than abs. content dictates outcome.
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The epidermal growth factor receptor (EGFR) is abnormally activated in cancer and two classes of anti-EGFR agents, monoclonal 
antibodies and low-mol.-wt. tyrosine kinase inhibitors, have shown antitumor activity in patients.  Because these two classes of 
antireceptor agents target the EGFR at different sites, we decided to explore whether the combined administration of gefitinib, a 
tyrosine kinase inhibitor, and cetuximab, a monoclonal antibody, had superior antitumor activity than either agent given alone.  We 
studied the effects of the combination of gefitinib and cetuximab in a panel of human cancer cell lines and in an EGFR-dependent 
human tumor xenograft model (A431).  The effects of these two agents on EGFR signaling, proliferation, apoptosis, and 
vascularization were evaluated.  In addn., we analyzed, with cDNA arrays, changes in gene expression profiles induced by both 
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Combination therapy consisting of an oral taxane, BMS-275183, and the anti-epidermal growth factor receptor monoclonal antibody, 
cetuximab, was assessed for enhanced therapeutic benefit in preclin. tumor models.  Mice bearing human tumor xenografts, either 
L2987 lung or GEO colon carcinoma, were administered the aforementioned treatments singly or in combination regimens.  Delays in 
tumor growth and tumor-free status were evaluated and combination treatments were assessed relative to optimal solo treatments.  
Combination therapies with the oral taxane plus cetuximab were tolerated and therapeutic synergistic outcomes obtained.  The 
therapeutic enhancements were >1 log cell kill greater than the antitumor effect caused by either solo agent applied optimally.  For 
example, at the max.-tolerated dose of BMS-275183, 60 mg/kg/administration, given p.o. once every 3 days for a total of six 
administrations (q3dx6), 1.0 gross log cell kill was achieved in mice bearing well established (100 to 200 mg) s.c. implanted L2987 
tumors.  Cetuximab, at an optimal dose of 1 mg/mouse, given i.p. q3dx6, produced 1.3 log cell kill.  When cetuximab, 1 mg/mouse, 
i.p., plus BMS-275183, 25 mg/kg/administration, p.o., were both given q3dx6, the result was 2.6 log cell kill with three of eight mice 
cured (P < 0.01).  Similar efficacy benefits were obtained in the GEO tumor model.  The combination of oral taxane BMS-275183 plus 
cetuximab provided therapeutically synergistic antitumor activity in two different human tumor xenograft models.  Clin. evaluation of 
this combination is recommended.
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Therapeutic synergy of oral taxane BMS-275183 and cetuximab versus human tumor xenografts.     Rose, William C.; Wild, 
Robert.    Pharmaceutical Research Institute,  Bristol-Myers Squibb Co., Inc.,  Princeton,  NJ,  USA.    Clinical Cancer Research  
(2004),  10(21),  7413-7417.  Publisher: American Association for Cancer Research,  CODEN: CCREF4  ISSN: 1078-0432.  Journal  
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Bibliographic Information
 
Answer 22:

(cetuximab and radiation or chemoradiation) in vivo.  Similar results in tumor growth inhibition obsd. in mice treated with 
cetuximab-radiation and cisplatin-radiation provide a rationale for the clin. investigation of cetuximab with concurrent 
radiation in selected patients with locally advanced NSCLC.  Local tumor control and treatment toxicity should be 
evaluated between cetuximab-radiation and chemoradiation regimens.  Proper patient selection will be crit. to the success 
of such trials and further studies are needed to identify optimal patient selection criteria.
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 GEO tumor growth was blocked only in mice treated with ZD6474, whereas tumor progression was obsd. in mice re-treated with C225 
or ZD1839.  GEO tumors growing during treatment with C225 or with ZD1839 were established as cell lines (GEO-C225-RES and 
GEO-ZD1839-RES, resp.).  Cell membrane-assocd. EGFR expression was only slightly reduced in these cell lines compared with 
parental GEO cells.  Western blotting revealed no major change in the expression of the EGFR ligand transforming growth factor α of 
bcl-2, bcl-xL, p53, p27, MDM-2, akt, activated phospho-akt, or mitogen-activated protein kinase.  However, both GEO-C225-RES and 
GEO-ZD1839-RES cells exhibited a 5-10-fold increase in activated phospho-mitogen-activated protein kinase and in the expression of 
cyclooxygenase-2 and of VEGF compared with GEO cells.  GEO-C225-RES and GEO-ZD1839-RES growth as xenografts in nude mice 
was not significantly affected by treatment with either C225 or ZD1839 but was efficiently inhibited by ZD6474.  Long-term treatment 
of GEO xenografts with selective EGFR inhibitors results in the development of EGFR inhibitor-resistant cancer cells.  Growth of 
EGFR inhibitor-resistant tumors can be inhibited by ZD6474.  These data indicate that inhibition of VEGF signaling has potential as an 
anticancer strategy, even in tumors that are resistant to EGF inhibitors.

The epidermal growth factor receptor (EGFR) autocrine signaling pathway is involved in cancer development and progression.  EGFR 
inhibitors such as C225 (cetuximab), a chimeric human-mouse anti-EGFR monoclonal antibody, and ZD1839 (gefitinib), a small mol. 
EGFR-selective tyrosine kinase inhibitor, are in advanced clin. development.  The potential emergence of cancer cell resistance in 
EGFR-expressing cancers treated with EGFR inhibitors could det. lack of activity of these drugs in some cancer patients.  Vascular 
endothelial growth factor (VEGF) is secreted by cancer cells and plays a key role in the regulation of tumor-induced endothelial cell 
proliferation and permeability.  ZD6474 is a small mol. VEGF flk-1/KDR (VEGFR-2) tyrosine kinase inhibitor that also demonstrates 
inhibitory activity against EGFR tyrosine kinase.  The antitumor activity of ZD1839, C225, and ZD6474 was tested in athymic mice 
bearing human GEO colon cancer xenografts.  GEO cell lines resistant to EGFR inhibitors were established from GEO xenografts 
growing in mice treated chronically with ZD1839 or C225.  Expression of EGFR was evaluated by flow cytometry.  Expression of 
various proteins involved in intracellular cell signaling was assessed by Western blotting.  Tumor growth data were evaluated for 
statistical significance using the Student's t test.  All Ps were two-sided.  Although chronic administration of optimal doses of C225 or 
ZD1839 efficiently blocked GEO tumor growth in the majority of mice, tumors slowly started to grow within 80-90 days, despite 
continuous treatment.  In contrast, continuous treatment of mice bearing established GEO xenografts with ZD6474 resulted in efficient 
tumor growth inhibition for the entire duration of dosing (up to 150 days).  ZD6474 activity was also detd. in mice pretreated with 
ZD1839 or C225.  When GEO growth was apparent after 4 wk of treatment with EGFR inhibitors, mice were either re-treated with EGFR 
inhibitors or treated with ZD6474.
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 Our findings suggest both shared and complementary mechanisms of action with gefitinib and cetuximab and support 
combined EGFR targeting as a clin. exploitable strategy.

agents.  The combined treatment with gefitinib and cetuximab resulted in a synergistic effect on cell proliferation and in superior 
inhibition of EGFR-dependent signaling and induction of apoptosis.  In a series of in vivo expts., single-agent gefitinib or cetuximab 
resulted in transient complete tumor remission only at the highest doses.  In contrast, suboptimal doses of gefitinib and cetuximab 
given together resulted in a complete and permanent regression of large tumors.  In the combination-treated tumors, there was a 
superior inhibition of EGFR, mitogen-activated protein kinase, and Akt phosphorylation, as well as greater inhibition of cell proliferation 
and vascularization and enhanced apoptosis.  Using cDNA arrays, we found 59 genes that were coregulated and 45 genes differentially 
regulated, including genes related to cell proliferation and differentiation, transcription, DNA synthesis and repair, angiogenesis, 
signaling mols., cytoskeleton organization, and tumor invasion and metastasis.
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OBJECTIVE: The aim of this study is to determine the efficacy of indocyanine green (ICG) conjugated to antiepidermal 
growth factor receptor antibody (cetuximab) to image head and neck cancer.  STUDY DESIGN: Mice (n = 3) were injected 
with unconjugated ICG and imaged at 100-second intervals for a total of 1000 seconds to assess imaging characteristics.  
Mice (n = 10) xenografted with SCC-1 cells were then systemically injected with cetuximab conjugated to indocyanine 
green and imaged over a 72-hour period.  To assess the sensitivity and specificity, xenografted tumors underwent 
subtotal resections and then were assessed for residual disease by fluorescence stereomicroscopy and confirmed by 
histology.  RESULTS: Tumors demonstrated excellent fluorescence 24 hours after injection of cetuximab-ICG.  There was 
a direct relationship between fluorescence and the given dose of cetuximab-ICG.  Following subtotal resection, we found 
fluorescence correlated with a sensitivity of 78.4% and specificity of 96%.  CONCLUSIONS: This study provides 
evidence that supports further preclinical investigation of cetuximab in the evaluation of surgical margins, but linkage to 
ICG lacks the sensitivity for use in a clinical setting.
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AIM: To gain mechanistic insights into the role played by epidermal growth factor receptor (EGFR) in the regulation of 
vascular endothelial growth factors (VEGFs) in colorectal cancer (CRC).  METHODS: The impact of high-level expression 
of the growth factor receptors EGFR and VEGF receptor (VEGFR)3 and the VEGFR3 ligands VEGF-C and VEGF-D on 
disease progression and prognosis in human CRC was investigated in 108 patients using immunohistochemistry.  
Furthermore, the expression of the lymphangiogenic factors in response to the modulation of EGFR signalling by the 
EGFR-targeted monoclonal antibody cetuximab was investigated at the mRNA and protein level in human SW480 and 
SW620 CRC cell lines and a mouse xenograft model.  RESULTS: Human CRC specimens and cell lines displayed EGFR, 
VEGF-C and VEGF-D expression with varying intensities.  VEGF-C expression was associated with histological grade.  
Strong expression of VEGF-D was significantly associated with lymph node metastases and linked to a trend for 
decreased survival in lymph node-positive patients.  EGFR blockade with cetuximab resulted in a significant decrease of 
VEGF-D expression in vitro and in vivo.  CONCLUSION: In conclusion, the expression of VEGF-D in colorectal tumours 
is significantly associated with lymphatic involvement in CRC patients and such expression might be blocked effectively 
by cetuximab.
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PURPOSE: To determine whether Cy5.5-labeled antiepidermal growth factor (EGFR) antibody could be used to detect 
head and neck squamous cell carcinoma (HNSCC) xenografts in vivo.  METHODS: AntiEGFR antibody (cetuximab) was 
labeled with Cy5.5, a fluorophore with emission in the near infrared range.  The cetuximab-Cy5.5 conjugate was 
systemically administered in subtherapeutic doses (50 microg) to mice bearing orthotopically xenografted HNSCC cell 
lines (SCC1, CAL27, and FaDu).  As a control, isotype-matched human immunoglobulin (Ig)G1k antibody labeled with 
Cy5.5 was systemically injected in parallel experiments.  All tumor regions (n = 6) were imaged by fluorescent 
stereomicroscopy at 0, 6, 24, 48, or 72 hours.  Tumor size was measured by high-frequency ultrasonography at 72 hours.  
Transcervical partial and near-total resections were then performed with stereomicroscopic imaging after each resection.  
The mandible and associated structures were then resected, paraffin embedded, and then serial sectioned for analysis.  
RESULTS: Tumors could be clearly visualized by near infrared fluorescent stereomicroscopy at 48 and 72 hours after 
systemic administration of cetuximab-Cy5.5 but not after administration with the labeled isotype control antibody, 
IgG1k-Cy5.5.  Ultrasound measurement of tumors (n = 5) correlated with fluorescent measurements of tumor 
(Spearman's coefficient, 0.92, P </= .01).  When fluorescent stereomicroscopic findings were correlated with histologic 
findings in near-total resections, this technique could accurately identify residual tumor less than 1 mm in size.  
CONCLUSION: Fluorescent immunoguided neoplasm detection may be used as a diagnostic tool and to guide surgical 
therapy by providing real-time imaging information about the extent of disease or the presence of residual disease.
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