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Abstract
This study aimed to describe a short term ex vivo assay to predict response to epidermal growth
factor receptor (EGFR) targeted therapy (gefitinib) in adenocarcinoma patients. Four patients with
locally advanced esophageal adenocarcinoma were treated with gefitinib (250 mg/day) for 14 days
and pharmacokinetic (PK) studies were conducted to monitor plasma drug concentrations. Tumor
cells were sampled by endoscopic biopsy prior to (baseline, day 0) and at the completion of (day
14) treatment. Cells obtained at baseline were exposed to gefitinib in short-term cell culture
conditions (ex vivo assay). Western blot analyses with phospho-specific antibodies were
performed to evaluate activation and biochemical response to therapy of EGFR and its
downstream signaling components ERK and AKT ex vivo and in vivo. The in vivo profiles were
correlated with the gefitinib-mediated alteration in Proliferating Cell Nuclear Antigen (PCNA)
expression, a marker of cell proliferation. The correlation between EGFR expression and ERK
activity was also investigated by immunohistochemical analysis in pretreatment biopsies.
Mutational status of the genes encoding EGFR, K-RAS, and PI3KCA (the phosphoinositide 3-
kinase catalytic subunit p110) as well as expression levels of PTEN protein were tested in order to
investigate potential confounders of the gefitinib effect. All patients completed the gefitinib
therapy. PK studies demonstrated constant gefitinib concentrations during the treatment,
confirming persistent exposure of target tissue to the drug at sufficient levels to achieve EGFR
blockade. Ex vivo culture with gefitinib resulted in distinct response patterns representing various
states of activity of the ERK and AKT pathways. The results of the ex vivo studies correctly
predicted the pharmacodynamic (PD) effects of the agents in tumor tissue in vivo. PCNA
expression correlated with ERK pathway inhibition, but not with gefitinib-mediated inhibition of
EGFR activity alone. Immunohistochemical analysis performed on pretreatment biopsies
correlated with Western blot analysis of EGFR and phospho-ERK expression. No mutations were
identified in exons 18–21 of EGFR, exons 2 and 3 of K-RAS or exons 9 and 22 of PI3KCA. Levels
of PTEN were comparable across tumors. The novel pharmacodynamic approach described In this

*Corresponding author: Soner Altiok, M.D. PhD., Thoracic Oncology and Experimental Therapeutics Programs, H. Lee Moffitt
Cancer Center and Research Institute, 12902 Magnolia Drive, Tampa Florida 33612. Phone 813-745-7665, Fax 813-745-6875,
soner.altiok@moffitt.org.

NIH Public Access
Author Manuscript
Int J Oncol. Author manuscript; available in PMC 2011 March 10.

Published in final edited form as:
Int J Oncol. 2010 January ; 36(1): 19–27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



proof of principle study may be useful to refine the patient selection to maximize the potential
benefits of drugs and design individualized rational therapies for cancer patients.
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INTRODUCTION
The modern revolution in molecular biology has led to the characterization of important
signaling pathways in cancer, the elements of which have emerged as candidate targets for
novel therapies (1). The specificity of targeted agents raises the possibility of therapy
tailored to the specific biologically relevant molecular aberrations for individual cases. Early
development schemes for these agents, however, continue to be largely empirical rather than
direct knowledge of target activity within a given patient’s tumor. Recent experience with
targeted agents in solid tumors, while still promising, has yielded modest results (2–6).
Notably, retrospective analyses of clinical trials are consistently revealing that differences in
treatment effect between subgroups of patients can be linked to specific molecular profiles
(7–13). These findings suggest the potential for a more rational approach to trial design, and
eventually, to individualized cancer therapy.

Among many targeted therapeutic agents, compounds targeting EGFR have shown promise
in cancer treatment. The EGFR signaling pathway plays a key role in the regulation of cell
proliferation, survival and differentiation. EGFR is a plasma membrane glycoprotein
composed of extracellular ligand-binding, transmembrane and intracellular tyrosine kinase
domains (14). The binding of extracellular ligands to EGFR causes autophosphorylation of
multiple tyrosine residues within the cytoplasmic domain of EGFR, which consequently
activates the downstream signaling molecules involved in the RAS-RAF-MEK-ERK and
PI3K/AKT signaling cascades that contribute to cell proliferation (15). In some tumors,
however, other membrane tyrosine kinase receptors may redundantly activate these
pathways, in which case EGFR blockade may not have its desired effect (16–18).

EGFR is expressed in the large majority of carcinomas and its dysregulation has been
implicated in resistance to conventional chemotherapy and poor clinical outcome (19) EGFR
expression is detected in about 50% of non–small cell lung cancers and about 30% to 70%
of esophageal carcinomas (20,21).Therefore, EGFR became an attractive target for
anticancer therapy in aerodigestive carcinomas. In recent years, a number of new
compounds including small molecule tyrosine kinase inhibitors gefitinib (ZD1839, Iressa;
AstraZeneca, Wilmington, DE) and erlotinib (Tarceva, OSI-774) and monoclonal antibodies
such as cetuximab (IMC-C225) targeting the EGFR signaling have been developed and their
therapeutic effects have been extensively evaluated in clinical studies (22,23). Although
EGFR inhibitors have significant efficacy and less toxicity than conventional
chemotherapeutics, cancer patients show highly variable responses to these agents. Hence,
there is a pressing need to develop clinically useful tools that may potentially optimize
patient selection and therapeutic efficacy.

The incorporation of tumor-based pharmacodynamic (PD) markers may permit improved
understanding of mechanisms of sensitivity and resistance to different agents in different
tumor types and among individual patients. However, thus far, this concept has not been
incorporated into clinical trials in a systematic or uniform fashion.
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We have previously described a simple and reliable short term ex vivo chemosensitivity
assay to explore pharmocodynamic predictors and indicators of response to biologically
targeted agents in pre-clinical animal models (24,25). In that work, we demonstrated that
cancer cells obtained by tumor fine-needle aspiration biopsy can be used to predict the
efficacy of targeted drugs prior to systemic treatment and to correlate target pathway
inhibition in vivo with antitumor response. In the present study, we showed that tumor cells
obtained by endoscopic biopsy prior to initiation of therapy can be successfully assayed ex
vivo to predict the in vivo pharmacodynamic effects of gefitinib in patients with locally
advanced esophageal cancer.

MATERIALS AND METHODS
Eligibililty Criteria

Patients with histologically confirmed invasive adenocarcinoma of the distal esophagus
(below 20 cm from the incisors) or gastroesophageal junction (<2 cm extension into the
gastric cardia) were enrolled and treated at the Sidney Kimmel Comprehensive Cancer
Center at Johns Hopkins Hospital. All patients were newly diagnosed and with no prior
treatment, greater than 18 years of age and with an ECOG performance status of 0 or 1.
Disease was limited to the primary and regional nodes, though celiac nodal involvement
(M1a) was permitted for primary tumors in the distal esophagus or gastroesophageal
junction, as long as the disease could be encompassed in a single radiation port. The
treatment protocol and human subject studies were approved by the Institutional Review
Board at the Johns Hopkins University, and all patients provided informed consent.

Patients received gefitinib (AstraZeneca, Wilmington, DE) 250 mg/day for 14 days.
Endoscopic biopsies were obtained at the beginning (day 0) and at the end of the 14 day
period.

Endoscopic Biopsy and Tissue Handling
Endoscopic forceps biopsies of esophageal tumors were carried out by a single board
certified gastroenterologist (SJ) following standard procedures. Separate informed consent
was obtained for these procedures. Touch preps of fresh tissue were immediately evaluated
by cytologic stain for the presence of tumor cells, and all evaluations were done by a single
cytopathologist (SA). Portions of each sample were used for the ex vivo chemosensitivity
assay while the remainder of the tissue was used to prepare paraffin blocks.

Pharmacokinetics
Trough concentrations of gefitinib were determined pre-treatment and on days 8 and 14 of
the run-in period. Blood samples were collected in heparinized tubes at these three time
points. The blood samples were immediately placed in an ice bath and then centrifuged at
1000 g at 4°C for 10 minutes. The plasma was stored at −20°C until analyzed. Quantitation
of gefitinib in total and unbound plasma concentrations was performed using a validated
LC-MS-MS analytical assay (for total concentrations) and equilibrium dialysis (for unbound
concentrations) (26).

Immunohistochemistry
The expression of total-EGFR, and phospho-ERK, in tumor tissues was determined as
described (25). Briefly, 5 µm sections of the paraffin blocks were deposited onto positively
charged glass slides. Slides were deparaffinized and rehydrated in graded alcohols before
antigen retrieval in citrate buffer (pH 6.0) for 20 minutes at 100C. The sides were then
cooled for 20 minutes before they were washed in 1× TBST (DAKO Corp. Carpinteria, CA).
Slides were incubated in 3% H2O2 for 10 minutes, followed by the primary monoclonal
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antibody phospho-ERK1/2 (Cell Signaling Technology, Beverly, MA) in 1:50 dilution or
polyclonal total-EGFR antibody (Cell Signaling Technology, Beverly, MA) for 60 minutes.
Tris-HCl [0.2 mol/L (pH 7.5); Quality Biological, Inc., Gaithersburg,MD] was used as the
antibody diluent solution. Negative controls were incubated for 60 minutes with the
antibody diluent solution [0.2 mol/L Tris-HCl (pH 7.5); Quality Biological]. Staining was
developed using the DAKO LSAB+ System (DAKO). Slides were washed using 1× TBST
after incubation with each reagent and with distilled H2O following incubation with 3,3'-
diaminobenzidine.

Ex vivo studies
Tumor samples were obtained by endoscopic biopsy before the start of treatment, as
described in Figure 1. All samples were confirmed to be enriched in cancer cells by
microscopic assessment of a staff cytopathologist (SA). Tumor cells were prepared by
mincing the tumor tissue in sterile prewarmed complete RPMI-1640 culture medium
containing 10% FBS, penicillin (200 µg/ml), and streptomycin (200 µg/ml). Tissue was
disaggregated by filtering through mesh and cells were incubated with 0.04% trypan blue
(Sigma) dissolved in PBS (9.1 mM Na2HPO4, 1.7 mM NaH2PO4, and 150 mM NaCl, pH
7.4) to assess viability. The viable (membrane-intact) and dead cells were then counted and
the total viable cell count was used to calculate final working volumes. Ex vivo drug
treatment was performed as described before (25). Briefly, viable tumor cells were treated
with vehicle (control) or gefitinib (10 µM) (AstraZeneca, Wilmington,DE) in a humidified
5% CO2 incubator at 37°C for 18 hours. No fibroblast or endothelial cell growth was
observed. Following treatment, cells were collected, washed, lysed in lysis buffer (50 mM
Tris-HCl, 0.25 M NaCl, 0.1% (v/v) Triton X-100, 1 mM EDTA, 50 mM NaF, and 0.1 mM
Na3VO4, pH 7.4) containing protease and phosphatase inhibitors (Sigma Chemical Co., St.
Louis, MO) and analyzed by Western blot.

In vivo studies
Imprint cytology (touch prep) technique was used to prepare air dried/Diff Quik (AD/DQ)-
stained glass slides from endoscopic biopsy samples obtained before (day 0) and at the end
(day 14) of gefitinib therapy (Figure 1) and whole cell lysates were prepared from tumor
cells as described previously (24,25). The cellular composition of the touch prep imprints
was assessed for adequate sampling under the microscope prior to protein extraction.

Western blot analysis
Protein concentrations obtained from endoscopic tumor samples were quantified before each
experiment. Western blot analyses were performed as previously described (24,25). Briefly,
protein extracts (25 µg) electrophoresed on a 10% (w/v) SDS-polyacrylamide gel were
electrotransfered to Immobilon-P membranes (Millipore Corporation, Bedford, MA),
membranes were blocked and incubated with primary antibodies. The antibodies tested were
total-and phospho-EGFR, total-and phospho-ERK1/2, total-and phospho-AKT, PTEN and
PCNA. All primary antibodies were obtained from the Cell Signaling Technology, Beverly,
MA. Antibody binding was visualized using enhanced chemiluminescence (SuperSignal
West Pico, Pierce, Rockford, IL) and autoradiography after treatment of membranes with
horseradish peroxidase (HRP)-conjugated secondary antibodies, rabbit IgG-HRP (Cell
Signaling Technology, Beverly, MA), or mouse IgG-HRP (Cell Signaling Technology,
Beverly, MA).

DNA isolation, PCR and sequencing
Total genomic DNA was isolated from AD/DQ-stained tumor smear samples after
microscopic assessment using QIAamp DNA Micro Kit (Qiagen Inc., Valencia, CA),
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according to the manufacturer’s protocol. Nested PCR reactions were carried out using the
primers described previously (27,28). Primers were synthesized by Integrated DNA
Technologies (Coralville, IA). Amplification was carried out in 25µl reaction containing
40ng DNA, 1µM each primer, 0.15µM each dNTPs (Life Technologies, Rockville, MD),
and either 10mM Tris-HCl, pH 8.3, 50mM KCl, 2.5mM MgCl2, and 0.5U Taq Gold DNA
Polymerase (Perkin Elmer, Foster City, CA) or HotStar1X PCR buffer and 0.5U HotStarTaq
DNA Polymerase (Qiagen Inc, Valencia, CA). Thermocycling was carried out in a Thermo
Hybaid MBS 0.2S (Needham Heights, MA). Samples were denatured for 12 minutes at
94°C followed by 35 cycles of 94°C for 20 seconds, annealing (see chart) for 30 seconds,
and 72°C for 30 seconds followed by a final extension at 72°C for 10 minutes. The 25µl
PCR products were treated with 0.2 µl Exonuclease I (P/N 70073Z, USB) and 2 µl Shrimp
Alkaline Phosphatase (P/N 70092x, USB). Products were incubated for 1 hour at 37°C
followed by 15 min at 80°C. 5 µl of the treated products were electrophoresed on 1%
agarose/1% NuSieve gels to check for amplification. For sequencing, 8–10 µl of treated
product, depending on amplification intensity, was combined with 2 µl 10µM of the forward
and reverse PCR primers in separate tubes. Sequencing reactions and sequence analysis was
carried out by the DNA Analysis Facility. PCR products were sequenced using fluorescent
dideoxy terminator method of cycle sequencing. Reactions were run on a 3730xl DNA
Analyzer (Applied Biosystems Division, Foster City, CA) following Applied Biosystems
protocols. Sequence data was analyzed using Sequencher Software (Gene Codes, Ann
Arbor, MI), followed by manual review.

RESULTS
Patient Population

In this exploratory study of the pharmacokinetics and pharmacodynamics of gefitinib, four
patients (all male, ages 39, 54, 63, 69) with locally advanced esophageal adenocarcinoma
were treated for 14 days with gefitinib alone. Each patient underwent both pre- and post-
therapy biopsies, and the pharmacokinetic data were obtained during the treatment (Figure
1). No toxicities other than diarrhea and rash were noted.

Pharmacokinetics
Given the tumor location in the upper gastrointestinal tract, there is a theoretical concern
regarding altered absorption of oral agents by these patients. In order to measure
pharmacodynamic effects at the drug-target interface, one must ensure adequate uptake,
distribution and tumor tissue penetration of drug. In the unlikely setting of no PD effect, it is
possible that the result is due to low concentration of drug at the target site. In this analysis,
no patient took a drug that impacted the CYP3A4 enzyme. PK analysis revealed a constant
trough gefitinib plasma concentration of 100 ng/ml (data not shown), which is adequate to
block EGFR activity and achieve antitumor effect in tumor cells (29,30).

Prediction of tumor response to gefitinib ex vivo
To determine whether the short term ex vivo chemosensitivity assay could predict gefitinib
treatment effects in vivo, cancer cells were harvested by endoscopic biopsy prior to initiation
of systemic treatment (Figure 1) and treated with gefitinib ex vivo, after which EGFR
signaling pathway inhibition was analyzed by Western blot. Prior to analysis by Western
blot, AD/DQ-stained smears were prepared from endoscopic biopsy samples as previously
described. Morphologic assessment of the cytologic smears demonstrated that, on average,
90% of the cells were neoplastic, with some red blood cells and a negligible amount of
connective tissue fragments in the background (Figures 2A–D). Under these cell culture
conditions, no fibroblast or endothelial cell growth was detected. No significant apoptosis or
necrosis was detected in tumor cells obtained before or after gefitinib treatment.
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As shown in Figure 3A, ex vivo treatment of tumor cells with gefitinib completely blocked
EGFR phosphorylation in patient 1. Analysis of downstream signaling pathways revealed
that drug treatment inhibited phosphorylation of ERK, but not of AKT. This finding
suggests that in this patient’s tumor cells the ERK pathway was under the control of EGFR,
however, the PI3K/AKT pathway was constitutively activated independent of EGFR
activity. In patients 2 and 3 (Figures 3B and C, respectively), ex vivo gefitinib therapy
dramatically inhibited EGFR phosphorylation; however, there was no concurrent inhibition
in phosphorylation of the downstream ERK and AKT. This demonstrates that activation of
the downstream ERK and AKT pathways is not dependent on EGFR. As illustrated in
Figure 3D, in patient 4 no EGFR protein and accordingly no P-ERK or P-AKT inhibition
was identified by Western blot analysis.

Assessment of response to gefitinib in tumor cells in vivo
To analyze the pharmacodynamic efficacy of gefitinib in vivo, AD/DQ-stained smears were
prepared from tumor samples obtained by esophageal endoscopy prior to initiation (day 0)
and at the end (day 14) of treatment (Figure 1). Following morphologic evaluation, whole
cell extracts were prepared from AD/DQ-stained tumor touch prep samples and the
phosphorylation status and/or expression levels of EGFR, ERK and AKT were determined
on Western blot analysis. Additionally, to correlate target inhibition in vivo with tumor
growth inhibition at the molecular level, we also measured gefitinib mediated changes in the
expression levels of PCNA, a marker of cell proliferation, in patient samples obtained before
and after 14 days of gefitinib therapy. As summarized in Table 1, overall, the
pharmacodynamic effect of gefitinib ex vivo was concordant with in vivo target effect for all
four patients. The phosphorylation of EGFR was inhibited in patients 1, 2, and 3, (Figure
3A–C), whereas no EGFR expression was detected in patient 4 (Figure 3D). Only in patient
1 did gefitinib therapy cause inhibition of the P-ERK, but the level of P-AKT was
unaffected. In this patient, gefitinib led to strong inhibition of PCNA levels. In all other
patients, gefitinib therapy did not inhibit downstream signaling pathway activities and
PCNA expression in tumor cells in vivo, suggesting that PCNA expression correlates with
ERK pathway inhibition. These data show that the ex vivo assays can predict the
pharmacodynamic effects of gefitinib in esophageal tumors prior to in vivo treatment.

Mutation Analysis of EGFR, K-RAS and PI3KCA
Acquired activating mutations of the intracellular tyrosine kinase domain of the EGFR are
known to drive the neoplastic behavior of non-small cell lung cancer (31). Furthermore,
cancers with these mutations are much more sensitive to the inhibitory effects of the EGFR
inhibitors erlotinib and gefitinib (32). In addition, also in lung cancer, cells that become
resistant to these therapies often harbor a second EGFR mutation or a point mutation in the
K-RAS oncogene (28,32). There are reports of similar EGFR mutations in esophageal
adenocarcinoma; however, their impact on the biology and response to therapy of these
tumors is unknown (33–35).

Mutations in EGFR and/or the downstream signaling proteins K-RAS and PI3KCA have
been implicated in differential inhibition of the ERK and AKT pathways in tumor cells (27).
Furthermore, deletion mutation of the PTEN tumor suppressor protein can lead to
constitutive activation of AKT, independent of mitogenic stimuli (36). Given the observed
differential response of these four esophageal cancer patients to gefitinib we measured
PTEN protein expression in tumor cells and also performed genomic sequencing analysis of
mutational hotspots in exons 18–21 of EGFR, exons 2 and 3 of K-RAS and exons 9 and 22
of PI3KCA. As summarized in Table 2, no mutations were identified in mutation hot spots in
the EGFR, K-RAS and PI3KCA genes and all tumors expressed comparable amounts of
PTEN protein. These results suggest that the differential sensitivity of ERK and AKT
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pathways to gefitinib in patient 1 is not due to gain of function mutations in PI3KCA or
deletion mutations in PTEN genes. Furthermore, failure of gefitinib to block activation of
signaling pathways downstream to EGFR in patients 2 and 3 are likely not due to EGFR or
K-RAS mutations.

Immunohistochemical analysis of total EGFR and phospho-ERK expressions in tumor
tissue samples

To corroborate the results observed in the in vivo assays, tumor samples obtained before
gefitinib treatment were used to determine protein expression levels of EGFR and phospho-
ERK by immunohistochemical staining. As illustrated in Figure 4, interestingly, EGFR
displayed weak to moderate cytoplasmic and nuclear expression patterns in patients 1, 2 and
3, as described previously (37); whereas strong membranous EGFR staining was observed in
positive control sections (data not shown). No EGFR expression was observed in patient 4
(Figure 4). However, in all patients phospho-ERK showed strong nuclear staining regardless
expression of total-EGFR. The expression patterns of both EGFR and phospho-ERK closely
correlated with Western blot analysis shown above (Figure 3), confirming that the results are
representative of tumor cells.

DISCUSSION
The results of this study show that small samples of tumor cells obtained by endoscopic
biopsy prior to initiation of therapy can be used for pharmacodynamic assays to predict how
tumors will respond to an EGFR inhibitor. In patients with locally advanced esophageal
adenocarcinoma, we found a strong correlation between the pharmacodynamic effects of
gefitinib on activation of EGFR and its downstream targets in ex vivo and in vivo conditions.
Pharmacokinetic studies performed in esophageal cancer patients demonstrated that plasma
concentrations of gefitinib were adequate to achieve anti-tumor effect (29,30).

No consistent correlation was found between blockade of EGFR phosphorylation and the
effect on downstream signaling pathways. For example, phospho-EGFR was blocked in
three patients expressing high EGFR activity, but in only one of these were ERK pathway
activity and expression of PCNA downregulated. These results suggest that differential
regulation of these signaling pathways is often independent of EGFR. Examples of
alternative regulation are widely known and include: PTEN deletion/deactivation to activate
AKT, independent activation of RAS and MAP kinase pathways and upregulation of other
membrane tyrosine kinase receptors such as MET, HER-2, PDGFR (15,18–20,27,36,38).
While we identified no mutations in the known mutational hotspots of exons of EGFR, K-
RAS and PI3KCA genes and no deletion of PTEN, this does not exclude other bypass
mechanisms or the presence of other infrequent mutations within these genes.

Thus far, the implementation of pharmacodynamic studies in clinical trials with targeted
therapeutics has been limited. To date, most predictive studies have relied on analysis of
static determinants of tumor response, such as receptor expression, gene amplification, and
target mutations in tumor materials (39–41). Despite examples of success in some cases
including trastuzumab for HER2 overexpressing breast cancer, imatinib for CML and GIST
and rituximab for CD20 expressing lymphomas, there is accumulating evidence that the
detection of target protein expression in pre-treatment samples may be inadequate to predict
the activity of targeted drugs. This is especially true since the effect of a given agent may
depend upon alterations in the activity of signaling pathway components both upstream and
downstreamof the target protein (11,15). This fact is best illustrated in studies correlating
EGFR expression with tumor response to anti-EGFR therapy conducted by different groups.
In esophageal, head and neck and non-small cell lung cancers, EGFR overexpression has
been reported to correlate with worse prognosis (42–44). However, although overexpression
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of EGFR detected by fluorescence in situ hybridization was found to be predictive of tumor
reponse (45), EGFR expression demonstrated by immunohistochemistry has not been
accepted as a reliable predictor of responsiveness in most studies of EGFR inhibitors
(23,45–47). We propose that the pharmacodynamic ability of a drug to inhibit the target
pathway is more important as a predictor of efficacy than the expression or activation of the
target per se. Thus, the assays described herein provide a more direct, mechanism-based
approach for determining both prognostic and predictive markers in tumor cells. This
approach allows testing drug-mediated changes in the activity of specific pharmacodynamic
markers of EGFR signaling and correlates these effects with tumor response at the molecular
level.

In the previous drug sensitivity assays growth inhibition or cell death has been used to
predict tumor sensitivity to conventional chemotherapeutic agents (48–51). However, due to
poor tumor growth under assay conditions, and lack of reliable criteria for defining tumor
sensitivity, these chemosensitivity assays have not gained wide acceptance in clinical
oncology. We recently presented a novel short term biological (ex vivo) assay to predict the
efficacy of targeted drugs by analyzing pharmacodynamic markers specific to the molecular
pathways targeted by individual agents (25). Our results herein demonstrate that
cytologically confirmed endoscopic tumor samples can yield viable tumor cells and
sufficient protein quantities for analysis of the efficacy of targeted drugs prior to (ex vivo)
and during (in vivo) systemic treatment. Microscopic evaluation of air-dried/Diff-Quik–
stained cytologic slides prepared from endoscopic tumor samples rendered an immediate
assessment of specimen adequacy and diagnosis. This on-site sample evaluation also
enabled avoidance of necrotic samples and demonstrated that there were no apoptotic
changes after treatment with gefitinib.

While these results should be considered preliminary due to our small sample size, this is the
first study to our knowledge that describes utilization of a short term ex vivo assay than can
predict the PD effect of a targeted agent in cancer patients. Despite the lack of patient
outcome data, our correlative results support our hypothesis that the ex vivo assays described
herein may have potential to evaluate the sensitivity or resistance of a patient’s tumor to
targeted therapeutics prior to initiation of therapy. The implementation of this novel
approach may allow enrichment of clinical trials and help to facilitate the development of
targeted therapeutics. Furthermore, simultaneous profiling of multiple targets and pathways
may permit determination of resistance mechanisms in tumor cells. This may ultimately lead
to designing the most efficient drug combination regimens for individual patients while
sparing patients unlikely to respond to a drug.
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Figure 1.
Schematic representation of the experimental design. Tumor samples were collected by
endoscopy prior to (day 0) and after (day 14) the initiation of gefitinib therapy. Ex vivo and
in vivo assays were performed to predict and assess the efficacy of therapy in esophageal
cancer patients. Mutational analysis of EGFR, K-RAS and PI3KCA genes were performed in
pre-therapy tumor samples. Plasma concentrations of gefitinib were monitored in all patients
during the therapy.
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Figure 2.
A–D) Upper picture, tumor touch prep (AD/DQ), lower picture, paraffin sections of tumor
tissue (H&E) obtained by esophageal endoscopy prior to gefitinib therapy. AD/DQ: Air-
dried and Diff-Quik stain; H&E: Hematoxylin and Eosin stain.,
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Figure 3.
A–D) Ex vivo and in vivo studies with gefitinib in four esophageal cancer patients. Ex vivo
studies were performed with tumor cells collected from endoscopic tumor biopsies obtained
before the systemic gefitinib therapy (day 0). For the in vivo assessment analysis, tumor
samples were collected from the same patient before (day 0) and 14 days after therapy with
gefitinib. Cell lysates were prepared from AD/DQ-stained touch prep slides to determine
protein phosphorylation (P-) and/or total expression (T-) levels of EGFR ERK, AKT and
PCNA proteins on Western blot analysis.
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Figure 4.
Representative immunohistochemical staining of total EGFR (T-EGFR) and phospho-ERK
(P-ERK) in patients’ tumors obtained by endoscopic biopsy prior to initiation of gefitinib
therapy.
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Table 2

Mutational analysis of EGFR, K-RAS and PI3KCA genes and expression levels of PTEN protein in tumor
cells.

Gene mutation (exons) PTEN protein
expression relative

to β-actin1EGFR
(18–21)

PIK3CA
(9+21)

K-RAS
(1+2)

PT 1 WT WT WT 0.54

PT 2 WT WT WT 0.45

PT 3 WT WT WT 0.64

PT 4 WT WT WT 0.62

WT, wild-type;

1
PTEN protein expression levels relative to β-actin, analyzed by Western blot.
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