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A B S T R A C T

Purpose

Phaprmacodynamic tissue studies were conducted on a phase /Il trial of erlotinib and cisplatin in
patients with recurrent or metastatic head and neck squamous cell carcinoma (HNSCC). Levels of
epidermal growth factor receptor (EGFR), downstream signaling components, and markers of
angiogenesis and apoptosis were evaluated to determine the relationship between correlative end
points and clinical outcomes.

Patients and Methods
Pretreatment and during-treatment tumor and skin biopsies, and archival tumor specimens were

evaluated for EGFR, phosphorylated (p) -EGFR, extracellular signal-regulated kinase (ERK), p-ERK,
Akt, p-Akt, Ki67, p27, p-nuclear factor kappa B (NFkB), p-signal transducer and activator of
transcription 3 (STAT3), and EGFR gene copy number.

Results

On 37 archival samples, response to therapy was evident in two of four (50%) patients with high
EGFR gene copy number tumors and in four of 27 (15%) patients with low gene copy number
tumors. On nine paired tumor biopsies, elevated pretreatment levels of p27 and p-STAT3
predicted for prolonged time to progression (TTP) and overall survival (OS; P =.03). With
treatment, a decrease in p-EGFR, p-NFkB, and p27 correlated with increased TTP, OS, or both TTP
and OS, respectively (P = .04). Multidimensional scaling (MDS) models revealed clustering profiles
of tumor markers by immunofluorescence could predict response. On 32 paired skin biopsies,
suppression of p-EGFR with therapy correlated with increased OS (P = .045).

Conclusion

High EGFR gene copy in tumor specimens may predict which patients have an increased likelihood
of response to erlotinib, and decreased p-EGFR level in skin biopsies during therapy may represent
a potential surrogate marker for improved clinical outcome. MDS represents a novel way to
evaluate the relationships between molecular markers and clinical outcome. Additional biomarker
studies with larger sample sizes are required to elucidate HNSCC patients who may benefit from
this targeted therapy.

J Clin Oncol 25:2184-2190. © 2007 by American Society of Clinical Oncology

mous cell carcinomas (HNSCC),”” and elevated

levels of EGFR protein portend for a decreased

Epidermal growth factor receptor (EGFR) and its  disease-free survival.*®

ligands are fundamental for cell proliferation, motil-
ity, adhesion, invasion, and angiogenesis.' Dysregu-
lation of the EGFR signal transduction pathway
plays a critical role in the process of tumor forma-
tion, growth, and metastasis.”* Biochemical and
immunohistochemical studies have demonstrated
overexpression of EGFR in a number of solid tu-
mors, including 80% to 90% of head and neck squa-

EGEFR inhibition is an important strategy in
the treatment of HNSCC. Erlotinib is a small-
molecule quinazoline derivative that inhibits au-
tophosphorylation of EGER tyrosine kinase (TK)
and exerts antiproliferative effects resulting in cell
cycle arrest and induction of apoptosis.”'® Pre-
liminary results suggest that erlotinib inhibits
EGER signaling at the tumor level, and that p27
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upregulation may represent a marker of effective downstream
inhibition in skin tissues.'"'>

To maximize the clinical potential of erlotinib in HNSCC and
expand on the single-agent activity,® its use in combination with
cisplatin was evaluated in a phase I/II trial. Pre- and during treatment
levels of EGFR, its downstream signaling components, and markers of
angiogenesis and apoptosis in tumor and skin biopsies were examined
to determine the relationship between these correlative end points and
clinical outcome.

Clinical Study

Tumor and skin samples were procured from participants in a phase I/IT
trial of erlotinib and cisplatin in recurrent or metastatic HNSCC. Eligible
patients were treated either in the phase I portion of the trial or at the recom-
mended phase II dose of erlotinib 100 mg orally daily on a continuous schedule
and cisplatin 75 mg/m? intravenously on day 1 every 21 days. For the first cycle,
erlotinib was taken alone for 7 days (days —6 to day 0) as a run-in period, to
enable a steady-state concentration before initiating cisplatin. The primary end
point was objective response rate assessed using Response Evaluation Criteria
in Solid Tumors." Secondary end points included clinical parameters of
efficacy, safety assessments, and molecular correlations using tumor and skin
biopsies. Separate written consent was obtained for optional tissue banking
and correlative studies. Institutional review board approval was obtained at all
participating centers.

Tissue Acquisition

All patients enrolled onto the study had representative archival paraffin
block or unstained sections from their primary tumor diagnostic specimen
sent for evaluation. In those patients with accessible tumor tissues and written
consent, fresh tumor biopsies were taken up to 7 days before and after 1 week
of erlotinib treatment. Biopsies obtained during erlotinib treatment were
taken between 4 and 8 hours after the drug dose and before cisplatin admin-
istration. In consenting patients, paired skin biopsies were performed at the
same time points. For tumor tissue biopsies, a 14-gauge tru-cut biopsy was
performed using standard surgical technique. For skin biopsies, a 3- to 4-mm
punch specimen was procured pretreatment, and repeated during treatment at
or near the original site. All samples obtained were placed immediately in 10%
neutral buffered formalin, fixed overnight, and transferred to 70% ethyl alco-
hol for storage before paraffin embedding.

Immunohistochemistry and Immunofluorescence

Biomarkers related to EGFR and its associated pathways were analyzed in
tumor and surrogate tissues using either colorimetric immunohistochemistry
(IHC) or immunofluorescence (IF) techniques. Phosphorylation of EGFR
activates downstream signaling pathways, including Ras-Raf-MEK-extracel-
lular signal-regulated kinase (ERK), phosphatidylinositol 3'kinase/Akt, and
the signal transducer and activator of transcription (STAT) pathways.'>'¢
Ki67 is an index of cellular proliferation; p27 is a cell cycle inhibitor; and
nuclear factor kappa B (NFkB) is a marker of cell survival. Phosphorylation
denotes the activation state of the cellular proteins under evaluation. Archival
specimens were assessed for EGFR expression using IHC. Paired tumor spec-
imens were assessed for EGFR, phosphorylated (p) -EGFR, ERK, p-ERK, Akt,
p-Akt, p27, Ki67, p-NF«B, p-STAT3 using both IHC and IF. Paired skin
biopsies were assessed for EGFR, p-EGFR, ERK, p-ERK, Akt, p-Akt, p27, and
Ki67 using IHC.

For THC and IF, sections were pretreated with 0.4% pepsin, pH 2.0, or
subjected to antigen retrieval in a Milestone T/T Mega microwave oven (Mile-
stone stl, Sorisole [BG], Italy) for 10 minutes at 120°C in 10 mmol/L citrate
buffer, pH 6.0. After cooling, sections were covered with normal serum and
incubated in primary antibodies. IF tumor biopsies were dual stained with
antibodies against the marker protein and cytokeratin (cocktail of Dako
monoclonal antibodies to AE1/AE3, HMWK, CK7, CK20 or Dako rabbit
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polyclonal antikeratin wide spectrum screening; Dako Cytomation, Carpinte-
ria, CA) to identify epithelial tumor cells. After primary antibody incubation,
slides were rinsed in phosphate-buffered saline and secondary antibodies (Cy5
conjugate, specific to the cell signaling markers, and Cy3 conjugate, specific to
the cytokeratin) were applied for 30 minutes at room temperature in darkness.
Sections were counterstained with the DNA-specific dye 4,6-diamidino-2-
phenylindole (DAPI; Roche Applied Science, Laval, Quebec, Canada) at 1
pg/mL for 5 minutes at 4°C, then rinsed twice for 5 minutes with distilled
water and air dried.

Image Analysis

Biopsies stained by IF were imaged using a wide-field laser-scanning
microscope (TISSUEscope; Biomedical Photometrics Inc, Waterloo, Ontario,
Canada) using dual 532- and 639-nm excitation. The entire tissue area was
scanned to give a pixel resolution of approximately 2 um. Using the
cytokeratin-stained image, the tumoral area was outlined as described previ-
ously.'” This outline creates masks of tumor areas, which were superimposed
on the specific cell-signaling marker tagged with Cy5 fluorochrome image.
The change in staining brightness was measured in gray levels for the pretreat-
ment and during-treatment biopsies. Results were expressed as the percent of
positive stained areas in square micrometers within the tumor regions, and the
staining intensity reported as mean integrated optical density in gray levels, except
for p27, Ki67, p-STAT3, and NFkB, for which the estimated number of positive
nudlei per tumor area with mean nuclear size of 75 pum? was determined.

THC-stained biopsies were acquired using Zeiss transmitted-light micro-
scope (Carl Zeiss, Oberkochen, West Germany), 20X objective, motorized
stage, and a Sony DXC970 color camera (Toyko, Japan) controlled by MCID
Elite software (St Catherine’s, Ontario, Canada). Manually selecting the epi-
dermis and setting a threshold on positive NovaRed stained areas, the software
computed the proportional positive stained area for all markers except p27 and
Ki67, for which the estimated number of positive nuclei per tumor area with
mean nuclear size of 75 um? was determined.

IHC Scoring

The THC for EGFR was evaluated for the extent of tumor cell membra-
nous staining and staining intensity, and was scored from 0 to 5 (0%, < 1%,
1% to 10%, 11% to 33%, 34% to 67%, > 67%) and 0 to 3 (absent, weak,
medium, strong), respectively.

Fluorescent In Situ Hybridization and Analysis

Archival tumor specimens were analyzed for EGFR gene amplification
status using fluorescent in situ hybridization (FISH), as described previously.'®

Analyses were done with a fluorescence microscope by two independent
observers (G.C.S. and P.M.). The observers were blinded to the patient’s
clinical response and each other’s assessments. One hundred nonoverlapping
interphase nuclei were scored for EGFR and CEP7 copy number and classified
into six categories, as reported previously.'®*?

Statistical Analysis

Expression levels were averaged across slides from the same tumor bi-
opsy. Changes due to treatment for paired biopsies were evaluated using
Wilcoxon rank sum tests on the difference in expression (during treatment
minus pretreatment). Predictions of clinical outcomes were evaluated using x*
tests when the outcome was response, and analysis of variance or Spearman
correlation coefficients for survival outcomes (all patients had experienced
disease progression and/or died as of the final analysis). Generalized estimating
equations were used to verify and explore results further. Grouping of vari-
ables based on response, FISH status, and for IHC analyses based on staining
extent and intensity was done to increase statistical power. All tests were two
sided and a P value of .05 or less was considered statistically significant. No
multiple-testing P value adjustment was performed.

To provide an analysis of multiple markers at the same time, multidi-
mensional scaling (MDS) was used.?’ MDS can be considered to be an alter-
native to factor analysis. MDS is a data analysis technique that displays the
structure of distance-like data as a geometric picture. MDS illustrates the
structure of a set of study samples from data that approximate the distances
between pairs of the study samples. Two similar study samples are represented
by two points that are close together, and two dissimilar study samples are
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Table 1. Response Rates, TTP, and OS for Patients With Assessable
Archival Specimens, Paired Skin Biopsies, and Paired Tumor Biopsies
Archival Skin Tumor
Specimens Biopsies Biopsies
Outcome No. % No. % No. %
No. of patients 37 32 9
Response
CR 1 3 1 3 0 0
PR 6 16 5 16 1 11
SD 18" 49 16 50 7 78
PD 11 30 10 31 1 11
NA 1 3 0 0 0 0
TTP, months
Median 3.1 32 3.3
Range 1.2-10.1 1.2-10.1 0.9-8.9
OS, months
Median 6.1 8.2 8.3
Range 1.2-28.8 1.2-28.8 0.9-28.8
Abbreviations: TTP, time to progression; OS, overall survival; CR, complete
response; PR, partial response; SD, stable disease; PD, progressive disease;
NA, not assessable.
*One patient had unconfirmed PR.

represented by two points that are far apart. The result of MDS is usually a
three-dimensional Euclidean space.

Samples Available for Analysis and Clinical Outcomes
Ofthe 51 patients accrued for enrollment onto the phase I/I trial,
42 archival tumor samples from 37 different patients, 32 paired skin

Table 2. Objective Tumor Response, TTP, and OS, As Analyzed by EGFR
Gene Copy and Protein Expression Assays on Archival Specimens
No. Response  TTP 0os
EGFR Assay (n = 35) Rate (%) (months) (months)
Gene copy number by FISH
Low 27 15 2.8 5.6
High (HP + AMP) 4(2+2) 50 35 7.1
P .33 79 .88
Protein by IHC
Staining extent, %
0-10 1 0 2.6 7.8
11-33 0 NA NA NA
34-66 10 10 3.0 4.1
67-100 24 25 3.2 6.1
P .39 .82 .55
Staining intensity
Absent or weak 4 0 3.7 8.4
Medium 17 12 3.2 5.4
Strong 14 36 2.4 7.7
P .090 46 .89
Staining extent and intensity
67%-100% and strong 12 33 2.4 7.7
< 67% and < strong 23 13 3.1 5.6
P .33 .35 .96
Abbreviations: TTP, time to progression; OS, overall survival, EGFR, epider-
mal growth factor receptor; FISH, fluorescent in situ hybridization; HP, high
polysomy; AMP, amplification; IHC, immunohistochemistry.
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Fig 1. (A) Kaplan-Meier curves of (A) time to progression and (B) overall survival
for fluorescent in situ hybridization (FISH) -positive versus FISH-negative patients
analyzed for epidermal growth factor receptor (EGFR) gene amplification status.

and nine paired tumor biopsy samples were available for analysis.
Response rates, time to progression (TTP) and overall survival (OS)
for these patients are outlined in Table 1. Details of the clinical results
of this study are provided in a companion article.*'

Archival Tumor Samples

FISH was used to assess the EGFR gene copy number on all
archival tumor samples and complete analysis was achieved on 32
(86%) samples (Table 2). Patients with high EGFR gene copy numbers
(amplification and high polysomy) are designated as FISH positive
and patients in all other categories are designated FISH negative.
FISH-positive patients had a high response rate to therapy (two of
four; 50%), longer TTP (3.5 months), and a median survival of 7.1
months. Among FISH-negative patients, response to therapy was ob-
served in four of 27 patients (15%), and TTP and median OS were 2.8
and 5.6 months, respectively (Fig 1).

Among the 37 patients whose archival tumor samples were sub-
jected to THC analysis, 36 samples (97%) were EGFR positive. The
relationships among EGFR status, clinical parameters of tumor re-
sponse, TTP, and OS are summarized in Table 2. Of those patients
with = 67% of cells staining for EGFR, six of 24 (25%) responded to
therapy, whereas only one of 11 (9%) patients with less than 67% of
cells staining for EGFR achieved an objective response. With respect to
EGFR staining intensity, objective responses were seen in five (36%) of
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Fig 2. Whisker plot of change in markers pretreatment and during treatment. Plots were scaled by dividing by the median pretreatment value, for visual purposes only.
(A) Whisker plot of immunofluorescence markers on paired tumor biopsies. (B) Whisker plot of immunohistochemistry markers on paired skin biopsies. No statistically
significant changes are observed. EGFR, epidermal growth factor receptor; p, phosphorylated; ERK, extracellular signal-regulated kinase; NF«B, nuclear factor kappa

B; STAT3, signal transducer and activator of transcription 3.

14 patients with strong staining intensity, compared with two (10%)
of 21 patients who had weaker or no staining intensity. No statistically
significant association between FISH and IHC evaluation of EGFR
status was established.

Paired Tumor Biopsies

Pretreatment expression levels of EGFR, p-EGFR, ERK, p-ERK,
Akt, p-Akt, Ki67, p27, p-NFkB, and p-STAT3 were analyzed in the
nine paired tumor biopsies. Levels were compared with expression
levels after 7 days of treatment with erlotinib (Fig 2A). IF analysis
suggests that several markers may predict or correlate with TTP and
OS. An elevated baseline p27 and p-STATS3 predicted for prolonged
TTP and OS (P = .03). Decreases in p-EGFR and p-NFkB with
treatment were associated with increased TTP (P = .04) and OS
(P = .03), respectively, and decrease in p27 with treatment was asso-
ciated with both increased TTP and OS (P = .04). All calculated
expression levels of the markers are a reflection of the area of the tumor
that has stained for the specific cell-signaling marker. Intratumor
heterogeneity of molecular markers has been observed in biopsy spec-
imens and may reflect an underestimate of the true expression levels of
the markers (Fig 3).

MDS was used to explore the impact of the simultaneous
grouping of expression levels of multiple markers on response
rates, TTP, or OS. These models illustrated that expression levels of
tumor markers by IF can predict for response (Appendix Fig A1A,
online only). No clustering patterns were visualized when THC
evaluation of tumor markers was used. MDS graphs did not illus-
trate clustering patterns as predictors of TTP or OS (Appendix Fig
A1B, online only).

Paired Skin Biopsies

Pretreatment expression levels of EGFR, p-EGFR, ERK, p-ERK,
Akt, p-Akt, Ki67, and p27 were analyzed in the 32 paired skin biopsies.
Levels were compared with expression levels after 7 days of treatment
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with erlotinib (Fig 2B). When comparing levels of expression as a
result of therapy, increased OS was observed in patients exhibiting a
suppression of p-EGFR with therapy (median survival of 10.1 months
[range, 6.1 to 15.9 months] v 4.8 months [range, 2.5 to 8.7 months]).
Expression of the cell cycle inhibitor p27 was found to increase with
therapy, but neither predicted nor correlated with clinical outcome.
No other marker showed a significant association with response, sur-
vival, or TTP.

Fig 3. Representative example of staining heterogenicity. (A) Histologic appear-
ance of the tumor prestaining; (B) immunohistochemical result showing positive
staining of tumor cells for phosphorylated extracellular signal-regulated kinase,
with concentration of staining around the periphery of the tumor and absence of
staining in the center.
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MDS graphs were established from the paired skin samples in
an identical way as that for the paired tumor biopsy samples. No
distinct clustering patterns in the three-dimensional models were
visualized when associating grouped skin markers with responses,
TTP, or OS (Appendix Fig A1C, online only).

Erlotinib as a single agent has been shown to produce prolonged
disease stabilization in patients with recurrent or metastatic HNSCC."
Identification of a subset of patients who may benefit the most from
erlotinib therapy has not been well established in this disease. Our
study sought to establish if baseline levels of EGFR expression and
receptor phosphorylation status in tumor and skin biopsy samples
could predict outcome to therapy, if the effect of erlotinib on down-
stream signaling components can be measured in tumor and skin
tissues, and if skin biopsies can be used as a surrogate to predict or
follow clinical outcome.

To the best of our knowledge, this study is the first to suggest that
HNSCC patients with high gene copy number may have higher re-
sponse rates to erlotinib therapy than patients with low EGFR gene
copy number. Three recent reports, in patients with non—-small-cell
lung cancer (NSCLC), confirmed an association between high EGFR
gene copy number with either survival or response to EGFR TK
inhibitor therapy. Cappuzzo et al'® reported on NSCLC patients
treated with gefitinib, and showed a statistically significant survival
advantage for patients with EGFR FISH-positive tumors. Similar re-
sults were seen in a subset of patients with lung adenocarcinoma
with bronchoalveolar growth pattern.”* Tsao et al'® have recently
confirmed, by univariate analysis, a prolonged survival in EGFR FISH-
positive NSCLC patients treated with erlotinib; however, by multivar-
iate analysis, this advantage was not conferred.

Most previous studies have found the expression of EGFR
protein in archival specimens by IHC an unreliable predictor of
responsiveness to EGFR inhibitor therapies.”>*> Consistent with
the phenotype of squamous cell carcinoma, we found that nearly
all of our patients expressed the EGFR protein, thus rendering the
differentiation of clinical outcome between EGFR-positive and
-negative patients to be statistically impossible. We then attempted
to analyze our results by stratification based on percentage of
positively stained cells and intensity of staining. Response rates
tended to favor those patients with increased percentage of cells
staining for EGFR and those with increased staining intensity.
Other studies have not demonstrated this association®® and most
recently a study of the anti-EGFR monoclonal antibody cetux-
imab in HNSCC has shown the opposite finding.*” It should be
reminded that THC is a subjective assay lacking the dynamic
range for quantitative evaluation of protein expression level.
With most HNSCC expressing high EGFR protein, the lack of
correlation between EGFR gene dosage and the IHC protein
levels is not surprising, as demonstrated by our data and that of
Mrhalova et al.*®

With EGFR TK inhibition by erlotinib, downstream effec-
tor signals are expected to decrease and theoretically, p27
should be increased.”'® We observed a decrease in p27 in pa-
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tients receiving erlotinib therapy that was associated with im-
proved survival outcomes. A concern has arisen about the
potential antagonistic effect of EGFR inhibitors and chemother-
apeutic agents.”>° Although cytotoxic chemotherapeutic agents
act on dividing cells, EGFR inhibitors cause G, cell cycle arrest. By
causing this cell cycle arrest, erlotinib may antagonize the antitu-
mor effects of cisplatin. It is therefore a possibility that patients
whose tumor cells continued to proliferate and did not undergo
cell cycle arrest, despite erlotinib, were more likely to experience
benefits from cisplatin and thus had an improved survival outcome
with an observed decrease in p27.

As a prognostic marker, overexpression of p-NF«B has been
found to relate to poor survival in a series of tonsillar HNSCC.?' Our
study did not indicate any significant association between the pretreat-
ment p-NFkB level and clinical outcome. As a pharmacodynamic
marker, EGFR inhibitors have been shown to inhibit NF«B phosphor-
ylation in vitro.”* Although significant change in p-NF«B levels after 1
week of erlotinib was not observed, among patients whose p-NFkB
did decrease with erlotinib, there was an increase in OS (P = .03) ina
univariate analysis. This result is logical, given that NF«B is a survival
factor for tumor cells, hence a decrease in the activation of this factor
would confer a better outcome. However, given the small sample size
and the fact that this is only a univariate analysis, this finding should be
interpreted as exploratory.

Given the small number of samples obtained, and by compar-
ison, the large number of markers evaluated, individual examina-
tions of the effects of each marker on objective response, TTP, and
OS by univariate analyses are plagued by multiple significance
testing and are statistically flawed. From our nine paired tumor
biopsy samples and 32 paired skin biopsy samples, the only uni-
form finding was that a decrease in p-EGEFR level after 1 week of
erlotinib in both tissue types was associated with increased TTP
and OS, respectively. Therefore, p-EGFR may represent a useful
surrogate pharmacodynamic marker of erlotinib effect in recur-
rent or metastatic HNSCC. Our group has shown similar results of
a decreased p-EGEFR level in tumor tissue during treatment with
erlotinib for patients with metastatic colorectal cancer."”

Recent publications have explored the role of MDS as a means to
visualize multiple results without the use of a P value.”>*> Our MDS
models illustrated that clustering patterns of molecular markers in
tumor biopsy samples may help distinguish responders from nonre-
sponders, but no significant patterns were identified using the skin
samples from our patients. Although MDS models of baseline and
during treatment expressions of tumor markers seemed to predict for
objective responses with erlotinib, no associations with TTP or OS
were found.

This study illustrates that when serial tumor biopsies are optional
rather than mandatory, a paucity of research samples are obtained.
Given the number of assessable samples, the inclusion of multiple
markers for analysis, the issue of tumor heterogeneity, the variability
of reagents and antibodies used, and the differences in sample han-
dling and storage procedures, it becomes difficult to draw definitive
conclusions with sufficient power. Although our ability to formulate
any association between tumor or surrogate tissue samples with clin-
ical outcome is limited, additional evaluation of the association
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between EGFR gene copy and response to EGFR inhibition in HNSCC

needs to be explored.
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