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Abstract
Background—The epidermal growth factor receptor (EGFR) is a validated target in squamous cell
carcinoma of the head and neck but in patients with recurrent or metastatic disease, EGFR targeting
agents have displayed modest efficacy. Vascular endothelial growth factor (VEGF) mediated
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angiogenesis has been implicated as a mechanism of resistance to anti-EGFR therapy. This study
combined an EGFR inhibitor, erlotinib, with an anti-VEGF antibody, bevacizumab.

Methods—This multi-institutional phase I/II study enrolled patients with recurrent or metastatic
squamous cell carcinoma of the head and neck to receive erlotinib (150 mg daily) and bevacizumab
in escalating dose cohorts. The primary objectives in the phase I and II portions, respectively, were
to determine the maximum tolerated dose and dose-limiting toxicity of bevacizumab when
administered with erlotinib and to determine the objective response rate and time to disease
progression. Pre-treatment serum and tissues were collected and analyzed by Enzyme-Linked
ImmunoSorbent Assay and immunofluorescence quantitative laser analysis, respectively. This study
was registered with ClinicalTrials.gov, number NCT00055913.

Findings—The phase I portion enrolled 10 subjects in three successive cohorts without dose-
limiting toxicity observed. An additional 46 subjects were enrolled at the phase II dose (bevacizumab
15 mg/kg every 3 weeks). The most common toxicities of any grade were rash and diarrhea (41 and
16 of 48 subjects, respectively). Three patients experienced serious bleeding events. The observed
response rate was 15% with 4 complete responses (CR) allowing rejection of the null hypothesis.
The median overall and progression-free survival (PFS) durations were 7.1 (95% Confidence
Interval: 5.7 to 9.0) and 4.1 (95% Confidence Interval: 2.8 to 4.4) months, respectively. Higher ratios
of phosphorylated over total VEGF receptor-2 and EGFR in pre-treatment biopsies were associated
with CR (0.7043 vs. 0.3857, p=0.036 and 0.949 vs. 0.332, p=0.036, respectively) and tumor shrinkage
(p=0.007 and p=0.008, respectively) in a subset of 11 subjects with available tissue.

Interpretation—The combination of erlotinib and bevacizumab is well tolerated in recurrent or
metastatic squamous cell carcinoma of the head and neck. Some patients appear to derive a sustained
benefit and complete responses were associated with expression of putative targets in pre-treatment
tumor tissue.

Introduction
Squamous cell carcinoma of the head and neck (squamous cell carcinoma of the head and neck)
is the 6th most common malignancy with a worldwide incidence of approximately 500, 000
(1). Recurrent or metastatic (recurrent or metastatic) disease will occur in 50% of patients who
can be offered palliative chemotherapy but the majority will die within 1 year(2). The epidermal
growth factor receptor (EGFR) is almost universally expressed in squamous cell carcinoma of
the head and neck and higher expression has been linked with poor outcome.

Recently, a phase III study tested whether adding an anti-EGFR antibody, cetuximab, to platin/
5-fluorouracil chemotherapy would improve survival in patients with recurrent or metastatic
disease(3). The results of the study significantly favored the experimental arm with respect to
response rate (36 vs. 20%) and median overall survival (10.1 vs. 7.4 months) demonstrating
the utility of administering cetuximab in combination with cytotoxic chemotherapy.

However response rates to EGFR inhibitors as single agents are modest and mechanisms
underlying resistance elusive(4). In preclinical models upregulation of vascular endothelial
growth factor (VEGF) has been implicated in resistance to EGFR inhibition(5–7). In fact,
administering EGFR inhibitors in combination with anit-angiogenic agents has demonstrated
additive cytotoxicity in these models.

The current study, therefore, sought to assess the feasibility and tolerability of escalating doses
of an anti-VEGF monoclonal antibody, bevacizumab, administered concurrently with an
EGFR small molecule tyrosine kinase inhibitor (TKI), erlotinib. Upon reaching the planned
dose, the combination was evaluated in a phase II cohort. Pre-treatment serum and tissue was
obtained from subjects to evaluate potential predictive markers.
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Methods
Patient Selection and Treatment

Major eligibility criteria included pathologic and Response Evaluation Criteria in Solid Tumors
(RECIST) (8) defined measurable evidence of recurrent or metastatic squamous cell
carcinoma, age ≥ 18 years, Eastern Cooperative Oncology Group performance status ≤ 2,
International Normalized Ratio of prothrombin time <1.5, leukocyte count ≥3,000/μl, absolute
neutrophil count ≥1,500/μl, platelet count ≥100,000/μl, total serum bilirubin within
institutional limits, AST (SGOT) and ALT (SGPT) ≦ 2.5 times institutional upper limit of
normal, and serum creatinine within institutional limits. Patients were excluded if there was
evidence of brain metastasis; more than one prior regimen for recurrent or metastatic disease;
prior anti-EGFR or VEGF-based therapy; tumor encasing or deemed to be in close proximity
to a major blood vessel; history of a bleeding diathesis, deep venous thrombosis, clinically
significant cardiovascular disease, non-healing wounds, major surgery within 4 weeks,
uncontrolled hypertension, or significant ophthalmologic abnormalities; or chronic use of
aspirin (≥325 mg/d), non-steroidal anti-inflammatory drugs, therapeutic warfarin, or heparins.
The study was approved by each participating site’s Institutional Review Board and all subjects
were required to understand and sign the approved written informed consent document.

In phase I bevacizumab (Genentech, South San Francisco, US) was administered intravenously
every three weeks and dose escalated in three successive cohorts of 5, 10, and 15 mg/kg.
Erlotinib (OSI Pharmaceuticals, Melville, US) was administered orally at 150 mg every day
without escalation in all cohorts. Dose escalation and accrual to next dose cohort proceeded
using a “3+3” design(9). Maximum administered doses were used in phase II.

Dose limiting toxicity (DLT) was assessed in cycle 1 and defined as grade ≥ 3 toxicity except
fatigue; hypertension that was not medically controlled; development of nephrotic syndrome
or severe hemorrhage; or inability, due to any toxicity, to complete a total of one cycle, or delay
of the start of the next cycle for greater than 7 days, or greater than 7 days delay in erlotinib
administration. National Cancer Institute Common Terminology Criteria for Adverse Events
version 2.0 was used to grade toxicity.

Patients in the phase II portion were randomized to one of two arms (“A” and “B”) for cycle
1 only to assess molecular endpoints related to erlotinib and bevacizumab administration. In
both arms patients received erlotinib daily without interruption. In arm A bevacizumab was
added on day 15 and in arm B bevacizumab was started on day 1. Bevacizumab was
administered on day 1 of all subsequent cycles. Disease was assessed according to RECIST
every 6 weeks.

Tumor and Serum Analysis
Tumor biopsies were performed using a 14-guage biopsy needle, instantly frozen, and stored
at −80°C as previously described(10). Enzyme-Linked ImmunoSorbent Assay on serum
Transforming Growth Factor-alpha (TGF-α) and VEGF was performed in triplicate as
previously described(11).

Antibodies against human phosphorylated (p) VEGFR2 (PC460, Calbiochem;1:1,000),
VEGFR2 (BD Pharmingen;1:100), pEGFR (Y1173, Santa Cruz Biotechnology;1:100), EGFR
(1005, Santa Cruz;1:100), pERK (Calbiochem;1:100), ERK (Calbiochem1:100), pAKT
(Calbiochem Cat# 1240011:100), AKT (Cell Signaling Cat# 2966;1:100) and CD31
(DakoCytomation1:100) were incubated with the rehydrated slides as previously described
(12).
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Quantification of the protein expression was determined by laser scanning cytometry (LSC)
analysis which obtains two- and three-color mean fluorescence intensity (MFI) information as
previously described(12,13). Cell nuclei were contoured using the red fluorescence (propidium
iodide) detector. CD31-positive vessels were detected by Cy5 fluorescence using the long red
fluorescence detector, and –biomarker positive events, i.e., phosphorylated and total
VEGFR-2, EGFR, ERK, and AKT, were detected using the green detector. All cells within the
tumor as assessed by hematoxylin and eosin stain that did were CD-31 positive or negative
were considered endothelial cells (EC) or tumor cells (TC), respectively.

Statistical considerations
The phase II portion utilized a two-stage design to test the null hypothesis that the response
rate is ≤ 5% and the percentage of patients not progressing within two months is ≤ 30% against
the alternative that either is greater(14,15). RECIST criteria(8) were used to determine response
with measurements obtained every two cycles (six weeks) using either conventional CT or
MRI. The design called for 22 patients to be enrolled in the first stage. If fewer than 2 responses
and more than 14 patients progressed, the study would be halted for lack of efficacy. Otherwise
an additional 24 patients were to be enrolled for a total of 46. If 6 or more responses were
observed or fewer than 29 patients progressed within two months, the treatment would be
considered worthy of further study, whereas if 5 or fewer responses were observed and 29 or
more patients progressed within two months, the treatment would not be deemed worthy of
further investigation. At α-level of approximately 0.10, this design has 90% power if the true
response rate is 20% and the stable disease rate is 10% or if the true response rate is 5% and
the stable disease rate is 45%.

Overall survival (OS) is defined as the time from entry into the trial until death from any cause.
Patients who had not died were censored as of the date last known alive. Progression-free
survival (PFS) is defined as the time from entry into the trial until disease progression or death
from any cause. Patients remaining alive without disease progression were censored as of the
date last known progression free. These rates were estimated by the Kaplan-Meier(16) method
and comparisons were made via the log-rank test. Patients alive without recurrence were
censored as of the date of the last negative exam. Post-hoc, exploratory analyses were
performed to examine the effects of potential prognostic variables on PFS and OS using the
Cox(17) regression model. Univariate models were first fit to evaluate the effects of sex, race,
prior systemic chemotherapy and other baseline variables on OS and PFS. Multivariable Cox
regression(17) analyses were then performed, followed by analysis of the prognostic
significance of the occurrence of skin rash and diarrhea. For these analyses, rash and diarrhea
were modeled as time-dependent covariates (step functions) taking the value 0 prior to
occurrence of the toxicity and 1 afterwards. For patients never experiencing the toxicity the
covariate value remains 0 throughout.

All laboratory analyses in this study were performed blinded to patient clinical data.
Pretreatment biomarker expressions were compared between responders and non-responders
using exact permutation tests. The prognostic value of biomarkers for PFS and OS was assessed
using the Cox model. All p-values are two-sided and p < 0.05 was considered statistically
significant.

Role of the Funding Source
The sponsor had no role in the study design; collection, analysis, or interpretation of the data;
or writing of the manuscript. One author (JED) was employed by the sponsor and contributed
to study design and writing of the manuscript. All authors had full access to subject de-
identified raw data. The corresponding author had full access to all of the data and the final
responsibility to submit for publication.
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Results
A total of 56 patients were entered onto the study from April 15, 2003 to January 27, 2005, 10
in phase I and 46 in phase II (Figure 1 and Table 1). One subject in the first dose cohort withdrew
from study prior to completion of cycle 1 due to a rising serum prostate specific antigen and
was not considered evaluable. The first three patients at the highest dose (15 mg/kg) from the
phase I portion of the trial were included in the phase II evaluation. Conversely, the first three
patients in the phase II portion were used to confirm that 15 mg/kg was the maximum tolerable
dose. One subject in the phase II study was deemed non-evaluable due to missing baseline CT
scans, but two extra patients were accrued beyond the protocol-stipulated 46, leaving a total
of 48 patients for the phase II evaluation. The database was locked on October 1, 2007. Twenty
pre-treatment tumor biopsies were obtained; 7 lacked TC or were inadequate for analysis and
1 subject was non-evaluable due to early withdraw from study.

No DLT were observed as defined in the phase I portion. Therefore bevacizumab, 15 mg/kg,
with erlotinib, 150 mg every day, was administered in the subsequent phase II portion. Grade
3 or 4 toxicities attributed to therapy occurred in 5 of 10 patients after cycle 1 (one grade 4
hemorrhage during cycle 5, one grade 4 anorexia with grade 3 oesophagitis during cycle 6, and
one grade 3 diarrhea, pruritis, and lymphopenia). Rash was the most common toxicity observed
developing in 8 of 10 patients and was independent of dose level. One partial response was
observed at dose level 1.

There were 48 evaluable patients for the phase II portion. Among the first 22 first-stage patients
enrolled there were 3 responders and 7 patients with stable disease for ≥ two months; hence
the study proceeded to stage 2. Among the first 46 patients enrolled, 7 were responders, 14 had
stable disease (SD) for ≥ two months, and 25 had early progressive disease (PD) or did not
complete first response assessment. Hence pre-specified criteria were met to declare the
combination sufficiently active for further study. Among the 48 subjects, best observed
response included 7 [15%, 95% confidence interval (CI) 6–28 %] CR or PR and 15 (31%) SD.
Among the four complete responders, duration of response was 2.5 months, >17 months
(observation censored), unknown (patient lost to follow-up), and 5 months, respectively.
Among three partial responders, the duration of response was 1.5 months, 3 months, and >21
months (observation censored), respectively. The mean number of cycles administered was
4.6 (range 1–48) and the mean treatment duration was 137 days (range 33–1015 days) with
one patient still on treatment after 33 months.

The median OS time was 7.1 months (95% CI: 5.7 to 9.0) with 15 subjects surviving 1 year.
The median PFS time was 4.1 months (95% CI: 2.8 to 4.4). Kaplan-Meier OS and PFS curves
are shown in Figure 2. Prolonged PFS, lasting 24 months or more, was observed in 3 subjects,
two of whom received erlotinib/bevacizumab as their first treatment for recurrent or metastatic
squamous cell carcinoma of the head and neck with all demonstrating responses (2 CR and 1
PR).

The most common drug related toxicities were rash, diarrhea, fatigue, stomatitis, anorexia, and
laboratory abnormalities (Table 2). Thirteen subjects had their treatment delayed at some point,
but only one patient required a dose reduction (erlotinib reduced to 100 mg every day due to
rash). Four subjects discontinued therapy due to toxicity – 1 deep venous thrombosis, 2 serious
hemorrhagic events, and 1 hypoalbuminemia.

One of the serious hemorrhagic events was fatal and on autopsy it was ascertained to be
laryngeal in origin but not at a site of active disease. The other hemorrhagic event occurred in
a site of disease involvement in the floor of mouth. The only common element between the
hemorrhagic events observed in phase I and II portions was that all subjects received prior
radiotherapy to the site; however, 42 of the 56 patients enrolled had prior radiotherapy.
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There was no statistically significant association between receipt of prior systemic
chemotherapy for recurrent or metastatic disease and best response (p=0.64), however, both
OS and PFS rates were significantly higher in first-line patients (Figure 3). For OS, a Cox
regression model yielded a hazard ratio (HR) of 2.45 (95% CI: 1.32 to 4.56, p=0.0046) for
patients with prior therapy compared to those without. For PFS, the HR was 2.40 (95% CI:
1.28 to 4.50, p=0.0062).

There was no statistically significant association between treatment arm and best response,
PFS, or OS.

Univariate Cox proportional hazards regression models were performed to screen for additional
prognostic factors including sex, race, disease type (local/regional recurrence, distant
metastasis, or both), performance status, age, and prior therapy. Significant prognostic
variables were sex and disease type for OS and disease type for PFS (Table 3).

Multivariate analyses were performed including performance status, gender, disease type, and
first vs. second-line status in the model (Table 4). Significant prognostic factors were second-
line status for OS (p=0.020) and disease type and second-line status for PFS (p=0.016 and
0.037, respectively). Patients with prior therapy were at approximately two-fold greater risk
than first-line patients for both endpoints. The hazard rate for disease progression/death was
nearly three-fold higher among patients with both locally advanced and metastatic disease
compared to those with only locally advanced cancer.

Following the multivariate analysis the association between the occurrence of rash [grade 2 or
higher (23 cases)] and diarrhea [any grade (16 cases)] with outcomes was examined. Since the
occurrence of rash and diarrhea are “post-baseline” variables, these analyses should be
interpreted cautiously(18). Multivariate Cox regression models for OS and PFS were fit
including these variables as well as first vs. second-line status and disease type (Table 5). Time
to event was measured from entry into the study. Occurrence of diarrhea was associated with
improved (hazard ratio less than 1) OS (p=0.0023) but no significant association was found
for rash or when PFS was the endpoint. If diarrhea occurring only during cycle 1 is considered,
the association with OS is no longer statistically significant (HR =0.74, 95% CI: 0.35 to 1.54,
p=0.41).

To identify biomarkers of response, we undertook exploratory analysis of putative targets of
erlotinib and bevacizumab by quantifying their expression in TC and tumor-associated EC
compartments. Best response among subjects from whom tumor tissue was obtained included
2 with CR and 9 with non-CR (1 with PR, 3 with SD, and 5 with PD). Analysis revealed little
difference in pVEGFR2 expression between CR and non-CR patients (Table 6). However, the
non-CR patients expressed 2-fold higher total VEGFR2 than the CR patients (Table 6, Figure
4A). Thus, the TC pVEGFR2/VEGFR2 ratio in CR patients was significantly higher than the
non-CR patients (0.7043 vs. 0.3857, p=0.036) (Table 6, Figure 4C). Analysis of tumor-
associated EC expression of pVEGFR2/VEGFR2 ratio revealed no significant difference
between CR and non-CR patients (Table 6).

We also investigated whether elevated expression of pEGFR/EGFR favored a better clinical
outcome. Overall, CR patients had higher expression of both pEGFR and EGFR compared to
non-CR patients (Table 6). The results are similar if the two CR patients are compared only to
patients who developed early progressive disease (n=5) (data not shown). Tumor-associated
EC expression of pEGFR/EGFR ratio were significantly higher in patients with a CR compared
to non-CR patients (0.949 vs. 0.332, p=0.036) (Table 6; Figure 4B, C). TC pEGFR/EGFR ratio
were also higher in CR patients compared to non-CR patients, but the difference did not reach
statistical significance. Analysis of additional mechanism biomarkers including
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phosphorylated and total ERK and AKT revealed no significant association with CR (Table
6).

Since pVEGFR2/VEGFR2 and EC pEGFR/EGFR ratios were associated with CR, we
investigated whether pre-treatment expression correlated with maximal reduction in tumor size
during therapy measured on a continuous scale. Interestingly, higher TC pVEGFR2/VEGFR2
and EC pEGFR/EGFR correlated significantly with change in tumor size (r= −0.76, p=0.007
and r= −0.75, p=0.008, respectively) (Figure 5).

We next investigated whether the pVEGFR2/VEGFR2 and EC pEGFR/EGFR ratios were
predictive of survival using the Cox regression model. Analysis of pVEGFR2/VEGFR2 did
not reveal a statistically significant association with PFS (Figure 6A, p=0.32) or OS (p=0.62).
In addition, OS and PFS (Figure 6B) results for EC pEGFR/EGFR were non-significant
(p=0.26 and p=0.12, respectively).

Since VEGF and TGFα are primary ligands for VEGFR2 and EGFR, respectively, we
ascertained whether their concentration in subject sera was associated with outcome. Baseline
VEGF and TGFα concentrations were obtained in 28 and 27 subjects, respectively. The median
VEGF concentration at baseline was 52.0 pg/ml (range 0 – 616.3) while TGFα concentrations
were highly variable with a median of 28.9 pg/ml (range 0 – 12,000). Baseline VEGF
concentrations were not found to be significantly associated with response (p=0.43, exact
permutation test), PFS (p=0.42), or OS (p=0.40), nor did baseline TGFα concentrations
(p=0.70, p=0.41, and p=0.97, respectively).

Discussion
To our knowledge, this is the first study to combine an EGFR inhibitor with an antiangiogenic
agent in squamous cell carcinoma of the head and neck. Erlotinib and bevacizumab were well
tolerated while the observed response rate of 15% compares favorably with that reported in
trials of erlotinib (5%)(19) or the VEGFR inhibitors SU5416 (5%)(20) and sorafenib (3–4%)
(21). Preclinical studies and clinical trials in other cancers indicate that the addition of an
antiangiogenic drug to an EGFR inhibitor improves efficacy (5–7,22–24). However, this trial
was not designed to compare erlotinib with or without bevacizumab and other studies
administering single agent EGFR inhibitors have reported single agent response rates of 11–
13% with a possible dose-response relationship (10,11,25). Interestingly, in the present study
there appeared to be a subset of patients that had prolonged benefit from the combination. The
tumor of one patient, who sustained a durable complete response, was confirmed negative for
EGFR gene amplification and tyrosine kinase mutation(26). The finding that markers of
activated putative targets of the studied agents, VEGFR2 and EGFR, in pre-treatment tumor
biopsies were associated with tumor response raises the possibility of patient selection and
warrants further evaluation in prospective trials but must be viewed as preliminary and
hypothesis generating.

That high expression of the ratio of phosphorylated- EGFR/EGFR and VEGFR/VEGFR were
detected on human tumor EC and TC, respectively, is novel and appears counterintuitive.
However, these results are not entirely surprising given that EGFR is expressed on tumor-
associated EC(27,28) and anti-EGFR drugs have a direct inhibitory effect on tumor EC
proliferation(29). Preclinical studies suggest that in tumor EC from gefitinib-treated mice there
is a switch from dependence on EGFR activity to signaling via VEGFR2(30). In addition,
recent studies have implicated VEGF/VEGFR in the proliferation(31) and migration(32) of
tumor epithelial cells. Furthermore, VEGF increases proliferation of breast cancer cells and is
dependent on VEGFR2(33). Therefore, it is plausible that in a subset of metastatic squamous
cell carcinoma of the head and neck, expression of VEGFR2 and EGFR on TC and EC,
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respectively, correspond to critical biologic functions in those compartments and when
inhibited by specific agents, tumor inhibition is observed.

Notably, when interpreting receptor phosphorylation we employed the ratio of phosphorylated
to total protein expression. In fact, phosphorylation or VEGFR2 or EGFR per se was not
significantly associated with outcome. This suggests that interpretation of phosphorylated
protein expression should be performed in the context of total protein and caution is needed
when evaluating the activity of tyrosine kinase (TK) inhibitors using phosphorylated TK alone.
Indeed, recent studies have shown that assessment of phosphorylated Platelet Derived Growth
Factor Receptor (PDGFR)-β/PDGFRβ ratios following sunitinib treatment in gastrointestinal
stromal tumors correlated significantly better with clinical outcome compared to measuring
phosphorylation of the receptor alone(34). Any conclusions based on the biomarker studies,
however, must be interpreted with caution. Although the findings are scientifically plausible,
there remains the possibility that the associations detected are due to chance alone given the
large number of markers evaluated. On the other hand, the small sample size limits the power
of these analyses.

Specific clinical factors appeared to influence outcome as well. Subjects who were treated as
first-line therapy for recurrent or metastatic disease fared better with respect to PFS and OS
which likely reflects the prognostic value of prior therapy and should inform future study
design. Interestingly, only development of diarrhea was associated with improved survival. Of
note, the association between diarrhea and OS is not significant when diarrhea incidence during
cycle 1 only is examined.

Three subjects experienced serious bleeding events during therapy for an incidence of 5%
overall (3 of 56 patients). Hemorrhagic events have been described during bevacizumab
therapy in other cancers including squamous cell carcinoma of the lung and these events could
be attributed to therapy. Conversely, patients with recurrent or metastatic squamous cell
carcinoma of the head and neck are prone to bleeding events even without therapy due to the
anatomic density of vascular structures, proximity of disease to vessels, and prior surgery or
radiotherapy. In fact, the rate of serious hemorrhage on other studies enrolling recurrent or
metastatic patients administering EGFR inhibitors or chemotherapy was similar (10,35,36).
Furthermore, a recent randomized phase II study integrating bevacizumab with
chemoradiotherapy in patients with locally advanced disease did not report any bleeding events
(37). Nevertheless, the events observed in this study should raise a cautionary note as this
combination is further explored in clinical trials.

Overall, erlotinib and bevacizumab proved to be well tolerated. Dose reduction and
discontinuation due to toxicity were only required in one and four subjects, respectively, and
the overall incidence of grade 3 or greater toxicity was acceptable while the great majority of
these events were easily reversible (e.g. mucocutaneous toxicity, fatigue, diarrhea, and
anorexia). In this group of patients who are being treated with palliative intent, the tolerability
of therapy becomes an important consideration. Thus, although the objective response rate of
cetuximab/platin/5-FU or other cytotoxic chemotherapy combinations in patients with
recurrent or metastatic disease is likely to be higher than that observed in the current study,
dual pathway inhibition of EGFR and angiogenesis potentially offers a feasible alternative.

The observation of durable disease control, complete responses, and the possible identification
of a predictive biomarker should prompt further study of this regimen or other EGFR inhibitor-
antiangiogenic combinations in squamous cell carcinoma of the head and neck. Erlotinib/
bevacizumab combinations are currently being investigated in squamous cell carcinoma of the
head and neck and preliminary data were recently presented combining cetuximab and
bevacizumab in recurrent or metastatic squamous cell carcinoma of the head and neck

Cohen et al. Page 8

Lancet Oncol. Author manuscript; available in PMC 2010 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



demonstrating promising efficacy(38). We hypothesize that high pVEGFR2/VEGFR2 and EC
pEGFR/EGFR ratios in baseline tumor biopsies predict clinical outcome in patients undergoing
erlotinib and bevacizumab therapy. Although these findings are preliminary and exploratory,
there appears to be a subset of patients that derives a benefit from this combination and the
ability to select them prior to initiating therapy would be invaluable. Recurrent or metastatic
squamous cell carcinoma of the head and neck is an almost universally fatal disease. EGFR
inhibitors are active but response rates are modest. The addition of bevacizumab represents a
potential strategy to improve efficacy and this study adds credibility to that hypothesis.
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Figure 1.
Study flow diagram. NE = non-evaluable, MTD = maximum tolerable dose.
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Figure 2.
(A) Overall survival (n=48). (B) Progression-free survival (n=48). Grey lines indicate 95%
pointwise confidence intervals. Vertical tics denote censored observations.
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Figure 3.
(A) Overall survival in first-line patients (n=23). (B) Overall survival in second-line patients
(n=23). (C) Progression-free survival in first-line patients (n=23). (D) Progression-free survival
in second-line patients (n=23). Grey lines indicate 95% pointwise confidence intervals.
Vertical tics denote censored observations.
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Figure 4.
(A) Representative laser scanned images show high expression of phosphorylated VEGFR2/
total VEGFR2 in CR compared to non-CR patients (pVEGFR2 stained red, VEGFR2 stained
green). (B) High expression of phosphorylated EGFR/total EGFR in endothelial cells in CR
vs. non-CR patients (pEGFR stained green, CD31 stained red). (C) Pre-treatment mean
fluorescent intensity (MFI) of pVEGFR2/VEGFR2 (p=0.036) and EC pEGFR/EGFR
(p=0.036) quantified by laser scanning cytometry in CR vs. non-CR patients.
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Figure 5.
Correlation between (A) pVEGFR2/VEGFR2 (p=0.007) and (B) EC pEGFR/EGFR (p=0.008)
ratios and maximal reduction in tumor size (n=11). Complete responses were scored as −100%
in tumor size change.
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Figure 6.
Kaplan-Meier curves for the association between progression-free survival and (A) pVEGFR2/
VEGFR2 (p=0.32) or (B) EC pEGFR/EGFR (p=0.12) ratios. Solid line represents subjects with
a respective ratio at or above the median (n=6). Dotted line represents subjects with a respective
ratio below the median (n=5).
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Table 1

Clinical and Demographic Data for all Patients (n=56)
Characteristic No.
Gender
 Male 43
 Female 13

Race
 Caucasian 46
 African American 9
 Other (Indian) 1

Age (mean ± SD, range) 60.0 ± 9.2, 39–80

Institution
 University of Chicago 19
 Medical College of Wisconsin 15
 Ft. Wayne 7
 Ingalls Hospital 6
 Loyola University 5
 Evanston Memorial 2
 Peoria 2

Alcohol Use (ever)
 Yes 20
 No 20
 Unknown 16

Nicotine Use (ever)
 Yes 34
 No 7
 Unknown 15

Prior Initial Therapya
 Surgery 29
 Chemotherapy 27
 RT 40

Prior Therapy for Recurrence/Metastasisb
 Systemic Chemotherapy 27
 Surgery 26
 RT 24

Median Days from Original Diagnosis to Study Entry (rangec) 519 (0–6224)

Median Days from Relapse to Study Entry (range) 393 (22–6194)

Site of Disease Recurrenced
 Local/Advanced 26
 Metastatic 17
 Both 11

Performance Status
 0 23
 1 29
 2 4
a
Three patients unknown

b
Four patients unknown

c
Patient with a value of 0 was treated for metastatic disease at presentation

d
Two patients unknown

SD=standard deviation
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