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Background: Our previous study has shown that nuclear factor-kappa B (NF-kB)-signaling pathway was associated
with a higher rate of recurrence in head and neck squamous cell carcinoma (HNSCC). The combination of bortezomib,
an NF-xB inhibitor by inhibition of proteasomes, plus docetaxel was assessed for efficacy and toxicity.

Materials and methods: Patients with recurrent and/or metastatic HNSCC were enrolled on a phase Il bortezomib/
docetaxel trial (bortezomib 1.6 mg/m? and docetaxel 40 mg/m? on days 1 and 8 of a 21-day cycle). Response was

assessed using RECIST. Tissue specimens were evaluated for the presence of human papillomavirus (HPV) and

expression of NF-kB-associated genes.

Results: Twenty-one of 25 enrolled patients were assessable for response; one partial response (PR, 5%), 10 stable
disease (SD, 48%) and 10 progressive disease (PD, 48%). Patients with PR/SD had significantly longer survival
compared with patients with PD and the regimen was well tolerated. Only one of 20 tumors was positive for HPV.
Patients with PD had higher expression of NF-xB and epidermal growth factor receptor-associated genes in their

tumors by gene expression analysis.

Conclusion: Further understanding of treatment resistance and interactions between bortezomib and docetaxel may

provide novel approaches in managing HNSCC.
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nuclear factor-kappa B

introduction

Head and neck squamous cell carcinoma (HNSCC) remains
one of the most devastating cancers in the world. Recent studies
have shown that patients with human papillomavirus (HPV)
infection have significantly better prognosis compared with
HPV-negative (—) patients; however, ~10% of HPV-positive
(+) and 40%-50% of HPV(—) patients have recurrences [1, 2].
Once it recurs, therapeutic options are limited. Therapeutic
agents employed in the management of recurrent and/or
metastatic (R/M) HNSCC include methotrexate, taxanes,
5-fluorouracil (5-FU), platinum and cetuximab. Single-agent
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response rates range from 10% to 40% [3-6]. Combination
therapy with cetuximab has demonstrated improvement in
survival; however, median survival remains brief at 9.2-10.1
months [7, 8]. Thus, identification of new targets with active
agents and combination regimens is urgently needed in the
management of R/M HNSCC.

Nuclear factor-kappa B (NF-kB) is overexpressed in HNSCC
[9]. Furthermore, its expression is associated with poor
prognosis [9]. In our previous gene expression study, we also
showed that tumors with high risk of recurrence harbored
higher expression of genes that are associated with the
activation of NF-«B signaling [10]. Therefore, we hypothesized
that the patients with recurrence would benefit from NF-kB
inhibitors. Bortezomib is a small-molecule proteasome
inhibitor [11]. While it affects multiple signaling pathways, one
of the mechanisms of antitumor activity is NF-«xB inhibition
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[11, 12]. Bortezomib has also been shown to inhibit tumor
growth, induce apoptosis and decrease vessel density in
HNSCC in vitro and in vivo [13-15]. Docetaxel is a taxane that
promotes tubulin assembly into microtubules and inhibits
microtubule depolymerization inducing antitumor activity
[16, 17]. In early studies, docetaxel showed overall response
rates of 21%-42% and median response duration of 4.7-6.5
months as a monotherapy in R/M HNSCC [5, 18, 19].

A phase I/II study of the combination of bortezomib and
docetaxel was conducted in patients with advanced androgen-
independent prostate cancer and showed good tolerability and
antitumor activity [20]. In HNSCC cell lines, the combination
showed significantly increased growth inhibition compared
with bortezomib or docetaxel alone [15]. Based on these data,
we conducted a phase II trial of combination bortezomib and
docetaxel to determine the efficacy and toxicity in R/M HNSCC
patients. Also, HPV status of the tumors was determined to
assess an interaction with the response rate. To determine the
possible mechanism of resistance, the tumors were examined
for differential expression of NF-kB pathway-related genes
using DNA microarrays.

materials and methods

patient eligibility and baseline assessment

The protocol was approved by the Institutional Review Board at the
Vanderbilt University School of Medicine. All patients signed a written
informed consent. The inclusion criteria for the study were the following:
(i) patients with R/M squamous cell carcinoma of the oral cavity,
oropharynx, hypopharynx, larynx and unknown primary with cervical
lymph node metastasis; (ii) patients may not have received prior
chemotherapy for recurrent disease but one prior chemotherapy regimen
was allowed for distant metastatic disease at diagnosis (initial stage IVC);
(iii) patients must not be candidates for curative therapy; (iv) patients must
have a measurable disease defined by RECIST [21]; (v) patients with
Eastern Cooperative Oncology Group performance status of zero, one or
two; (vi) peripheral neuropathy must be grade 1 or lower; (vii)
hematologic criteria with an absolute neutrophil count >1500/mm°,
hemoglobin level >8.0 g/dl and platelet count >100 000/mm” and (viii)
hepatic criteria with total bilirubin within normal limits and hepatic
transaminases <5 times the upper limits of normal.

The exclusion criteria for the study were the following: (i) patients
with a platelet count of <100 000/mm?, an absolute neutrophil count of
<1500/mm?, a serum creatinine clearance of >2.0 mg/dl and grade 2 or
higher peripheral neuropathy within 28 days before enrollment; (ii) prior
malignancy within the previous 3 years except early-stage
nonmelanomatous skin cancers, carcinoma in situ of the cervix or
early-stage prostate cancer; (iii) patients have received other investigational
drugs within 28 days before enrollment and (iv) patients have a known
hypersensitivity to bortezomib, boron, mannitol, docetaxel or other drugs
formulated with polysorbate 80.

chemotherapy regimen

For the first treatment cycle, patients received bortezomib 1.6 mg/m>
infused i.v. as a 3- to 5-s bolus on day 1. On day 8, patients received
bortezomib 1.6 mg/m” followed by docetaxel 40 mg/m” i.v. for 30 min. On
all subsequent cycles, patients received both bortezomib and docetaxel

on days 1 and 8 of a 21-day cycle as described by Dreicer et al. [20].
Treatment was continued until progression, undue toxicity or patient
withdrawal of consent. Response was assessed every two cycles (6 weeks)
using RECIST [21].
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The toxic effects were graded according to the National Cancer Institute
Common Toxicity Criteria version 3 [22]. Dose modifications were made
for grade 3 and 4 toxic effects. Dose reductions of docetaxel and bortezomib
were (i) dose level —1 at docetaxel 30 mg/m” and bortezomib 1.3 mg/m®
and (ii) dose level —2 at docetaxel 20 mg/m? and bortezomib 1.0 mg/m?.
Dose reductions were permanent. If the dose level —2 could not be
tolerated by a patient, the patient was removed from the study.

comparison of response assessments by RECIST and
World Health Organization criteria

Because the response rates of the early docetaxel monotherapy studies were
determined by the 1979 World Health Organization (WHO) criteria, tumor
measurements were repeated using the WHO criteria for comparison with
RECIST wused in the protocol [21, 23].

statistical consideration of the clinical trial

The primary end point of the study was overall response rate of the
combination of bortezomib and docetaxel. Simon’s (1989) optimal
two-stage design was used to test the null hypothesis that the true response
rate was 10% against the alternative that it was at least 25%. Twenty-one
patients would be enrolled in the first stage. If two or fewer responses were
observed, the trial would be terminated for lack of activity. Otherwise, an
additional 29 patients would be entered for a total of 50. This design had an
alpha level of 0.10 and 90% power under the alternative hypothesis. The
probability of stopping after the first stage was 0.65 if the true response rate
was only 10%.

The overall survival (OS) time was defined as the time from the study
enrollment to death or to last follow-up date. The progression-free survival
(PFS) time was defined as the time from the study enrollment to date of
disease progression. Univariate survival analysis was carried out using
log-rank test using the SAS/STAT software package (SAS Institute, Research
Triangle Park, NC) and plotted as a Kaplan—Meier curve.

HPV detection in patients’ tumors

Using sterile surgical blades, slides containing sections cut from formalin-
fixed paraffin-embedded (FFPE) tumor blocks were scraped, and DNA was
isolated using Ambion RecoverAll™ Total Nucleic Acid Isolation Kit
(Ambion Inc., Austin, TX) according to the manufacturer’s protocol. The
tumor DNA was tested for the presence of HPV DNA using a previously
established PCR-based method [24]. This method employs degenerate PCR
primers (MY09 and MY11, WD72/76 and WD66/67/154) that are designed
to represent highly conserved HPV L1 and E6 sequences present in all
major types of HPV. As a positive internal control for amplification,
primers for B-globin were included with each sample. As positive controls
for HPV specificity of PCR, DNA samples from HPV(+) cell lines, HeLa
and SiHa, were used as previously described [25].

DNA microarray analyses

Gene expression analyses were carried out using 25 samples (five frozen and
18 FFPE tumors and two normal adjacent mucosal epithelia) from 16
patients from the trial. The hematoxylin—eosin-stained slides for each
tumor were examined and areas with >70% tumor cellularity were chosen
for macrodissection. Total RNA isolation was carried out using Ambion
RecoverAll™ Total Nucleic Acid Isolation Kit (Applied Biosystems, Foster
City, CA) according to the manufacturer’s protocol. Demethylation step
was carried out by incubating the RNA in 50 mM Tris—HCI (pH 8) at 70°C
for 10 min. The RNA was amplified using Nugen WT-Ovation FFPE
amplification and labeling kits (Nugen Technologies, Inc., San Carlos, CA)
according to the manufacturer’s protocol. The labeled and fragmented RNA
was loaded on to the Affymetrix Human Genome U133 plus 2.0 GeneChip
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(Affymetrix, Santa Clara, CA) and processed according to the
manufacturer’s recommendations. The raw microarray data were uploaded
to the Vanderbilt Microarray Shared Resource database.

From a published study, 277 unique genes associated with activation of NF-
kB on murine expression arrays were obtained [26]. By Unigene mapping, 111
of the 277 unique genes were present on the Affymetrix Human Genome U133
plus 2.0 GeneChip and the expression levels of these genes were examined in
the 25-sample dataset. Furthermore, to determine the differentially expressed
genes between the tumors from patients with partial response (PR)/stable
disease (SD) and with progressive disease (PD), a supervised analysis of 25
samples was carried out using Significance Analysis of Microarray [27]. The
genes with false discovery rate (FDR) <5% and greater than twofold difference
in the expression levels were selected to be statistically significant.

results

patient characteristics

Twenty-five patients were enrolled on the study from August
2005 to April 2008 at Vanderbilt University Medical Center and
Vanderbilt-Ingram Cancer Center Affiliate Network; 21 patients
were assessable for response. Three patients withdrew their
consent and one patient was not assessable for response. Detailed
patient characteristics are summarized in Table 1. Patient
demographics were representative of the R/M HNSCC patient
population in previously published studies [6, 28].

assessment of clinical response and toxicity

The median follow-up time across all patients was 5.1 months.
Clinical response was assessed by RECIST according to the
protocol. Among the 21 assessable patients, there was one (5%)
PR, 10 (48%) SD and 10 (48%) PD. [SD was defined as less
than a 50% reduction and less than a 25% increase in the sum
of the products of two perpendicular diameters of all measured
lesions and the appearance of no new lesions and the
appearance of no new lesions.] The median duration of clinical
benefit was 3.0 months in patients with PR or SD. The median
OS was 6.6 months. Compared with patients with PD, patients
with PR or SD had longer median OS (9.4 versus 4.3 months;
log-rank test P = 0.028; Figure 1) and PFS (3.0 versus 1.5
months; log-rank test P < 0.0001). The trial was terminated
because the required number of responses was not seen to allow
progression to the second stage.

Because the response rate was significantly lower than the
historical controls of docetaxel monotherapy, the tumors from
12 patients with available imaging studies were measured again
retrospectively using the WHO criteria [5, 18, 19, 23].
Responses by the WHO criteria were six SD (50%) and six PD
(50%). One patient with PR by RECIST could not be
reevaluated because one of the measured lesions was a clinical
measurement and a bidimensional measurement could not be
obtained retrospectively. The two response criteria were similar
except that two patients with SD by RECIST were determined
to be PD by WHO criteria.

Overall, the regimen was well tolerated. The detailed toxicity
assessments were summarized in Table 2. Two deaths were
reported while on study: one patient died of progression of
disease and one patient died suddenly of unknown cause. Two
grade 4 toxic effects were reported: one patient developed
hypercalcemia secondary to disease and one patient developed
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Table 1. Patient characteristics

Characteristics N =25
Age (median) 56
Sex

Male 18

Female 7
Race

White 22

Black 2

Other 1
Performance status

0 3

1 20

2 2
Tumor sites

Oral cavity 8

Oropharynx 11

Hypopharynx

Larynx 4

Unknown primary
Stage at diagnosis

I-1I 2

III-1IV 22

Unknown 1
Tumor grade

Well 1

Moderate 12

Poor 9

Unknown 3
Pattern of failure

ILC 9

DM 4

Both LC and DM 12
Primary treatments at diagnosis

Surgery alone 3

Surgery + chemo + XRT 6

Surgery + XRT 3

Chemo alone 5

Chemo + XRT 8
Response

Partial response 1

Stable disease 10

Progressive disease 10

Not evaluable 4

LG, locoregional; DM, distant metastasis; XRT, radiation.

severe bleeding also from disease. Grade 3 toxic effects were
confined to gastrointestinal complaints including nausea,
vomiting and diarrhea.

determination of HPV status in patients’ tumors

Twenty tumors from 21 assessable patients were available for
HPV testing and 10 of 20 tumors were from oropharynx. Only
one tumor from oropharynx (5% of all tumors or 10% of
oropharyngeal tumors) was positive for HPV. The patient with
the HPV(+) tumor had PD. This is consistent with the findings
that patients with HPV(+) tumors have less recurrence and
better survival compared with HPV(—) patients [1].
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Figure 1. Kaplan—-Meier plots comparing patients with partial response (PR) and stable diseases (SD) versus progressive disease (PD). (A) Overall survival;

median survival time 9.4 versus 4.3 months; log-rank test P = 0.028. (B) Progression-free survival; median survival time 3.0 versus 1.5 months; log-rank test

P <0.0001. Red line: PR/SD; black line: PD.

Table 2. Common toxic effects: serious adverse events

Grade Category Toxicity Total no. of patients (N = 25)
Grade 1 Allergy/immunology Allergy/immunology—other

Dermatology/skin Dermatology/skin—other

Metabolic/laboratory Sodium, serum—Ilow (hyponatremia)
Grade 2 Neurology Mental status

Cardiac general Hypotension

Dermatology/skin Flushing

Gastrointestinal Dehydration

Nausea

Musculoskeletal/soft tissue Fracture

Pain Pain—other

Pulmonary/upper respiratory Dyspnea

Pulmonary/upper respiratory—other

Grade 3 Gastrointestinal Nausea
Vomiting
Diarrhea
Mucositis/stomatitis—oral cavity
Neurology Seizure
Grade 4 Metabolic/laboratory Calcium, serum high (hypercalcemia)
Hemorrhage/bleeding Hemorrhage, gastrointestinal—oral cavity
Grade 5 Death Death not associated with CTCAE

term—disease progression NOS
Death not associated with CTCAE
term—sudden death

e e T S L S I R e e R e e R N

CTCAE, Common Toxicity Criteria Adverse Event; NOS, not otherwise specified.

correlation between gene expression of
NF-«xB-associated genes and clinical response
to bortezomib and docetaxel

The 111 genes that associate with activation of the NF-«xB-
signaling pathway were examined in a microarray dataset of 25
samples obtained from 16 patients in the trial (Figure 2). When
the expression signature was compared between tumors from
patients with PR/SD or PD, the tumors from patients with PD
had higher expression of activated NF-xB-associated genes
including NF-kB1 (p105), heat shock proteins (HSP) 70 and
90, topoisomerase II and phosphatase and tensin homolog.
This indicates that the NF-xB pathway activity was relatively
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greater in tumors that progressed and that higher NF-xB
activity may correspond with bortezomib resistance.

differentially expressed genes between tumors
with PR/SD and PD

To identify a set of genes that associate with bortezomib and
docetaxel treatment resistance, supervised analysis of the array
data was carried out using PR/SD and PD as supervising
parameters. There were 239 unique genes that passed the
filtering criteria of greater than twofold difference and FDR
<5% (supplemental Table 1, available at Annals of Oncology
online and Figure 3). The most predominant pathway among
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HSP90AA1 heat shock protein 90kDa alpha cytosolic, class A member 1
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Figure 2. Hierarchical clustering of 25 samples using the 111-gene nuclear factor-kappa B (NF-kB) signature known to be modulated by NF-«B as
previously published [10, 26]. Red: PR, partial response and SD, stable disease; blue: PD, progressive disease; green: normal mucosa adjacent to the tumors;

purple squares: higher gene expression; yellow squares: lower gene expression.

the differentially expressed genes was the epidermal growth
factor receptor (EGFR) pathway, including higher expression of
EGEFR itself and its ligands epiregulin, amphiregulin, neuregulin
1 and heparin-binding epidermal growth factor-like growth
factor. Also, insulin-like growth factor-binding protein 3 as well
as cell cycle regulators such as cyclin D1 had higher expression
in the tumors with PD.

discussion

Our previous data indicated that patients with high risk of
recurrence have activation of the NF-xB-signaling pathway
[10]. Bortezomib has been shown to inhibit NF-xB activation
and to enhance the cytotoxicity of docetaxel with known
efficacy in HNSCC [5, 13-15, 18, 19]. Therefore, we conducted
a phase II study with a combination of bortezomib and
docetaxel. The response rate for single-agent docetaxel as
reported for published phase II trials ranged from 21% to 42%
[5, 18, 19]. In our study, the response rate was lower than
anticipated. We considered the differences in response criteria
because the early studies assessed response using the WHO
criteria rather than with RECIST; however, the response
assessments of the two criteria were similar. The lower response
rate could be explained by several other factors: (i) the dose of
docetaxel and/or bortezomib chosen for this trial may have
been suboptimal, (ii) our patients’ tumors may have been

868 | Chung et al.

resistant to therapy as a result of extensive pretreatment while
many earlier studies were carried out before patients were
treated with upfront intensive multimodality therapies
including high-dose induction chemotherapy, concurrent
chemoradiation therapy or reirradiation and (iii) bortezomib
had an anticytotoxic effect when combined with docetaxel.
There are several reasons why the dose and schedule may
have been suboptimal in our study. In earlier phase II docetaxel
monotherapy studies by Catimel, Dreyfuss and Couteau,
patients were treated with docetaxel 100 mg/m?* every 21 days
[5, 18, 19]. This is above the currently recommended dose of
75 mg/m? every 21 days for HNSCC when it is given as
a combination regimen with cisplatin and 5-FU [29]. The
combination regimen with bortezomib rather than cisplatin
and 5-FU may require higher doses of docetaxel than the
current standard in order to achieve the expected response
rates. There are data to indicate that a low-dose weekly schedule
was well tolerated in combination with bortezomib in prostate
cancer [20]. Based on these data, our study dosed docetaxel
weekly at 40 mg/m” on days 1 and 8 (total dose of 80 mg/m? in
a 21-day cycle), but the weekly dosing schedule may have been
inferior to the every 3-week high-dose regimen. Although the
dose and schedule for bortezomib used in this trial was
established via a phase I/II study and may represent the
maximum tolerated doses of each agent, the weekly dose of
bortezomib was significantly lower than the dose used in
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Figure 3. Hierarchical clustering of 25 samples using the 239 genes that were differentially expressed between tumors with partial response (PR)/stable
disease (SD) and progressive disease (PD). Red: PR/SD; blue: PD; green: normal mucosa adjacent to the tumors; purple squares: higher gene expression;

yellow squares: lower gene expression.

multiple myeloma which is twice a week dosing. Also, most of
the patients reported in this trial were heavily pretreated with
intensive concurrent chemoradiation therapy before
enrollment. In comparison, the previously reported single-
agent docetaxel studies contained more patients who were
either chemotherapy or radiation therapy naive.

The NF-kB-signaling pathway, one of the major pathways
that is regulated by proteasomes (the target of bortezomib), is
active in HNSCGC; thus, it is unclear why bortezomib did not
improve patient outcome when added to single-agent
docetaxel. One possibility is that bortezomib could not
completely inhibit the NF-kB-signaling pathway in R/M
HNSCC. There are five members in the NF-«xB family (NF-kB1,
NF-xB2, REL A, cREL and REL B) and two pathways to activate
NEF-«B signaling including (i) the canonical (or classic)
pathway triggered mainly by tumor necrosis factor (TNF)
among others and activate NF-kB1/REL A (p50/p65) or p50/
cREL and (ii) the noncanonical (or alternative) pathway
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activated by other TNF family members signaling through NF-
kB2/REL B (p52/REL B) [30, 31]. A recent study by Allen et al.
[32] indicated that low-dose bortezomib could inhibit only the
canonical pathway and proposed inability to inhibit activation
of the noncanonical pathway as a mechanism of bortezomib
resistance. To support these data, the supervised analysis of
DNA microarray data comparing PR/SD and PD showed
increased EGFR-associated genes. One of the downstream
effectors of EGFR is AKT, which activates the noncanonical
pathway of NF-kB (reviewed in Van Waes [31]). Therefore, the
combination of bortezomib with either EGFR inhibitors or
HSP90 inhibitors that decrease AKT would be a novel
therapeutic option. It also should be considered that NF-xB
may not be a main target in HNSCC. Despite the data on
overexpression and activation of the pathway in a subset of
HNSCC, it remains unclear if this is a passenger rather than an
oncogenic driver. Furthermore, in a study using lung cancer
cells as a model, it was indicated that the sequence of
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administering bortezomib and docetaxel could affect the
induction of apoptosis [33]. The findings were that bortezomib
given first before docetaxel or the two drugs given together
would arrest the cell cycle in sub-G1 and antagonize the effect
of docetaxel which induces cytotoxicity in cells undergoing
mitosis. Although it was a limited study using cell lines, these
are intriguing data because docetaxel and bortezomib were
given together in our trial rather than using the presumed
effective sequence of docetaxel first followed by bortezomib
after a certain time interval.

In summary, our study showed that the addition of
bortezomib to docetaxel did not improve efficacy. Because
bortezomib affects multiple pathways, our study does not
exclude NF-«B as a valid target of novel therapeutic
approaches. Further studies are needed to determine NF-«xB as
an effective target and identify other pathways that are involved
in resistance to bortezomib and docetaxel therapy as well as
novel therapeutic targets in R/M HNSCC.
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