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Purpose
To validate lysyl oxidase (LOX), a hypoxia-related protein, as a marker for metastasis in an
independent head and neck cancer (HNC) patient group enrolled onto a prospective trial.

Patients and Methods

We performed traditional immunohistochemical (IHC) staining and automated quantitative analysis
(AQUA) for LOX expression in 66 HNC patients from one institution. We also performed AQUA
staining for LOX in 306 of 1,113 patients treated on a phase Il trial comparing four radiation
fractionation schedules in locally advanced HNC (RTOG 90-03). Pretreatment characteristics and
outcome were similar between patients with and without LOX assessment. \We correlated AQUA
LOX expression with time to metastasis (TTM), time to progression (TTP), and overall sur-
vival (OS).

Results

LOX expression from both staining methods predicted for TTM in the first 66 patients. Multivariate
analysis, controlling for significant parameters including nodal stage and performance status,
revealed tumor LOX expression, as a continuous variable, was an independent predictor for TTM
(hazard ratio [HRI, 1.21; 95% CI, 1.10 to 1.33; P = .0001), TTP (HR, 1.06; 95% CI, 1.02 to 1.10;
P = .0069), and OS (HR, 1.04; 95% CI, 1.00 to 1.07; P = .0311) in RTOG 90-03 patients. This
translates into a 2569% increase in metastatic risk for a patient at the 75th percentile of LOX
compared with one at the 25th percentile.

Conclusion

AQUA LOX expression was strongly associated with increased metastasis, progression, and death
in RTOG 90-03 patients. This study validates that LOX is a marker for metastasis and survival
in HNC.

J Clin Oncol 27:4281-4286. © 2009 by American Society of Clinical Oncology

due to the inability of the existing tumor vasculature
to meet the oxygen demands of rapid tumor expan-
sion.” Although hypoxia has traditionally been
linked to treatment resistance and a higher risk of
local failure, it has also been implicated in the devel-

Head and neck cancer (HNC) is the fifth most com-
mon cancer worldwide.! Despite improvements in
treatment techniques, the 5-year survival rate has

improved marginally." With the introduction of ag-
gressive concurrent chemoradiotherapy (CRT) and
more refined radiation (RT) delivery techniques, the
pattern of failure for these tumors has shifted with a
higher rate of distant metastasis observed in recent
series.” Therefore, it would be helpful to identify
patients who are at higher risk for regional and dis-
tant relapse for treatment intensification.

Hypoxia, or a reduction of the tissue oxygen
tension is a common phenomenon in solid tumors.
Poorly oxygenated regions develop within tumors

opment of distant metastasis.*> Gene expression
studies have shown that many metastasis-mediated
genes are induced by hypoxia.*® Recently, we have
identified lysyl oxidase (LOX), an enzyme essential
for the formation of the extracellular matrix, as a
hypoxia and hypoxia inducible factor-1a (HIF-1c)
regulated gene.” We showed mechanistically that
LOX is essential for hypoxia-mediated metastasis by
affecting the invasive properties of hypoxic human
carcinomas through the regulation of focal adhesion
kinase (FAK) activity and cell to matrix adhesion.
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More importantly, increased LOX expression was associated with
increased risk of tumor dissemination in two small cohorts of node-
negative, estrogen receptor—positive breast cancer and locally ad-
vanced HNC patients.” Therefore, we hypothesize that LOX is a major
factor for hypoxia-induced metastasis for HNC.

The most common method of protein quantification is immu-
nohistochemistry (IHC); however, it has several limitations including
semi-quantitative nature, subjectivity of scoring, and difficulty of de-
termining subcellular protein localization. Automated quantitative
analysis (AQUA) of protein expression has been shown to provide
reproducible analysis of target signal expression in fixed tissues on a
quantitative scale while preserving spatial information such as subcel-
lular localization. The use of this technology has been successfully
applied to several proteins for biomarker identification in solid tu-
mors, including HNC.>” In this study, we performed both IHC and
AQUA staining in a small patient group from a single institution,
compared the their signal intensities and determined their prognostic
significance in these patients. We then applied AQUA on samples
collected from an independent cohort of HNC treated on a phase 111
randomized trial of the Radiation Therapy Oncology Group
(RTOG)™ to validate the role of LOX as a marker of metastasis in
HNC. We confirmed that LOX is an independent predictor for me-
tastasis, progression, and overall survival, and that hypoxia is a con-
tributing factor to poor prognosis.

Patient Characteristics

Comparison between traditional IHC and AQUA was performed on a
group of HNC derived from patients treated at Stanford University. The
patient characteristics have been published elsewhere.”'" Since the initial
tissue microarray (TMA) used for LOX IHC was exhausted, a new TMA was
generated for Stanford patients, using different cores within the same tumor.
This new TMA was used for AQUA LOX staining.

For validation of LOX as a marker for metastasis, we used tumors from
patients enrolled on RTOG 90-03.'° Between September 30, 1991, and August
1,1997, RTOG 90-03 accrued 1,113 patients, of which 1,068 were assessable for
clinical outcome. The updated long-term outcomes used for this analysis were
presented at the 2005 American Society for Radiation Oncology meeting.'” Of
these 1,068 patients, paraffin blocks of pretreatment tumor and/or lymph
node biopsies from 430 patients were available for TMA construction and for
LOX analysis and 306 patients had interpretable LOX data for outcome corre-
lation. The lack of interpretable LOX data on the remaining 124 patients was
due to either core loss or insufficient tissue. The tumors deemed insufficient
for analysis had less than 10% tumor area represented on the TMA.

AQUA Staining

Automated quantitative fluorescence (AQUA analysis) was performed
using the HistoRx System (HistoRx, New Haven, CT). TMA slides were
processed in Dako Target Retrieval Solution (Dako Cytomation, Carpinteria,
CA) using a Biocare Medical Decloaking chamber (Biocare Medical, Con-
cord, MA) for 8 minutes. Slides were blocked in Dako Serum-Free-Protein
blocking solution. Areas of tumor were labeled using a mouse anticytokeratin
(AE1/AE3) antibody (Dako Cytomation) and visualized using the goat anti-
mouse Alexa 555 SFX kit from Invitrogen (Carlsbad, CA). LOX was stained
using the rabbit anti-LOX antibody combined with a Rabbit EnVision Plus
DAB Kit (Dako) as described above. The signal was amplified and visualized
using a TSA-CY5 tyramide amplification kit (Perkin Elmer, Waltham, MA).
Slides were mounted using Vectashield 4,6-diamidino-2-phenylindole (DAPI)
—containing mounting media (Vector Laboratories, Burlingame, CA).
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Statistical Methods

Three end points were evaluated for patients with interpretable LOX
data: time to metastases (TTM), where failure was defined as regional progres-
sion in NO patients only, or distant progression in all patients; time to disease
progression (TTP), where failure was defined as local, regional, or distant
progression; and overall survival (OS), where failure was defined as death due
to any cause. For TTM, patients were censored at the date of local progression,
regional progression in N+ patients, second primary tumor, or death due to
any cause. For TTP, patients were censored at the date of second primary
tumor or death due to any cause. All event times were measured from date of
random assignment to RTOG 90-03 until the date of event occurrence or
censoring. Cox proportional hazards models were used to estimate the impact
of LOX on the three end points outlined above after adjustment for other
patient and tumor characteristics.'* The factors included in the models (other
than LOX) were determined by stepwise procedures (using o = .05 for both
entry into the model and retention); various dichotomous groupings of as-
signed treatment, age, sex, Karnofsky performance status, primary site, T stage,
and N stage were evaluated. After determining the base model for each end
point, LOX, as a continuous variable, was added to the model to evaluate its
prognostic value. Hazard ratios for LOX represent the change in risk for a
10-point increase in LOX. Cox models were also used to estimate the differ-
ence in prognosis for patients with and without LOX values (where patients
with LOX values were coded as 1 and without coded as 0). For the Stanford
patients, cancer-specific survival (CSS), where failure was defined as death due
to the index HNC, was also evaluated; patients were censored at the date of
death due to other causes.

Comparison Between IHC and AQUA Staining

Sixty-six HNC patients on the Stanford TMA had interpretable
LOX staining by both IHC and AQUA. Only cytoplasmic LOX signals
were compared between the two systems as only cytoplasmic staining
was identified by IHC. In general, cores with high IHC LOX staining
also showed high AQUA signal and vice versa. There was a statistically
significant, though small, correlation between the two staining and
quantitation approaches (r = 0.26; P = .036; Fig 1). The low correla-
tion was partially due to intrinsic differences in the quantitation ap-
proach used by each system, but most likely to due intratumoral
heterogeneity of LOX expression since different cores within the tu-
mor were used to generate the two separate TMAs for AQUA and
IHC staining.
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Cytoplasmic LOX by IHC

P=.036

40 60 80 100 120 140
Cytoplasmic LOX AQUA

Fig 1. Correlation of cytoplasmic lysyl oxidase (LOX) staining between tradi-
tional immunohistochemistry (IHC; as quantified by the Ariol system) and
automated quantitative analysis (AQUA).
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We also determined if AQUA LOX staining was predictive of
treatment outcome in these patients, among whom we have previ-
ously established the role of LOX in predicting metastasis using tradi-
tional THC staining.” For most specimens evaluated, the AQUA
approach consistently showed stronger nuclear than cytoplasmic
staining. Quantitatively, the mean AQUA cytoplasmic LOX staining
was 63.9 (standard deviation [SD], 14.9), whereas it was 103.5 for
nuclear staining (SD, 22.2), and this difference was highly statistically
significant (P < .0001). Therefore, we proceeded to focus on nuclear
AQUA LOX staining for outcome analysis for this patient group and
the RTOG 90-03 patients. Table 1 shows that nuclear LOX (nLOX)
expression, as a continuous variable, was highly predictive of TTM,
CSS, and OS in the Stanford patients. The predicting power of AQUA
LOX staining was stronger than that for IHC (Table 1). For IHC data,
negative and weak LOX staining were grouped together and com-
pared with strong LOX staining as previously defined.”

Validation of LOX As a Prognostic Marker for
Metastasis and Survival

Having established that AQUA performs similarly to IHC, we
then used AQUA to validate LOX as a prognostic marker for metasta-
sis and survival in RTOG 90-03 patients. Table 2 shows pretreatment
characteristics and treatment assignment for the patients with and
without available LOX AQUA staining. The patients with LOX assess-
able tumors were representative of the patients enrolled in RTOG
90-03. In addition, there were no clear differences in outcome for
patients with and without LOX AQUA staining (TTM: hazard ratio
1.01; 95% CI, 0.71 to 1.43; TTP: hazard ratio, 0.94; 95% CI, 0.78 to
1.14; OS: hazard ratio, 1.00; 95% CI, 0.87 to 1.16). The AQUA LOX
staining pattern for the RTOG 90-03 patients was similar to that seen
in the Stanford patients. Overall, there was stronger nuclear (mean,
170.9; SD, 43.8) than cytoplasmic staining (mean, 130.0; SD, 45.3).

We evaluated the correlation between nuclear and total tumor
LOX with other clinical and pathological variable. As presented in
Appendix Table Al (online only), Spearman’s p correlation coefficient
of LOX with all clinical variables is small.

Of the 306 patients with AQUA LOX staining, 45 had experi-
enced failure with respect to the TTM end point, 147 had experienced
failure for the TTP end point, and 250 had died at a median follow-up
of 8.5 years for surviving patients. Appendix Table A2 (online only)
presents the univariate analysis results for all parameters evaluated for

Table 1. LOX As Measured by AQUA and IHC Is a Predictor for Treatment
Outcomes in Stanford Patients

AQUA IHC

Hazard
95% ClI P Ratio

Hazard

End Point Ratio 95% CI P

Time to
metastasis  1.03

Cancer-specific
survival 1.02

Overall survival 1.02

1.01t01.06 .004 047 0.22t00.99 .049

1.01t0 1.04 .003 0.40
1.00t0 1.03 .01 0.53

0.18t00.87 .02
0.28t0 1.01 .05

NOTE. AQUA data were evaluated on a continuum with single unit incre-
ment. For IHC data, negative and weak LOX staining were grouped together
and compared with strong LOX staining.

Abbreviations: LOX, lysyl oxidase; AQUA, automated quantitative analysis;
IHC, immunohistochemistry.

WWW.jco.org

Table 2. Pretreatment Characteristics and Assigned Treatment for RTOG
90-03 Patients
Patients Without Patients With
LOX Assay LOX Assay
(n = 762) (n = 306)
Characteristic No. % No. %
Median age, years 60 61
Range 31-88 30-90
Sex
Male 609 79.9 242 79.1
Female 153 20.1 64 20.9
KPS
60 34 45 14 4.6
70 79 10.4 42 13.7
80 173 22.7 70 229
90 355 46.6 139 45.4
100 121 15.9 41 13.4
Primary site
Oral cavity 82 10.8 28 9.2
Oropharynx 475 62.3 171 55.9
Hypopharynx 101 13.3 39 12.7
Larynx 104 13.6 68 22.2
T stage
T 51 6.7 1 3.6
T2 215 28.2 72 23.5
T3 270 35.4 135 441
T4 225 295 88 28.8
Tx 1 0.1 0 0.0
N stage
NO 170 22.3 68 22.2
N1 137 18.0 75 24.5
N2a 77 10.1 26 8.5
N2b 142 18.6 58 19.0
N2c 142 18.6 47 15.4
N3 94 12.3 32 10.5
Treatment assignment
SFX 196 25.7 70 22.9
HFX 174 22.8 87 28.4
AFX-S 190 24.9 84 27.5
AFX-C 202 26.5 65 21.2
Abbreviations: RTOG, Radiation Therapy Oncology Group; LOX, lysyl oxidase;
KPS, Karnofsky performance status; SFX, standard fractionation; HFX, hyper-
fractionation; AFX-S, accelerated fractionation with split; AFX-C, accelerated
fractionation with concomitant boost.

the three end points. Table 3 presents the multivariate models for all
306 patients with nLOX included as a continuous variable for each of
the three end points. The hazard ratio for LOX was presented for every
10-unit change in AQUA LOX intensity. nLOX has the greatest impact
on TTM, followed by TTP, and finally OS. Since nLOX was evaluated
in the models as a continuous variable, the hazard ratio of 1.15 for
TTM means that for each 10-point increase in nLOX there is a 15%
increase in risk of metastases. The effect of LOX is decreasing with
time, as evidenced by the hazard ratio lower than 1 for the LOX by time
interaction covariate. The effect in the first year is roughly twice that of
the second year (hazard ratio, 1.16 v 1.08). There are not enough
events to evaluate in the third year and later. No such interaction with
time is evident for TTP or OS.

For ease of interpretation, we also estimated the increase in met-
astatic risk for a patient at the median and 75th percentile compared
with a patient at the 25th percentile (Table 4). For TTM, there was a

© 2009 by American Society of Clinical Oncology ~ 4283
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Table 3. Results of Multivariate Analysis in Patients With AQUA LOX Staining Data (N = 306)
Nuclear LOX Total Tumor LOX
End Point No. of Events P Hazard Ratio 95% ClI P Hazard Ratio 95% Cl
Time to metastasis
N stage (1 if N2, O otherwise) 45 .0054 2.59 1.331t05.08 .0028 2.83 1.43t05.60
N stage (1 if N3, 0 otherwise) .0002 5159 2.29t0 13.61 < .0001 6.02 2.4510 14.81
Treatment (1 if HFX, 0 otherwise) .0265 1.98 1.08 t0 3.62 .0113 2.21 1.20 t0 4.07
LOX by time interaction .0493 0.97 0.94 to 1.00 .0316 0.96 0.92 to 1.00
LOX (continuous) .0015 1.15 1.05t01.25 .0001 1.21 1.10t0 1.33
Time to progression 147
KPS (1 if 60-80, 0 otherwise) .0529 1.40 1.00to 1.96 .0276 1.46 1.04t0 2.05
T stage (1 if T4, 0 otherwise) .0103 1.59 1.12t02.27 .0058 1.64 1.15t0 2.33
N stage (1 if N3, O otherwise) .0269 1.74 1.07 t02.83 .0265 1.74 1.07 t02.83
LOX (continuous) .0042 1.06 1.02t0 1.10 .0069 1.06 1.02t0 1.10
Overall survival
KPS (1 if 60-80, 0 otherwise) 250 < .0001 1.82 1.411t02.35 < .0001 1.87 1.44t02.42
T stage (1 if T4, 0 otherwise) .0529 1.32 1.00t0 1.75 .0380 1.34 1.02t01.77
N stage (1 if N2, O otherwise) .0064 1.45 1.111t01.88 .0072 1.44 1.10t0 1.87
N stage (1 if N3, O otherwise) .0033 1.89 1.24102.88 .0028 1.91 1.25t02.92
LOX (continuous) .0265 1.03 1.00 to 1.06 .0311 1.04 1.00to 1.07
NOTE. The hazard ratio for LOX was presented for every 10-unit change in LOX AQUA intensity for all three end points evaluated.
Abbreviations: AQUA, automated quantitative analysis; LOX, lysyl oxidase; KPS, Karnofsky performance status; HFX, hyperfractionated radiation therapy.

54% increase in risk for a patient at the median nLOX value compared
with the 25th percentile, and a 129% increase for a patient at the 75th
percentile compared with the 25th percentile. These data are also
shown graphically in Figure 2, which demonstrates the TTM for pa-
tients in the highest quartile of nLOX compared with those in the first
three quartiles.

Although LOX protein expression and activity have been ob-
served in the nucleus, it is predominantly a cytoplasmic and secreted
protein. To address the possibility that nuclear LOX localization may
be an AQUA detection bias, we performed AQUA staining of matched
MDA-MB-231 xenografts with normal and knocked down LOX ex-
pression by short hairpin RNA (shRNA). Appendix Figures A1A and
A1B (online only) show similar reduction of LOX signals in both
cytoplasmic and nuclear compartments in the knocked-down tumor.
Appendix Figure A1C (online only) shows significantly lower tumor
mask LOX on AQUA quantitation of the knocked down tumor, which
was confirmed on immunoblot (Appendix Fig A1D, online only).

We also quantified the tumor mask LOX level in 90-03 patients
and determined its relationship to treatment outcomes. Tables 3 and 4
show the multivariate models for TTM, TTP, and OS with nLOX
replaced by tumor LOX. Similar to nLOX, tumor LOX was an inde-
pendent predictor for all three outcomes evaluated.

Cancer death due to metastases has become increasingly more prom-
inent in HNC with improved locoregional control. Metastasis is a
multistep process that can be influenced by the tumor microenviron-
ment, of which hypoxia plays an important role.*'> We have previ-
ously shown that LOX expression is elevated in hypoxic tumors and its
levels were associated with hypoxia in patients with breast cancers or
HNC.” Furthermore, high LOX levels in the primary tumor correlated
with a worse metastasis-free survival and OS in these patients. Herein,
we have validated that LOX protein expression, as measured by
AQUA in an independent laboratory, predicted for metastasis as de-
fined above in a large cohort of homogeneously treated patients on a
randomized cooperative group study. The results of this study
strongly support the role of LOX as a biologic marker for metastasis
in HNC.

One aspect of this study that differs from our previous single
institutional report is the definition of TTM. Since the RTOG trial
activated in 1991 enrolled patients with locally advanced disease
for treatment with radiation alone, many died of locoregional failure
before developing distant metastasis. The overall rate of distant

Table 4. Hazard Ratios Comparing Median and 75th Percentile With 25th Percentile of Nuclear LOX and Total Tumor LOX for Each End Point

Nuclear LOX

Total Tumor LOX

Comparing Median With 25th

Comparing 75th Percentile

Comparing Median With 25th

Comparing 75th Percentile

Percentile With 25th Percentile Percentile With 25th Percentile
End Point Hazard Ratio 95% ClI Hazard Ratio 95% Cl Hazard Ratio 95% Cl Hazard Ratio 95% ClI
Time to metastasis 1.54 1.18102.02 2.29 1.37t03.81 1.58 1.25t02.00 3.59 1.87 10 6.89
Time to progression 1.19 1.06t0 1.35 1.40 1.111t01.77 1.15 1.04to0 1.27 1.47 1.111t01.94
Overall survival 1.1 1.01t01.22 1.22 1.02t0 1.46 1.09 1.01t01.17 1.26 1.02 to 1.56

Abbreviation: LOX, lysyl oxidase.

4284 © 2009 by American Society of Clinical Oncology
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Fig 2. Cumulative incidence of metastasis for patients in the highest nuclear
lysyl oxidase (LOX) quartile compared with those in the lower three quartiles.

metastasis as a first event, defined as failure below the clavicle before
other events, was relatively low with a total of 147 events (14%)
from 1,068 assessable patients over a period of 10 years and 44
events (14%) in 306 patients with LOX values. These numbers were
too small to use by themselves to determine prognostic impact for
any biologic marker. However, the process of developing nodal
metastasis is biologically similar to that of distant dissemination, as
it requires the tumor cells to acquire the ability to disrupt the
interaction of surrounding cells, cross the basement membrane,
migrate through the extracellular matrix, penetrate lymphatic
channels, survive the host defense mechanism, and subsequently
extravasate from the microlymphatics into foreign nodal tissue
where it has to implant, proliferate, and establish new blood sup-
plies.'® Hence, several metastatic effector molecules are involved in
both regional and distant tumor spread.'””'” Hypoxia has been
shown to promote both regional and distant metastasis in several
solid tumors.”>*! Clinically, nodal involvement at diagnosis or
nodal relapse is highly associated with subsequent distant metasta-
sis in HNC.*>* Therefore, taking these factors into consideration,
we decided a priori to include regional relapses without local
failure in NO patients as an event in this study. This allows us to
have more statistical power in the patients with available LOX
staining. Similar definitions have been used to study metastasis in
other HNC studies.*® In addition to TTM, LOX is also a strong
predictor for TTP and OS in these patients.

Recently, it was shown that the human papillomavirus (HPV) is
a strong prognostic factor in HNC.* Patients with HPV had favorable
outcome with any given treatment.””’ Fifty-five point nine percent
of the RTOG 90-03 patients with analyzable LOX had the primary
tumor in the oropharynx. It is therefore conceivable that the prognos-
tic effects seen with LOX may have interaction with the tumor HPV
status. Since the incidence of HPV-related HNC only started to rise in
the United States in the late 1990s*® and the RTOG 90-03 samples were
collected before that, we expect that only a minority of the RTOG
patients would be HPV positive. However, our study will need to be
examined in context of the HPV status in these patients, and such a
study is currently ongoing.

WWW.jco.org

LOX s synthesized and secreted as a catalytically inactive 50 KDA
proenzyme (proLOX), which is subsequently cleaved into a mature 32
kDA enzyme (LOX) and an 18 kDa LOX-propeptide (LOX-PP). Al-
though the traditional function attributed to the LOX is initiation of
the covalent crosslinking of extracellular collagens and elastin, other
studies have shown that LOX can be found in the nucleus, where it
may regulate gene expression as evidenced by interaction with his-
tones, altered chromatin condensation, inactivation of NF-kB, and
modulation of B-catenin and cyclin D1 expression.”>~*® Recently, nu-
clear LOX activity, specifically deactivation of NF-«B, has been di-
rectly linked to the cleaved 18 kDa LOX-PP (rather than the active 34
kDa LOX enzyme), which has been suggested to support a tumor
suppressor function.”” Outside the nucleus, LOX can induce chemo-
taxis in monocytes, fibroblasts, and smooth muscle cells.>®*° Our
group has demonstrated not only that LOX is essential for hypoxia-
mediated metastasis by affecting the invasive properties of hypoxic
tumors through the regulation of FAK activity and cell to matrix
adhesion, we also found that it is critical for premetastatic niche
formation.*' Secreted LOX from hypoxic breast cancer cells accumu-
lates at the premetastatic sites such as the lung, crosslinks collagen IV
in the basement membrane, and is essential for recruitment of bone
marrow derived cells, which in turn, creates a permissive environment
for tumor cells to invade and survive.

The AQUA finding that LOX protein levels localized to or near
the DAPI nuclear mask is the main predictor for outcomes in both
patient groups is intriguing. Since our antibody does not recognize the
18 kDa LOX-PP, which is the main LOX-related peptide with nuclear
function, the data suggest that either LOX has a strong nuclear expres-
sion in HNC, or more likely, the nuclear localization is a detection bias
in AQUA with this LOX antibody. To address this issue, we quantify
tumor mask LOX and correlated it with clinical outcomes. As shown
earlier, tumor LOX also correlated with all evaluated end points,
suggesting that the nuclear interpretation is an AQUA detection bias.
We also stained xenograft tumors with LOX knocked down using
shRNA. We showed that knocking down LOX resulted in a similarly
change in both nuclear and cytoplasmic LOX on AQUA.

In summary, we have validated LOX as a marker for metastasis,
and thereby the significance of hypoxia, in HNC patients treated on a
large independent cooperative group study. Since RTOG 90-03 pa-
tients were treated with radiation alone and the addition of chemo-
therapy may affect the rate of metastasis, our future plan is to validate
these findings in patients treated homogenously with concurrent che-
moradiotherapy. In addition, studies are ongoing to determine the
HPV status in these samples and to target LOX and its downstream
pathways in order to develop novel therapies to prevent and treat
metastasis in HNC and other solid tumors.
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