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Abstract

Background—Genetic aberrations, such as DNA copy number variation (CNV) and loss of
heterozygosity (LOH), have been implicated in head and neck squamous cell carcinoma (HNSCC)
initiation and progression. This review examines CNV and LOH as predictors of HNSCC
recurrence and mortality.

Methods—We searched PubMed for relevant publications and compared and discussed results
from the articles.

Results—Certain CNV and LOH events have consistently been associated with HNSCC
recurrence and survival. The recent high-resolution SNP arrays have the potential to identify many
more genetic changes and concurrent genome-wide CNV, copy-neutral and/or allelic imbalance
LOH in HNSCC that may bear on prognosis.

Conclusions—Our review confrms that outcome in HNSCC can be predicted to a considerable
extent by the presence of tumor cell genetic aberrations. It points out the limitations of some
methodologies that were used in the past and discusses the advantages and challenges of using
genome-wide SNP arrays.
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Introduction

World wide, head and neck cancers (oral cavity, nasopharynx, other pharynx, esophagus,
larynx and thyroid) are the second most common malignancy (over 1.2 million new cases
annually) and rank second (over 770,000 deaths) as a cause of cancer death!2, The major
histological type for head and neck cancer is squamous cell carcinoma (HNSCC).
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About 40% of HNSCC cases arise in the oral cavity and oropharynx (oral squamous cell
carcinoma (OSCC))2. In the US, patients with OSCC have a 5-year survival of 50-60%3.
Those patients who survive often suffer disfigurement, loss of eating and speech function
and poor quality of life?. Prediction of progression of HNSCC can have an important
bearing on the aggressiveness of treatment of HNSCC. However, tumor characteristics such
as anatomic site, thickness and grade are limited in their ability to predict prognosis and
treatment response®.

HNSCC likely results from cumulative epigenetic and genetic alterations®>~11, Genetic
alterations, including copy number variation (CNV — copy number gains or losses) and loss
of heterozygosity (LOH — allelic imbalance or copy-neutral LOH), may result in inactivation
of tumor-suppressor genes and activation of oncogenes®12:13 which in turn may lead to
uncontrolled cell growth and metastasis'2-16, Plausibly, the presence of CNV/LOH has the
potential to serve as a prognostic indicator, alone or in combination with other markers, to
identify HNSCC patients at high risk of recurrence and death. The purpose of this review is
to summarize current knowledge with regards to CNV and LOH as they are related to the
prognosis of HNSCC.

For this review, we searched the PubMed using the following keys words from MeSH
database: “Head and Neck Neoplasms”, “Gene Dosage”, “Gene Amplification”, “Loss of
Heterozygosity”, “Prognosis”, “Neoplasm Recurrence, Local”. The main search term
combinations included “Head and Neck Neoplasms”’[Mesh] AND “Gene Dosage”[Mesh]
AND “Prognosis”’[Mesh]; “Head and Neck Neoplasms”[Mesh] AND “Gene Dosage”[Mesh]
AND “Neoplasm Recurrence, Local”[Mesh]; “Head and Neck Neoplasms”[Mesh] AND
“Loss of Heterozygosity”[Mesh] AND “Prognosis”[Mesh]; “Head and Neck Neoplasms”
[Mesh] AND “Loss of Heterozygosity”[Mesh] AND “Neoplasm Recurrence, Local”’[Mesh];
“Head and Neck Neoplasms”[Mesh] AND “Gene Amplification”[Mesh] AND “Prognosis”
[Mesh]; “Head and Neck Neoplasms”[Mesh] AND “Gene Amplification”[Mesh] AND
“Neoplasm Recurrence, Local”[Mesh]. We also applied search term combinations [“Head
and Neck Neoplasms”[Mesh] and comparative genomic hybridization] and [*“Head and
Neck Neoplasms”[Mesh] and SNP arrays] to check whether there were any additional
reports on genomic aberrations and survival/recurrence that used high throughput array
methods.

We grouped the studies conducted over the past decades into two categories based on the
methodologies used in each of the studies: low throughput/low resolution methods
(fluorescent in situ hybridization (FISH) and polymerase chain reaction (PCR)-related
methods) to study localized CNV/LOH occurrence; and high throughput/high resolution
methods (array-related methods) to identify genome-wide CNV/LOH events. Tables 1 and 2
describe respectively the association between CNV/LOH and HNSCC survival by low
throughput methods (Table 1) and high throughput methods (Table 2). Table 3 describes the
association between CNV/LOH changes and HNSCC recurrence. When univariate Cox
regression p-values are available, these p values are reported; if univariate Cox regression p-
values are not available, the log rank test p-values are reported; if neither are available, the
multivariate Cox regression p-values are reported. In Table 4, the number of studies
reporting associations between presence of CNV or LOH with survival and recurrence of
HNSCC is summarized based on chromosomal arms.

Head Neck. Author manuscript; available in PMC 2011 November 18.
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Localized CNV and LOH and survival

Many studies have applied PCR-based methods and FISH to detect markers which could
predict survival of head and neck cancer patients (Table 1). Twelve studies that examined
11913 found consistent amplification in this region1’=28, Amplification of oncogene
CCND118-20:23-25 ' EMS118:22 1ncl-118:25, |nt-221:26:27 hcl-1/CCND125 and Int-2/hst-1 co-
amplification’ located in this region were associated with shorter survival. It is possible that
amplification of 11q13 plays an important role in head and neck cancer survival, given the
many known oncogenes, such as bcl-1, Int-2, hst-1, EMS1, CCND1/PRAD1, reside in this
region8. An increase in the copy number at 3926-272°, CCNL1 (3925-g29)3°, EGFR
(7p12)31:32 BTAK (20q13) and E2F1 (20g11)33; increased c-MYC/CDKN2A (8q24.21/9p21)
and CCND1/CDKN2A (11g13/9p21) ratios?8, combination of CCND1 amplification and p16
(CDKN2A, 9p21) deletion23, and loss of DIAI (22g13)3* have also been shown to be
associated with reduced head and neck cancer survival.

Results from close to two dozen studies indicate that many of the LOH events on certain
chromosomal regions are associated with shorter survival of HNSCC patients (Table 1). All
but one of these studies3® compared paired tumor tissues and normal blood/tissues either
from the same individual or from healthy controls. The regions with LOH changes that were
associated with survival included 2936, 3p37:38, M6P/IGF2R (6G25-27)39, 8p2340:41,
8p23-2241, 8p21.3-11.2142, 9p24.2-21.242, p16 (9p21)*3, 10g*4, 13g*°, 1406, 18¢3%47.
However, some studies reported that such an association was only seen if LOH changes
were detected in more than one or two chromosomal regions or genes: in more than one of
the 3p13, 3p24-26, 9p21 regions*8; 3p21 and/or 9p214; in more than two loci among 3p21,
3p26, 8p, 13q, 17p°%; p53 (17p13) and Rb (13q14)°L; or with fractional allelic loss (FAL)
score > 0.4%8, A report by Kim et al 8 indicated that 3p LOH was an early event during the
carcinogenesis process. Our review shows that 3p LOH is also associated with survival
among patients with HNSCC49:%0, 0SCC37:48 or nasopharyngeal carcinoma (NPC)38,
suggesting 3p LOH may be involved in later stages of cancer progression as well. The
biological importance of the genomic aberrations present in chromosomes 3 — 13, 16 — 18,
21 — 22 (particularly on chromosomes 3, 9, 11 and 17) and in potentially-affected oncogenes

and tumor-suppressor genes in OSCC or HNSCC have been nicely summarized by Scully et
al®2,

While informative, there are some limitations to the above mentioned studies. The
specimens from some of these studies were from formalin-fixed, paraffin-embedded tissues,
which could have led to problems with DNA being fragmented or
degraded7:20:21;,23:24,27:29-31,36:39,41:42:47:53 ' gamples with mixed population of cells will
have attenuated signals. Some of these studies used microdissection to collect purer cell
populations to avoid signal contamination caused by bystander cell
populations2:36:37:39:41:42:47:48 \yhile other studies did not try to isolate pure cell
populations or to provide tumor content in the tissue examined!7-23:26:27:29-31:33149-51 oy
two studies did not provide information on how the samples were processed or information
on tumor contents32:38, Most of these studies focused on a few individual genes or
microsatellite markers (range 1 to 55) located in quite limited regions of chromosomal arms
or cytobands and were conducted by PCR-based methods, FISH, or Southern Blot methods
that were not very sensitivel7:18:22:29:34:48 The pros and cons of various methods used to
detect CNV and LOH have been summarized by Wreesmann et al’. In general, whole
genome-based detection methods, such as comparative genome hybridization (CGH) and
single nucleotide polymorphism (SNP) arrays will provide broader coverage of the
chromosomal aberrations with more detailed profiling”->4:55,

Head Neck. Author manuscript; available in PMC 2011 November 18.
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Genome-wide CNV and LOH and survival

By using CGH, studies have identified some CNV and LOH that were associated with poor
prognosis of HNSCC (Table 2). In OSCC, 7p gains were associated with worse survival®®.
In HNSCC, poor prognosis was associated with gains at 2q12, 3921-29, 3925-27, 6p21.1,
8pll, 11913, 12g924, 14911, 14923, 14924, 14931, 14932, 15924, 16422, 17923, 17924,
17925, 20913, 22913; losses at 1p21, 2934, 5911, 5912, 5q14, 5915, 5931, 614, 6g15,
8p21-22, 10p12, 12922, 18q11.2, 21p21, 21q11, 21q21, 21g22, 22¢°"-59; and high level of
gain at 1113 (ratio > 2)°’. In esophageal squamous cell carcinoma, gains at 5p15, 8q24-
qter, 1421, alone or all three together, predicted shorter survival©°.

Several of these studies had used fresh frozen tissue with tumor content higher than
70%°7-59, One study used microdissected fresh frozen tumor tissues to increase their
chances of obtaining high quality tumor DNASC, Gebhart et al®® did not mention how they
collected the samples or what the tumor contents were.

Localized and genome-wide CNV and LOH and recurrence

Tumor recurrence is another important indicator of patient prognosis. Using FISH and PCR-
related methods, studies showed amplification at 3¢26-272%; amplification at 1113 regionl8
including EMS1 (22), CCND124:25:61:62 amplification and/or rearrangement of bcl-1/
CCND125; high polysomy and/or amplification at EGFR (7p12)°3; copy number of erbB-2
(17021.1) > 1.2; of erbB-3 (12q13) < 0.11%3; ratio of c-MYC (8¢24.21)/CDKN2A (9p21)
>228; combination of CCND1 (11q13) amplification and CDKN2A (p16, 9p21) deletion?3;
combination of CCND1 (11g13) amplification and p53 (17p13.1) LOH in stage IV
patients®? to be associated with higher risk of HNSCC/OSCC recurrence (Table 3). Two of
these studies applied microdissection to enhance collection of pure cell populations23:62,
Another two studies used tissues with tumor content higher than 70%28:53, Other than a few
studies that specified the use of fresh frozen tissuel8:22:25:28 'most either did not mention
how the tissues were processed®! or what the tumor content was22-24:29:61,

In HNSCC/OSCC, localized LOH changes associated with recurrence were found in the
following regions: LOH > 2 loci on 2q84, 3p37, 6p%, M6P/IGF2R (6q25-27) in patients who
received radiotherapy3?, 8p2340, 9p2166, INFa (9p22)87, 1192388, 1385, 3p21 and/or
9p2149; LOH at p53 (17p13.1) and amplification at CCND1 (11q13)%1; LOH/microsatellite
instabilities at p53 (17p13.1), INFa (9p22) within tumor margins®®. A fractional allelic loss
score of > 0.4, based on 6 SNP markers and 13 microsatellite markers, was associated with
OSCC local recurrence®®.

Using fresh frozen tissue with more than 70% tumor content, two CGH studies of HNSCC
found the following genomic alterations to be associated with recurrence: gains at 1932,
1q42-43, 2p24-25, 2q12, 3921-29, 6p21.1, 6p22-24, 7p22, 11913, 14923, 14924, 14931,
14932, 15924, 16922, 17q, 20q; losses at 8p21-22, 11923-25, 18q11.2, 18g21, 19p, 22q; and
high level of gains (ratio > 1.5) at 11q13°8:59, Compared to the low-throughput methods,
these studies had a much improved resolution to detect genome-wide CNV and LOH events.
However, CGH still has limited resolution (< 5 to 10Mb)’ compared to a new set of SNP
arrays with resolution of 15 — 90 kb®®. Also, unlike the SNP array, CGH can not detect
balanced chromosomal changes, such as copy-neutral LOH35:70:70,

SNP arrays to detect genome-wide CNV and LOH

Single nucleotide polymorphism (SNP) arrays were originally designed to assess
associations between single-nucleotide polymorphisms and disease risk. However, SNP
arrays can also be used as efficient tools to detect CNV and LOH events in cancers by
comparing information between tumor and normal reference DNA%%71-73 To detect LOH,
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information on SNP genotype from paired tumor and normal DNA was compared to see
whether heterozygous loci in the normal reference DNA samples turned into homozygous
loci in the tumor DNA samples. To determine CNV, the hybridization signal intensities of
corresponding SNP locus in the normal sample and in the tumor sample were
compared>>:71, So far, there have only been a few studies using SNP arrays to detect CNV
and LOH in HNSCC; use of the [“Head and Neck Neoplasms”[Mesh] AND SNP array]
search term identified only seven papers, and none pertained to the evaluation of HNSCC
prognosis. Tong et al’# identified 6q LOH in OSCC by Affymetrix HUSNP arrays, a result
that was confirmed by conventional microsatellite analysis. Zhou et al’2 examined a cell line
model for OSCC progression using a 10K SNP array and suggested that CNV and/or LOH
at 3pter-3p35.3, 3p14.1-3p13, 11p, 11q14.3-11g22.2, and 11g13.5-11g14.1 might be
associated with OSCC progression. Zhou et al also observed concurrent CNV and LOH in
region 1922-24.1 and 1g42.13 in both pre-malignant and malignant cells, but not in normal
cells’2. Frequent allelic imbalances, including losses at 3p, 8p, 9p, and gains at 8¢, 11q, and
20q, were detected in advanced stage OSCC samples with the use of 10K and 100K SNP
arrays’®.

The 500K Affymetrix SNP array set with 2.5 kb median physical distance and 5.8 kb
average distance between SNPs (> 85% of genome within 10 kb of a SNP)76:77 has been
used to simultaneously detect LOH, overall copy number changes and allele-specific copy
number changes with very high resolution in various cancers, but not yet in HNSCC’’. By
using a high resolution array such as the Affymetrix 500K SNP array set, researchers may
discover genomic alterations that contribute to the various clinical phenotypes and varied
disease survival. However, while this new technology holds great promise, it also presents
some challenges. With the large numbers of genomic aberrations detected by the SNP
arrays, concerns about data complexity, multiple-testing issues, and statistical power of the
study need to be addressed.

Based on existing cumulative knowledge, survival and recurrence in patients with HNSCC
are associated with genomic alterations present in a number of chromosomal regions and
genes (Table 4). The most commonly reported CNV associated with survival pertain to
chromosomal regions 11q (14 studies), 3q (4 studies), 7p and 22q (3 studies); LOH in 3p (5
studies), 8p and 9p (4 studies), 13q (3 studies). Most of these CNV studies focused on the
examinations of specific genes that have been shown to play important roles in head and
neck carcinogenesis, e.g. CCND1, EMS1, Int-2, bcl-1 at 11q13; CCNL1 at 3q; EGFR at
7p12; or BTAK or E2F1 at 22g. Most LOH studies tested various micro-satellite markers at
certain regions to analyze the association between LOH changes and survival. As far as
recurrence is concerned, the most commonly reported CNV/LOH associated with recurrence
involved CNV at 11q (11 studies); LOH at 9p (4 studies) and 17p (3 studies). CNV/LOH at
other chromosomal areas, as listed in Table 4, has only been reported by one or two studies.
Similar to studies with survival outcomes, these CNV studies with recurrence outcomes
focused on some of the specific genes and LOH studies focused on using micro-satellite
markers.

There were only two papers that combined clinical characteristics, such as tumor, node,
metastasis (TNM) staging or treatment conditions, with CNV or LOH to predict
survival37:39, Partridge et al found that 3p LOH was associated with poorer survival. The
association was present even in patients with early stage | & 11 tumors3’. Jamieson et al also
showed that in patients who received radiotherapy (RT), 6g LOH was associated with
reduced survival3®.

With the advent of SNP array technology and technologies to interrogate transcriptome and
proteome, a better picture should emerge regarding the extent CNV/LOH might bear on

Head Neck. Author manuscript; available in PMC 2011 November 18.
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HNSCC survival and recurrence, the specific CNV and/or LOH that might exert such an
effect, and whether certain CNV and/or LOH, alone or in combination with other
parameters, such as TNM staging, transcriptome profile, proteome profile, etc., can improve
the prediction of HNSCC recurrence and mortality.

Conclusions

Genomic markers, such as CNV and LOH, have been shown to be associated with disease-
specific survival from and recurrence of HNSCC in a number of studies done by low
throughput/lower resolution methods. However, most of these studies had some potential
limitations, such as poor DNA quality or contaminated signals due to mixed cell populations
present in the examined tumor samples. Also, these studies could detect either CNV or
LOH, but not both, due to the limitations of their methodology. The current commercially-
available SNP arrays have much improved resolution than the previously used methods and
can be used to simultaneously detect CNV and LOH (allelic imbalance or copy number-
neutral LOH). There have been no studies applying the high resolution SNP arrays, such as
the Affymetrix 500K SNP set, to detect genomic aberrations in HNSCC or to predict
HNSCC prognosis. While the SNP array approach provides an opportunity to identify
potential genomic markers that could be used to better predict prognosis, there are also a
number of challenges researchers need to overcome. These challenges pertain largely to the
need for high quality DNA from high tumor content samples in large numbers of patients
with HNSCC who have been monitored for tumor recurrence and survival.

Acknowledgments

Supported by grant R01 CA 095419 (to C.C.) from the National Institutes of Health, National Cancer Institute,
Bethesda, MD, and by the Dual Mentor Postdoctoral Fellowship (to the Amgen fellow, Y.C.) at the Fred
Hutchinson Cancer Research Center.

References

1. IARC-WHO. [access April 6, 2006] International Agency for Research on Cancer-World Health
Organization, GLOBOCAN 2002. Cancer incidence, mortality and prevalence worldwide (2002
estimates). 2002. http://www-dep.iarc.fr

2. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin. 2005;
55:74-108. [PubMed: 15761078]

3. SEER*Stat Database: Incidence - SEER 17 Regs Limited-Use, Nov 2006 Sub (1973-2004 varying),
National Cancer Institute, DCCPS, Surveillance Research Program, Cancer Statistics Branch,
released April 2007, based on the November 2006 submission. Surveillance, Epidemiology, and
End Results (SEER) Program. 2007. http:www.seer.cancer.gov

4. Weymuller E, Yueh B, Deleyiannis F, Kuntz A, Alsarraf R, Coltrera M. Quality of life in head and
neck cancer: lessons learned from 549 prospectively evaluated patients. Arch Otolaryngol Head
Neck Surg. 2000; 126:329-335. [PubMed: 10722005]

5. Reibel J. Prognosis of oral pre-malignant lesions: significance of clinical, histopathological, and
molecular biological characteristics. Crit Rev Oral Biol Med. 2003; 14:47-62. [PubMed: 12764019]

6. Forastiere A, Koch W, Trotti A, Sidransky D. Head and neck cancer. N Engl J Med. 2001;
345:1890-1900. [PubMed: 11756581]

7. Wreesmann VB, Singh B. Chromosomal aberrations in squamous cell carcinomas of the upper
aerodigestive tract: biologic insights and clinical opportunities. J Oral Pathol Med. 2005; 34:449-
459. [PubMed: 16091111]

8. Kim MM, Califano JA. Molecular Pathology of Head and Neck Cancer. Int J Cancer. 2004;
112:545-553. [PubMed: 15382034]

9. Akervall J. Genomic screening of head and neck cancer and its implications for therapy planning.
Eur Arch Otorhinolaryngol. 2006; 263:297-304. [PubMed: 16575584]

Head Neck. Author manuscript; available in PMC 2011 November 18.


http://www-dep.iarc.fr
http:www.seer.cancer.gov

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chen and Chen

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Page 7

Shaw R. The epigenetics of oral cancer. Int J Oral Maxillofac Surg. 2006; 35:101-108. [PubMed:
16154320]

Ha PK, Califano JA. Promoter methylation and inactivation of tumour-suppressor genes in oral
squamous-cell carcinoma. Lancet Oncol. 2006; 7:77-82. [PubMed: 16389187]

Perez-Ordonez B, Beauchemin M, Jordan RC. Molecular biology of squamous cell carcinoma of
the head and neck. J Clin Pathol. 2006; 59:445-453. [PubMed: 16644882]

Saiz-Rodriguez A. Molecular basis of oral cancer. Medicina Oral. 2001; 6:342-349. [PubMed:
11694867]

Sakata K. Alterations of tumor supressor genes and the H-ras oncogene in oral squamous cell
carcinoma. J Oral Pathol Med. 1996; 25:302—-307. [PubMed: 8887073]

Dos Santos NR, van Kessel AG. Chromosomal abnormalities: detection and implications for
cancer development. Anticancer Res. 1999; 19:4697-4714. [PubMed: 10697586]

Coleman WB, Tsongalis GJ. The role of genomic instability in human carcinogenesis. Anticancer
Res. 1999; 19:4645-4664. [PubMed: 10697584]

Kitagawa Y, Ueda M, Ando N, Shinozawa Y, Shimizu N, Abe O. Significance of int-2/hst-1
Coamplification as a Prognostic Factor in Patients with Esophageal Squamous Carcinoma. Cancer
Res. 1991; 51:1504-1508. [PubMed: 1997190]

Meredith SD, Levine PA, Burns JA, et al. Chromosome 11Q13 amplification in head and neck
squamous cell carcinoma-association with poor prognosis. Arch Otolaryngol Head Neck Surg.
1995; 121:790-794. [PubMed: 7598859]

Bellacosa A, Almadori G, Cavallo S, et al. Cyclin D1 gene amplification in human laryngeal
squamous cell carcinomas: prognostic significance and clinical implications. Clin Cancer Res.
1996; 2:175-180. [PubMed: 9816104]

Shinozaki H, Ozawa S, Ando N, et al. Cyclin D1 amplification as a new predictive classification
for squamous cell carcinoma of the esophagus, adding gene information. Clin Cancer Res. 1996;
2:1155-1161. [PubMed: 9816282]

lkeda MD, Ozawa MD, Ando MD, Kitagawa MD, Ueda MD, Kitajima MD. Meanings of c-erbB
and int-2 Amplification in Superficial Esophageal Squamous Cell Carcinomas. Ann Thorac Surg.
1996; 62:835-838. [PubMed: 8784015]

Rodrigo JP, Garcia LA, Ramos S, Lazo PS, Suarez C. EMS1 gene amplification correlates with
poor prognosis in squamous cell carcinomas of the head and neck. Clin Cancer Res. 2000; 6:3177—
3182. [PubMed: 10955801]

Namazie A, Alavi S, Olopade Ol, et al. Cyclin D1 amplification and p16(MTS1/CDKA4I) deletion
correlate with poor prognosis in head and neck tumors. Laryngoscope. 2002; 112:472-481.
[PubMed: 12148857]

Miyamoto R, Uzawa N, Nagaoka S, Hirata Y, Amagasa T. Prognostic significance of cyclin D1
amplification and overexpression in oral squamous cell carcinomas. Oral Oncol. 2003; 39:610—
618. [PubMed: 12798405]

Sabbir MG, Dasgupta S, Roy A, et al. Genetic alterations (amplification and rearrangement) of D-
type cyclins loci in head and neck squamous cell carcinoma of Indian patients: prognostic
significance and clinical implications. Diagn Mol Pathol. 2006; 15:7-16. [PubMed: 16531763]
Miyahara H, Naito H, Ueda K, et al. Amplification of int-2 and bcl-1 genes in squamous cell
carcinoma of the larynx. Acta Otolaryngol. 1998; 118:763-768. [PubMed: 9840520]

Mori M, Tokino T, Yanagisawa A, Kanamori M, Kato Y, Nakamura Y. Association between
chromosome 11q13 amplification and prognosis of patients with oesophageal carcinomas. Eur J
Cancer. 1992; 28A:755-757. [PubMed: 1524894]

Akervall J, Bockmuhl U, Petersen I, Yang K, Carey TE, Kurnit DM. The gene ratios c-

MY C:cyclin-dependent kinase (CDK)N2A and CCND1:CDKNZ2A correlate with poor prognosis
in squamous cell carcinoma of the head and neck. Clin Cancer Res. 2003; 9:1750-1755. [PubMed:
12738730]

Singh B, Stoffel A, Gogineni S, et al. Amplification of the 3926.3 locus is associated with
progression to invasive cancer and is a negative prognostic factor in head and neck squamous cell
carcinomas. Am J Pathol. 2002; 161:365-371. [PubMed: 12163360]

Head Neck. Author manuscript; available in PMC 2011 November 18.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chen and Chen

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 8

Sticht C, Hofele C, Flechtenmacher C, et al. Amplification of Cyclin L1 is associated with lymph
node metastases in head and neck squamous cell carcinoma (HNSCC). Br J Cancer. 2005; 92:770—
774. [PubMed: 15700036]

Kitagawa Y, Ueda M, Ando N, Ozawa S, Shimizu N, Kitajima M. Further evidence for prognostic
significance of epidermal growth factor receptor gene amplification in patients with esophageal
squamous cell carcinoma. Clin Cancer Res. 1996; 2:909-914. [PubMed: 9816249]

Munshi HG, Wu Y1, Mukhopadhyay S, et al. Differential regulation of membrane type 1-matrix
metalloproteinase activity by ERK 1/2- and p38 MAPK-modulated tissue inhibitor of
metalloproteinases 2 expression controls transforming growth factor-betal-induced pericellular
collagenolysis. J Biol Chem. 2004; 279:39042-39050. [PubMed: 15247230]

Fujita Y, Sakakura C, Shimomura K, et al. Chromosome arm 20q gains and other genomic
alterations in esophageal squamous cell carcinoma, as analyzed by comparative genomic
hybridization and fluorescence in situ hybridization. Hepatogastroenterology. 2003; 50:1857—
1863. [PubMed: 14696419]

Reis PP, Rogatto SR, Kowalski LP, et al. Quantitative real-time PCR identifies a critical region of
deletion on 2213 related to prognosis in oral cancer. Oncogene. 2002; 21:6480-6487. [PubMed:
12226751]

Takebayashi S, Hickson A, Ogawa T, et al. Loss of chromosome arm 18q with tumor progression
in head and neck squamous cancer. Genes Chromosomes Cancer. 2004; 41:145-154. [PubMed:
15287027]

Ransom DT, Barnett TC, Bot J, et al. Loss of heterozygosity on chromosome 2q: possibly a poor
prognostic factor in head and neck cancer. Head Neck. 1998; 20:404-410. [PubMed: 9663668]
Partridge M, Emilion G, Langdon JD. LOH at 3p correlates with a poor survival in oral squamous
cell carcinoma. Br J Cancer. 1996; 73:366—371. [PubMed: 8562343]

Lung ML, Choi CV, Kong H, et al. Microsatellite allelotyping of chinese nasopharyngeal
carcinomas. Anticancer Res. 2001; 21:3081-3084. [PubMed: 11712814]

Jamieson TA, Brizel DM, Killian JK, et al. M6P/IGF2R loss of heterozygosity in head and neck
cancer associated with poor patient prognosis. BMC Cancer. 2003; 3:4. [PubMed: 12589712]
Bockmuhl U, Ishwad CS, Ferrell RE, Gollin SM. Association of 8p23 deletions with poor survival
in head and neck cancer. Otolaryngol Head Neck Surg. 2001; 124:451-455. [PubMed: 11283506]
Scholnick SB, Haughey BH, Sunwoo JB, et al. Chromosome 8 allelic loss and the outcome of
patients with squamous cell carcinoma of the supraglottic larynx. J Natl Cancer Inst. 1996;
88:1676-1682. [PubMed: 8931613]

Coon SW, Savera AT, Zarbo RJ, et al. Prognostic implications of loss of heterozygosity at 8p21
and 9p21 in head and neck squamous cell carcinoma. Int J Cancer. 2004; 111:206-212. [PubMed:
15197772]

Bazan V, Zanna I, Migliavacca M, et al. Prognostic significance of p16INK4a alterations and 9p21
loss of heterozygosity in locally advanced laryngeal squamous cell carcinoma. J Cell Physiol.
2002; 192:286-293. [PubMed: 12124774]

Gasparotto D, Vukosavljevic T, Piccinin S, et al. Loss of heterozygosity at 10q in tumors of the
upper respiratory tract is associated with poor prognosis. Int J Cancer. 1999; 84:432-436.
[PubMed: 10404099]

Sabbir MG, Roy A, Mandal S, Dam A, Roychoudhury S, Panda CK. Deletion mapping of
chromosome 13q in head and neck squamous cell carcinoma in Indian patients: correlation with
prognosis of the tumour. Int J Exp Pathol. 2006; 87:151-161. [PubMed: 16623759]

Lee DJ, Koch WM, Yoo G, et al. Impact of chromosome 14q loss on survival in primary head and
neck squamous cell carcinoma. Clin Cancer Res. 1997; 3:501-505. [PubMed: 9815712]
Pearlstein RP, Benninger MS, Carey TE, et al. Loss of 18q predicts poor survival of patients with
squamous cell carcinoma of the head and neck. Genes Chromosomes Cancer. 1998; 21:333-339.
[PubMed: 9559345]

Partridge M, Emilion G, Pateromichelakis S, et al. The prognostic significance of allelic imbalance
at key chromosomal loci in oral cancer. Br J Cancer. 1999; 79:1821-1827. [PubMed: 10206299]

Head Neck. Author manuscript; available in PMC 2011 November 18.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chen and Chen

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 9

Matsuura K, Shiga K, Yokoyama J, et al. Loss of heterozygosity of 3p21 and 9p21 in head and
neck squamous cell carcinomas and its prognostic implication. Nippon Jibiinkoka Gakkai Kaiho.
1999; 102:613-621. [PubMed: 10388315]

Li X, Lee NK, Ye YW, et al. Allelic loss at chromosomes 3p, 8p, 13q, and 17p associated with
poor prognosis in head and neck cancer. J Natl Cancer Inst. 1994; 86:1524-1529. [PubMed:
7932807]

Gleich LL, Li YQ, Biddinger PW, et al. The loss of heterozygosity in retinoblastoma and p53
suppressor genes as a prognostic indicator for head and neck cancer. Laryngoscope. 1996;
106:1378-1381. [PubMed: 8914904]

Scully C, Field JK, Tanzawa H. Genetic aberrations in oral or head and neck squamous cell
carcinoma 2: chromosomal aberrations. Oral Oncol. 2000; 36:311-327. [PubMed: 10899669]

Chung CH, Ely K, McGavran L, et al. Increased epidermal growth factor receptor gene copy
number is associated with poor prognosis in head and neck squamous cell carcinomas. J Clin
Oncol. 2006; 24:4170-4176. [PubMed: 16943533]

Garnis C, Baldwin C, Zhang L, Rosin MP, Lam WL. Use of Complete Coverage Array
Comparative Genomic Hybridization to Define Copy Number Alterations on Chromosome 3p in
Oral Squamous Cell Carcinomas. Cancer Res. 2003; 63:8582—-8585. [PubMed: 14695166]

Dutt A, Beroukhim R. Single nucleotide polymorphism array analysis of cancer. Curr Opin Oncol.
2006; 19:43-49. [PubMed: 17133111]

Gebhart E, Ries J, Wiltfang J, Liehr T, Efferth T. Genomic gain of the epidermal growth factor
receptor harboring band 7p12 is part of a complex pattern of genomic imbalances in oral
squamous cell carcinomas. Arch Med Res. 2004; 35:385-394. [PubMed: 15610907]

Wreesmann VB, Shi W, Thaler HT, et al. Identification of novel prognosticators of outcome in
squamous cell carcinoma of the head and neck. J Clin Oncol. 2004; 22:3965-3972. [PubMed:
15459219]

Ashman JN, Patmore HS, Condon LT, Cawkwell L, Stafford ND, Greenman J. Prognostic value of
genomic alterations in head and neck squamous cell carcinoma detected by comparative genomic
hybridisation. Br J Cancer. 2003; 89:864-869. [PubMed: 12942119]

Bockmuhl U, Schluns K, Kuchler I, Petersen S, Petersen |. Genetic imbalances with impact on
survival in head and neck cancer patients. Am J Pathol. 2000; 157:369-375. [PubMed: 10934141]

Ueno T, Tangoku A, Yoshino S, et al. Gain of 5p15 detected by comparative genomic
hybridization as an independent marker of poor prognosis in patients with esophageal squamous
cell carcinoma. Clin Cancer Res. 2002; 8:526-533. [PubMed: 11839673]

Nogueira CP, Dolan RW, Gooey J, et al. Inactivation of p53 and amplification of cyclin D1
correlate with clinical outcome in head and neck cancer. Laryngoscope. 1998; 108:345-350.
[PubMed: 9504605]

Fujii M, Ishiguro R, Yamashita T, Tashiro M. Cyclin D1 amplification correlates with early
recurrence of squamous cell carcinoma of the tongue. Cancer Lett. 2001; 172:187-192. [PubMed:
11566495]

Werkmeister R, Brandt B, Joos U. The erbB oncogenes as prognostic markers in oral squamous
cell carcinomas. Am J Surg. 1996; 172:681-683. [PubMed: 8988677]

Yamamoto N, Mizoe J, Numasawa H, Tsujii H, Shibahara T, Noma H. Allelic loss on
chromosomes 2q, 3p and 21q: possibly a poor prognostic factor in oral squamous cell carcinoma.
Oral Oncol. 2003; 39:796-805. [PubMed: 13679203]

Shibagaki I, Shimada Y, Wagata T, lkenaga M, Imamura M, Ishizaki K. Allelotype analysis of
esophageal squamous cell carcinoma. Cancer Res. 1994; 54:2996-3000. [PubMed: 8187088]
Matsuura K, Shiga K, Yokoyama J, Saijo S, Miyagi T, Takasaka T. Loss of heterozygosity of
chromosome 9p21 and 7g31 is correlated with high incidence of recurrent tumor in head and neck
squamous cell carcinoma. Anticancer Res. 1998; 18:453-458. [PubMed: 9568119]

Lydiatt WM, Davidson BJ, Schantz SP, Caruana S, Chaganti RS. 9p21 deletion correlates with
recurrence in head and neck cancer. Head Neck. 1998; 20:113-118. [PubMed: 9484941]

Lazar AD, Winter MR, Nogueira CP, et al. Loss of heterozygosity at 11923 in squamous cell
carcinoma of the head and neck is associated with recurrent disease. Clin Cancer Res. 1998;
4:2787-2793. [PubMed: 9829743]

Head Neck. Author manuscript; available in PMC 2011 November 18.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chen and Chen

69.

70.

71.

72.

73.

74.

75.

76.

77.

Page 10

Sardi I, Franchi A, Ferriero G, et al. Prediction of recurrence by microsatellite analysis in head and
neck cancer. Genes Chromosomes Cancer. 2000; 29:201-206. [PubMed: 10992294]
LaFramboise T, Weir BA, Zhao X, et al. Allele-specific amplification in cancer revealed by SNP
array analysis. PLoS Comput Biol. 2005; 1:e65. [PubMed: 16322765]

Bignell GR, Huang J, Greshock J, et al. High-resolution analysis of DNA copy number using
oligonucleotide microarrays. Genome Res. 2004; 14:287-295. [PubMed: 14762065]

Zhou X, Mok SC, Chen Z, Li Y, Wong DT. Concurrent analysis of loss of heterozygosity (LOH)
and copy number abnormality (CNA) for oral premalignancy progression using the Affymetrix
10K SNP mapping array. Hum Genet. 2004; 115:327-330. [PubMed: 15290239]

Zhao X, Li C, Paez JG, et al. An integrated view of copy number and allelic alterations in the
cancer genome using single nucleotide polymorphism arrays. Cancer Res. 2004; 64:3060-3071.
[PubMed: 15126342]

Tong BC, Dhir K, Ha PK, et al. Use of single nucleotide polymorphism arrays to identify a novel
region of loss on chromosome 6q in squamous cell carcinomas of the oral cavity. Head Neck.
2004; 26:345-352. [PubMed: 15054738]

Zhou X, Temam S, Chen Z, Ye H, Mao L, Wong DT. Allelic imbalance analysis of oral tongue
squamous cell carcinoma by high-density single nucleotide polymorphism arrays using whole-
genome amplified DNA. Hum Genet. 2005; 118:504-507. [PubMed: 16193324]

Affymetrix. GeneChip® Human Mapping 500K Array Set. 2006.
http://lwww.affymetrix.com/products/arrays/specific/500k.affx

Liu W, Ewing CM, Chang BL, et al. Multiple genomic alterations on 21q22 predict various
TMPRSS2/ERG fusion transcripts in human prostate cancers. Genes Chromosomes Cancer. 2007;
46:972-980. [PubMed: 17654723]

Head Neck. Author manuscript; available in PMC 2011 November 18.


http://www.affymetrix.com/products/arrays/specific/500k.affx

Page 11

Chen and Chen

(so0>d

158] UOX0J]IAN) Uoneolyljdwe
2 (T2/eT '%LS)

0/M %26 'S (TZ/6 '%EY)
UMM 969G :[BAIAINS JA-G

(s00>

d 1581 UOXODIAN PaZIBIaUID)
uoneaydwe z-ui (v5/62
‘%¥S) O/M %6 'SA (¥S/2T
‘%22) YNM 9%GG :Sased

qT.1 Buowe [ealnIns JA-G

(too0>

d 1581 UOXODIAN PaZIBIaUID)
uoneoytjdwe Y493 (L0T/v6
'%88) O/M %€V 'SA (LOT/ET
‘%2T) YHM 9%/ :[BAIAINS JA-G

(Too0 >

d 1S3} UOXOJ|IAA pazijelausn)
7 |91UB\-X0D) uonedyyljdwe
TANDD (22T/v6 ‘%LL)

O/M %E'SS 'SA (Z2T/8Z ‘%ET)
UM 9%9°TT :[eAIAINS JA-G

(e00

= d) uonreayridwe TANDD
(1S/2¥ ‘%28) o/m (2v/2T)
%62 "SA (TS/6 ‘%8T) UM
(8/9) %0°GL :[eAIAINS |[eJBAO

(72000 = d 1531 wins

winJ UoXo9JIAn) uoneayljdwe
(9G/¥€ ‘%T9) 0/M Sased

'SA (9G/22 '%BE) UMM S350
Ul JeAIAINS ||BIBAO JI8MOT]

(00>

d 1581 UOXODINN PaZIBIaUID)
syuaied -NT ul uoneaiydwe
21 (02/ST ‘%SL)

0/M 35D 'SA (0Z/S '%SZ)
U1IM S3SeD Ul [BAIAINS 181004

(T00°0 > d) uoneays dweod
T-I8U/g-W1 (LOT/LL ‘%2L)

O/M %€y "SA (LOT/OE ‘%82)
YIM 0422 :[eAIAINS JA-G

oW 69 01 8¢
:abues dn-mojjo4

ow 09 :dn-mojjo}
‘Xew ‘oW 9€ <

(61171
abuel) ow gT :dn
-MOJ|0} UBIP3N

ow
T :dn-mo| |04
"Xew ‘ow Gg
:dn-mojjoy uea|y

(09-¢
abues) ow gz :dn
-MO||0} UBIPaN

(65~
zabuel) ow 97,7
:dn-mojjoy uea|y

(shep 0002) ow
£'99 :dn-moj |0}
Xew ‘ow Q9 <

ow
6TT :dn-mojjoy
"Xew ‘ow 6z
:dn-mojjoy uea|y

(eTDTT) T-199 ‘Z-UI

(eTbtT)
Z-Wi ‘(zTdz) ggue-o

(zTdz) 4493

(€TbTT) TANDD

(eTbTT) TANDD

(1-1d-189
‘TSN ‘TISY ‘TANDD
/1AvYd ‘T-190) €TbTT

(eTbTT) Z- U1

(ETLTT) T-18U/Z-1U1

uonezipugAY 101g 10|S UIBYINOS

uonezipigAy 10(9-10|S

10|19 ulayIN0S

sisAJeue 1019 10|S

10|19 ulayINos

10]g usBYINOS

uomezIpugAy 1019-10Q

sisA[eue 1019-10|S

VN :1U3JU0J Jown
(uazouy ysaly)
sanssi [ewou
jusoelpe pue Jown

VN :1U31U02 Jowin
(pappaquis
-uiygered)

sanssi [ewou
jusoelpe pue Jown

VN :JU8ju02 Jown
(pappaquis
-uiyered)

SaNSSI} [ew.Iou
Jud2e(pe pue Jown

WN :1U8JU02 Jown |
(poppaqua
-uiyered)

SaNssI] [ewliou
judoelpe pue Jown]

VN :1U8JUu09 Jown |
(uazouy

ysaiy) sanssn
Jew.ou paired
Alrened pue Jown ]

VN :JU8ju02 Jown
(uazouy
ysa1y) senssiy Jown |

VN :1U31U0J Jowin
(pappaquis
-uiygered)

sanssi} [ewlou
pauted pue Jown]

VN :JU8ju0d Jown
(pappaquis
-uiyered)

SaNSSI} [eW.Iou
Jud2e(pe pue Jown ]

Arewnd Tz

Arewnd g9

Arewnd 20T

[44)

Arewud 15

95

06

L0T

00S71

00s3

00s3

00s3

20571

OOSNH

00s3

00s3

9z866T ‘H BieyeAIn

12966T ‘A Bpa|

16966T ‘A BMmebeny|

0z966T ‘H fezoulys

619661 'V ESOJE||eg

g1§66T ‘dS Yyupasn

12¢66T ‘IN O

,1T66T ‘A emebeny|

AND pazi[edoT]

SOLWO02INO0 [B2IUNND

awn dn-mojjo4

SJ9XJew Jo uonedInT

SpoyIsIN

Buijpuey sjdwes

S9SeJ JO JaquinN

adA 190URD

Joyiny

NIH-PA Author Manuscript

s1soufioud JaoueD) YIaN pue pesH pue sjusAg HOT ‘AND Pazi[edoT]

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



Page 12

Chen and Chen

/TANDD (08/1S '%v9)
o/m (TS/9T) %TE 'sA (08/62
‘%9€) YuMm (62/9T) %SS

(T2de) VeNMao
‘(€TbTT) TANDD

%0.<
:JUBJU0J Jowin]
(uazouy

OOSNH
Arewnd omy
woJy paysi|qeisa

:[eAIAINS D13108ds-aseasIg ow 0oy < ‘(T2'v2bg) DAN-2 dOd-14b  ysai) senssnaown] g snid \CmE_.E 8/ DOSNH §2€002 T [leAsy
(T0°0 > d) ‘(¢ = 4oquinu
Adoo) uoneaiyjduwre 7423
(T¥/92 ‘%E9) 0/M S3SED "SA
(TP/ST ‘%LE) YMM SaseD 10}
[eAIAINS BAIRRINWIND J8LIOYS
(100> d) (¢ < Jaquinu VN :U8JU0d Jown ]
Adoo) uonesiyijdure My19 afew
(TY/ST ‘%T9) 0/M S85D "SA (rTb02) T423 ‘(€ThOT) [ewsou e woiy YNd
(T/9T ‘%6E) UNMm sased 10} (p 006) ow 0 €42a ‘(€1b0z) poojq pue (Uszoly
|BAIAINS BAIIRINWIND 181I0YS :dn-mojjo} "XeN Mvlg ‘(z1boz) T9IV HSIH4 pue HOD  ysaly) Sanssi Jown | Arewnd Ty 20S3 ¢££002 ‘A enlng
WN :1U8JU0J Jown .
(970070 = d) uoneoydwe (pappaquia
TANDD (T7/82 ‘%89)  (€'6€ — L', dbuel) -uryesed)
0/M £°G8 'SA (TY/ET '%TE) ow ¢'Gg :dn saisdoiq uonesidse
UNM %9y ([EAIAINS [[eJ3AO -MO]|0} UBIPBINI (€TbTT) TANDD ENE| a|paau-auld Arewnd Ty 20SO €002 Y OloweAIN
%08<
1U8U0J Jowin |
(8100°0 = d) uonafap poo|q
TVIQ (0V/0€ ‘%S.) 0/M %99 (8v - /sanssi 1uaoelpe
'SA (OF/0T '%Gg) ynm sased g abuer) ow g'GT Sallfjajes-0J01W ¢ [eunou pue (uszoly
10} %P2 :JeAIAINS |[RJIBAQ :dn-mojjoy uesy eTbzz 10} HSIH ‘sauab ¢ 10} ¥Od -14b ysaiy) Jown Arewnd o 2050 »6¢00C ‘dd s1ed
(9T°€ "9y 8rerreAlUN
'£00°0 = d) uond|ap
91d snjd uoneoiyrdwe
TANDD (€0T/28 '%08)
0/M "SA (E0T/TZ '%02) UHm
S3SED Ul [BAIAINS JA-E J9MOT]
(8¢°Z -9y areLreAlun VN :1U3Ju0d Jowny
‘2¥00°0 = d) uoneoy|dwe (pappaqus
TANDO (€0T/2L ‘%0L) (teT-71 -urjesed)
o/m 'SA (E0T/TE '%0€) yum  :abues) ow zy :dn (Tzde) $9NSSI) [eWIOU 0T JO
S3SEI Ul [BAIAINS JA-E J9MOT] -MO||0} UeIPaA 91d ‘(€TbTT) TANDD HSI4  18sqns e pue Jown ] €0T DOSNH £2¢00¢ 'V 81ZeweN
(10070 = d 158 UOXOD[IMN)
Adoo moj 1o Adoo jewuou
(0S/8T ‘%9€ ‘05/2T ‘%tY) WN :3UBJU0D Jowin |
%E8 ‘%16 SA (1aquinu Adod (pappaguwa
XP<) uoneayyijdwe be [aAs| -uiygeed) sanssn
uBiy yum (0S/0T ‘%02) %0¥ ow Gzg:dn [ewou/uRUBIEW  SNOJ3IUBI-UOU 67
:[eAIAINS D13108ds-asned JA-E -MO]|0} UBIP3IN 12-92bg HSI4 -aid ‘Jowny pue Arewnd 0g DOSNH 622002 ‘9 ybuis
VN :1USJU0J Jown ]
(100070 > d) sjuaied
uoneayijdwe TSN (¥0T/€8 132ued-Uou paired
‘9%608) O/M S3seD 'SA (Y0T/TZ 10U WOy Sanssn
‘%02) UMM S3sBD Ul [eAIAINS (€TbTT) TSW3 [ewLou pue (uszoly
01}199ds-8seasIp JaMo] ow 9¢g < ‘(eTbTT) TANDD HOd lenuaiaylg ysaiy) Jown Arewnd 0T DOSNH 220002 ‘dr 06upoy
SBWO09IN0 [eIIUID awi dn-mojjo4 Ss49XJewW JO UoI1eI0T] SPOYIBINl Buipuey sjdwes  sesed Jo ssquinN  adAy asoue) loyiny

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



Page 13

Chen and Chen

ay pue (e1d.T) £6d (9t/9¢
‘%81) O/M %TZ 'SA (9%/0T

(-2t

WN :JU33u02 Jown
(uazouy ysaly)

‘022) YIM 040/ :190UBd :abues) ow z'12 (yTbET) SiaxJew ayl||ales SaNssI) [ewlou 1U84IN231 ZT
UM 3AI1B/180URD JO paId :dn-moj |0y uesin gy pue (g1d.T) e5d -0J01W € 10]|q UJBYINOS/YDd  Paydrew pue Jown] pue Arewud €9 DOSNH 15966T 11 Yd1819
(Tz00 = d) siowm (%05
11 72 | 8be1s Buowe HOT < JU3JU0I Jowny)
de (TT = u) o/m ow 20T P8198SSIPOIdIW
$3S80 "SA (T = U) YlIM oW Zp Jown
sosed Ul 1(€20'0 = d) HOT dg poojq
(#T = u) o/m OW /Z S3SeI "SA /esoonuwi jewiou
(€ = u) yum ow gg sased Ul ow 00T paired pue (uszouy
BWI} [EAIAINS |[BISAO JBHOYS :dn-mojjo} XeN de SIaxJew a)||9yes-0401W GT ¥Od ysaiy) Jown Arewnd gy 20S0 16966T ‘N 8bp1ied
(9800
=d 1881 ;) (d.T et dg
‘9zdg '12dg) 1901 2 < HO WN :U8Juod Jowng
(L2VT '%es) o/m (#T/0) (9z-1 poojq
960 "SA (L2Z/ET ‘%8Y) yum  :abuel) ow QT :dn S3WOSOWO0IYD paired pue (uszouy
(6/%7) %TE Bulkp Jo Xs1y -M0]|0} UBIPaIN JewosoIne ay} Jo yoeg SIayJew a)1[|a1es-040IW € ¥YDd  YSdly) anssiy Jown | 89 DDSNH 0sV66T X 11
HO™ paziedo]
(10000°0 = d) Juswabueureal
lo/pue uoneayljdwe
TANDD pue T-199 (6./9€
‘%97) O/M S8SBD "SA (BL/EY
‘06%G) UHM Sased Ul [eAIAINS Pa10assIpoIoIW
aAIRINWIND JA-G 1m0 Jown
(T000°0 =) (uazouy
uoneoyiidwe TANDD (6./65 Usaly) pooja/sanssiy
‘%G ) OfM S8seD 'SA (6./02 (8L-21 (T2d9) EANDD 1usoe(pe [ew.ou
‘0%G2Z) UM Sased ul [eAlAINs  :abuel) ow ¢ :dn ‘(e1d2T) 2ANDD Buipuodsailod anse|dsAp
aAIIRINWIND JA-G JaMoT] -Mmojjo) uelpalN  ‘(ETBTT) TANDD ‘T-1°0 10|g UIByINos pue Jown| G pue Arewnd 6/ DOSNH 529002 ‘OIN J1909eS
(10°0 > d) uoneaydwe %0L<
pue AwosAjod ybiy Y493 JU83U0 Jown |
(S2/2€ ‘%EPY) 0/m sased  owl 9¢ :dn-moj|o) (pappaquia-uiyjesed
'SA (GL/EV ‘%/G) YIM S3sed  "Xew ‘ow Gz :dn ‘paxiy-uifew.oy) JuaLINdal T
10 [EAIAINS |[EJSAO0 3SION -MO||0} UBIPSIA (z1d2) ¥493 HSI4 S8NSSIY Jown | pue Arewnd zg DIOSNH 959002 ‘HO Bunyo
(€900'0 = d) (1192
Jad speubis g <) uoneairdwe WN :1U8JU0J Jown
13A9] YbIy TINDD a1doad Aupfeay wouy
(9T2/68T '%88) 0/M S8SEI (6Zbg-Gzbe) 8NSsI} BSOONW B|NAN
'SA (9TZ/L ‘%E) UHM sased ow 0zt T€LdL ‘YOI pue (pappaguud
10 [EAIAINS |[BJSAO0 JOMOT] :dn-mojjo} XeN ‘'ONS ‘TINDD HSI4 -uiyesed) Jown Arewnd 08z DIOSNH 05002 O Yans
(ev00
= d) z< onel YZNMAD/OAN
-0 (0G = u) o/m sased 'sA (0€
= U) Y)IM S8SBD Ul [eAIAINS
914193ds-aseasIp J810YS
(600
=d) z< onel WZNYdd
SAWI02IN0 [BIUID aw dn-mojjo4 SJa>Jew Jo uo1eso| SpPOYISIN Bunpuey sjdwes  sased jo JaquinN  adA1 asoue) loyiny

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



Page 14

Chen and Chen

(T '2€°G '9€'8 "dH 8reLreAIUN
‘20000 > d) 2’0 S 8102s T4
(LT = u) ynm sased 'sA 6£°0
=720 =2100s v (9T =

U) UMM S3SBD 'SA 7°( Z 31008
w4 (GT = u) yum sases

Ul JeAIAINS ||BIBA0 JI9MOT]

(100°0 > d) HO Tzd6 10
/pue Tzdg (LG/0€ ‘%ES) O/m
S3SBD 04978 "SA UMM (LG//2
‘0L 1) S3SBI %G YE ([RAIAINS

o1j199ds-aseasIp JA-G

(L¥00

=d) 9z-G2b0T (60000 = d)
€2-22boT :(1500°0 = d) HO
bOT o/M (L¥/1Z ‘%/G) S8sed
'SA (L1/0Z '%EY) UMM S350
ul swlil [eAIAINS J8lloys

(5200

=d 85 y—2E'T 1D %S6
‘9"z -y peisnipeun) HO
bgT (29/0% ‘%09) 0/m S3sed
%96 "SA (L9/1Z '%0) Uum
S3SLD O4hirg ([eAININS JA-Z

(6ST

=GT'T 1D %G6 '7°0T = ¥O)
HO bz (ST/€ '%02) o/m ow
89 'SA (8/9 ‘96G.) S9SLI YNM
ow GT 8w} [eAIAINS JBHOYS

(0201

21D %SG6 ‘2°Z “4H aleleAlun
‘v0°0 = d) (ow gz~ ‘ow
2T~) HO1 byT (€5/82 '%€S)
O/M 3583 68°0—2G°0 ‘¥6°0
—£9°0 'SA (£S/SZ ‘%LY) UM
9580 £/°0-T€°0 ‘18'0~2F'0
JJEAININS [|RIBAO (1D %S6

(¥€0°0 =

d) HOT (zzd-gzdg) z65s8a
o/M (TE = U) Sased "SA YlIm
GH = cV S9Sed Ul [eAIAINS
o_v—_owam-wmmwm_v 1907
(#00°0

=d) HO (€2d8) ¥9z58a
0/Mm (TE = U) S3sBI "SA YlIIM
(T = u) sased Ul [eAININS
213199ds-asBasIp JaMo]

(6000
=d 1881 ;X) HO1 (¥TbET)

(99T - 82
:abuel) ow gy :dn
-MO0]|0} UBIP3IN

(TS
— g :abuel) ow £z
:dn-moj |0} ueaN

ow zg :dn-mojjo}
wnwixepw

ow
00T — 7z :abues
dn-moj|o} sased
3AI[E ‘0w 99 — G0
:abuel dn-moj|oy
Sased peag

(8T — 0g :abuey)
ow g9 :dn-moj|o}
UBIPAW :S|0AU0I
‘(gz — 8 :abuel)
ow GT :dn-mojjo}
UBIpaW :S3se)

(es-
/T :abuel) ow Tg
:dn-mojjoy ues|y

(sreak
y'9) ow /2 :dn
-MO]|0} UBIPBIA

(€'T2bgT) 00 pue
(e1d.T) €6d ‘(¥ThET)
ay ‘2 TbeT ‘Z2hs
‘T¢-€1d6 ‘ez-T2ds ‘dg

Tzds ‘Tzde

bot

bgt

d.T pue ‘dg ‘bg ‘dg ‘bz

byt

(Tzdg) ecTS8Q pUe
‘(zzd-gzdg) zsss8a
‘(ezdg) ¥ozssa

sioxew

SM1||91eS0JDIW ET ‘S1axew dNS 9

SI3YJBW 3}1]191eS-0J0IN € HDd

S13YJBW 3}1]191eS-0J01N £ HDd

SI9dJe a)1][31es-0J01W € ¥Od

SI3YJewW 3}1]|8¥es-0.01W TT ¥Od

SI8YJew a)i]|81es-0101W OZ ¥Od

SI9dJew a)1][31es-0401W € ¥Od

pajoassIpoJolw
“lown |

poolq

paired pue (uazouy
ysaly) sanssiy Jowin

VN :JU8JU02 Jown
poojq

paired pue (uszouy
ysaly) sanssiy Jown |

%0.L<

JUBIU0J Jowin .
(uazouy ysaly)
BSOONW [BWLIOU
patred pue Jown |

Pa10assIp-0Jo1W
Ajfenuew :Jown
(pappaquis
-unyge.ed) sanssn
Jewlou pue Jown ]

pajaassIp-0Joiw
Ajfenuew :Jown |
(30019

uiygered) sanssn
[ewou pue Jowny

%0L<

JUBU0J Jowin |
poojq

paJted pue (uazouy
ysaiy) Jown

pa1oassIp
-0Jo1W :down |
(pappaqus
-uiyered)

SaNss|} [ew.ou
paired pue Jown}

8y

€6

Arewud ¢

Arewud /9

$]0J1u0d LT pue
sased DOSNH
11/1 8bes 0T

Arewnd g/

Arewud 65

J0S0

JOSNH

JOSNH

JOSNH

JOSNH

OOSNH

BUIOUIDIRD
1189 XuAJe|
omo|beisdns

gy666T ‘N abpLied

6v0666T M BINNSIE

6667 ‘Q ono.edsen

1#866T ‘dY ulsis|ead

9¢866T '.LQ wosuey

9v/66T £Q 997

1v966T '9S XA1ujoyds

SBLO02INO [e2IU1D

awn dn-mojjo4

SJ8XJew JO uo11esnT

spoLpa

Buljpuey sjdwes

S9SeJ JO JaquinN

adA 190URD

Joyiny

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2011 November 18.

in

available

1

Head Neck. Author manuscript



Page 15

Chen and Chen

HO1 T'TEDET ‘T'22-2 T2heT
‘Z'YTDET 'T'ETET o/m sased
'SA UJIM S8SeD Ul [BAIAINS
aAIlRINWIND JA-G Ja1loys

(uosiredwod

a1dnnw Joy Bunsnipe saye
100 = d 81eLeAIUN) HOTT
2'T2d6-2 vzde (L€= u) o/m
$8SBI "SA (/€ = U) YlIM Sased
Ul awi} [BAIAINS JBLIOYS
(L¥0'0 =d) HO
T¢'TTdg-€'T2dg (LG = u) o/m
$95BJ "SA (82 = U) YlIM Sased
Ul dWi3 [BAIAINS JSLIOYS

(esv0'0 = d s

UOX09JIAN) siowny Arewrd
¥ HO1bsT (7 = u) o/m
$35BI OW 96 "SA (£ = U) yum
$9SBD OW G'QT :8WI [BAIAING

(zo0=disa

[81UeN-X0D) HOT (22-G2b9)
HZ49I/dIN (9T = U) o/m
59580 (%96~%YS ‘10 %S6)
%G/ "SA (LT = U) YlIm Sased
(%6£5-%S 10 %S6) %62
11 YN pajeas) sased ul
[eAIAINS 914193ds asned JIA-G

(500 > d) HO1 (12d6)
91d (¥9/8% ‘%G/) O/M S3SED
'SA (Y9/9T ‘%S2) YIM sased

Ul [EAIAINS [[eJBAO J81I0YS

(9ev0°0

=d) HO1 €zdg (15/82
‘%SG) O/M $8sBI 'SA (TG/ET
‘06G7) UM S3sed Ul [eAIAINS
213199ds-asB3sIp JaM0]

(Te00=d

1581 ;X) HO™ (dg) TSETSEA
(T2Z/9T ‘%9.) 0/M $35ED
%L°L 'SA (TZ/S ‘%12) Ynm
S9seI 045T" /G BulAp Jo 3sIy

(892 :¥H ‘100

=dzgz ¥H '200=d Tz ¥
“4H ‘200070 = d arerreAlun)
Teds ‘€Tde ‘9z-vede

UIYIM 190] T Z HOT Yum
S9SeJ Ul |eAIAINS Padnpay

(s1eak g) ow Q9
01 dn :dn-mojjo4

(s1eak /T) ow $0Z
:dn-moj |04 "XeN

ow 96 'SA
ow G'0T :JeAIAINS
uelpaw HO1
bgT o/m sasea

'SA UM sase)

(8zT-72
:abuelt) ow 97 :dn
-MO0]|0} UBIP3IN

(coT-T1
:abuel) ow €6 :dn
-MOJ|0} UBIpSIA

(87 — T :9buel)
ow 9z :dn
-MOJ|0} UBIpSIA

VN

bet

2'2eb-1Tebtz

pue gzb-g'ZTbgT

‘22’ 11d-1'21doT ‘2'Ted
-Zveds ‘Te'TTd-€'T2d8
‘€' TEb-z TThS ‘€T
-Z'¥1de ‘e y1d-¢'pzde

gebgt 01 12 TTdgT

(Lz-G2b9) HzdD1/dIn

(Tzde :91d) L¥2156a

gzdg

byT pue bty ‘de ‘dg ‘dg

BEMENENEES

0401w o1ydiowAjod T 4Od

(suoiBau g) uoibai Jad
sIaxjJew a||ares-0101W —€ ¥Od

SJadJewW a)i||e1es-0101W £ YOd

siaydew oydiowAjod 9 ‘4Od

FENTLE]
d}]|8yes-001W T 4OSS-H0d

swsiydiowAjod ay)j91es-0101W /.

SI8dJeu 8)1][81es-04o1W 8 ¥Od

(uszouy ysaly)
VNQ poojg/sanssi
ubiuag payorew
pue S8NssI} Jown |

pPa10assIp-0Jo1W
Ajfenuew :Jown |
VNQ poo|q [ew.iou
pue (pappagud
-uiyjeted) Jown ]

saull 1190

P8103sSIPoIOIW
:sanssi |

(pappaquis
-uiyered)

S9NSsI] [esodnwi-uou
|ewou pue Jownj

%08<

JUBIU0J Jown .
(uazouy ysaly)
BSOONW [eWLIOU
paired pue Jown}

%0L<

:JUSJU0J Jown
(uazouy

ysaliy) sanssi
Jew.ou paired
pue sanssi3 Jown |

VN :JU8Ju02 Jown
poojq paired
pue sanssi} Jown

Arewnd g5

Arewud 0GT

saul] 1139 DOSNH
Arepuodas
JArewnid

paited Tz

Jlje]sersw-uou
nQ padueApe
Aj[eo0] 91T

Arewud 9

Arewud 15

Ly

OOSNH

JOSNH

OOSNH

OOSNH

20571

JOSNH

JdN

5y9002 ‘DN J1qges

2v7002 ‘MS Uu00D

V002
‘S 1y seAegade

6c€00C ‘1 uosalwer

¢v€00C ‘A uezeg

077002 ‘N lynujoog

¢cT00Z 1N Bun

SBLO02INO [e2IU1D

awn dn-mojjo4

SJ8XJew JO uo11esnT

spoLpa

Buljpuey sjdwes

S9SeJ JO JaquinN

adA 190URD

Joyiny

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



Page 16

Chen and Chen

158] Yuel Bo| woly are sanjea d ‘pareslpul ssajun

[eAJ2IUI 32USPIIUOD 1| ‘O17R] SPPO YO ‘01l piezey :yH HSU aAne[al jHY

UOI19BaI UreYD aselaWA|od :4Dd ‘uoneziplgAy aiwousb aanesedwod :HO?D ‘uoiezIpugAy nis ul Jusdsalon|d :HSIH ‘wsiydiowAjod uonewlopuod puesns ajbuis-40d :dJSS-40d
SSO| OIj3][e [euonoely 4 ‘Adessyroipes i1y

WINWIXeW :"Xew ‘SYIUoW oW Inoyim :o/m ‘aaneBsu apou ydwAj :-N7 ‘a]qejiene Jou :wN

BlIOUIDIRY
JeaBuAreydoseu :DdN ‘ewouded 1132 snowenbs [eaBeydoss :0DST ‘ewouldses 1130 snowenbs [eafukie] :3DST “BWOUIDIEI |19 Snowenbs [eJ0 :DDSO ‘ewiouldsed |39 snowenbs Yoau pue peay :DJOSNH

(100000 =d'500 = %09
d ‘21000 = d ‘1000070 = d) < 1JUBIUOI Jowin]
SBWO09IN0 [eIIUID awn dn-mojjo4 Ss49XJewW JO UoI1eI0T] SPOYIBINl Buipuey sjdwes  sesed Jo ssquinN  adAy asoue) loyiny

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



Page 17

Chen and Chen

159] yuel Bo| woly ale sanjeA d ‘pajedlpul ssajun
[eAJ81UI 9OUBPIJU0D 11D ‘0Nel plezey :yH

uonezipugAy o1wousb anneredwod :HOD

WINWIXBW :"XBW ‘SYIUOL :0W INOYIIM :0/M ‘3|Ce|IeAR JOU (N

BLIOUIDJLD |30 snowenbs |eabieydoss :0DST ‘ewouldses 1130 snowenbs [eio :)DSO “BWOUIDIED |18 showenbs 28U pue pesy :DJSNH

(10°0 > d) zgbte ‘Tebre

‘TTbTZ ‘TTdTZ ‘22bZT ‘2TdoT ‘9Tbg ‘STbY ‘¥Tbg
‘Tebg ‘STbg ‘yTbg ‘ZThg ‘TTbG ‘yebZ ‘T2dT

Je sasso| pue £Tb0z ‘Ggb.T ‘vzb/T 'egb/T
‘eTbgz ‘TTd8 ‘TTbyT ‘veheT e suteb ‘(02

< ofey) ureb 8As] ybiy) uoneoyidure eTHTT
UM Sased Ul [eAIAINS o_“—_uwnw.wmmwm__u JaMOT]

(720°0 = d 1581 ;X) :ureb z1d/ (9T = u) o/m
$9582 "SA (BT = U) UIIM S3SBD Ul [EAIAINS J91I0YS

(tr00=

d) uonajep bzz (1€ = u) o/m sasea ui "sA (8 = u)
UM S3SBD Ul [BAIAINS O14199dS-8seasIp Jaloys
(ev0°0 = d) :ureb 2z-Gzbe (TT

= U) O/M S3SBD Ul OW €9 "SA (Y€ = U) YlIM Sased
ul ow Gy :(ueaw) [eAIAINS d14199ds-ase8sIg

(zoo0'0

=d) sebueyo aa1y} | (TT = u) o/m Sased

"SA (G = U) YJIM 358D Ul [BAIAINS |[RI9A0 9SIOAM
(#0°0 = d) uteb TgbyT (OF = U) 0/M SaseD "SA
(TT = U) YaM $aseo Ul [RAIAINS [[RIBAO 3SIOAN
(2000

=d) ureb 1a1b-yzbg (0z = U) o/m S3SEI *SA

(T€ = U) YaMm $ased Ul [RAIAINS [[RIBAO 3SIOAN
(2000°0 = d) ureb gTdg (Z€ = u) 0/m $8SeD "SA
(6T = U) YIIM S3SeD Ul [EAIAINS |[ISAO0 3SI0AN

(500 >d) Z'TTb8T ‘2Z-T2dg 10
$9s50| pue zgh9T ‘¥ZbgT ‘2ebyT 'TEbYT ‘vebyT
‘eebyT ‘€TLTT ‘T'T2d9 ‘62-Tzbe ‘2Tb 18 sureh

YIIM S8SB3 Ul [eAIAINS D1J199ds-9SeaSIp 181I0YS

ow g¢e
:dn-moj o4 ueIpa|N

oW 8'9€ "SA OW €T
“[eAIAINS UBSW O/M
9580 "SA UJIM S35BD)

(V37
- €'8Z ‘1D %GS6) ow
G¢ :dn-mojjo4 ues|n

ow
G :dn-moj|o4 "XeN

(9287 —vTOF
‘10 %S6) oW 7
:dn-mojjoy) uelpa|N

awouab - 3joyM

awouab - 3joyM

awouab - 3joyM

awouab - 3joy

awouab - 3joymn

Jowiny
050/.< ::USJU0J Jown ]

VvNd

80UaJayal elusdeld

H9D pue sanssi Jown

VN :1U3Ju02 Jown |
sa|dwes
HO2 Jowny [ea1fung

9%0/< ::]U8JU0J Jowin L
(uazouy
HOD Usa1}) sanssiy Jown

pa108ssIp
-0Jo1W Hdown |

VvNd

poojq pue (Uazoiy

HOD Usaly) sanssi Jown |

Arewnd gg DOSNH ;57002 ‘9/\ UuBWISaRIM

Ge 20580 957002 '3 Heyqa

S3W02IN0 [B2IUID

awn dn-mojjo4

S8R A JO U0IIRI0T

Jowny
%0/< ::JU8JU0J Jowin |

(uazouy

HOD ysaly) sanssiy Jown |
SPOYIsIN Buijpuey sjdwes

Arewnd Gy D0SNH 85€002 ‘N[ UBwysy
Arewnd 15 2053 09¢002 ‘L ouan
Arewnd €TT JOSNH 650002 ‘N lynwio0g
sased Jo JaquinN  adA1 usoue)d Joyiny

NIH-PA Author Manuscript

sisouBoud 1aoueD %9aN pue peaH pue sjusng HOT ‘AND 9pIM-3L0oUd9)

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



Page 18

Chen and Chen

<) uonealy|dwe g'9zbe 1A yby
O/M S3SBJ 04E'69 "SA UlIM S8sed
90T :[BAIAINS 9314-85easIp JA-E

(£00°0 = d) uonearyidwe (€TbTT)
TANDD (€2/0T ‘%EY) 0/m sased
%0708 'SA (EZ/ET ‘%.G) UMM S85BD
%T ST :[eAIAINS 831)-aseasip JA-G

(#0000 = d 1581
2X) uoneoyjdwe (€TLTT) TSN
(v0T/€8 ‘%08) 0/M $8sD (69/.€)

%% ‘SA (FOT/TZ '%02) Unm
S35e3 (8T/8T) %00T :92UdlINday

(L2070

=d1s81 ;X) HOT (T°€Td.T) £gd
1o uoneoytidwe (€TbTT) TANDD
0/M 859 (#T/0) %0 "SA HO1
(T°e1d2T) £5d pue uoneolduwe
(ETBTT) TANDD U0

UM s3sed (6/S) %9°SS pue HO™
(T°€1d2T) £5d 10 Loy dWEe
(€TDTT) TANDD Yum ssses (¢T/4)
29'82 :Sjuaned ¢ abeis ul siowny
SNuOoJYyIeIBW J0/pue 33Ua1INIBY
(2000

= d 1881 ;X) uoneoyidwe (TbTT)
TANDD (VS/9€ ‘%.9) O/M $8SED
(0v/6) %22 "SA (¥S/8T ‘%EE)
UMM $3SBD (7T/6) %E 79 ‘slowny
SnuoJydeIaWl J10/pue adualinday

(t0'0 =d) (TT°0 > J8quinu Adod)
uoneosyidwe (€TbzT) £-ggle
O/M S3SBI 046/ "SA Y)IM SaSed

9%ST :[eAIAINS 9813-9seasip JA-©
(100 =d) (z'T < Joquinu

Adod) uoneanyndwe (7°1gb/T)
2-9943 (SB/EE '%6E) O/M S3sED

%8G "SA (G8/2S ‘%T9) YlM sased

9S2 :[eAIAINS 9814-9SeasIp JA-€

(70°0 = d 10ex3 S,48UsIH)
uoneoyjdwe gTbTT (95/7€
‘%T9) O/M S8S8D 040G 'SA (95/22
;xummv UM SBSBD 04¢Q -asessIp
ucmum_m_ma 10 3JuaJindal Jaljieq

ow §'z8
:dn-mojjo} ueipsin

(e8—
g :abuel) ow €5
:dn-moj|o} uesN

ow 9¢g <

ow gz :dn-mojjo}
"Xew ‘ow §'zT
:dn-mojjo} ues|n

ow 8z
:dn-mojjo} ues|n

(65
—zabuel)ow 9'/T
:dn-moj|os uesN

lz-9zbe

(€TbTT) TANDD

(eTbTT)
TSINT ‘(€TbTT) TANDD

(€TbTT) TANDD
‘(T°eTdLT) €5dL

(eTbzT)
€-9q48 ‘(T'12b.T)
Z-9q48 ‘(z1dZ) T-9048

(1-1d-159
‘TSINT ‘TISY ‘TANDD
/1AVdd ‘T-199) €TbTT

HSI4

HSI4

HDd [enuaispIa

‘HO1-d14Y '¥od

d0d [enusldyip-siqnog

1019 UJByINOS

[ewJouueubijew
-aud ‘Jown .

Pa108ssIPOIoIW
-lowin].
(pappaquwis-uiyjesed)
sanssi) Jown |

VN :1U81U02 Jown ]
syuaned
J9oUed-UoU palred
10U WoOJJ SaNssi
Jew.ou pue (uszouy
ysaiy) Jowny

VN :1U8JU02 Jown |

pooiq
paired pue Jown ]

VN :U8Ju0d Jown]
BS0ONW [BUWIOU
paured pue (ysaly)
sanssiy Jown |

VN :JU8JU0d Jown ]
(uazouy
ysaiy) sanssn Jown

SNnoJadued-uou 6t

DOSNH 622002 ‘g ybuis
20S0 201002 ‘N 11ng
D0SNH 220002 ‘dr 06upoy

DOSNH 1¢866T ‘dD elienboN

00SO  £9966T ‘Y J81SIBUBIB

OOSNH g1G66T ‘dS UHpaIsin

AND pazi[edoT]

S3W02IN0 [BIUID

awn dn-mojjo4

SJ8YJeIAl JO Uo1BI0T]

SpoyIsIN

Buijpuey sjdwes

S9seJ JO JaquinN

adA 190uR)D Joyiny

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

32U81IN23Y 199U Y9N Pue PesH pue SjusAg HOT ‘AND 9PIM-3LIOUIS) PUB PazI[edoT]

NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



Page 19

Chen and Chen

(29000 = d) HOT beT (LT =U)
0/M 3589 'SA (6T = U) UHM Sased
Ul [AIAINS 9914-9SBaSIP 9SIOAN
(Sze0'0=d) HO dg (9T =

U) O/M $3SBD "SA (/ = U) YlIm Sased
Ul [AIAINS 9914-9SBaSIP 9SIOAN

(skep

000T) ow g'eg :dn
-MO| |0} WNWIXeN

dzz
pue ‘d1g ‘deT 1daoxa
we [ewosolne A1ang

siaxsew olydiowAjod
GG d1449-40d

WN :1U8Ju02 Jown ]
(uazouy

ysaly) sanssn
[ewJou wadelpe
1184 pue Jown |

9¢ 00s3

o¥66T ‘I bledeqiys

HO™ pazijeao

(£000°0 = d) Juswiabue.real 1o/pue
uoneaydwe (€TbTT) TANDD
pue T-190 (6L/7€ ‘%9Y) O/M

$9SBD "SA (6./€Y '%¥S) UMM S8SED
Ul [BAIAINS 991)-9SeaSIP 9SION
(10000°0 = d) uoneay dwe
(ETLTT) TANDD (61/6S ‘%SL) O/M
s3se9 "SA (62/02 ‘%S2Z) YNM Sased
Ul [BAIAINS 991)-9S€3SIP 8SIOM

(50°0 > d) uoneoiyrjdwe Jo/pue
AwosAjod ybiy (z1d2) 4493 o/m
S9SeJ Ul OW 6¢/S¢ "SA YlIM Sased
ur ow 0z/8T :(yreap/aoualindal

01 aWI) [eAIAINS 98.14-U0ISSaIB0.

(100 =d) Z < 0nes

(Tzde/TZ ¥Zbg) YZNMAD/OAN

-0 (8L/€Y ‘%SS) O/M s3s80 (0S/8T)
%0€ "SA (8L/SE ‘%St) UM Sased
(0£/8T) %09 :[eAJa1Ul 331)-8588SIQ

(2500°0 = d) uoneoyijdwe
(€TbTT) TANDO(T#/8Z ‘%689) O/M
$8580 0479 "SA (TH/ET ‘%ZE) UM
S9SBI 0pEC (|eAIAINS B31)-9seasIg

(16°'S

'Y ‘€T0°0 = d X092 ajeLIeAIUN)
uona|ap (tede) 91d snid
uoneaytjdwe (€ThTT) TANDDO
/M S3SeJ 04/ 8T "SA UYlIM Sased
%¢’'TG :93Ua4iNnJal JO 3duUaPIdU|
(Lee

'Y ‘T20°0 = d X092 ajeLleAlun)
uoneaydwe (€TbTT) TANDD
O/M S3SeJ £'6T "SA YlIM Sased
%18 :92UBIINDJBI JO BOUBPIDU|

(€000 =

d 1591 108X S,J8ysiH) uoneaiyljdwe
€'9¢be 193] YBiIy o/m sased 9yee
"SA UJIM S3SBI 0406 :90Ua1INaYy
(9000

= d uoxo2|1pn) Jaquinu Adod Xy

(8L~
21 :9buel) ow iy
:dn-moj oy ueIpalN

ow §v¢
:dn-mo|o4 ueIpaN

ow op <

(e'6e -
/"1 abues) ow gz
:dn-moj|o} uelpaiN

oW £ "SA OW 98
dn-mojjo} uelpaw
uoneaiyldwe
(Tzde) 91d

O/M "SA UIIM SaseD)
‘oW Q7 'SA oW 8¢
:dn-mojjoy uelpaw
(uoneaurdwe
(eTbTT) TANDD
O/M "SA UM S3seD)

(€TbTT) TANDD 'T-129

(z1d2) Y4493

(Tzd6) VZNMaD
‘(€TbTT) TANDD
(TZ'vZhg) DAN-0

(€TbTT) TANDD

(T2de)
91d ‘(€TPTT) TANDD

10]g usaLINOS

HSI4

VZNMAD ‘TANDD 'DAN
010} ¥Od awh [esy

HSI4

HSI4

Pa10assIpoIoIW
Jowng

(uazouy

ysaly) poojq/sanssi
Jud2e(pe |ewJou
pue Sanssiy Jown |

%0.<

JUSJU0D Jown
(pappaquwia-uiyered
‘paxiy-utfewoy)
SaNssI} Jown |

%0.<

:JUsJuU0d Jown ]
(uazouy

ysaly) sanssiy Jown

VN :JU8JU02 Jown
(pappaquwa-uiyyesed)
saisdolq uonesidse
a|paau-aul

VN :JU8JU0d Jown ]
(pappaquwia-uiysered)

SaNssI} [ew.ou Jo
19sQNs & pue Jown

VN :JU8JU02 Jown
(pappaquus
-uiyyered) sanssn

Arewnd 48 D0SNH

JuUa.LINal T

529002 ‘DN J1qqes

59002 ‘'HO Bunyo

gz€00C ‘[ Ilensny

+2€00Z “d o1owelin

¢2¢002 'V d1ZeweN

SBLW00IN0 [B2IUID

awn dn-mojjo4

SJ8XJeIAl JO U0IIRI0T]

spoy1sI

Buijpuey sjdwes

pue Arewnd g8 DOSNH
Arewid g/ J0SNH
Arewnd Ty 20S0

€0T O0SNH

sased Jo JaquinN  adAy asoue)d

Joyiny

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



Page 20

Chen and Chen

(zoo=d)(zT=u)20

S 91093S V4 YlIM Sased Ul ‘SA 6._”
=U) 6€°0 — TZ'0 = 81028 TV Ym
$3SeO Ul SA (GT = U) 0 < 9409S
V4 YlIM Sased ul 8dualindal
|euo16a1-090] Jo Xsil JaybiH

(100070 >

d 1881 ;X) HO1 Tzde Jo/pue Tzdg
0/M $3589 (E€/8) %1Z "SA UM
$35ed (72/6T) %6/ :99UaLINdY

(L2070
=d 1881 ;X) HOT (T°€Td.T) €6d Jo
uoneayijduwe (€TbTT) TANDDUIOG

(L€/82 '%9L) 0/m s3sed (6/S)
%9°SS (L€/6 ‘%¥2) UM Sased
(6/t) %v vy ‘HOT (T°€TdLT) £5d
Jo uoneoytjdwe (€TLTT) TANDD
(L&/€T '%29) O/m s8seD (/1)
%9°'8Z "SA (LE/TT ‘%8E) YIm
Sosed Q._”\O.C %1’ T/. 9dUalInday
(L0070 =d 1531

2X) uoeoytjdwe (€TLTT) TANDD
(¥S/9€ '%.9) 0/Mm $358 (017/6)
%G'22 "SA (VS/8T '%EE) YUm
s3sed (¥T/6) %E 79 :90UaLINJDY

(#0'0 = d 1581 ;X) HO1
€ZbTT 0/M SaseD (8/0) %0 "SA YlIM
$9sed (ET/1) %8'EG 90ULINIBY

(10070 > d 1581 ;X) HO (22d6)
0-N-| 0/M 58583 (OT/T) %0T "SA
Yum sased (0T/6) %06 :90UaLINIaY

(210°0 = d 1531 ;X) HO1
T2de 0/m s8seD (TH/S) %ZT "SA
YIIM sasea (£2/6) %6E :90UalInday

(evo0
=d) HOT dg (T = u) o/m sased
U1 oW 7 "SA (¥€ = U) YlIM Sased
U1 OW 8E :[eAIAINS 831)-85RasIq

(8200 = d) HO (g2d8)

$92S8a (T€ = U) 0/m Sased ul SIA
$'9 < 'SA (ET = U) YlIM Sased Ul SIA
2°2 :[eAIAINS 9314-3SB3SIP JAMOT

(991 -
8z :abuel) ow 6
:dn-moj|o} uelIpsn

(tg
— ¢z :abuel) ow £z
:dn-mojjo} uea|N

ow gz :dn-mojjoy
Xew ‘oW /¥'zZT
:dn-mojjo} ues|n

ow g'v¢
:dn-mojjo} ueaN

(15—
g :abuel) ow /¢
:dn-moj o} uelpaiN

VN

ow 7/ 'SA
oW 8¢ :[eAIAINS
UeaL O/M S9SBD

‘SA U)IM S8seD)

(s1eak y9) ow 2/
:dn-mojjo} uelIpaiN

(€°TZbgT) 00Q pue
(e1d2T) £5d ‘(yThET)
ay ‘z'yTbeT ‘2ebe
‘Tz-€1d6 ‘c2-Tedg ‘de

Tzde ‘Tzde

(€TbTT) TANDD
(T°eTdLT) €5dL

4dns

Tede ‘zz-Tede
‘zeds ‘vz-zzde ‘vzde

Teds ‘Ted,

de

(T2dg) €£1S8Q pue
‘(zzd -€zdg) z9as8a
‘(ezdg) v9zsea

SIYJBW B}1]191eS-0J01W
€T ‘SIoxiew dNS 9

siayew
8]1][81es-0J21N € HDd

uonesiyljdure
— 40d anneuenb-1was
‘HOT—d14d "¥od

SENTEN]
91910 € YD

J9xjJewW 8)1||8esooiw
6 1101 UIBYINOS ‘*YDd

sy ew
a)||aresolo1W Z YOd

siaysew
S| [97es-0.01W GT ¥Od

SN
a111[91es-011W € HOd

Pa19assIpoIIW
:owin]

poojq

paured pue (uazouy
ysaly) sanssiy Jown

VN :JU8JU02 Jown
pooiq

paured pue (uazouy
ysaly) sanssiy Jown ]

VN :1U8JU02 Jown |

pooiq
paited pue lown]

uoiodoud

ybi1y :uaIU0d Jown
poojq payorew

pue sanssI} Jown |

VN :1U3JU02 Jown |

pooiq
paired pue Jown

WN :1U8IU02 Jown]
poojq pue (Uszoly
ysaly) sanssiy Jown

(%05

< JUBJU0D Jowny)
Pa198ssIPoIdIW
Jowng

pooiq

/esoonwi [ewJou
paJred pue (uszouy
ysaiy) Jowny

pa1a8ssIp

-0Jo1W :Jown |
(pappaquwis-uiyyesed)
SNSSI} [BWIOU
patred pue Jown}

8Y 00S0

€6 O0SNH

95 OOSNH

9s OJOSNH
Arewnd zy DOSNH
Arewnd g, DOSNH
Arewpd gy 2050
euiouldied

1189 XuAJe|

Arewnd 65 2mojbesdns

¢y666T ‘W 8BpLiLed

6,666 ' BINNSEIN

19866T ‘dD elienboN

98661 'AV Jeze]

19866T ‘INM BeIpAT]

49866T “M eINnsie|n

1£966T ‘IN abpLied

1v966T '9S XAIujoyds

SBLW00IN0 [B2IUID

awn dn-mojjo4

SJ8XJeIAl JO U0IIRI0T]

spoy1sI

Buijpuey sjdwes

sased Jo JaquinN  adAy asoue)d

Joyiny

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2011 November 18.

in

available

1

Head Neck. Author manuscript



Page 21

Chen and Chen

$SO| O19][2 [euOnIRl) TV

[AIBIUI BOUBPIIUOD 1| ‘XS BANR[A] 14y ‘O11el piezey :yH

wsiydiowAjod

apnoajonu a16uIs :dNS ‘wsiydiowAjod yibus| Juswbely UONILISAY :d 14y U0NJeal Ureyd asesdWA|od :HDd ‘UonezIpLgAYy o1woush aanesedwod :HOD ‘UOIEZIPLGAY NNIS Ul JU80saIoN|4 :HSIH

Adeiayioipes ;1 ¥ ‘wnNWIXew :'xew ‘SYUowW :ow INoylm :o/m ‘aairebau spou ydwaA| :-N7 ‘a]qejieAe 10U (N

BLIOUIDILD |30 snowenbs [eafieydoss :0DST ‘ewiouldses 8o snowenbs [e10 :DDSO ‘180UBD Y98U pue pesy :DNH ‘ewouldses |89 snowenbs Yosu pue pesy :DJSNH

(50°0 > d) bzz pue dgT 1e sasso)
‘boz pue bz T 1e suteb ‘(g'T < onel)
€TbTT 18 uoneaIIdwe Yyum sased
Ul [BAIAINS 831)-9S€aSIP J8J0YS

(o0

> d) TgbgT ‘2’ TTb8T ‘G2-€2hTT
‘zz-12dg 1e sesso| pue sureh gzbgT
‘¥¢bsT ‘2ebyT ‘TELYT ‘vbyT
‘egbyT ‘eTbTT ‘22dL ‘ve-zedg
‘1°Tzd9 ‘62-Tebe ‘2Tbz ‘sz-vede
‘ep-gybT ‘zebT 18 sureb yim sased
ul JeAJslul 9al)-asessip Jslioys

(LTr-€82
‘1D %S6) ow G&
:dn-mojjoy ues|n

(9187 —¥T 0¥
“1D %S6) oW i

:dn-mo|o4 ueIPaIA

awouab - ajoym

awouab - 8joy

HOD

HOD

Jown} 9%0/<
1:U8IU0D Jowin |
(uazouy

ysaly) sanssiy Jown

lown} 9%0/<
::U8JU0d Jown |
(uazouy

ysaly) sanssn Jown

Arewnd Gy

Arewnd €TT

OOSNH

OOSNH

95€002 ‘Nr Uewysy

660002 ‘N lynuwjoog

AND 3pIM swou9)

(z00=d

1581 [9IUBN-X0D) HOT (L2-G2h9)
HZ4DI/dIN (9T = u) o/m

8580 (%26-%9Y 10 %S6) %69
"SA (LT = U) ynm sased (%hy—9%e
11D %S6) %ET LY Yum sjuaiied
Ul [eAlnns 931y asdejal JA-G

(Tz0'0=d1sa)
10eX3 ,J3ys1d) 190] ¢ T HO1 bz
0/M S3sed (92/8 ‘% TE) O/M Sased

(81/8) %Pt "SA (FT/0T ‘%TL) Yum
S9sBI (8T/0T) %95 :(Siseisersw
pue a9ua.lindail) sisoubold 1a10od

(9700 = d) HO1 €2d8 (82 = )
0/M $35B9 "SA (E£2 = U) YlIM Sased
Ul [eAIAINS 83.)-8Seasip Jamo]

(670070 = d)
1 ] 9]es-0401W/HO1
(zede) »-Nd1 ‘(T°€TdLT) €6dL (¥T
= U) 0/Mm $850 (YT/T) %L SA (TT =

u) ynm sases (TT/2) %v9 :uibrew

Jowiny Ul [eAIAINS 881)-aseasiq

(szt
— ¢z :abues) ow 9,

:dn-mo|o4 ueIPaIA

VN

(8-
T :8buel) ow 9'yZ

:dn-moj|o4 ueIPaN

(T2
-G :abuel) ow €T

:dn-moj|o4 ueIPaN

(Lz-G2bg) Hz491/dIN

btz 'dg ‘bz

gedg

b1z ‘dsT
‘bot ‘de ‘b ‘be 'dz

sy rew
aydiowAjod 9 ‘°4od

siaysew
S| [37es-0.101W 0€ ¥Od

s1axsew oydiowAjod
d|[ares-0Jo1W /

SENTEN
S}]|8res-0401W 0T ¥Od

Pa108ssIpoIoIW
:sanss1 |
(pappaquwis-uiyyesed)
$3NssI) [eSOoNW-UoU
[ewJou pue Jown |

%08<

1U8JU02 Jowin].
(uazouy ysaly)
SaNSsI) [eW.Iou
paJred pue Jowny

%0.<

:JUsJU0d Jown ]
(uazouy ysaly)
SNSSI} [BWIOU
paJred pue Jown

VN :UsJu0d Jown]
VNd poojq
‘(pa10assIpoJIw)
suibrew palred
‘(suonoas ulyjeted)
siown) Alewlid

Jlje)selsw-uou
1nQ padueApe
Al[e20] 97T

Arewnd o

Arewnd TG

114

OOSNH

J0S0

JOSNH

ONH

6c€00C 'L uosalwer

+9€002 ‘N OjoWewe A

0y700Z ‘N lynuoog

690002 ‘I IpJes

SBLW00IN0 [B2IUID

awn dn-mojjo4

SJ8XJeIAl JO U0IIRI0T]

spoy1sI

Buijpuey sjdwes

S9SeJ JO JaquinN

adA 190uRD

Joyiny

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



Page 22

Chen and Chen

1591 >ues Bo| wouy ate sanfen d ‘paresipul ssajun

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



Page 23

Chen and Chen

DDSNH JO 82U31INJ3Y J0 WOJJ [BAIAINS YIIM HOT 10 AND JO 89Uasald U3amIag suo1e1aossy Buroday saipnis Jo Jaquinn

NIH-PA Author Manuscript

€ HOT
T T T 1 z T AND
AIX bgz dez btz drz boz doz ber der bgr dgT bz dzT  bor  dor
T T 4 HOT
T T T 1 z T AND
bgT dsT byT dyT ber der bzt dgr brr dit bor dot b ds  bg
z T T z T HOT
T z T z T T T AND
dg by ds bg dg bg dg by dy bg de bz dz bt dT
9JUa.41Nday
z [ HOT
€ T T [4 1 T T AND
AIX bgz dgz btz drz boz doz ber der bgr dgr bsT  dzt bor  dgr
T € T 4 HOT
T € z T T z Z AND
bgt dsT byt dyT ber der bzt dgr btt drt bor dot b ds  bg
4 T g T HOT
z € T T T T 4 z T AND
dg b, dz bg dg bg dg by dy bg dg bz dz by df
[eAIAINS

NIH-PA Author Manuscript

v alqel

NIH-PA Author Manuscript

Head Neck. Author manuscript; available in PMC 2011 November 18.



