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Abstract

Background: P16 and p53 protein expression, and high-risk human papillomavirus (HPV-HR) types have been
associated with survival in head and neck cancer (HNC). Evidence suggests that multiple molecular pathways need
to be targeted to improve the poor prognosis of HNC. This study examined the individual and joint effects of
tumor markers for differences in predicting HNC survival. P16 and p53 expression were detected from formalin-
fixed, paraffin-embedded tissues by immunohistochemical staining. HPV DNA was detected by PCR and DNA
seguencing in 237 histologically confirmed HNC patients.

Results: Overexpression of p16 (p16+) and p53 (p53+) occurred in 38% and 48% of HNC tumors, respectively. HPV-
HR was detected in 28% of tumors. Worse prognosis was found in tumors that were p53+ (disease-specific
mortality: adjusted hazard ratios, HR = 1.9, 95% Cl: 1.04-3.4) or HPV- (overall survival: adj. HR = 2.1, 1.1-4.3) but no
association in survival was found by p16 status. Compared to the molecular marker group with the best prognosis
(p16+/p53-/HPV-HR: referent), the p16-/p53+/HPV- group had the lowest overall survival (84% vs. 60%, p < 0.01; HR
=4.1,1.7-9.9) and disease-specific survival (86% vs. 66%, p < 0.01; HR = 4.0, 1.5-10.7). Compared to the referent, the
HRs of the other six joint biomarker groups ranged from 1.6-3.4 for overall mortality and 0.9-3.9 for disease-specific
mortality.

Conclusion: The p16/p53/HPV joint groups showed greater distinction in clinical outcomes compared to results
based on the individual biomarkers alone. This finding suggests that assessing multiple molecular markers in HNC
patients will better predict the diverse outcomes and potentially the type of treatment targeted to those markers.

. J

Background

Infection with human papillomavirus high risk (HPV-
HR) types is causally related to the development of
HNC independent of tobacco and alcohol use [1-3].
HPV infection has been demonstrated to play a role in
the molecular pathways through its viral oncoproteins,
E6 and E7. These proteins increase degradation of p53
and interfere with pRb function leading to upregulation
of p16™ * by loss of negative feedback control [4].
P16™%** and TP53 are tumor suppressor genes and key
targets in the loss of cell cycle control [5]. Overexpres-
sion of pl6 (pl6+) in HPV-HR infection has been
demonstrated in a high percentage of cervical and HNC
cancers [5-7] and it has been suggested that p16™*?
expression may serve as a surrogate biomarker of onco-
genic HPV infection in predicting HPV-related tumors
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[8,9]. Better prognosis has been shown in HPV-HR [10]
and in p16+ HNC tumors [7,9,11]. However, the signals
and pathways that determine pl6 expression in humans
[12] or upregulation in HPV-related tumors are not well
understood. Although p53 serves an important role in
carcinogenesis, it is a controversial prognostic indicator
with some studies showing p53 expression linked to
decreased HNC survival [7,8,13] and others finding no
correlation [12,14,15]. TP53 wild type has been shown
to be highly correlated with HPV infection in HNC
whereas TP53 mutations are rare in infected tumors
[16,17]. A large investigation [16] found that HPV HNC
tumors had higher overall survival after adjusting for the
effect of TP53 mutation. We have shown that disease-
specific and recurrence-free survival were highest in the
joint biomarkers pl16+/HPV-HR and p53-/HPV-HR
HNC tumors, and lowest in pl6-/HPV- and p53+/HPV-
tumors, and survival was intermediate but different
among the other joint pl6/HPV and p53/HPV
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biomarker groups, suggesting that prognostic outcomes
of HNC based on multiple biomarkers need to be evalu-
ated jointly to more accurately determine clinical
outcomes and possibly alternative, targeted treatment
regimens [7,13].

Although some studies have examined the association
between two joint markers, p16, p53, or HPV, in HNC
[7,8,12,16,18], few have evaluated their joint effects on
survival. None has evaluated the additional clinical
outcome that evaluating three biomarker tests might
provide, a common practice in medicine to perform
multiple different diagnostic assessments. Previous
investigations have adjusted one marker to examine the
risks and outcomes associated with another marker of
interest; however, because of the potential differences in
the molecular pathways leading to tumorigenesis, the
joint effects of these genes need to be evaluated. By
joint effect we are referring to an examination of the
combined markers, p16, p53, and HPV, as eight distinct
tumor groups with the potential for as many different
clinical outcomes; and with different effects associated
with other risk factors and confounders (e.g., tobacco,
stage). Among those that have attempted to examine
joint effects, none has examined multiple markers
adjusting for effects of age, stage, tobacco or alcohol use
[18,19]. Thus, the prognostic significance associated
with alterations in multiple molecular markers remains
unclear. This investigation presents a large group of
newly diagnosed HNC cases examined for the associa-
tion by joint p16, p53, and HPV-HR status in HNC
tumors to evaluate their effects on survival.

Results

Risk Factors and Pathologic Characteristics by p16, p53
and HPV Status

Among the 237 HNC cases, 61% were male and the
average patient age was 60 years. P16 (p16+) was over-
expressed in 38%, p53 (p53+) was overexpressed in 48%,
and HPV-HR was detected in 28% of HNC tumors.
When examined by site, 68% of the oropharyngeal, 28%
of the oral cavity, and 16% of the laryngeal cancers were
pl6+; p53+ prevalence was 47% in the oropharynx, 46%
in the oral cavity, and 59% in the larynx; and 63% of the
oropharynx, 15% of the oral cavity, and 9% of the larynx
tumors were HPV-HR positive. There were three HPV-
HR types detected: 94% were HPV-16, 5% HPV-33, and
1% HPV-18.

Table 1 shows the association and p-values between
pl6, p53, and HPV outcome status and potential risk fac-
tors and pathologic characteristics of HNC, first for all
HNC histologic types and separately for SCC. Reverence
to protein overexpression or positive infection status is
noted by the “+” symbol and lack of expression or HPV
negative for infection by the “-” symbol. After adjusting
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for age, alcohol, tobacco and the other biomarkers, p16+
was associated with a significantly reduced risk of p53
expression (OR = 0.5, 95% CI: 0.2-0.9) and a higher risk
of in HPV-HR detection in tumors (OR = 16.1, 7.6-33.9).
P53+ showed an inverse relationship with pl6+ but was
not significantly related to patient characteristics or HPV
status. In addition to the significant association with p16
+ status, HPV-HR was associated with alcohol (= 1-21
drinks/week: OR = 2.4, 0.9-6.0, >21 drinks/week: OR =
2.7, 0.9-7.9) and tobacco use (>0-30 pack-years: OR =
6.4, 2.1-19.3). P16 overexpression and HPV-HR were
significantly higher in oropharyngeal (OR = 4.0, 1.1-13.8,
OR = 8.4, 1.8-38.2 respectively) but not in oral cavity
compared to laryngeal tumors. Later stage (IV, OR = 2.6,
1.2-5.7) and higher grade (OR = 2.0, 0.97-4.3) were more
likely to be detected in p16+, and positive nodal involve-
ment was more frequently found in p16+ (OR = 2.1,
1.05-4.0) and HPV-HR (OR = 2.1, 0.99-4.4) cancers.
Tumor site and pathologic characteristics were not
related to p53 status. Table 1 shows that nonSCC cases
were more likely than SCC cases to be p16+ (55% vs.
36%) but less likely to be HPV-HR (14% vs. 29%,). Find-
ings limited to SCC showed greater risk of HPV-HR
among males (p = 0.05), moderate and heavy alcohol-
related users (= 1-21: p = 0.002; >21: p = 0.02),
oropharynx (p = 0.008); and greater risk of p16+ in poor/
undifferentiated tumors (p = 0.02).

The eight p16/p53/HPV joint biomarker groups also
were compared for potential differences in risk factors,
adjusting for age, tobacco, and alcohol use with each
group compared to the pl16+/p53-/HPV-HR group (data
not shown). This group was chosen as the referent on
the basis of our previous research [7,10,13] and the find-
ings in this study regarding the biomarker group with
the best survival outcome. All analyses examined both
SCC separately and all histologic groups, with no differ-
ences in findings. The two biomarker groups that were
both p16- and HPV- were significantly less likely to
include males: p16-/p53+/HPV- and pl16-/p53-/HPV-
(p = 0.04-0.01). Moderate use of tobacco (>0 < 30 pack-
years) was more frequent in the referent (41%) than in
the three groups that were HPV- (p16+/p53-/HPV-
10%, p16-/p53-/HPV- 25%, and pl6+/p53+/HPV- 13%;
p = 0.07-0.02); heavy tobacco use (>30 pack-years) also
was less frequently reported in the pl6+p53+HPV-
group (38% versus 49%, p = 0.03). Assessment of tumor
characteristics indicated that all joint groups, except p16
+/p53+/HPV-HR, were less likely to have later stage (p
= 0.03 < 0.002) and nodal involvement (p = 0.01-<0001)
compared to the referent. These findings are similar to
the individual biomarkers shown in table 1. Except for
pl6+/p53+/HPV-HR, all joint groups were less likely
to be detected in the oropharynx (p = 0.02 < 0.0001)
compared to the referent.
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Table 1 Risk Factors and Pathologic Characteristics of HNC by p16, p53, and HPV Status for All Histologic and SCC"
Histologic Types

Characteristics p16- p16+ All/sccC p53+ p53- All/sccC HPV- HPV-HR All/sccC
N=148 N=89 p-value® N=114 N=123 p-value> N=171 N =66 p-value®
(%) (%) (%) (%) (%) (%)
Gender
Female 64 (43.2) 28 (31.5) 49 (43.0) 43 (35.0) 75 (439) 17 (25.8)
Male 84 (56.8) 61 (68.5) 0.5/0.7 65 (57.0) 80 (65.0) 05 96 (56.1) 49 (74.2) 0.1/0.05
Age Group
< 55 years 48 (324) 41 (46.1) 0.2/0.2 37 (32.5) 52 (423) 04 58 (33.9) 31 (47.0) 0.6/04
>55 years 100 (67.6) 48 (53.9) 77 (67.5) 71 (57.7) 113 (66.1) 35 (53.0)
Alcohol
Never 45 (30.6) 22 (24.7) 31 (27.5) 36 (29.2) 55 (324) 12 (182)
> 1-21 58 (39.5) 39 (43.8) 0.9/0.2 45 (39.8) 52 (42.3) 0.6 66 (38.8) 31 (47.0) 0.06/0.002
>21 44 (29.9) 28 (31.5) 0.8/04 37 (32.7) 35 (285) 03 49 (28.8) 23 (34.8) 0.08/0.02
Tobacco
Never 34 (23.1) 19 (21.4) 26 (22.8) 27 (22.5) 45 (26.4) 8 (12.1)
>0-30 38 (25.9) 27 (30.3) 0.2/04 32 (28.1) 33 (27.0) 0.7 37 (218 28 (424)  0.001/0.007
>30 75 (51.0) 43 (483) 0.9/0.3 56 (49.1) 62 (50.8) 0.97 88 (51.8) 30 (45.5) 0.3/0.8
p16 Status
Positive - - - 32 (28.1) 57 (46.3) 36 (21.1) 53 (80.3) < 0.0001/
< 0.0001
Negative - - - 82 (71.9) 66 (53.7) 0.03 135 (78.9) 13 (19.7)
p53 Status
Positive 82 (554) 32 (36.0) 0.03/0.02 - - - 88 (51.5) 26 (394) 0.99/0.9
Negative 66 (44.6) 57 (64.0) - - - 83 (48.5) 40 (60.6)
HPV Status
HR 13 (08.8) 53 (59.6) 26 (22.8) 40 (32.5) 0.98 - - -
Negative3 135 (91.2) 36 (40.4) <.0001/< 0.001 88 (77.2) 83 (67.5) - - -
Site
Oropharynx 22 (14.9) 46 (51.7) 0.03/0.05 32 (28.1) 36 (29.3) 08 25 (14.6) 43 (65.2) 0.01/0.008
Oral Cavity 99 (66.9) 38 (42.7) 0.3/04 63 (55) 74 (60.1) 04 117 (684) 20 (30.3) 0.99/0.97
Laryn></Hypo4 27 (18.2) 5(56) 19 (16.7) 13 (10.6) 29 (17.0) 345
Stage
0/\/1l 56 (38.1) 14 (15.7) 35 (30.7) 35 (287) 60 (35.3) 10 (15.2)
Il 25 (17.0) 17 (19.1) 0.2/0.2 20 (17.5) 22 (18.0) 06 28 (16.5) 14 (21.2) 0.2/04
\% 66 (44.9) 58 (65.2) 0.02/0.01 59 (51.8) 65 (53.3) 05 82 (48.2) 42 (63.6) 0.2/06
Tumor Grade
Well/Mod 118 (81.4) 55 (64.0) 87 (77.7) 86 (72.3) 132 (78.6) 41 (65.1)
Poor/Undif® 27 (18.6) 31 (36.0) 0.06/0.02 25 (22.3) 33 (27.7) 0.7 36 (214) 22 (349) 0.6/0.7
Nodal Involvement
Yes 59 (40.1) 61 (68.5) 0.04/0.04 53 (46.9) 67 (54.5) 09 73 (429) 47 (71.2) 0.05/0.2
No 88 (59.9) 28 (31.5) 60 (53.1) 56 (45.5) 97 (57.1) 19 (28.8)
Histology
SCC 138 (93.2) 77 (86.5) 0.08 106 (93.0) 109 (88.6) 02 152 (88.9) 63 95.4) 0.1
nonSCC 10 (6.8) 12 (13.5) 8 (7.0) 14 (114) 19 (11.1) 3 (46)

' SCC = squamous cell carcinoma; “The left side of slash p-value is in reference to All histologies and the right side p-value refers to SCC only; the p-value is in
reference to positive vs. negative biomarker status for each risk factor, p-values are adjusted for age, alcohol, tobacco, p16, p53, and HPV; * HPV negative (-) for
all low-risk and high-risk HPV types; * Hypo = Hypopharynx; > Undif = Undifferentiated.
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Survival

There were 237 cases with overall survival data, 234
cases with disease-specific survival (3 cases could not be
classified as free of disease), and 203 cases with data on
recurrence-free survival (31 cases were never disease-
free). The median time to death or last follow-up for
the HNC cases was 1.9 years (range 0.03-10.1 years) for
overall survival and 1.8 years for disease-specific survival
(range: 0.03-10.1 years). There were 73 deaths in the
overall survival, 51 in disease-specific survival, and 46
with recurrence.

Table 2 shows the median survival for cases based on
the individual and joint biomarker groups and for all
histologies combined and SCC separately. Those who
had tumors that were either p16+ or HPV-HR had signif-
icantly higher median years of overall, disease-specific,
and recurrence-free survival, whereas p53 status was
unrelated to survival time. When we compared SCC to
nonSCC (data not shown), nonSCC cases had longer
median years of disease-specific survival in the p53+ (2.8
years vs. 1.7 years) and HPV-HR groups (2.9 vs. 2.3); and
had longer median years of recurrence-free survival for
individual biomarker comparisons (p16-: 2.3 vs. 1.4; p53-:
2.7 vs. 1.9; HPV-HR: 3.1 vs. 2.3; HPV-: 2.2 vs. 1.4).

More survival distinctions were apparent in the joint
marker analyses. Median survival associated with the three
survival outcomes were near or significantly longer in the
referent group (p16+/p53-/HPV-HR) compared to four
other marker groups, all of which were p16- and/or HPV-
(p16-/p53+/HPV-HR, p16-/p53+/HPV-, p16+/p53-/HPV-,
and p16-/p53-/HPV-). The other three joint biomarker

Page 4 of 10

groups (pl16-/p53-/HPV-HR, p16+/p53+/HPV-HR, and
p16+/p53+/HPV-) had similar 2-year overall, disease-speci-
fic, and recurrence-free survival to that of the referent.
These three groups were pl6+ and/or HPV-HR, thus
having the opposite marker status to that of the worse med-
ian survival groups. When analyses were limited to SCC,
results were similar (table 2), although the p16+/p53+/
HPV- group reported nonstatistically significantly worse
median survival than the combined histologic group
(table 2).

Table 3 presents the adjusted hazard ratios for overall
survival and disease-specific survival of HNC associated
with the three biomarkers, individually and jointly, for all
histologic types and SCC. Because of the reduced sample
size to assess recurrence-free analyses by the joint groups,
power was low and data were not presented in the table.
Multivariate analysis demonstrated that p16, p53, HPV,
age, and stage were independently associated with survival
and thus were included in the adjustments whereas alco-
hol, tobacco, tumor site, and treatment were not indepen-
dently significantly associated with survival and were
excluded. For all histologies, tumors that were p16- had
only slightly worse disease-specific survival compared to
pl6+ tumors; those that were p53+ had significantly worse
disease-specific survival for all histologies and SCC
patients only; and HPV- cases had significantly worse
overall survival and elevated disease-specific mortality for
combined and SCC histologies. Recurrence-free survival
for all histologies (data not shown) was worse among
those who were p16- (HR = 2.9, 1.2-6.9), or p53+ (HR =
2.3, 1.2-4.4) whereas HPV was not related to recurrence

Table 2 Frequency and Median Years of Overall, Disease-Specific and Recurrence-free Survival by p16/p53/HPV Status

Overall Survival

Disease-specific Survival Recurrence-free Survival

(N = 203)
All Histologies ScC All Histologies ScC All Histologies scc
N = 237 N =215 N =234 N =212 N = 203 N =185
p16/p53/HPV N' SCC Median p- Median p- Median p- Median p- Median p- Median p-
Status (N)’ value? value? value? value? value? value?
p16+ 89 77 23 referent 23 referent 23 referent 23 referent 23 referent 23 referent
pl16- 148 138 1.7 0.009 17 0.01 1.7 0.008 17 0.01 14 0.0001 14 < 0.001
p53- 123 109 20 referent 20 referent 19 referent 1.9 referent 1.9 referent 19 referent
p53+ 114 106 1.7 0.39 1.7 0.24 1.7 041 1.7 0.25 1.6 0.17 15 0.15
HPV-HR 66 63 23 referent 23 referent 23 referent 23 referent 25 referent 23 referent
HPV- 171 152 1.7 0.002 16 0.001 1.6 0.002 16 0.001 1.5 0.0008 14 < 0.001
p16+/p53-/HPV-HR 37 36 23 referent 23 referent 23 referent 23 referent 2.7 referent 26 referent
p16-/p53-/HPV-HR 3 2 28 0.77 3.1 046 28 0.77 3.1 046 19 0.50 19 0.54
p16+/p53+/HPV-HR 16 15 28 093 28 093 28 093 28 093 27 048 25 048
p16-/p534+/HPV-HR 10 10 13 0.07 13 0.09 13 0.07 13 0.09 1.0 0.02 1.0 0.03
p16-/p53+/HPV- 72 69 16 0.004 16 0.006 16 0.003 16 0.006 14 0.0001 14 < 0.001
p16+/p53-/HPV- 20 14 12 0.01 1.1 0.07 12 0.01 1.1 0.07 12 0.008 09 0.05
p16-/p53-/HPV- 63 57 18 0.02 1.8 0.01 18 0.02 1.7 0.01 1.5 0.001 14 < 0.001
p16+/p53+/HPV- 16 12 24 047 13 022 24 047 13 022 27 0.68 19 035

"Number of cases with survival data; ? p-value for differences in median years within biomarker status, > HPV- for all low-risk and high-risk HPV types.
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Table 3 Adjusted’ Hazard Ratio for Overall and Disease-specific Survival
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Risk Factors

Overall Survival HR (95% Cl)

Disease-Specific Survival HR (95% Cl)

All Histologies N = 237 SCC N = 215 All Histologies N = 234 SCC N =212

p16 Status

p16- 12 (0.7-2.2) 09 (05-1.7) 15 (0.7-3.1) 10 (05-2.2)

p16+ referent referent referent referent
p53 Status

p53- referent referent referent referent

P53+ 14 (0.9-2.2) 1.3 (0.8-2.2) 19 (1.04-34)" 1.9 (1.01-3.5)
HPV Status

HPV-HR referent referent referent referent

HPV- 2.1 (1.1-43)' 26 (1.2-53) 16 (0.7-3.7)' 2.1 (09-48)
p16/p53/HPV Status®

p16+/p53-/HPV-HR referent referent referent referent

p16-/p53-/HPV-HR NE? NE? NE? NE?

p16+/p53+/HPV-HR 1.6 (04-5.7) 1.8 (0.5-6.3) 09 (0.2-4.7) 1.0 (0.2-5.3)

p16-/p53+/HPV-HR 3.2 (0.8-134) 2.8 (0.7-11.5) 39 (09-16.9) 34 (0.8-14.9)

p16-/p53+/HPV- 4.1 (1.7-99) 3.7 (1.5-9.0) 40 (1.5-10.7) 37 (14-99)

p16+/p53-/HPV- 29 (09-9.7) 36 (1.1-11.1) 1.7 (04-7.3) 2.2 (05-9.2)

p16-/p53-/HPV- 3.1(1.2-79) 32(1.2-82) 19 (0.6-5.7) 1.9 (0.6-5.9)

p16+/p53+/HPV- 34 (1.1-103) 4.6 (14-14.5) 29 (0.8-10.3) 46 (1.3-16.1)
Age2 1.03 (1.01-1.05) 1.04 (1.02-1.1) 1.03 (1.01-1.05) 1.04 (1.01-1.1)
Stage

/11 referent referent referent referent

/v 3.1 (1.7-59) 3.1 (1.6-6.0) 4.6 (1.9-10.9) 45 (1.9-11.0)

'Adjusted for p16, p53, HPV, age, and stage; NE = not estimable due small sample size

(HR = 1.0, 0.4-2.4). For SCC only, recurrence free survival
was elevated among those who were p16- (HR = 2.1, 0.8-
5.4), worse for p53+ (2.1, 1.1-4.6) and not related to HPV
(HR = 1.3, 0.5-3.2).

Next the biomarkers were evaluated as joint groups
for prognosis (table 3). In contrast to the referent (p16
+/p53-/HPV-HR), the p16-/p53+/HPV- group had the
lowest overall survival (adj. HR = 4.1, 84% vs. 60%, p <
0.01), disease-specific survival (HR = 4.0; 86% vs. 66%, p
< 0.01), and recurrence-free survival (HR = 19.7, 50%
versus 0%, p < 0.0001; data not shown). Overall survival
was worse among all groups that had HPV- status (table
3 and figure 1) whereas the same was true for disease-
specific survival in three of the p53+ groups: p16-/p53
+/HPV-HR, p16-/p53+/HPV-, p16+/p53+/HPV- (table 3
and figure 2). Two other joint groups, pl16+/p53-/HPV-
and pl16-/p53-/HPV-, had elevated but not statistically
significant worse disease-specific survival risks, likely
due to the more limited number of cases in those
groups. For combined histologies, all joint groups except
pl16+/p53-/HPV- and p16+/p53+/HPV- had significantly

higher risk of recurrence compared to the referent
group (HRs = 8.6-19.7, p = 0.04- < 0.004; figure 3)
although CIs were wide (data not shown in table). The
HRs for pl6+ p53-/HPV- and pl6+/p53+/HPV- also
were elevated (5.9, 0.5-66.9, p = 0.15; 5.5, 0.5-64.0, p =
0.17, respectively). Table 3 also shows that when SCC
cases were examined, only the p16+/p53+/HPV- group
showed worse HRs, compared to the joint histologies,
for overall (4.6 vs. 3.3), disease-specific (4.6 vs. 2.9), and
recurrence-free survival HR (9.1 vs. 5.5, 17% vs. 12%,
data not shown), respectively. For SCC cases, pl16-/p53
+/HPV-, had the highest risk of recurrence (HR = 19.7,
CI: 2.5-152.2, p-value = .004)) followed by p16-/p53
+/HPV-HR (HR = 16.6, CIL: 2.1-130.1, p-value = 0.004).
Other risk factors for survival included age which
showed a small increased risk per year with prognostic
outcomes (table 3). Patients with stages III/IV disease
had significantly worse overall survival and even worse
disease-specific survival but not recurrence (HR = 1.3,
0.7-2.5) compared to earlier stage tumors. Two-way
interactions between the biomarkers showed no
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Figure 1 Overall survival by p16, p53, and HPV status. Survival curves based on the Kaplan-Meier method. Significance was based on Log-
rank comparisons of each group to the reference group, p16+/p53-/HPV-HR.
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significant effect modification between p16, p53 and
HPV for any of the clinical outcomes (p > 0.10, data not
shown). The 3-way interaction among the biomarkers
could not be examined for survival because there were
too few deaths among the HPV-HR group whereas the
3-way interaction for recurrence showed a near signifi-
cant interaction effect (p > 0.05- < 0.1). None of the
tests for additive interactions was statistically significant.

We examined two-year survival rates (data not shown)
for comparison with the survival analyses (table 3). Only
the p16-/p53+/HPV- group had significantly worse
adjusted (age, stage) two-year overall (83% versus 54%,
adj. p = 0.003) and disease-specific survival (86% vs. 54%,
adj. p = 0.002) compared to the referent group. One
other joint molecular group (p16+/p53+/HPV-HR) had
similar overall and disease-specific survival to the



Smith et al. Infectious Agents and Cancer 2010, 5:4
http://www.infectagentscancer.com/content/5/1/4

Page 7 of 10

D_ v
= Y
9]
o
&
= e A
B e
g o7
[on
o i
o
.
B o
3
o —W plé+/p53-HPV-HR, Reference
a4 K7 pl6-p53-/HPY-HR, p=0.0002
- -~ 4 pl6 +ip53+HPV-HR, p=0.006
S ——— pl6-p53+HPY-HR, p=0.0003
—— p16-p53+/HPV-, p<0.0001
« e« £ pl6+/p534HPY -, p=0.04
o ol p16-p53-HPV-, p=0.01
& — — A\ pl6+p53+HPY-, p=0.03
£
| I | I | I | I |
0 1 2 3 4 5 6 7 8 9

Figure 3 Recurrence-free survival by p16, p53, and HPV status. Survival curves based on the Kaplan-Meier method. Significance was based
on Log-rank comparisons of each group to the reference group, p16+/p53-/HPV-HR.

Years

referent while the other joint groups had nonsignificantly
lower two-year survival (data not shown). There were no
recurrences (0%) at two years in the referent group,
pl6+/p53-/HPV-HR, whereas recurrence for the same
period ranged between 17% and 51% in the other joint
marker groups: p16-/p53+/HPV- (51%, p = 0.0001), adj.
pl6-/p53-/HPV- (30%, adj. p = 0.004), p16+/p53-/HPV-
group (25%, p = 0.06), p16+/p53+/HPV- (20%, p = 0.09),
and pl16+/p53+/HPV-HR (17%, p = 0.12). The p16-/
p53-/HPV-HR and p16-/p53+/HPV-HR groups had
inadequate numbers of cases to evaluate two-year recur-
rence. There were no major differences in survival when
histology was limited to SCC.

Since effectiveness of initial treatment may be influ-
enced by the status of the molecular markers, patients
were examined for disease-specific survival by therapy
(data not shown). Compared to the oropharynx, cancers
of the oral cavity were more likely to receive surgery
(48% vs. 12%) or surgery/XRT (44% vs. 26%) and less
likely to be treated by XRT (2% vs. 28%) or XRT/che-
motherapy (1% vs. 25%). Because of small numbers, ana-
lyses could not be examined by site and could only be
calculated for a few joint biomarker groups. Compared
to the referent (p16+/p53-/HPV-HR), the worst survival
group, pl6-/p53+/HPV-, had a higher frequency of dis-
ease-specific deaths whether treated by radiation (XRT:
0% vs. 50%, p = 0.02) or surgery/XRT (15% vs. 36%, p >
0.05) controlling for stage. The pl6-/p53+/HPV-
patients also had worse recurrence-free survival com-
pared to the referent group for radiation (0.0% versus

56%, p = 0.04, unadjusted) and for surgery/XRT (10%
vs. 36%, p > 0.05, adjusted for stage) but not for other
treatments. All other biomarker groups showed no dif-
ference in recurrence by treatment modality for all
histologies combined or for treatment limited to SCC.

Discussion
Although it is well-established that head and neck
tumors detected with HPV oncoproteins, p16 overex-
pression, or p53 wild type, have better clinical outcomes,
our study provides further insight into the molecular
pathways of these tumor markers. The results show that
there are different prognostic outcomes when these
markers are examined together in tumors compared to
outcomes based on single marker findings that one
would not have predicted. This finding suggests that
assessing multiple molecular markers in HNC patients
at the time of diagnosis or treatment will better predict
clinical outcomes and potentially the type of treatment
targeted to those markers to improve prognosis.
Furthermore, despite evaluations of HNC limited to
SCC, clinical outcomes were heterogeneous, suggesting
that molecular characteristics are more important for prog-
nosis. In our large clinical population followed for almost a
decade, we have shown that HNC patients who have the
combined tumor markers which individually are associated
with better prognosis, p16+, p53-, and HPV-HR, also have
the best clinical outcomes whereas those with the opposite
status markers, pl6-, p53+, and HPV-, have the worst
disease-specific and recurrence-free survival.
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In contrast, the other six joint biomarker groups had
clinical outcomes different from each other that were
not predictable based on the individual biomarker
results. Distinctions in survival in these joint groups,
compared to the single markers, remained after the
hazard ratios for the individual markers were adjusted
for the other two biomarkers. What this suggests is that
the difference in survival outcomes may be due to inter-
actions among the various molecular markers which
multivariate analyses cannot detect by simple adjust-
ment for confounding. Because of limitations in sample
size in some of the joint groups, this hypothesis is still
not altogether clear from our data and needs further
investigation. The most distinctive finding was that no
single marker in the joint effects groups was consistently
pivotal for predicting worse overall, disease-specific, and
recurrence-free survival hazard ratios. Although most
biomarker groups had higher disease-specific mortality
than the referent, among the worst disease-specific HRs
were two joint groups that included p16-/p53+ regard-
less of their HPV status (pl6-/p53+/HPV-HR and p16-/
p53+/HPV-). These two groups also were among the
lowest in 2-year median survival. Two other joint groups
had similar, elevated recurrence-free HRs compared to
the referent, despite having the exact opposite joint
marker profile from each other (p16-/p53-/HPV-, HR =
8.6; and pl16+/p53+/HPV-HR, HR = 9.8). In yet another
contrast, despite overexpression of p53 in those with
pl6+/p53+/HPV-HR tumors, disease-specific survival
was similar to the referent group which is p53-; yet the
p16+/p53+/HPV-HR group had a 10-fold higher risk of
recurrence compared to the referent. The evidence also
indicated that compared to the referent joint group, the
adjusted hazard ratios for recurrence-free survival were
significantly worse or elevated in all other biomarker
groups (HRs = 5.5-19.7). Because of the small sample
size in some groups, these findings need additional
numbers of patients to confirm our conclusions. This
need for larger numbers of samples will be difficult to
achieve because to date, few large studies have examined
multiple biomarkers.

The large number of patients in this study enabled us
to assess joint biomarkers and clinical outcomes while
controlling for other risk factors associated with survival.
We found strong evidence for alcohol and tobacco use
to be associated with cases who were detected with
HPV-HR tumors whether examined as individual or as
joint markers, in contrast to some studies that believe
that HPV and alcohol/tobacco risk factors characterize
two distinct HNC tumor groups [20,21].

Two previous Italian studies [19,22] evaluated a small
group of oropharyngeal carcinomas for p16, p53, and
HPV but did not perform multivariate statistical ana-
lyses to control for confounding or examine survival for

Page 8 of 10

multiple gene interaction effects. A recent study in the
U.S. [23] with limited sample size and several in Europe
[24-26] also examined multiple markers and evaluated
only OP survival. Not all cases were assessed for all
tumor markers as done in this study and survival ana-
lyses in those and other studies were limited to p53/
HPV or pl6/HPV groups [6,11,16]. Furthermore, we
included all major head and neck sites (oropharynx, oral
cavity, and larynx/hypopharynx) since analyses showed
no differences in joint marker outcomes by tumor site.
Only 70% of our cases were diagnosed in stages III/IV
compared to over 91% in the Italian study of patients
and a much smaller portion of our HNC cases received
surgery and radiation (35% versus 64%) [19,22]. These
patient differences may account for variations shown in
joint molecular profiles and prognostic outcomes
between our studies. In contrast to Licitra et al., [19] we
did not find that HPV-HR tumors were a distinct mole-
cular group after evaluating a more complete molecular
profile of the patient malignancies.

Conclusions

Our findings highlight the complexity and importance of
understanding the molecular pathways in tumor pro-
gression and the importance of characterizing the com-
bination of these markers to more precisely identify
clinical outcomes. Subgroup analyses by site need to be
evaluated to be useful for clinicians to interpret. This
will require larger numbers of patients defined by site,
subsite, stage, and histology as well as by biomarker sta-
tus to improve the application of these joint biomarker
groups for clinical use.

Methods

Patients

The study population consisted of 237 histologically
confirmed HNC patients enrolled between 1994 to 2004
at the University of Iowa Hospitals and Clinics for
whom pl6 and p53 immunohistostaining (IHC) and
HPV detection had been performed at the time of
analyses. Patients signed a human subjects consent form
and completed a self-administered questionnaire regard-
ing demographic characteristics and high risk HNC can-
cer behaviors (i.e. smoking, alcohol use, sexual
practices), and a medical history including HPV-related
diseases and lesions. Pathology records included prior
cancer history, histology, stage, grade, nodal involve-
ment, treatment, and outcome.

Laboratory Methods

Formalin-fixed, paraffin-embedded tumor blocks were
obtained to corroborate malignancy and tumor grade
based on prepared hematoxylin and eosin-stained (H&E)
slides. The tumor block with the highest percentage of
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malignant cells was used for HPV DNA detection and
pl6, p53 IHC. Tumor staging was based on the 1997
American Joint Committee on Cancer (AJCC) criteria
[24] and grade, histology, and tumor site were obtained
from the pathology report. Most cases were squamous
cell carcinoma (SCC) with about 9% carcinomas of
other carcinoma types. Because nonSCC histologies
have not been routinely evaluated in HNC tumors and
because of the established association between adeno-
carcinoma of the cervix and HPV-HR, we evaluated the
molecular markers in these cases as well. Tumor sites
were categorized as oral cavity, oropharynx, and larynx/
hypopharynx (excluding nasopharynx) as recommended
in the AJCC Cancer Staging Manual [27].

Laser capture microdissection (LCM) was performed to
verify that HPV DNA detected in the same cut series was
indeed present in the cancer cells and not in the adjacent
normal epithelium when tissue specimens had less than
10% of tumor tissue or when they were initially found to
contain an HPV nononcogenic, low-risk type as
described previously [3]. If the HPV or -globin results
from block tissues or LCM were divergent, the LCM
findings were used in the analysis because of its higher
sensitivity and accuracy in targeting tumor cells. The
Qiagen DNA Tissue Kit protocol was used in the DNA
extraction. HPV DNA was detected by PCR with MYO9/
11 primers and dot blot hybridization. Dot blot positive
samples were amplified by with primers of GP5+/GP6+
or GP5+/MY09 and typed by automated sequencing
resulting in all types identified through the BLAST sys-
tem. Detailed procedures have been described elsewhere
[3]. HPV- specimens are defined as those that are nega-
tive for HPV-HR types; HPV low-risk types are included
in the HPV- group because they are nononcogenic and
not associated with an increased risk of HNC [3,16].

P16 and p53 IHC was performed as described pre-
viously [7]. Standard positive and negative pl6 and p53
slides were used as controls in their respective assays.
Then tissue sections were counter-stained with hema-
toxylin, dehydrated in graded alcohol, cleared in xylene,
and mounted. All IHC slides were reviewed by one
pathologist (THH) and strong nuclear and cytoplasmic
staining defined a positive reaction. The p16 and p53
staining was scored on a semi-quantitative scale and
then dichotomized to positive and negative for statistical
analyses. The initial scale for both biomarkers was as
follows: 1 = negative for staining, 2 = <10% positive
staining, 3 = 10%-80% positive, 4 = 280%<100% positive;
and 5 = 100% positive in every tumor cell. These cate-
gories were collapsed with category 1 defined as nega-
tive, and 2, 3, 4, or 5 defined as positive. There were
only 2 cases in category = 2 of pl6+ and 4 cases of p53
+; category 3 included 7 pl6+ and 18 p53+ cases. The
numbers in these two categories did not alter the
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statistical findings when included in the analyses of this
large study. Only stained tumor cells with a positive
result were defined as positive and nontumor cells such
as multinucleated giant cells and epithelia were not
included.

Statistical Methods

Risk factors examined in the analyses were age, gender,
alcohol, tobacco, tumor site, grade, stage, and treatment.
Logistic regression was used to calculate the adjusted
significance of associations between HPV, p16 and p53
and demographic characteristics and risk factors. Results
for SCC and nonSCC were compared for differences in
biomarker frequencies and in adjusted multivariate
statistical analyses. Except for the few significant differ-
ences between these two groups, results are reported for
the combined histologies in the analyses. Statistical
comparisons in median survival were analyzed using the
median Wilcoxon test. Survival curves were estimated
by the Kaplan-Meier method and differences between
groups were assessed using the log-rank test. Hazard
ratios (HRs) were estimated using the Cox proportional
hazards model. Proportional hazards and other model-
building assumptions were assessed. Overall and
disease-specific survival, and recurrence were measured
in years from the date of diagnosis until death (or recur-
rence) or until the patient was last known to be alive.
Disease-specific survival was based on events related to
deaths from HNC. Patients with an indeterminate cause
of death were excluded from the overall survival analy-
sis. Date of death or date last known to be alive was
obtained from the NCI Iowa SEER Cancer Registry [28],
university hospital tumor registry, and National Death
Index [29]. All independent variables were assessed for
multiplicative interactions in the models and the joint
biomarker groups were assessed for additive interactions
with the synergy index'®. Statistical results were based
on two-tailed tests with statistical significance at p <
0.05. Statistical analyses were performed using SAS 9.1.

Abbreviations

HR: hazard ratios; Cl: confidence intervals; HPV-HR: human papillomavirus
high-risk; OR: odds ratios; HNC: head and neck cancer; IHC:
immunohistostaining; SCC: squamous cell carcinoma; XRT: radiation
treatment.

Acknowledgements

This study was supported by a grant from NIH NIDCR RO1 DE11979 (EMS,
LMR, LPT, THH), NIDCR RO1 DE13110 (EMS, LMR, LPT, THH), and Veterans
Affairs Merit Review Funds (LPT, THH).

Author details

'Department of Epidemiology, College of Public Health, University of lowa,
lowa City, IA 52242, USA. Department of Otolaryngology, College of
Medicine, University of lowa, lowa City, IA 52242, USA. *Veterans Affairs
Medical Center, and Department of Pathology, College of Medicine,
University of lowa, lowa City, IA 52242, USA.



Smith et al. Infectious Agents and Cancer 2010, 5:4
http://www.infectagentscancer.com/content/5/1/4

Authors’ contributions

EMS contributed to the conception and design, acquisition of data, and
interpretation of data, drafted and revised the manuscript. LMR contributed
to the statistical analyses, interpretation of data, drafted and revised the
manuscript. HH contributed to the interpretation of the clinical data, drafted
and revised the manuscript. THH contributed to oversight and interpretation
of the laboratory analyses, drafted and revised the manuscript. LPT
contributed to the interpretation of the molecular pathology and biology
aspects, drafted and revised the manuscript.

All authors read and approved the final manuscript.

Competing interests

"The authors declare that they have no competing interests.” That includes
financial and non-financial competing interests on the part of any of the
authors.

Received: 29 July 2009
Accepted: 11 February 2010 Published: 11 February 2010

References

1.

Ries L, Eisner M, Kosary C, Hankey BF, Miller BA, Clegg L, Mariotto A,

Feuer EJ, Edwards BK, (eds): SEER Cancer Statistics Review, 1975-2001.
Bethesda, MD: National Cancer Institute 2004.

Haraf DJ, Nodzenski E, Brachman D, Mick R, Montag A, Graves D, Vokes EE,
Weichselbaum RR: Human papilloma virus and p53 in head and neck
cancer: clinical correlates and survival. Clin Cancer Res 1996, 2:755-62.
Smith EM, Ritchie JM, Summersgill KF, Hoffman HT, Wang DH, Haugen TH,
Turek LP: Human papillomavirus in oral exfoliated cells and risk of head
and neck cancer. J Natl Cancer Inst 2004, 96:449-55.

Andl T, Kahn T, Pfuhl A, Nicola T, Erber R, Conradt C, Klein W, Helbig M,
Dietz A, Weidauer H, Bosch FX: Etiological involvement of oncogenic
human papillomavirus in tonsillar squamous cell carcinomas lacking
retinoblastoma cell cycle control. Cancer Res 1998, 58:5-13.

Sherr CJ, McCormick F: The RB and p53 pathways in cancer. Cancer Cell
2002, 2:103-12.

Li W, Thompson CH, O'Brien CJ, McNeil EB, Scolyer RA, Cossart YE,

Veness MJ, Walker DM, Morgan GJ, Rose BR: Human papillomavirus
positivity predicts favourable outcome for squamous carcinoma of the
tonsil. Int J Cancer 2003, 106:553-8.

Smith EM, Wang D, Kim Y, Rubenstein LM, Lee JH, Haugen TH, Turek LP:
p16(INK4a) Expression, human papillomavirus, and survival in head and
neck cancer. Oral Oncol 2008, 44:133-142.

Geisler SA, Olshan AF, Weissler MC, Cai J, Funkhouser WK, Smith J, Vick K:
p16 and p53 Protein expression as prognostic indicators of survival and
disease recurrence from head and neck cancer. Clin Cancer Res 2002,
8:3445-53.

Klussmann JP, Gultekin E, Weissenborn SJ, Wieland U, Dries V, Dienes HP,
Eckel HE, Pfister HJ, Fuchs PG: Expression of p16 protein identifies a
distinct entity of tonsillar carcinomas associated with human
papillomavirus. Am J Pathol 2003, 162:747-53.

Ritchie JM, Smith EM, Summersgill KF, Hoffman HT, Wang D, Klussmann JP,
Turek LP, Haugen TH: Human papillomavirus infection as a prognostic
factor in carcinomas of the oral cavity and oropharynx. Int J Cancer 2003,
104:336-344.

Bova RJ, Quinn DI, Nankervis JS, Cole IE, Sheridan BF, Jensen MJ,

Morgan GJ, Hughes CJ, Sutherland RL: Cyclin D1 and p16INK4A
expression predict reduced survival in carcinoma of the anterior tongue.
Clin Cancer Res 1999, 5:2810-9.

Olshan AF, Weissler MC, Pei H, Conway K, Anderson S, Fried DB,
Yarbrough WG: Alterations of the p16 gene in head and neck cancer:
frequency and association with p53, PRAD-1 and HPV. Oncogene 1997,
14:811-8.

Smith EM, Wang D, Rubenstein LM, WA Morris, Turek LP, Haugen TH:
Association between p53 and human papillomavirus in head and neck
cancer curvival. Cancer Epidemiol Biomark Prev 2008, 17:421-7.

Brennan JA, Mao L, Hruban RH, Boyle JO, Eby YJ, Koch WM, Goodman SN,
Sidransky D: Molecular assessment of histopathological staging in
squamous-cell carcinoma of the head and neck. N Engl J Med 1995,
332:429-35.

20.

24.

25.

28.

29.

Page 10 of 10

Sisk EA, Soltys SG, Zhu S, Fisher SG, Carey TE, Bradford CR: Human
papillomavirus and p53 mutational status as prognostic factors in head
and neck carcinoma. Head Neck 2002, 24:841-9.

Gillison ML, Koch WM, Capone RB, Spafford M, Westra WH, Wu L,

Zahurak ML, Daniel RW, Viglione M, Symer DE, Shah KV, Sidransky D:
Evidence for a causal association between human papillomavirus and a
subset of head and neck cancers. J Nat/ Cancer Inst 2000, 92:709-20.
Tommasino M, Accardi R, Caldeira S, Dong W, Malanchi |, Smet A, Zehbe I:
The role of TP53 in Cervical carcinogenesis. Hum Mutat 2003, 21:307-12.
Weinberger PM, Yu Z, Haffty BG, Kowalski D, Harigopal M, Brandsma J,
Sasaki C, Joe J, Camp RL, Rimm DL, Psyrri A: Molecular classification
identifies a subset of human papillomavirus-associated oropharyngeal
cancers with favorable prognosis. J Clin Oncol 2006, 24:736-47.

Licitra L, Perrone F, Bossi P, Suardi S, Mariani L, Artusi R, Oggionni M,
Rossini C, Cantu G, Squadrelli M, Quattrone P, Locati LD, Bergamini C,
Olmi P, Pierotti MA, Pilotti S: High-risk human papillomavirus affects
prognosis in patients with surgically treated oropharyngeal squamous
cell carcinoma. J Clin Oncol 2006, 24:5630-6.

Gillison ML, D'Souza G, Westra W, Sugar E, Xiao W, Begum S, Viscidi R:
Distinct risk factor profiles for human papillomavirus type 16-positive
and human papillomavirus type 16-negative head and neck cancers. J
Natl Cancer Inst 2008, 100:407-420.

Applebaum KM, Furniss CS, Zeka A, Posner MR, Smith JF, Bryan J, Eisen EA,
Peters ES, McClean MD, Kelsey KT: Lack of association of alcohol and
tobacco with HPV16-associated head and neck cancer. J Nat/ Cancer Inst
2007, 99:1801-10.

Perrone F, Suardi S, Pastore E, Casieri P, Orsenigo M, Caramuta S,

Dagrada G, Losa M, Licitra L, Bossi P, Staurengo S, Oggionni M, Locati L,
Cantu G, Squadrelli M, Carbone A, Pierotti MA, Pilotti S: Molecular and
cytogenetic subgroups of oropharyngeal squamous cell carcinoma. Clin
Cancer Res 2006, 12:6643-51.

Kuman B, Cordell KG, Lee JS, Worden FP, Prince ME, Tran HH, Wolf GT,
Urba SG, Chepeha DB, Teknos TN, Eisbruch A, Tsien Cl, Taylor JM, D'Silva NJ,
Yang K, Kurnit DM, Bauer JA, Bradford CR, Carey TE: EGFR, p16, HPV titer,
Bcl-xL, and p53, sex, and smoking as indicators of response to therapy
and surival in oropharyngeal cancer. J Clin Oncol 2008, 26:3128-3137.
Halfkamp HC, Speel EJ, Haesevoets A, Bot FJ, Dinjens WN, Ramaekers FC,
Hopman AH, Manni JJ: A subset of head and neck squamous cell
carcinomas exhibits integration of HPV 16/18 DNA and overexpression
of p16INK4A and p53 in the absence of mutations in p53 exons 5-8. J
Natl Cancer Instit 2003, 107:394-400.

Hafkamp HC, Mooren JJ, Claessen SM, Klingenberg B, Voogd AC, Bot FJ,
Klussmann JP, Hopman AH, Manni JJ, Kremer B, Ramaekers FC, Speel EJ:
P21 Cip1/WAF1 expression is strongly associated with HPV-positive
tonsillar carcinoma and a favorable prognosis. Mod Pathol 2009,
22:686-98.

Reimers N, Kasper HU, Weissenborn SJ, Sttitzer H, Preuss SF, Hoffmann TK,
Speel EJ, Dienes HP, Pfister HJ, Guntinas-Lichius O, Klussmann JP:
Combined analysis of HPV-DNA, p16 and EGFR expression to predict
prognosis in oropharyngeal cancer. Int J Cancer 2007, 120:1731-8.
Fleming ID, Cooper JS, Henson DE, Hutter RVP, Kennedy BJ, Murphy GP,
O'Sullivan B, Sobin LH, Yarbo JW, eds: American Joint Committee on
Cancer. AJCC Cancer Staging Manual. Philadelphia: Lippincott Williams &
Wilkins 1997.

Ries L, Eisner M, Kosary C, Hankey BF, Miller BA, (eds): SEER Cancer
Statistics Review, 1973-1999 vol. 2006. Bethesda, MD.: National Cancer
Institute 2002.

National Death Index, vol. 2006. National Center for Health Statistics
http://www.cdc.gov/nchs/ndi.htm.

doi:10.1186/1750-9378-5-4

Cite this article as: Smith et al. Human papillomavirus, p16 and p53
expression associated with survival of head and neck cancer. Infectious
Agents and Cancer 2010 5:4.



http://www.ncbi.nlm.nih.gov/pubmed/9816227?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9816227?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15026470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15026470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9426048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9426048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9426048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12204530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12845651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12845651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12845651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17360226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17360226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12429633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12429633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12598309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12598309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12598309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12569557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12569557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10537346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10537346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9047388?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9047388?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7619114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7619114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12211048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12211048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12211048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10793107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10793107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12619117?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16401683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16401683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16401683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17179101?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17179101?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17179101?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18334711?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18334711?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18042931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18042931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17121883?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17121883?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18474878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18474878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18474878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19305381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19305381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17236202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17236202?dopt=Abstract
http://www.cdc.gov/nchs/ndi.htm

	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Risk Factors and Pathologic Characteristics by p16, p53 and HPV Status
	Survival

	Discussion
	Conclusions
	Methods
	Patients
	Laboratory Methods
	Statistical Methods

	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

