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Abstract
Purpose—Poorer survival from head and neck squamous cell carcinoma (HNSCC) in African
Americans (AA) may be due to disparity in the prevalence of Human Papillomavirus (HPV) but
earlier studies often failed to control other etiological factors. We aimed to elucidate whether
racial disparities in HPV prevalence and overall survival were due to confounding from smoking
or alcohol use.

Materials and Methods—385 patients with SCC of the mouth, pharynx, nose, or larynx who
had surgical resection at Wayne State University affiliated hospitals were identified through a
population-based cancer registry. Formalin fixed paraffin embedded tissue blocks were used to
determine the presence of HPV DNA and its genotype using a sensitive broad-spectrum PCR
technique. Patients’ demographics, tumor characteristics and vital status were obtained through
record linkage with the registry data and smoking and alcohol information was abstracted from
medical record. Cox’s proportional hazard model and unconditional logistic models were
employed to analyze the overall survival and tumor HPV-positivity, respectively.

Results—HPV positivity in oropharyngeal cancer was substantially lower in AA than in other
racial groups (odds ratio 0.14, 95% confidence interval (CI) 0.05–0.37) and adjustment for
smoking or alcohol did not change this association. However, a significantly increased hazard
ratio of death in AA oropharyngeal cancer patients (univariable hazard ratio (HR) 2.55, 95% CI
1.42–4.59) decreased to almost unity (HR 1.49, 95% CI 0.75–2.93) after adjustment for HPV and
smoking.

Conclusions—Lower HPV prevalence in AA largely accounts for their poorer survival from
oropharyngeal cancer, but not other HNSSC.
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Introduction
Over 644,000 incident cases and 350,000 deaths of head and neck squamous cell carcinoma
(HNSSSC) are estimated to occur every year worldwide [1]. In the USA, HNSSC account
for about 3% to 5% of all cancers [2]. In 2013 alone, an estimated 53,640 people will
develop HNSSC, with 11,520 of these patients dying due to HNSCC [2]. Despite the overall
declining trend in the incidence of head and neck cancer, reflecting the decreasing trend in
tobacco consumption [3], incidence of cancer from the oropharyngeal sites, especially the
tonsil and the base of the tongue, are rising, most notably in ages 40–55 [4,5,6]. Recently
Human Papilloma Virus (HPV) has emerged as a contributing risk factor for HNSSC,
specifically in the oropharynx [5,7–10]. HPV-associated tumors tend to respond more
favorably to chemoradiation, and have better outcomes than HPV-negative HNSSC [5,11–
14]. Moreover, racial disparities among African Americans and Non-African Americans
exist in HPV-associated HNSSC [15,16]. The National Cancer Institute defines racial
disparities as adverse differences in incidence, prevalence, mortality, survivorship and tumor
burden. According to the 2010 US Census Bureau, the black population grew 15.4% from
2000 to 2010 and make up 13.6% of the US population [17]. African Americans show a
50% higher age-adjusted HNSSC mortality rate compared to whites, with younger age at
onset, more advanced stage at diagnosis and poorer survival in blacks than in whites [18].

Socioeconomic factors [19–21], less access to health care, high-risk sexual practices [22,23],
host immunity/genetics [24], and tobacco and alcohol consumption[25, 26] have all been
linked to racial differences [18]. However the reason for racial disparities between incidence
and outcome is still not fully elucidated. Racial differences in HPV prevalence in HNSCC
have been reported and these differences have been attributed to poorer survival in African
American patients [5,6]. The objective to our study is to extend our previous cancer-registry
based study [6] in order to reevaluate the effects of race on HPV prevalence and overall
survival in HNSCC patients, by taking advantage of more detailed information about
smoking and alcohol drinking that could be retrieved from individual medical records.

Materials and Methods
Details concerning the 385 study subjects included in the parent study and laboratory
methods were described elsewhere [6]. Briefly, patients with squamous cell carcinoma
(SCC) of the mouth, pharynx, nose, or larynx who had surgical resection at Wayne State
University affiliated hospitals were identified through a population-based cancer registry,
the Metropolitan Detroit Cancer Surveillance System (MDCSS). Formalin fixed paraffin
embedded tissue blocks were used to determine the presence of HPV DNA and its genotype
using a sensitive broad-spectrum PCR technique (SPF10-LiPA25) [27,28]. Patients’
demographics, tumor characteristics and vital status (as of September 6, 2012) were
obtained through record linkage with MDCSS data and smoking and alcohol information
was abstracted from medical record. The study was approved with a waiver for informed
consent by WSU Human Investigation Committee.

Primary sites of cancer were grouped into oropharyngeal or other sites based on
International Classification of Diseases for Oncology (ICDO) 4 digit topology codes. The
former included C019–C020 (base and dorsal surface of tongue), C051 (soft palate), C052
(uvula), C090–C103 and C108–C109 (all tonsil sites and all oropharynx sites except
branchial cleft). Races were divided into two groups, African Americans (AA) vs. others
who were primarily Caucasians except 4 Asians. We combined Asians to Caucasians as they
have not been found with poorer survival from these cancers, like AA [29].
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Differences in frequency distribution of patients’ and tumor characteristics between the
racial groups were tested by chi-square test. Odds ratios (OR) and 95% CI for HPV-
positivity were calculated by unconditional logistic model according to patients’ racial
groups, smoking status and alcohol use. Smoking or alcohol-adjusted-ORs for HPV-
positivity in AA compared with the other races were also computed including marital status
as a covariate due to its differential distribution by HPV status reported previously [6] Time
at risk in survival analysis was defined as the time from diagnosis to the date of death or the
date of last vital status confirmation ascertained by MDCSS. The Kaplan-Meier method and
log rank test were used to analyze overall survival by racial group and Cox’s proportional
hazard models were employed to estimate multivariable hazard ratios (HR) for deaths and
the corresponding 95% confidence intervals (CI) associated with African American race,
adjusted for smoking, HPV-status or both in addition to basic covariates. Potential basic
covariate (cancer stage, other primaries, age, sex, marital status, etc.) were tested by adding
to the univariable model with racial group one at a time and covariates that altered the
regression coefficient for race for at least 10% were selected, leaving only marital status in
the multivariable model. Because smoking and alcohol use was closely correlated each other
and because smoking had stronger effect on survival than alcohol use, only smoking was
entered in multivariable models. The proportional hazard assumption was checked by
inclusion of a time-dependent covariate, log (follow-up time) multiplied by HPV status.
Statistical analyses were performed by SAS 9.2. All statistical tests were 2-sided.

Results
Table 1 shows selected characteristics of 385 patients (161 AA and 224 other races). Gender
and age distributions were not significantly different between these two groups (p =0.20 and
p = 0.4406, respectively). Sixty nine percent of AA were not married as oppose to 50% of
Non-African Americans were not married (p = 0.0003). No difference was seen in SEER
summary stage (p = 0.6119) and anatomic sites (p = 0.5897) between AA and Non-AA.
88.2% of AA had current or past use of cigarette smoking and 85.3% of Non-AA had
current or past use of cigarette smoking (p= 0.387). 78.2% of African Americans had current
or past use of alcohol and 67.4% of Non-African Americans had current of past use of
alcohol (p = 0.094). Similar differences in smoking and alcohol use were observed between
AA and other races even limited to oropharyngeal site only (data not shown).

Table 2 shows that of those who had oropharyngeal cancer, 53.1% were currently smoking,
and 37.2% of those smokers were HPV positive, whereas among non-smokers 65.8% were
HPV positive (OR 3.25, 1.3–8.08). 71.4% of oropharyngeal cancer patient who never drank
alcohol were HPV-positive, whereas 44.6% of drinkers were HPV positive (OR 3.10 0.88–
10.92). For oropharyngeal site, 25% of AA were HPV positive whereas 71.1% of non-AA
were HPV positive (OR=0.14, 95% CI 0.05–0.37). Adjustment for current smoking or ever
alcohol use had a negligible effect in the OR for HPV positivity. For non-oropharyngeal
HNSSC sites, HPV-positivity was fairly stable across strata of smoking, alcohol use, and
race resulting in ORs close to unity.

When HPV types were compared between AA and other racial groups, there were no
differences in distributions with the predominant genotype of HPV16 or its combinations
(82.5 % in AA and 86.3% in others) (Table 3).

The results of Kaplan-Meier analysis indicate that overall survival from all HNSCC was
statistically significantly worse in African American than the others (P=0.0002) (Fig 1a).
For oropharyngeal cancer, there was a pronounced racial difference by race, with the median
survival of 3.11 years in [AA] and 10.94 years in the other racial group (P=0.0012) (Fig 1b)
whereas the corresponding difference was relatively smaller for non-oropharyngeal
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HNSSSC with the median survival of 3.44 years in African Americans and 5.06 years in the
others (P=0.0068) (Fig 1c).

Univariable HR for death based on Cox’s proportional model was 1.61 (95% CI 1.25–2.06)
for AA compared with other races all sites combined. The corresponding HR for AA was
highly statistically significant in oropharyngeal site (HR=2.55, 95% CI 1.42–4.59), whereas
it was 1.46 (95% CI 1.11–1.93) for non-oropharyngeal site. Adjustment for a basic covariate
weakened these HRs, with stronger effect on non-oropharyngeal site. Additional adjustment
for smoking had little effect on these estimates, while additional adjustment for HPV status
drastically reduced the HR for AA in oropharyngeal site (HR=1.55, 95% CI: 0.79–3.06).
After adjusting for both factors, HRs associated with AA race in both anatomic sites became
close to each other, but it was only statistically significant for non-oropharyngeal site
(HR=1.56, 95% CI: 1.17–2.06) (Table 4).

Discussion
Our study corroborates what other studies have shown; that African Americans have a
decreased overall survival when compared to non-AA [13,15,29,30]. In fact, just as shown
in our study, others have found that racial disparity in overall survival is larger for
oropharyngeal site than the other HNSSSC sites [30]. Recent data from Surveillance
Epidemiology, End Results (SEER) program also show that white-black differences in 5
year-relative survival were more pronounced for oropharyngeal site than the other head and
neck site.29 Interestingly, a report from a major US cancer center indicates that this racial
difference in oropharyngeal cancer survival is apparent for recently diagnosed cases only
(1995 or later) [1], which coincides with the recent increase in HPV-related HNSCC [5].

Racial differences in survival may arise from differential distributions of traditional
prognostic factors. SEER data as well as data from individual academic medical centers
have described that AA are more likely diagnosed with advanced disease than Caucasians
[14,15,29]. On the contrary, stage distribution was very similar between AA and Caucasians
in our study population. This was probably due to one of our eligibility criteria-limiting
patients to those who underwent surgery without any neo-adjuvant therapies, resulting in a
rather homogenous patient population. We also found no difference in the distribution of
HNSSSC by age group and gender by racial group. Instead, we found a significant
difference in marital status between AA and Caucasians, whereas we reported previously
that marital status was also associated with HPV status [6]. Although it is under-appreciated,
not being married or living alone has been associated with poorer prognosis of cancer across
various cancer sites, including HNSCC [19,31 ]. Underuse of optimal treatment by those
socially deprived patients may account for a part of the observed differences [19,20,21].

The data concerning racial differences in smoking and alcohol use in HNSCC patients have
been very mixed in earlier studies. Two studies, where information was obtained by in
person interview [26] or presumably from medical records [14] reported that AA patients
have higher prevalence of both smoking and alcohol use. Another medical record based
study reported that alcohol use was more frequent in AA than Caucasians while both had
similar history of tobacco use [18]. On the other hand, studies where medical record [15] or
a self-administered questionnaire [32] was source of information, did not find a difference in
either. The results of our study with a modest difference in alcohol only were close to the
last three studies. It is also noteworthy that the data from US national surveys indicate
equivalent or lower prevalence of cigarette and alcohol use in AA compared with
Caucasians [3, 25].

Jiron et al. Page 4

Am J Otolaryngol. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The present investigation also confirmed that almost all (>90%) of our HNSCC patients
were in fact smokers. This implies that our previous report using smoking-related
comorbidities as a surrogate marker [6] substantially underestimated the effects of smoking.

HNSCC now represents the most common diagnosed HPV-associated cancer in the US
surpassing cervical cancer [9] and thus there is public health interest in expanding the
indications of HPV prophylactic vaccines to these cancers. However, the data concerning
HPV-positivity in HNSCC by racial group are still limited. Most earlier studies include only
a small number of AA patients, ranging from 5 to 67 [8,11,12,14] often not yielding a
statistically significant difference. Our study convincingly demonstrated that tumors from
oropharyngeal site of AA were indeed less often positive to HPV and that that was not
accompanied by substantial differences of smoking or alcohol use. This indicates that other
behavioral factors in acquiring oral HPV infection or biological differences in the risk of
HPV progression to cancer may account for the racial difference [8,12].

Several surveys conducted in the US have shown that whites more often practice oral sex
than blacks [22,23], but a recent National Health and Nutrition and Examination Survey
revealed that HPV DNA was more often found in oral exfoliated cells from AA than in
those from Caucasians [7]. There are other unanswered questions, e.g., whether other
behavioral factors, such as certain hygiene practices or eating habits, influence the
likelihood of acquisition or persistence of HPV infection in the oropharynx and whether
there are racial differences in such behaviors if any. Second, HPV-associated HNSCC
preferentially develops from oropharyngeal site, which houses substantial lymphoid tissues,
e.g., tonsils and adenoid. Although AA and Caucasians have anthropometrically different
facial and cranial structures [33,34], there is sparse information as to racial difference in
inner mouth structures. Moreover, AA and low socio-economic status (SES) children have
been reported to be more frequently diagnosed with sleep–disordered breathing caused by
enlarged tonsils and adenoids, which often lead to surgical removal of those organs [35].
Such procedures may affect the risk of HPV-associated oropharyngeal cancer. Even though
they are not surgically removed, chronic inflamed or hypertrophic tonsils and adenoids may
lead to sustained secretion of inflammatory mediators from their lymphoid follicles, which
process antiviral properties, such as interferon [36]. Finally, there is a possibility that
expression of key host molecules necessary for HPV entry to epithelial cells [37,38] is
genetically controlled and possibly, racially different.

Strengths of the present study include the inclusion of a relatively large number of AA
patients compared with other studies, use of a highly sensitive broad spectrum HPV
detection method, rather uniform patient care by a single medical center and long follow-up
time by cancer registry. However, the limitations of our study lie in the retrospective study
design based on HNSSSC patients who had surgical resection of the tumor as first therapy at
one of three Wayne State University affiliated hospitals [6]. A recent study from a different
hospital group in the Metropolitan Detroit supported our observations concerning racial
difference in HPV prevalence and overall survival, but suggested that disparity may remain
in HPV-negative oropharyngeal cancer [39]. Information in our medical records was not
sufficient for in-depth analysis of smoking alcohol, e.g., pack-years of smoking, amount/
frequency of alcohol drinking and duration of abstinence. Also other important information
to shed light on potential causes of racial differences, such as sexual behaviors and history
of tonsillectomy, was not available from medical charts. In addition, cancer registry
information was not complete for systemic therapies, which may have given in independent
doctors’ offices or other institutions. Lastly, when stratified by anatomic site and race, our
sample size was not necessarily sufficient to detect a modest size of survival differences.
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Conclusions
The present study clearly demonstrated that poorer survival from oropharyngeal cancer in
AA was largely attributable to a lower fraction of HPV-positive cancer. However, after
adjustment for HPV and smoking, some residual disadvantage in HNSSSC survival was still
present in AA, compared with other racial groups. Altogether, including non-oropharyngeal
sites, AA experienced poorer survival than others. These residual racial differences may be
attributable to higher prevalence of uncontrolled comorbidities [40] and lower use of/and
adherence to adjuvant treatments [20,21] due to their socially deprived status or lower health
literacy. These factors need to be addressed in order to improve outcomes of HNSCC in this
minority population.
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Figure 1.
Figure 1a (top): Kaplan-Meyer Curves for overall survival between African Americans and
Non-African Americans. The horizontal axis represents the time of diagnosis in number
days and the vertical axis represents the survival distribution in percentage. Broken Line:
Non-African Americans, Solid Line: African American
Figure 1b (middle): Kaplan-Meyer Curves for overall survival in patients with
oropharyngeal cancers in African Americans and Non-African Americans. The horizontal
axis represents the time of diagnosis in number days and the vertical axis represents the
survival distribution in percentage. Broken Line: Non-African Americans, Solid Line:
African American
Figure 1c (bottom): Kaplan-Meyer Curves for overall survival for non-oropharyngeal
cancers. The horizontal axis represents the time of diagnosis in number days and the vertical
axis represents the survival distribution in percentage. Broken Line: Non-African
Americans, Solid Line: African American
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Table 3

Distribution of HPV types in African Americans and other racial groups

HPV types Other races N (%) African Americans N (%)

6 2 (2.74) 0

6, 33 0 1 (2.50)

11 0 2 (5.00)

16 60 (82.19) 30 (75.00)

16,18 1 (1.37) 2 (5.00)

16,31 1 (1.37) 0

16,52 1 (1.37) 1 (2.50)

18 2 (2.74) 0

31 1 (1.37) 0

33 2 (2.74) 0

35 0 1 (2.50)

45 0 1 (2.50)

51 0 1 (2.50)

56 1 (1.37) 1 (2.50)

X 2 (2.74) 0

Total 73 40

Am J Otolaryngol. Author manuscript; available in PMC 2015 March 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jiron et al. Page 14

Ta
bl

e 
4

M
ut

iv
ar

ia
bl

e 
ha

za
rd

 r
at

io
s 

(H
R

) 
an

d 
95

%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

(C
I)

 f
or

 d
ea

th
s 

as
so

ci
at

ed
 w

ith
 A

fr
ic

an
 A

m
er

ic
an

 r
ac

e 
by

 C
ox

’s
 p

ro
po

rt
io

na
l H

az
ar

d
m

od
el

s

H
az

ar
d 

ra
ti

os
 *

*  
(9

5%
 C

I)

C
an

ce
r 

ty
pe

R
ac

ia
l g

ro
up

s
A

liv
e/

de
ad

U
ni

va
ri

ab
le

B
as

ic
 c

ov
ar

ia
te

 a
dj

us
te

d
&

 S
m

ok
in

g 
ad

ju
st

ed
&

 H
P

V
 a

dj
us

te
d

&
 S

m
ok

in
g-

H
P

V
-a

dj
us

te
d

A
ll

O
th

er
97

/1
27

1.
00

-
1.

00
-

1.
00

-
1.

00
-

1.
00

-

A
fr

ic
an

37
/1

24
1.

61
(1

.2
5–

2.
06

)
1.

48
(1

.1
5–

1.
91

)
1.

47
(1

.1
4–

1.
89

)
1.

45
(1

.1
3–

1.
87

)
1.

61
(1

.2
5–

2.
07

)

O
ro

ph
ar

yn
ge

al
O

th
er

25
/2

0
1.

00
-

1.
00

-
1.

00
-

1.
00

-
1.

00
-

A
fr

ic
an

8/
28

2.
55

(1
.4

2–
4.

59
)

2.
51

(1
.3

8–
4.

56
)

2.
22

(1
.2

1–
4.

08
)

1.
55

(0
.7

9–
3.

06
)

1.
49

(0
.7

5–
2.

93
)

O
th

er
O

th
er

72
/1

07
1.

00
-

1.
00

-
1.

00
-

1.
00

-
1.

00
-

A
fr

ic
an

29
/9

6
1.

46
(1

.1
1–

1.
93

)
1.

32
(0

.9
9–

1.
75

)
1.

33
(1

.0
0–

1.
77

)
1.

33
(1

.0
0–

1.
76

)
1.

56
(1

.1
7–

2.
06

)

* O
ro

-p
ha

ry
nx

 w
as

 d
ef

in
ed

 b
y 

IC
D

-O
 4

 d
ig

it 
to

po
lo

gy
 c

od
es

; C
01

9–
C

02
0 

(b
as

e 
an

d 
do

rs
al

 s
ur

fa
ce

 o
f 

to
ng

ue
),

 C
05

1 
(s

of
t p

al
at

e)
-C

05
2

**
B

as
ic

-c
ov

ar
ia

te
 a

dj
us

te
d 

H
R

s 
in

cl
ud

e 
m

ar
ita

l s
ta

tu
s 

at
 d

ia
gn

os
is

 a
nd

 a
dd

iti
on

al
 s

m
ok

in
g 

ad
ju

st
ed

 H
R

 in
cl

ud
e 

an
 in

di
ca

to
r 

va
ri

ab
le

 f
or

 th
os

e 
w

ith
 m

is
si

ng
 in

fo
rm

at
io

n 
fo

r 
cu

rr
en

t s
m

ok
in

g.

Am J Otolaryngol. Author manuscript; available in PMC 2015 March 01.


