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ABSTRACT
Background
Approximately 46,143 human papillomaviruses (HPV) related cancers are diagnosed annually in
the United States. Although the HPV vaccine has been available in the United States since 2006,
more than half of adolescents have not completed the HPV vaccine series. In Nebraska, the
incidence rates of HPV-related cancers have increased from 2006 (5.7%) to 2018 (6.3%). Although
cervical cancer has been highly studied, there is limited research and surveillance on head and
neck, vaginal, vulvar, anal, and penile cancers in a state such as Nebraska, which experiences
limited access to healthcare in its rural areas. Clarity about these aspects could enhance more
preventive measures. Moreover, disparities related to HPV vaccination are unclear in Nebraska.

Objectives:

To examine the trends and sociodemographic related disparities in the incidence of HPV-related
cancers and HPV vaccination in Nebraska from 2010 to 2018 and 2009 to 2019, respectively.

Methods:

A retrospective study (from 2010 to 2018) was conducted using the Nebraska Cancer Registry's
aggregate data of HPV vaccination rate and incidence of HPV infection-related cancers (cervix,
vaginal, vulvar, anal, penile, oropharyngeal). The HPV vaccination database came from Nebraska
State Immunization Information System. Variations in the rate of HPV vaccination and in the
incidence of HPV- related cancer was examined across demographic characteristics, including age,
sex and ethnic groups. All the analyses were performed with Joinpoint Regression Program
4.9.0.1.
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Results
From 2010 to 2018, the incidence of cervical cancer has increased with an Average Annual Percent
Change (AAPC) of 2.9%. The highest increase in the trend was observed in the age group of 4554, followed by 65 and older. A significant increase in the incidence of Head and Neck cancer was
seen from 2012 to 2018 (APC:3.6). Another statistical significance was found in the age group of
<35 of Head and Neck cancer (AAPC: 14.6). There was a slight increase in the incidence trend of
vulvar cancer over the years from 2010 to 2018 (AAPC:1.4). Vulvar cancer's age group of 35-44
presented the highest increase with an AAPC at 9.0. On the other hand, the age group of 65 years
and older trend showed a decrease (AAPC: -1.5). Penile cancer has also shown an uptrend with an
AAPC of 6.5 from 2010 to 2018. The age group of 65 and older followed the same trend (AAPC:
12.4). Regarding the trend of anal cancer, an overall increase (AAPC: 5.6) was seen during the
study period with a statistical significance in the age group 55-64 years.
From 2009 to 2019, vaccination showed a similar pattern in all the sociodemographic factors (sex,
race, ethnicity). Specifically, a significant increase in the HPV vaccination rate were observed in
sexes, races, and ethnicities. The trend was higher in females, Black or African Americans, and
Hispanics.

Conclusion
In conclusion, the trend of the incidence of HPV infection-related cancers, particularly head and
neck cancer, increased from 2010 to 2018. The HPV vaccination rate showed a significant increase
and then a slight decrease over the years from 2010 through 2018. Our findings highlight the
importance of screening guidelines for the booming head and neck cancers. Targeted actions for
vaccination improvements in white race and non-Hispanics are crucial.
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More research is needed to investigate the burden of HPV- related cancers on a population level
and HPV vaccination in rural areas.

7

INTRODUCTION
Each year in the United States, about 45,300 new cancer cases are found in parts of the body where
human papillomavirus (HPV) is often seen (CDC, 2021). HPV causes about 35,900 of these
cancers. Most cervical and other cancers, including vulvar, vaginal, penile, anal, and
oropharyngeal cancers, are caused by HPV (CDC, 2021; McQuillan et al.,2017; Holman et al.,
2014). The U.S. Centers for Disease Control and Prevention (CDC) estimate that more than 80%
of people in the country will acquire HPV by age 45 (Aninye et al.,2021).
A study reported that the increased incidence of oropharyngeal cancer is expected to exceed that
of cervical cancer (Hirth, 2019). In fact, from 1995 to 2015, rates of oropharyngeal squamous cell
carcinoma (SCC) increased more in the Midwest (3.2%) than in the Northeast, West (2.6%), and
South (2.5%) of the U.S (Van Dyne et al., 2018). In the same study period, vulvar SCC rates
increased by 1.5% in Midwestern states. The largest rate of anal SCC was among women in the
Northeast (4.3% per year) and Midwest (3.6%) (Van Dyne et al., 2018).
Although cervical cancers are mostly preventable with screening, other HPV-associated cancers
do not have screening guidelines (Viens et al., 2016; Moyer,2012; Liao et al.,2022).
Since the introduction of organized cervical cancer guidelines in the 1960s in the United States,
the incidence of cervical cancer has declined by 75%; however, this decline is not uniform while
looking at states, counties, etc. (Safaeian et al.,2007). Historically the unscreened populations of
women in the U.S. include older women, uninsured and impoverished women, migrant and
minority women, and those residing in rural areas (Safaeian et al., 2007).
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Moreover, the U.S. Food and Drug Administration has approved the HPV vaccine ( in 2006 for
females and 2011 for males), and its role has been well established in reducing cervical,
oropharyngeal, vaginal, vulvar, anal, and penile cancers (Paavonen et al., Liao et al.,2022).
In Nebraska, a Midwestern state, the incidence rates of cervical cancer have increased from 2006
(5.7%) to 2018 (6.3%) (CDC,2021).
According to the National Immunization Surveys- Teens 2020 data, in Nebraska, the HPV
vaccination coverage among teens aged 13-17 years who were reported to be up to date with HPV
vaccination was 64.8% (CDC,2021). Although this rate is above the national coverage (58.6%), it
is still far behind the Healthy People 2030 goal, which is to increase by 80.0% the percentage of
male and females' adolescents aged 13 through 15 years who receive 2 or 3 doses of HPV vaccine
as recommended (CDC,2021; Healthy People 2030).
Many studies have examined the incidence of invasive cervical cancer and its association with
HPV. Although prior studies have evaluated the trend of incidence of specific HPV-associated
cancers and HPV vaccination in the U.S. and worldwide, few studies have examined the trends of
all HPV-related cancers in half rural like Nebraska, with limited access to healthcare in its rural
parts.
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METHODS
Study population
The HPV-related cancers study population consists of individuals from Nebraska aged from less
than 35 years to above 65, enrolled in Nebraska Cancer Registry (NCR) from 2010 to 2018. On
the other hand, the HPV vaccination study eligible participants are people of all ages in the
Nebraska State Immunization Information System (NESIIS).

Study design
The study is a retrospective - cross-sectional study using aggregate data from the NCR and NESIIS
databases of HPV-related cancer and HPV vaccination in Nebraska from 2010 to 2018 and 2009
to 2019, respectively.

Data sources
A secondary analysis of data obtained from the Nebraska Department of Health and Human
Services (DHHS) was conducted. The data on HPV vaccination rates were collected through The
Nebraska State Immunization Information System (NESIIS) from 2009 to 2019. The NESIIS is a
secure, statewide, web-based system that connects and shares immunization information among
public clinics, private provider offices, local health departments, schools, hospitals, and other
health care facilities that administer immunizations and provide medical care to Nebraska
residents. NESIIS maintains computerized immunization data for people of all ages confidentially
and securely.
The data about HPV-related cancers were collected through the Nebraska Cancer Registry (NCR)
from 2010 to 2018.
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Since 1987, the NCR has gathered data on Nebraska residents diagnosed and treated for invasive
and in situ tumors. The registry does not include benign tumors (except for benign brain and other
nervous system tumors, which became reportable as of January 1, 2004).

Variables
The HPV-related cancer database included the incidence and age-adjusted rate of cervix, vagina,
vulva, anus, penis, head, and neck cancers. The latter include the cancer of lip, tongue, gum, floor
of the mouth, palate, other and unspecified parts of the mouth, parotid gland, other and unspecified
major salivary gland, tonsil, oropharynx, nasopharynx, pyriform sinus, hypopharynx, nasal cavity
and middle ear accessory sinuses, and larynx. The data were displayed per race and age group. The
latter did not include an adjusted rate. Age groups were reported in four groups (<35, 35-44, 4554, 55-64, 65 and older). Race and ethnicity included Asian, Black, or African American, White,
and Hispanics. Regarding the HPV vaccination database, the HPV vaccination rate of respondents
per provider recommendations was displayed per sex, race, and ethnicity.

Statistical Analysis
Excel 2019 was used to construct the databases. Age-adjusted rates were calculated per 100 000
persons and standardized to the Nebraska population. Standard errors and 95% confidence interval
were calculated by the direct methods using the Nebraska population. Because the HPV
vaccination rates were displayed per respondent reached out, the total clients were used for the
weighting. Joinpoint Regression Program Version 4.9.1.0 was used to analyze trends of HPV
vaccination and HPV- related cancer.
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Joinpoint regression software applied a segmented or changepoint model. The model searched for
discontinuity.
First, random points were selected in the software by creating a regression line to see if the slope
changed at these points. The difference might be positive (increasing trend) or negative (decreasing
trend). Second, after selecting the random point in the regression line, a search was made to see if
there was any change along these points. Specifically, the model verified if the joinpoint curves
were different. Finally, a grid search algorithm was applied to the logistic regression model created
in the first step to identify where one or more thresholds appeared on the logistic regression curve.
The algorithm refines the regression line by thoroughly searching all the points to indicate an
increasing trend or a decreasing trend and the point at which the trends differ
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The Grid Search method was selected, and the maximum number of joinpoint was set at 1.
the Average Annual Percentage Change (AAPC), a summary measure of the trend over a fixed
time interval was used to quantify temporal trends in HPV- related cancers and HPV vaccine rate
in the study population from 2010 to 2018 and 2009 to 2019, respectively. The AAPC is computed
as follows: changes in trends over time are estimated using the joinpoint regression approach in
which data is divided into subsets, where each subset has its own linear trends. The AAPC over
any pre-fixed time interval is then calculated using the weighted average of the slope coefficient
of the underlying joinpoint regression model and then transforming the weighted average into an
Annual Percent Change (APC). AAPC is a valid measure even if the joinpoint model reveals
changes in trends over the years. The 95% confidence interval (CI) of the AAPC was also
calculated in the regression model and the corresponding p-value. The incidence, age-adjusted
rates of HPV- related cancer, and the HPV vaccination rate were considered to show an upward
trend if the estimated AAPC was positive and the corresponding p-value <0.05.
In contrast, these measures were considered to show a downward trend if the estimated AAPC was
negative and the corresponding p-value < 0.05. The trends were reported for the overall study for
each sex and the race and ethnicity of the study population.
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RESULTS
More than half (2947,68%]) of HPV- related cancers were head and neck cancer, followed by
cervical cancer (601,14%). Based on race and ethnicity, 4054 (92.1%) individuals were white, 162
(3.6%) were Black, 47 (1%) Asian, 23 (0,5%) were Native American, and 112 (2.5%) were
Hispanic (Table 1).

Table 1. Demographic Characteristics of HPV-Related Cancers in Nebraska from 2010 to 2018
Cervix

Vagina

Vulvar

Head and Neck

Anal

Penis

Female

Female

Female

Both Sexes

Both Sexes

Male

601

52

309

2,947

332

89

Age Group
<35

97

+

+

59

3

0

35-44
45-54
55-64
≥65

148
140
116
100

+

26
45
59
179

109
427
912
1440

18
66
103
142

+

10
11
31

638

52

314

2,970

546

49

297

2,764

311

87

Black

36

3

8

100

15

+

Native American

7

+

+

16

+

+

Asian

6

0

+

41

+

+

Hispanics

43

0

9

49

6

5

()
Characteristic
Total
Cases

Race And
Ethnicity
White

Total

332

9
19
61
92

Source: Nebraska Cancer Registry, Nebraska DHHS.
† The number was suppressed for any categories with the count of less than 3 and its AAR due to confidentiality reasons.
§ Head and Neck cancers include the cancer of lip, tongue, gum, floor of mouth, palate, other and unspecified parts of mouth, parotid gland, other
and unspecified major salivary gland, tonsil, oropharynx, nasopharynx, pyriform sinus, hypopharynx, nasal cavity and middle ear, accessory
sinuses, and larynx.
Note: Race categories are not mutually exclusive with Hispanic origin.
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The trend of HPV- related cancers from 2010-2018
The trend in Incidence of Cervical Cancer
From 2010 to 2018, the incidence of cervical cancer increased at an AAPC of 2.9% (P=0.5) but
not significantly (Table 2). Uniformly, the trend in the incidence of cervical cancer in the whites
steadily rose at an AAPC of 2.8% (Table 2). An ascending trend in the incidence of cervical cancer
was seen in individual of age groups of <35, 35-44, 45-54, and 65 and older, but the rate showed
a decrease trend in individuals of age group of 55-54 (AAPC= -0.8%). The age group with the
highest increase in the trend was seen in those with ages 45-54 years (AAPC= 3.7%) (supplemental
figure 3).

The trend of HPV- related cancers exclusive to women
From 2010 to 2018, a non-significant increase occurred in the incidence of vulvar cancer (AAPC=
1.4%) (Table 2 and Figure 1 in the supplement). There was also a rise in the trend of vulvar cancer
among whites over the years from 2010 through 2018(AAPC= 1.6%) (Table 2 and Figure 5 in
supplement). Regarding the age group, there is an upward trend was seen in the age range from 35
to 44 years (AAPC= 9.0%) (Table 3 and Figure 4 in supplement).

15

The trend of HPV- related cancers exclusive to men
In men, a statistically non-significant increasing trend was noted in penile cancer (AAPC= 6.5%,
P=0.5) from 2010 to 2018. The subset analysis, revealed a rising trend in the incidence of penile
cancer from 2010 to 2014 (APC= 15.8%) and falling trend from 2014 to 2016 (APC= -2.1%(Table
2).When examining the age groups, an increasing trend was observed in the age groups of 55-64

(AAPC= 0.9%) and 65 and older (AAPC= 12.4%). These age groups followed the same declining
trend after the approval of male vaccination (Table 3).

The trend of HPV- related cancers attributable to both sexes
Both anal (AAPC= 5.6%, P<0.1) and head and neck (AAPC= 1.3%, P<0.1) cancers showed an
uptrend from 2010 to 2018 (Table 2). From 2012 to 2018, however, there was a statistically
significant increase in the incidence of head and neck cancer (APC= 3.6%, P=0.01) (Table 2).
Regarding age groups, head, and neck cancer showed an increasing trend in the age ranges of 5564 (AAPC= 1.7), with significance in <35 (AAPC= 14.6, P<0.01). The incidence of anal cancer
showed trend in all the age groups and the white race, with statistical significance in 55-64 (AAPC:
12.3%, P<0.01) (Table 3).
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Table 2. Average Annual Percent Change (AAPC) of Human Papillomavirus Virus (HPV) in Nebraska

Trend 1

Overall

2010-2018

Year

Trend 2
APC (95% CI)

Year

APC (95% CI)

2010-2018,
AAPC (95% CI)

Cervix

2010-2014

6.8 (-18.2-39.5)

2014-2018

-0.9 (-20.1-22.8)

Vagina

+

+

+

Vulva

2010-2014

5.4 (-17.7-35.0)

2014-2018

-2.4 (-15.1-12.3)

1.4 (-8.2-12.2)

Head and Neck

2010-2012

-5.1 (-18.5-10.5)

2012-2018

3.6*(1.2-6.0)

1.3 (-1.6-4.4)

Anal

2010-2014

9.0 (-19.5-47.7)

2014-2018

2.3 (-21.7-33.7)

5.6 (-8.4-21.8)

Penis

2010-2014

15.8 (-43.1-

2014-2018

-2.1 (18.5-17.7)

6.5 (-17.8-38.0)

+

2.9 (-8.8-16.1)

+

135.7)
Abbreviations: AAPC, average annual percent change; APC, annual percent change.
AAPC: Average annual percent change (%). A positive AAPC indicates an increasing trend, while a negative AAPC indicates a decreasing trend.
*The APC or AAPC is significantly different from zero (P < .05)
The trends are significant when the AAPC is significantly different from 0, i.e., when the p-value is <.05.
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Table 3. Comparison of HPV-related Cancers Age-Groups Incidence Trend in Nebraska
Incidence
Trend 1
Year

APC (95% CI)

Cervix

2010-2014

9.3 (−14.3 to 39.4)

2014-2018

Vagina
Vulva
Head and Neck
Anal
Penis

+
+
2010-2016
+
+

+
+
15.7* (3.4-29.6)
+
+

+
+
2016-2018
+
+

Age, per-HPV
cancer type
<35

35-44

Cervix
Vagina
Vulva
Head and Neck
Anal
Penis

2010-2018

Trend 2

2010-2012
+
2010-2012
2010-2013
+
+

-7.2 (-63.6-136.4)
+
31.1 (-65.2-394.3)
12.6 (-49.3-150.1)
+
+

Year

2012-2018
+
2012-2018
2013-2018
+
+

APC (95% CI)
−3.9 (−23.6 to
−20.9)
+
+
11.4 (-18.8-52.8)
+
+
5.2 (-8.5-21.0)
+
2.4 (-9.3-15.7)
-8.4(-23.6-9.7)
+
+

2010-2018,
AAPC (95% CI)
2.5 (-8.9 to
15.3)
+
+
14.6* (5.7-24.4)
+
+
2.0 (-14.9-22.2)
+
9.0 (-14.5-38.9)
-1.0 (21.0-24.0)
+
+

45-54
Cervix
Vagina
Vulva
Head and Neck
Anal
Penis

55-64

2010-2012
+
2010-2016
2010-2016
2010-2014
+

Cervix
Vagina
Vulva

2010-2015
+
2010-2012

Head and Neck
Anal
Penis

2010-2013
2010-2016
2010-2012

≥ 65
Cervix
Vagina
Vulva
Head and Neck
Anal
Penis

2010-2013
+
2010-2014
2010-2012
2010-2012
2010-2014

-7.9 (-99.6-21735.3
+
7.1 (-3.0-18.3)
0.1 (-7.8-8.7)
8.8 (-13.3-36.5)
+

2012-2018

7.9 (-8.7-27.4)
+
-23.7 (-68.7-85.9)
-5.7 (-45.7-64.0)
-5.1 (-43.6-59.5)
+

3.7 (-60.6-173.3)
+
-1.6 (-16.6-16.1)
-1.4 (-11.4-9.7)
1.6 (-16.8-24.1)
+

2012-2018

-15.4 (-41.0-21.3)
+
-4.2 (-25.3-22.8)

-0.8 (-11.5-11.2)
+
-0.1 (-79.6-390.0)

2016-2018
2016-2018
2014-2018
+

9.1 (-5.2-25.6)
+
13.4 (-100.0900305.8)
-3.6 (-21.2-18.0)
15.2 (-0.7-33.8)
19.9 (-94.82642.4)

2015-2018

2013-2018
2016-2018
2012-2018

5.0 (-3.8-14.6)
4.0 (-22.2-39.0)
-4.7 (-17.6-10.1)

1.7(-4.8-8.6)
12.3* (2.2-23.4)
0.9 (-42.2-76.2)

12.7 (-60.6-22.1)
+
8.0(-18.2-42.5)
-5.3 (-17.1-8.3)
19.6 (-36.9-126.6)
36.4 ( -21.3136.4)

2013-2018
+
2014-2018
2012-2018
2012-2018
2014-2018

-2.4 (-25.3-27.5)
+
-10.2(-24.0-6.1)
1.7 (8.3- -1.1)
-2.9 (-9.0-3.6)
-7.4 (-20.3-7.5)

3.0 (-23.9-39.3)
+
-1.5 (-12.2-10.4)
-0.1 (-2.7-2.6)
2.3 (-9.1-15.1)
12.4 (-8.1-37.4)
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Trend 1

White Race

2010-2018

Years

Trend 2
APC (95% CI)

Year

APC (95% CI)

2010-2018,
AAPC (95% CI)

-0.7 (-21.9-26.3)

2.8 (-9.7-17.1)

Cervix

2010-2014

6.4 (-19.5-40.6)

2014-2018

Vagina

+

+

+

Vulva

2010-2014

5.7(-23.6-46.1)

2014-2018

Head and Neck

2010-2012

-5.0 (-15.8-7.1)

2012-2018

2.9*(1.2-6.0)

0.9 (-1.4-3.2)

Anal

2010-2014

7.6 (-24.5-53.4)

2014-2018

1.0 (-25.4-36.8)

4.3 (-11.5-22.8)

Penis

+

+

+

+

+

+

+
-2.3(-15.1-12.3)

1.6 (-8.2-12.2)

Abbreviations: AAPC, average annual percent change; APC, annual percent change.
AAPC: Average annual percent change (%). A positive AAPC indicates an increasing trend, while a negative AAPC indicates a decreasing trend.
*The APC or AAPC is significantly different from zero (P < .05)
The trends are significant when the AAPC is significantly different from 0, i.e., when the p-value is <.05.
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Trends HPV vaccination by sociodemographic factors in Nebraska from 2009 to 2019
The trend of HPV vaccination by sex
The trends of the proportion of eligible respondents who

completed the HPV vaccination

significantly increased in females (AAPC= 6.8% P < 0.001) and males (AAPC= 9.4% P < 0.001)
over the years from 2009 to 2019. However, the subset analysis showed that the trend of HPV
vaccination significantly increased from 2009 to 2016 in female (APC= 11.4% P < 0.001) and
male (APC= 14.7% P < 0.001), but the trend slightly declined in the years from 2016 through 2019
(APC female= -3.2%, APC male=-1.9) from 2016 to 2019. Although female and male vaccination
rates showed similar trends, males had the highest growth from 2009 to 2019 (Table 4) while
females have the highest vaccination rate (Figure 11, supplement)

The trend of HPV vaccination by race
The HPV vaccination trend after provider recommendations varied by respondents' race. All the
races experienced a significant increase in HPV vaccination rates from 2009 to 2019. However,
from 2009 to 2016. the trends of all races showed a similar significant increase and nonsignificantly decrease in the rates from 2016 to 2019 (Table 4.). The highest increasing trend was
noted in American Indian or Alaska Native and Native Hawaiian or Other Pacific Islander
(AAPC= 9.2%), whereas the lowest were observed in the white race (AAPC=8.2).
The HPV vaccination rate ranged from low in Native Hawaiian or Other Pacific Islander to a high
in Black or African Americans from 2009 to 2019 Figure 12 (in supplement).
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The trend of HPV vaccination by ethnicity
Similar to sex and race sociodemographic factors, HPV vaccination rates showed a statistically
significant increased trends in Hispanic and non-Hispanic from 2009 to 2019, with the highest
trend rise seen in non-Hispanics (AAPC= 9.1%) (Table 4). Hispanic showed a higher vaccination
completion than non-Hispanics (Figure 13, supplement)
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Table 4. Average Annual Percent Change (AAPC) and Annual Percent Change (APC) of HPV vaccination in Nebraska from 2010 to
2018
Ethnicity
Vaccination rate
Trend 1

Per
sociodemographic
factors
Sex

2009-2019

Year

Trend 2
APC (95% CI)

Year

APC (95% CI)

2009-2019
AAPC (95% CI)

2009-2016
2009-2016

11.4*(9.0 - 13.9)
14.7*(11.4 - 18.1)

2016-2019
2016-2019

−3.2 (−6.6 - 0.2)
−1.9 (−5.0 - 1.3)

6.8* (5.2 - 8.4)
9.4* (7.5 - 11.4)

White
Black or African
American
American Indian or
Alaska Native
Asian
Native Hawaiian or
Other Pacific
Islander

2009-2016
2009-2016

12.5* (10.2-14.9)
13.6*(10.4-16.9)

2016-2019
2016-2019

-1.1 (-3.7-1.6)
-2.0 (-5.4-1.4)

8.2* (6.8-9.7)
8.7* (6.8-10.7)

2009-2015

15.4* (11.5-19.4)

2015-2019

0.5(-1.6-2.6)

9.2*(7.2-11.1)

2009-2016
2009-2017

12.3* (11.4-13.3)
13.3* (12.1-14.5)

2016-2019
2017-2019

-0.5(-1.7-0.6)
-5.8*(-9.1- 2.3)

8.3* (7.7-8.9)
9.2* (8.2- 10.2)

Hispanics
Non-Hispanics

2009-2016
2009-2016

11.7* (9.1-14.3)
13.7* (11.2-16.2)

2016-2019
2016-2019

-1.8 (-5.2- 1.7)
-0.9 (-3.4-1.8)

7.4* (5.8-9.1)
9.1*(7.6-10.6)

Female
Male

Race

Ethnicity

Abbreviations: AAPC, average annual percent change; APC, annual percent change.
AAPC: Average annual percent change (%). A positive AAPC indicates an increasing trend, while a negative AAPC indicates a decreasing trend.
*The APC or AAPC is significantly different from zero (P < .05)
The trends are significant when the AAPC is significantly different from 0, i.e., when the p-value is <.05
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DISCUSSION
In this study, we examined the overall trends in the incidence of age-specific HPV- related cancers
and the sex-specific, ethnic/racial trends of HPV vaccination rate.
From 2010 to 2018, we found differences in HPV-related cancer trends in Nebraska. The overall
cervical cancer showed a non-significant increasing trend. We have seen some variations across
ages. The rising trend was found in most age groups except 55-64. Two U.S. population-based
studies (Van Dyne et al., 2018; Liao et al., 2022) have estimated trends in the incidence of HPVrelated cancer in the U.S. In these reports, a decrease in the cervical cancer trend, specifically in
most age groups, was consistently observed. The difference with our findings may be explained
by the fact that these studies have used a bigger sample size (50 states), whereas the present
investigation focused on a single state. Moreover, Nebraska is a half-rural state with limited access
to healthcare in rural areas. It could be linked to a challenge in the availability of cervical cancer
screening and recommendations. The rising trend of cervical cancer corroborates the finding of
Liao and colleagues on the increasing incidence in the Midwest of the U.S.
Another aspect that was found is the significant rising trend of head and neck cancer from 2012 to
2018. Specifically, the increase was noted among individuals in the age groups of <35, 55-64, and
65+ with significance among individuals of <35.

23

Multiple studies in the U.S. have reported an increase in oropharyngeal cancer (a type of Head and
Neck cancer) over the past decades (Van Dyne et al., 2018; Liao et al., 2022). It has been asserted
that those oropharyngeal cancers typically present 20 to 45 years after HPV-16 infection, with a
median age at onset of 63 years. While our study showed the same distribution in general, there is
a significant increase in the trend in the age group <35 from 2012 to 2018. Moreover, the trend of
the age group of <35 has the lowest rate and seems to stagnate. Unlike our findings, Van and
colleagues' study have shown the significance of head and neck cancer trend in the age range of
50-59. Several studies reported a 1-18% rate at which HPV is transmitted from a mother (without
clinical evidence) to a child (Rombaldi et al.,2009; Gajewska et al.,2006; Watts et al., 1998; Smith
et al.,2004).
Furthermore, the possibility of vertical transmission of HPV was demonstrated when the maternal
HPV type is concordant with the type isolated from the newborn (LaCour et al.,2011). Van and
colleagues. and Liao and colleagues' studies reported an overall increasing trend of vulvar cancer,
anal cancer, and penile cancer. Consistent with these results, a significance in the growing trend
in the age group of 55-64 of anal cancer was found. Anal cancer is found mainly in older adults,
with an average age in the early 60s. The increased vulvar and anal, penile cancers can be
associated with the later median age onset.
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Regarding HPV vaccination, our results indicated that the rate of individuals who received the
HPV vaccine increased from 2009 to 2019. Significant declining trends, except for Native
Hawaiian or Pacific Islander, were noted from 2016 to 2019 in sex, ethnicity, and most races. This
finding is of utmost importance in the context of half of the rural states where HPV vaccination
still fails to meet the Healthy People 2020 goal of 80% coverage. Contrasting this finding, a
population-level study revealed a rise in HPV vaccination uptake from 2012 to 2018 in the U.S.
(Onyema et al., 2019). This deviation could be explained by the low level of knowledge and
awareness of HPV vaccination (Domgue et al.,2019; Onyema et al.,2021). Moreover, vaccine
hesitancy and access to healthcare within the state could be additional factors.
Racial and ethnic disparities and sex-specific differences in HPV vaccination rates were observed
from 2009 to 2019. It was noted that African or American, who account for 12.0% of all Nebraska
population, have a higher vaccination completion than whites, who represent 61.2% of the
population. Furthermore, the trends are driven mainly by the HPV vaccination rate among females
and people who identify as Hispanic. This finding deviates from a previous study focused on
different sample sizes and age ranges in which the researcher found a higher vaccination uptake
among women and non-Hispanic whites (Boersma et al.,2020). These contrasting findings could
be explained by the fact that our study included people of all ages who received HPV vaccination,
whereas; Boersma and colleagues' study population were specific to young people (11-26 years)
who received provider recommendation. However, it corroborates a systematic review and a crosssectional study's findings about higher uptake among racial minorities, including non-Hispanic
black. (Spencer et al.,2019; Onyema et al.,2021). Provider vaccination is the strongest predictor of
higher vaccination uptake and completion. It has been reported that fewer parents in rural areas
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receive a provider recommendation for the HPV vaccine than those living in metropolitan cities
(Walker et al., 2019).
These findings on the increasing incidence of oropharyngeal, anal, vulvar, and penile cancer
highlight the need to develop more-effective screening strategies for high-risk populations. Unlike
cervical cancer, an adequate or cost-effective screening test for oropharyngeal cancer does not
exist. Since HPV vaccination recommendation started in 2006 for females and in 2011 for males,
The increasing number of HPV- related cancer is unlikely to be associated with HPV vaccination
in our period of study.
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Strengths and Limitations
This study has some limitations. The retrospective aspect and use of aggregate data instead of
population level might have resulted in reporting bias, information loss, and lack of review of
patients' characteristics. Furthermore, because the data was aggregated, more than 30% of data
related to the race of HPV-related cancers were kept confidential (Counts less than 3). Hence the
lack of information about vaginal cancer, other races, and some other results in age groups.
Another limitation is related to the time lag in our study. Since most of HPV- related cancer takes
more than ten years to develop after exposure to HPV infection, our study could not assess the
impact of vaccination on HPV- related cancer incidence. Our study period (2010-2018) started two
years after the HPV vaccination recommendation had been held for females and one year after for
males. However, using aggregated data in this study brings about patients' confidentiality and
avoids the need for IRB approval which sometimes leads to delayed studies. To our best
knowledge, this is the first study that accesses trends of HPV-related cancers and HPV vaccination
at a state level.
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CONCLUSION
In conclusion, the incidence in the trend of HPV- related cancers increased from 2010 to 2018,
particularly with head and neck cancer components. Our findings highlight the importance of
screening guidelines for the booming head and neck, anal and penile cancers. HPV vaccination
improvements in paramount for the white race, male and non-Hispanic. The HPV vaccination rate
in Nebraska is still far behind the Healthy People 2030 goal, which is to increase by 80.0% the
vaccination rate among adolescents. Furthermore, more population-level research is needed to
investigate the burden of HPV cancers and the rate of HPV vaccination in urban versus rural areas
of Nebraska. The impact of HPV vaccination on HPV- related cancer incidence is worth
investigating.

28

REFERENCES
Centers for Disease Control and Prevention. (2021). Human Papillomavirus.
https://www.cdc.gov/hpv/parents/about-hpv.html
McQuillan G, Kruszon-Moran D, Markowitz LE, Unger ER., Paulose-Ram R. Prevalence of
HPV in adults aged 18–69: United States, 2011–2014. NCHS data brief, no 280. Hyattsville,
MD: National Center for Health Statistics. 2017.
Aninye IO, Berry-Lawhorn JM, Blumenthal P, Felder T, Jay N, Merrill J, Messman JB, Nielsen
S, Perkins R, Rowen T, Saslow D, Trimble CL, Smith-McCune K. Gaps and Opportunities to
Improve Prevention of Human Papillomavirus-Related Cancers. J Womens Health (Larchmt).
2021 Dec;30(12):1667-1672. doi: 10.1089/jwh.2021.0507. Epub 2021 December 6. PMID:
34871035; PMCID: PMC8721503.
Castle PE, Maza M. Prophylactic HPV vaccination: past, present, and future. Epidemiol Infect.
2016 Feb;144(3):449-68. doi: 10.1017/S0950268815002198. Epub 2015 October 2. Erratum in:
Epidemiol Infect. 2016 Aug;144(11):2472. PMID: 26429676.
Zhang, X., Zeng, Q., Cai, W., & Ruan, W. (2021). Trends of cervical cancer at global, regional,
and national level: data from the Global Burden of Disease study 2019. BMC public
health, 21(1), 894. https://doi.org/10.1186/s12889-021-10907-5
St. Laurent, J., Luckett, R., Feldman S. (2018). HPV vaccination and the effects on rates of
HPV-related cancers. Current Problems in Cancer. Volume 42, Issue 5, 2018. Pages 493-506.
ISSN 0147-0272. https://doi.org/10.1016/j.currproblcancer.2018.06.004
Saraiya, M., Unger, E. R., Thompson, T. D., Lynch, C. F., Hernandez, B. Y., Lyu, C. W.,
Steinau, M., Watson, M., Wilkinson, E. J., Hopenhayn, C., Copeland, G., Cozen, W., Peters, E.
S., Huang, Y., Saber, M. S., Altekruse, S., Goodman, M. T., & HPV Typing of Cancers
Workgroup (2015). U.S. assessment of HPV types in cancers: implications for current and 9valent HPV vaccines. Journal of the National Cancer Institute, 107(6), djv086.
https://doi.org/10.1093/jnci/djv086

29

Chaturvedi, A. K., Engels, E. A., Pfeiffer, R. M., Hernandez, B. Y., Xiao, W., Kim, E., Jiang, B.,
Goodman, M. T., Sibug-Saber, M., Cozen, W., Liu, L., Lynch, C. F., Wentzensen, N., Jordan, R.
C., Altekruse, S., Anderson, W. F., Rosenberg, P. S., & Gillison, M. L. (2011). Human
papillomavirus and rising oropharyngeal cancer incidence in the United States. Journal of
clinical oncology : official journal of the American Society of Clinical Oncology, 29(32), 4294–
4301. https://doi.org/10.1200/JCO.2011.36.4596

National Cancer Institute (2021). About Cancers. HPV and Cancer.
https://www.cancer.gov/about-cancer/causes-prevention/risk/infectious-agents/hpv-and-cancer
Van Dyne EA, Henley SJ, Saraiya M, Thomas CC, Markowitz LE, Benard VB. Trends in
Human Papillomavirus–Associated Cancers — United States, 1999–2015. MMWR Morb Mortal
Wkly Rep 2018;67:918–924. DOI: http://dx.doi.org/10.15585/mmwr.mm6733a2external icon.
Centers for Disease Control and Prevention. (2021). Human Papillomavirus.
https://www.cdc.gov/hpv/parents/about-hpv.html
Centers for Disease Control and Prevention. (2021). HPV-Associated Cancer Statistics.
https://www.cdc.gov/cancer/hpv/statistics/index.htm
Gillison, M. L., Chaturvedi, A. K., & Lowy, D. R. (2008). HPV prophylactic vaccines and the
potential prevention of noncervical cancers in both men and women. Cancer, 113(10 Suppl),
3036–3046. https://doi.org/10.1002/cncr.23764
Holman, D. M., Benard, V., Roland, K. B., Watson, M., Liddon, N., & Stokley, S. (2014).
Barriers to human papillomavirus vaccination among U.S. adolescents: a systematic review of
the literature. JAMA pediatrics, 168(1), 76–82. https://doi.org/10.1001/jamapediatrics.2013.2752
Hirth J. Disparities in HPV vaccination rates and HPV prevalence in the United States: a review
of the literature. Hum Vaccin Immunother. 2019;15(1):146-155. doi:
10.1080/21645515.2018.1512453. Epub 2018 September 6. PMID: 30148974; PMCID:
PMC6363146.

30

Centers for Disease Control and Prevention. (2020). Vital Signs. Cervical Cancer is Preventable.
https://www.cdc.gov/vitalsigns/cervical-cancer/index.html
Centers for Disease Control and Prevention. (2020). Vital Signs. Cervical Cancer is Preventable.
https://www.cdc.gov/hpv/parents/cancer.html
Centers for Disease Control and Prevention. (2021). Human Papillomavirus. HPV Vaccine.
https://www.cdc.gov/hpv/parents/vaccine-for-hpv.html
Centers for Disease Control and Prevention. (2021). Vaccine and Preventable Diseases. Vaccine
Safety and Effectiveness.
https://www.cdc.gov/vaccines/vpd/hpv/hcp/safety-effectiveness.html
U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data Visualizations Tool, based on
2020 submission data (1999-2018): U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention and National Cancer Institute; www.cdc.gov/cancer/dataviz,
released in June 2021.
U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data Visualizations Tool, based on
2020 submission data (1999-2018): U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention and National Cancer Institute; www.cdc.gov/cancer/dataviz,
released in June 2021.
America Health's Rankings.(2021). United Health Foundation.
https://www.americashealthrankings.org/explore/annual/measure/Immunize_HPV/state/NE?editi
on-year=2021
Healthy People 2030. (2021). Increase the proportion of adolescents who get recommended
doses of the HPV vaccine — IID-08.
https://health.gov/healthypeople/objectives-and-data/browse-objectives/vaccination/increaseproportion-adolescents-who-get-recommended-doses-hpv-vaccine-iid-08
Liao CI, Francoeur AA, Kapp DS, Caesar MAP, Huh WK, Chan JK. Trends in Human
Papillomavirus-Associated Cancers, Demographic Characteristics, and Vaccinations in the U.S.,
2001-2017. JAMA Netw Open. 2022 Mar 1;5(3):e222530. doi:
10.1001/jamanetworkopen.2022.2530. PMID: 35294540; PMCID: PMC8928005.

31

Viens LJ, Henley SJ, Watson M, et al. Human Papillomavirus–Associated Cancers — United
States, 2008–2012. MMWR Morb Mortal Wkly Rep 2016;65:661–666.
DOI: http://dx.doi.org/10.15585/mmwr.mm6526a1external icon.
Moyer VA; U.S. Preventive Services Task Force. Screening for cervical cancer: U.S. Preventive
Services Task Force recommendation statement. Ann Intern Med. 2012;156(12):880-891, W312.
doi:10.7326/0003-4819-156-12- 201206190-00424

Petrosky E, Bocchini JA Jr, Hariri S, Chesson H, Curtis CR, Saraiya M, Unger ER, Markowitz
LE; Centers for Disease Control and Prevention (CDC). Use of 9-valent human papillomavirus
(HPV) vaccine: updated HPV vaccination recommendations of the advisory committee on
immunization practices. MMWR Morb Mortal Wkly Rep. 2015 March 27;64(11):300-4. PMID:
25811679; PMCID: PMC4584883.
Safaeian M, Solomon D, Castle PE. Cervical cancer prevention--cervical screening: science in
evolution. Obstet Gynecol Clin North Am. 2007 Dec;34(4):739-60, ix. doi:
10.1016/j.ogc.2007.09.004. PMID: 18061867; PMCID: PMC2762353.
FUTURE II Study Group. Quadrivalent vaccine against human papillomavirus to prevent highgrade cervical lesions. N Engl J Med. 2007;356(19):1915-1927. doi:10.1056/NEJMoa061741 19.
Paavonen J, Naud P, Salmerón J, et al; HPV PATRICIA Study Group. Efficacy of human
papillomavirus (HPV)- 16/18 AS04-adjuvanted vaccine against cervical infection and precancer
caused by oncogenic HPV types (PATRICIA): final analysis of a double-blind, randomised
study in young women. Lancet. 2009;374(9686): 301-314. doi:10.1016/S0140-6736(09)61248-4
LaCour DE, Trimble C. Human papillomavirus in infants: transmission, prevalence, and
persistence. J Pediatr Adolesc Gynecol. 2012 Apr;25(2):93-97. doi: 10.1016/j.jpag.2011.03.001.
Epub 2011 May 20. PMID: 21600804; PMCID: PMC3632362.
Rombaldi RL, Serafini EP, Mandelli J, et al. Perinatal transmission of human papilomavirus
DNA. Virol J. 2009;6:83. [PMC free article] [PubMed] [Google Scholar]
Gajewska M, Wielgos M, Kaminski P, et al. The occurrence of genital types of human
papillomavirus in normal pregnancy and in pregnant renal transplant recipients. Neuro
Endocrinol Lett. 2006;27:529. [PubMed] [Google Scholar]
Watts DH, Koutsky LA, Holmes KK, et al. Low risk of perinatal transmission of human
papillomavirus: results from a prospective cohort study. Am J Obstet
Gynecol. 1998;178:365. [PubMed] [Google Scholar]

32

Smith EM, Ritchie JM, Yankowitz J, et al. Human papillomavirus prevalence and types in
newborns and parents: concordance and modes of transmission. Sex Transm
Dis. 2004;31:57. [PubMed] [Google Scholar]
Chido-Amajuoyi OG, Talluri R, Wonodi C, Shete S. Trends in HPV Vaccination Initiation and
Completion Within Ages 9-12 Years: 2008-2018. Pediatrics. 2021 Jun;147(6):e2020012765. doi:
10.1542/peds.2020-012765. Epub 2021 May 3. PMID: 33941585; PMCID: PMC8785751.
Spencer JC, Calo WA, Brewer NT. Disparities and reverse disparities in HPV vaccination: A
systematic review and meta-analysis. Prev Med. 2019 Jun;123:197-203. doi:
10.1016/j.ypmed.2019.03.037. Epub 2019 March 29. PMID: 30930259; PMCID: PMC6724708.
Walker TY, Elam-Evans LD, Yankey D, Markowitz, LE, Williams, CL, Fredua, B, Singleton,
JA, Stokley, S. National, regional, state, and selected local area vaccination coverage among
adolescents aged 13–17 years - United States, 2018. MMWR Morb Mortal Wkly Rep.
2019;68:718–23. doi:10.15585/

33

SUPPLEMENT
Figure 1. Overall trend of HPV- Related Cancers in Nebraska from 2010-2018

Figure 2. Trend of Cervical Cancer by Age Group
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Figure 3. Trend of Cervical cancer in the white race

Figure 4. Trend of vulvar cancer by age group

35

Figure 5. Trend of vulvar cancer in the white race

Figure 6. Trend of Anal cancer by age group
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Figure 7. Trend of Anal cancer by age group

Figure 8. the trend of Head and Neck Cancer by Age group
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Figure 9. Trend of Head and Neck Cancer in White race in Nebraska from 2010 to 2018

Figure 10. Trend of Penile cancer by age group in Nebraska from 2010 to 2018
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Figure 11. Trend of HPV vaccination by sex

Figure 12. Trend of HPV vaccination by race
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Figure 13. Trend of HPV vaccination by ethnicity

