1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cancer Causes Control. Author manuscript; available in PMC 2019 May 01.

-, HHS Public Access
«

Published in final edited form as:
Cancer Causes Control. 2018 May ; 29(4-5): 435-443. doi:10.1007/s10552-018-1016-1.

Trends of Two HPV-Associated Cancers in Massachusetts:
Cervical and Oropharyngeal Cancer

Erin E. Cook, MPH1.2, Susan T. Gershman, MS, MPH, PhD, CTRZ, Jane J. Kim, PhD3, Rulla
M. Tamimi, ScD1®, R. Monina Klevens, DDS, MPH#, and Michelle D. Holmes, MPH, MD,
DrPHS

IHarvard T. H. Chan School of Public Health, Department of Epidemiology

2Massachusetts Cancer Registry, Massachusetts Department of Public Health
SHarvard T. H. Chan School of Public Health, Department of Health Policy and Management

4Bureau of Infectious Disease and Laboratory Sciences, Massachusetts Department of Public
Health

5Channing Division of Network Medicine, Brigham and Women’s Hospital, Boston, MA

Abstract

Purpose—To understand trends in the incidence and mortality of two human papillomavirus
(HPV)-associated cancers, cervical and oropharyngeal cancer, in Massachusetts.

Methods—From 2004-2014, the Massachusetts Cancer Registry recorded 3,996 incident cases
of oropharyngeal cancer and 2,193 incident cases of cervical cancer. Mortality data were obtained
from the Massachusetts Registry of Vital Records and Statistics from 2008-2014. Rates were age-
standardized to the 2000 US population and trends were assessed using joinpoint regression.

Results—While the incidence rate of cervical cancer (5.46 per 100,000) decreased by 2.41%
annually (p=0.004), the incidence rate of oropharyngeal cancer among males (7.85 per 100,000)
increased by 2.82% annually (p=0.0002). Mortality rates for both cancers decreased from 2008—
2014 but were not statistically significant (Cervical —3.73% annually, p=0.29; Oropharyngeal
-1.94% annually, p=0.44).

Conclusion—The rising incidence rate of oropharyngeal cancer in men and the decreasing, but
relatively high, incidence rate of cervical cancer in women highlight the need for further screening
and prevention by HPV vaccination in Massachusetts.
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INTRODUCTION

Persistent infection with a high risk type of human papillomavirus (HPV) is known to cause
cervical, oropharyngeal, vaginal, vulvar, penile, anal, and rectal cancers [1]. Cervical and
oropharyngeal are the two most common types of HPV-associated cancers, representing
about 71% of all HPV-associated cancers in the US [2]. Nationally, cervical cancer rates are
decreasing but oropharyngeal cancer rates are increasing [3]. While there are screening tests
for cervical cancer, there are no routine screening tests for oropharyngeal cancer. However,
primary prevention exists in the form of vaccines for HPV. Unfortunately, HPV vaccination
rates remain low in Massachusetts, with 62.0% of teen (13-17 year old) girls and 51.4% of
teen boys up-to-date (2 doses if immunocompetent and started vaccination before age 15, 3
doses if not immunocompetent or started vaccination after age 15) with the vaccination
series in 2016 [4].

HPV vaccines have only been FDA approved since 2006. Due to the lag time between age at
vaccination (11-12 years old) and average age at diagnosis for cervical (49 years old) or
oropharyngeal cancer (62 among females, 59 among males), we are not yet able to directly
examine how the vaccine has impacted cancer rates [3]. However, understanding trends of
the two most common HPV-associated cancers is useful for state public health officials to
inform cancer prevention, including vaccination promotion and policy efforts. Trends of
cervical and oropharyngeal cancer incidence and mortality in Massachusetts have not been
examined and the number of cancers potentially preventable by the HPV vaccine in
Massachusetts is not known.

METHODS

In 2015, the estimated population of Massachusetts was 6.79 million people, of which
51.5% were female [5]. Only 15.4% of the population was 65 years old and over, while
20.4% was under 18 years old [5]. Most of the population was non-Hispanic white (73.5%),
while 8.4% was black, 11.2% was Hispanic, and 6.6% was Asian [5]. Due to legislation
enacted in 2006, Massachusetts has a small percentage of people without health insurance
(3.3% of those under age 65) [5].

The Massachusetts Cancer Registry (MCR) is part of the Massachusetts Department of
Public Health (MDPH) and collects data on incident cancer cases in Massachusetts. The
MCR has been collecting information since 1982 and the North American Association of
Central Cancer Registries (NAACCR) has estimated that the MCR case ascertainment is
more than 95% complete [6]. Information on new cases of cervical and oropharyngeal
cancer diagnosed from 2004-2014 was obtained from the MCR. Oropharyngeal cancers
included the following sites: base of tongue, tonsils, soft palate, and other parts of the
oropharynx. All oropharyngeal cases were restricted to squamous cell carcinomas, and
cervical cancer included squamous cell carcinomas and adenocarcinomas. The cancer death
data were provided by the MDPH’s Massachusetts Registry of Vital Records and Statistics
(MVRS). The MVRS has legal responsibility for collecting reports of death on
Massachusetts residents. We collected information on death from cervical cancer and
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oropharyngeal cancer from 2008-2014. Details on ICD codes included can be found in
Appendix 1.

Incidence and mortality rates were age-standardized to the 2000 US population using 18
five-year age categories. We examined incidence and mortality rates by cancer site, gender,
age group, and race/ethnicity. To assess trends we used joinpoint regression to calculate the
annual percent change (APC) and perform hypothesis tests [7]. For cervical cancer, we also
examined stage at diagnosis to supplement incidence information because of prevalent
screening. Rates and trends were considered statistically significant if p<0.05. All statistical
analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NY) [8].

The MCR does not include information on the HPV genotype of the cancers. To estimate the
number of cases attributable to an HPV infection, we used methods previously applied and
published by the CDC’s Morbidity and Mortality Weekly Report (MMWR) publication for
the U.S [2]. We multiplied the percentage of cases that were HPV-positive from genotyping
studies by the average annual number of cases [1-2]. The genotype prevalence data came
from a national study that had data from seven cancer registries from varying times between
1993 and 2005 [1]. They did not include any states from New England. We assumed the
genotype prevalence from this study would be the same as the genotype prevalence in
Massachusetts. We felt comfortable making this assumption due to similar a geographic
prevalence in the national study, similar rates to smaller studies done in Massachusetts, and
our assessment that this is the best data available to estimate HPV prevalence (Appendix
Table 2).

About 30% of oropharyngeal cancers in the US are not related to HPV [2]. Risk factors for
oropharyngeal cancer include smoking, alcohol, and the number of sexual and oral sex
partners. Since we do not have information on the HPV status of the tumors in the MCR, we
assessed trends in risk factors for oropharyngeal cancer to help us determine whether the
potential burden of disease of these cancers in Massachusetts might be associated with HPV.
To do this we used the Behavioral Risk Factor Surveillance System (BRFSS) Survey, which
collects self-reported information on current cigarette smoking, heavy drinking, and binge
drinking among adults in Massachusetts and the US from 1990-2010 using a random sample
of land and cellular telephone numbers [9]. The number of sexual partners was collected
from the Massachusetts BRFSS from 2000-2010. Per capita ethanol consumption data was
collected from the National Institute on Alcohol Abuse and Alcoholism from 1977-2010
[10]. It is important that teens are vaccinated for HPV before they begin any sexual activity.
Additionally, we see that most HPV infections in the US occur when people are in their 20s,
so understanding teen sexual behaviors is important for prevention efforts [11]. Data on teen
sexual behaviors including sexual intercourse with 4 or more partners and sexual intercourse
before the age of 13 was collected by the Youth Risk Behavioral Surveillance System
(YRBSS) for Massachusetts and the US sample from 1993-2015 [12]. The YRBSS surveys
are state- and nationally-representative surveys of high school youth, grades 9-12, that
assess health risk behaviors [12]. We again used joinpoint regression to calculate the APC
for trends in these risk factors over time.
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RESULTS

Incidence rates by gender

From 2004 to 2014, 2,193 cases of cervical cancer and 3,996 cases of oropharyngeal cancer
were diagnosed in Massachusetts (Table 1). The incidence rate of cervical cancer (5.46 cases
per 100,000 females) was higher than the incidence rate of oropharyngeal cancer among
males and females together (4.68 cases per 100,000). However, oropharyngeal is much more
common in males and the incidence rate of oropharyngeal cancer among males is higher
than the incidence rate of cervical cancer (7.85 vs 5.46 per 100,000 males and females
respectively).

In Massachusetts, the incidence rate of cervical cancer has decreased by 2.41% annually
(p=0.004), while the incidence rate of oropharyngeal cancer among males and females has
increased by 3.01% annually from 2004 to 2014 (p=0.0006) (Figure 1). Among males, there
was a 2.82% annual increase in the incidence rate of oropharyngeal cancer from 2004 to
2014 (p=0.0002). Females had a statistically significant increase in the rate of oropharyngeal
cancer from 2004 to 2012 by 6.62% annually (p=0.0007), but then had a 13.73% decrease
from 2012 to 2014 which was not statistically significant (p=0.13).

Incidence rates by age group

The average age at diagnosis for cervical cancer was 52.0 years old (standard deviation =
15.9, median=50, mode=45). For cervical cancer, incidence rates were the highest among
females in their 40s (9.76 per 100,000) and 60s (9.34 per 100,000) (Table 1). Females of
most ages experienced annual decreases in the incidence rate of cervical cancer, with the
only statistically significant decreases occurring among females in their 30s (-3.93% APC,
p=0.027) and 50s (-3.84% APC, p=0.0002). The average age at diagnosis for oropharyngeal
cancer was 61.1 years old (standard deviation = 11.1, median=60, mode = 59).
Oropharyngeal cancer had the highest incidence rate among people in their 60s (18.00 per
100,000) and 70s (15.41 per 100,000). Most age groups had annual increases in the
incidence of oropharyngeal cancer, with the only statistically significant increases observed
among people in their 70s (6.06% APC, p=0.0001) from 2004-2014 and people in their 60s
from 2004-2011 (9.85% APC, p=0.004).

Incidence rates by race/ethnicity

Non-Hispanic white females had lower incidence rates of cervical cancer than non-Hispanic
black, Hispanic, and Asian females (5.04 vs 8.72, 8.07, and 6.62 per 100,000, respectively)
(Table 1). For oropharyngeal cancer, non-Hispanic white people had higher incidence rates
than non-Hispanic black, Hispanic, and Asian people (4.97 vs 3.15, 3.63, and 1.59 per
100,000, respectively). When we further examined stage at diagnosis for cervical cancer,
Hispanic females were more likely to be diagnosed at stage | or 11 than all other race/
ethnicities (Hispanic = 93.9%, Asian = 86.2%, non-Hispanic white = 83.4%, non-Hispanic
black = 79.2%) (Appendix Table 3).

Trends in incidence rates for cervical and oropharyngeal cancer varied by race. Non-
Hispanic white, non-Hispanic black, and Hispanic females had statistically significant
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annual decreases in the incidence rate of cervical cancer (-2.54% p=0.020, -4.74% p=0.038,
and —6.36% p=0.010, respectively). However, the incidence rate of cervical cancer for Asian
females increased by 3.73% annually, but this increase was not statistically significant
(p=0.26). For oropharyngeal cancer, the incidence rate for non-Hispanic white people had
statistically significant annual increases (3.43%, p=0.0005) and Asian people had a non-
statistically significant annual increase (11.24%, p=0.069). Non-Hispanic black and
Hispanic people had non-statistically significant annual decreases (-0.61% p=0.82, and
-0.67% p=0.88, respectively).

Mortality rates by gender

From 2008 to 2014 there were 374 deaths from cervical cancer and 820 deaths from
oropharyngeal cancer, of which 71% occurred in males (Table 1). The mortality rate from
oropharyngeal cancer among males (2.35 deaths per 100,000 males) was higher than the
mortality rate from cervical cancer (1.29 deaths per 100,000 females) and oropharyngeal
cancer among females (0.73 deaths per 100,000 females) (Figure 1). None of the trends in
mortality from 2008 to 2014 in Massachusetts for cervical or oropharyngeal cancer were
statistically significant. The annual mortality rate from cervical cancer decreased by 3.73%
(p=0.29) and the annual mortality rate from oropharyngeal cancer decreased by 1.94%
(p=0.44).

Mortality rates by age group

For both cervical and oropharyngeal cancers, the mortality rate increased with age. Women
aged 80 and above had an age-specific mortality rate of 3.77 deaths per 100,000 for cervical
cancer (Table 1). For oropharyngeal cancer, people aged 80 and above had an age-specific
mortality rate of 8.42 deaths per 100,000. Women in their 50s had a statistically significant
increase in the mortality rate of cervical cancer from 2008 to 2010 (30.61%, p=0.026)
followed by a statistically significant decrease in mortality from 2010 to 2014 (-6.11%,
p=0.034). Women in their 60s also experienced a statistically significant decrease in the
mortality rate of cervical cancer from 2008 to 2014 (-11.93%, p=0.025). There were no
statistically significant trends in the mortality rate of oropharyngeal cancer by age group.

Mortality rates by race/ethnicity

For both cervical and oropharyngeal cancers, non-Hispanic black people had a higher
mortality rate than non-Hispanic white people (cervical: 2.28 vs 1.25 per 100,000,
respectively; oropharyngeal: 1.83 vs 1.50 per 100,000, respectively) (Table 1). Non-Hispanic
white and black people had non-statistically significant decreases in cervical (—4.65%
p=0.11, and -5.12% p=0.67, respectively) and oropharyngeal cancer mortality (—1.78%
p=0.50, and —-12.53% p=0.26, respectively), while Asian and Hispanic people had non-
statistically significant increases in cervical (5.04% p=0.62, and 4.07% p=0.87, respectively)
and oropharyngeal cancer mortality (2.09% p=0.80, and 20.68% p=0.31, respectively).
However, these numbers were small and data should be interpreted with caution.
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Number attributable to HPV

In Massachusetts, 180 cases (91%) of cervical cancer and 250 cases (70%) of oropharyngeal
cancers were estimated to be attributable to infection with any type of HPV each year (Table
2). Of those cases estimated to be attributable to any type of HPV, 130 cases of cervical
cancer ( 72%), and 220 cases of oropharyngeal cancer (88%) are estimated to be attributable
to the two high risk types of HPV, HPV 16 and 18, which are targeted by all available HPV
vaccines. Of those cases estimated to be attributable to any type of HPV, 160 cases of
cervical cancer (89%) and 240 cases of oropharyngeal cancer (96%) are estimated to be
attributable to HPV 16, 18, 31, 33, 45, 52, and 58, which are targeted by the new 9-valent
vaccine.

Oropharyngeal cancer risk factors

There are many risk factors for oropharyngeal cancer including tobacco, alcohol, and HPV-
associated risk factors such as the number of sexual partners. In Massachusetts, 14% of
adults reported current cigarette smoking in 2010. The percentage of adults smoking
decreased from 1990 to 2006 by 1.88% annually and then decreased from 2006 to 2010 by
5.56% annually (p<0.0001 and p<0.0001, respectively) (Appendix 2a). Massachusetts had a
per capita annual ethanol consumption of 2.50 gallons in 2010 (Appendix 2b). The
consumption decreased from 1977 to about 1992 and then remained more constant. The
prevalence of heavy drinking was 7.2% in 2015, with 17.7% reporting binge drinking.
Among Massachusetts adults ages 18 to 64 who reported being sexually active in 2010,
92.7% reported having 1 partner, 5.4% reported having 2-3 partners, and 1.9% reported 4+
partners. From 2000-2010, there was a 5.32% decrease in the percentage of adults having
sex with 2—3 partners (p=0.015) and a 2.21% decrease in the percentage of adults having 4+
partners (p=0.38). For teen sexual behaviors in Massachusetts, there was a statistically
significant decrease in the percentage of high school students ever having sex with four or
more partners from 1993-2003 (-3.3% annually, p=0.009) and 2009-2013 (-8.2% annually,
p=0.02) (Appendix 3a), and a statistically significant decrease in the percentage of high
school students having sex before age 13 from 1993-2001 (—6.4% annually, p=0.008) and
2007-2015 (-9.2% annually, p=0.005) (Appendix 4b).

DISCUSSION

In Massachusetts, the incidence rates of the two most common HPV-associated cancers are
moving in opposite directions. The incidence rate of oropharyngeal cancer has been
increasing while the incidence rate of cervical cancer has been decreasing. Recent reports on
oropharyngeal cancer in the US project that the prevalence of oropharyngeal cancer will pass
the prevalence of cervical cancer by 2020 [13]. In Massachusetts this has already happened;
the number of cases of oropharyngeal cancer is greater than the number of cases of cervical
cancer (363 vs 199 on average each year) and the incidence rate of oropharyngeal cancer
among males is already higher than the incidence rate of cervical cancer among females
(7.85 vs 5.46 per 100,000). Reasons for the early crossing of incidence rates for cervical and
oropharyngeal cancer should be explored further.
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Cervical cancer screening may have caused the decreasing incidence rate of cervical cancer
in Massachusetts and the US. Massachusetts has a lower rate of cervical cancer incidence
and mortality than the US (incidence: 5.2 vs 7.4 per 100,000 for 2008-2012; mortality: 1.3
vs 2.3 per 100,000 for 2009-2013) [2,14]. While Massachusetts saw a 2.4% decrease in the
incidence rate and a 3.7% decrease in the mortality rate of cervical cancer from 2004-2014,
nationally there was 12.7% decrease in the incidence rate of cervical cancer from 1990—
2006 followed by a 0.4% decrease from 2006—2014, and a 0.7% decrease in mortality from
2004 to 2014 [15]. Screening for cervical cancer, using cytology with or without HPV
cotesting, is widely available but there are no routine screening tests for oropharyngeal
cancer. Massachusetts has a small percentage of the population without health insurance as
health insurance has been mandatory since 2006. In 2014, 88.0% of females ages 21-65
reported having a Pap smear in the last 3 years in Massachusetts compared to the US median
of 82.6% [9]. In addition to the higher screening prevalence, vastly fewer females in
Massachusetts were diagnosed at a distant stage when compared to the US (3% in
Massachusetts vs 14% nationally) and the mortality rate from cervical cancer was lower in
Massachusetts than the US [14]. If anything, the high screening rate for cervical cancer in
Massachusetts should result in a higher incidence of early stage cancers if screening tests are
catching slow growing non-symptomatic cases. However, cervical cancer screening also
detects pre-cancerous lesions which can be removed before they become cancerous. The
lower incidence, coupled with relatively lower mortality suggests that the true incidence of
cervical cancer among women in Massachusetts is lower than that of the general US
population.

However, due to the prevalence of screening tests and more recently the HPV vaccine,
cervical cancer should be almost completely preventable. Further research is needed to
understand why the rate of cervical cancer is still so high in Massachusetts. This may be due
to problems accessing care after positive screening tests and a lack of education about
screening tests and vaccination, particularly among black women who have the greatest
disparities in incidence and mortality. However, it is of note that the rates for black women
have been decreasing in the US from 1990 to 2014 [16]. Also of note, there appears to be an
increasing incidence and mortality for cervical cancer among Asian women. This trend
requires further monitoring as future data becomes available and additional research to
understand the reason for this increase.

The increase in oropharyngeal cancers nationally is thought to be due to a rise in HPV-
positive cancers while HPV-negative cancers have been decreasing [17]. HPV-negative
oropharyngeal cancers are associated with heavy tobacco and alcohol use [17].
Massachusetts had a higher incidence rate of oropharyngeal cancer than that in the US (5.0
vs 4.5 per 100,000 for 2008-2012) [2]. The incidence rate of oropharyngeal cancer in
Massachusetts increased by 2.8% annually from 2004-2014, while the incidence rate of
oropharyngeal cancer in the US increased by 3.1% annually from 1999-2014 [15].
Massachusetts had a slightly higher per capita ethanol consumption than the US (2.50 vs
2.26 gallons in 2010), as well as a higher prevalence of heavy drinking (7.2% vs 5.9%) and
binge drinking (17.7% vs 16.3%) in 2015 [9-10]. However, Massachusetts had a lower
prevalence of current smoking than the US with 14.0% current smokers in Massachusetts
compared to 17.5% of the US in 2010 [9]. Yet, looking at the trends of smoking and alcohol
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consumption over time (Appendix 2), these behaviors have been decreasing in both the US
and Massachusetts which makes it unlikely that they account for the recent increases in
oropharyngeal cancer incidence. The higher alcohol intake in Massachusetts may explain
why Massachusetts has a higher incidence rate of oropharyngeal cancer than the US, but
information on the HPV status of the cancers is needed.

The HPV-positive oropharyngeal cancers tend to be diagnosed in younger males who are
non-smokers and have a better prognosis than HPV-negative cancers [17]. In Massachusetts,
there was an increasing incidence rate for all age groups, with statistically significant
increases for people in their 70s from 2004-2014 and 60s from 2004-2011. Unlike the
trends at the national level, there was no statistically significant increase in middle-aged
males in Massachusetts, potentially reflecting more HPV-negative cases in Massachusetts.
However, the somewhat decreasing mortality rate is in line with the better prognosis of the
HPV-positive cases. Risk factors for the HPV-positive oropharyngeal cancers include an
increased number of sexual or oral sexual partners [17]. Unfortunately, long-term data on
oral sex in Massachusetts are unavailable. Nationally, more males and females engaged in
oral sex in the 2009 National Survey of Sexual Health and Behavior study than the 1992
National Health and Social Life Survey [18]. The 2009 National Survey of Sexual Health
and Behavior study found that most adults have engaged in oral sex, with over half of
women and men age 18 to 49 receiving oral sex in the past year [18]. The increase in the
number of oral sex partners may be why there is an increase in the rates of oropharyngeal
cancer; however, further research is needed to understand the risk factors for HPV-positive
oropharyngeal cancers.

The rise in the incidence rate of oropharyngeal cancer, especially among males, and the
declines in traditional risk factors, highlights the need to improve HPV vaccination
coverage. While we are not yet able to see the impact of HPV vaccination on cancer
incidence rates, understanding these trends sends a strong message about the need for
prevention. It is estimated that of the cases that are thought to be caused by HPV, up to 89%
of cervical cancers and 96% of oropharyngeal cancers may be caused by a strain of HPV
currently covered by the vaccine. Massachusetts has a higher vaccination rate than the US
average but improvements are needed. In 2016, 78% of girls and 66% of boys in
Massachusetts had at least one dose compared with 65% of girls and 56% of boys nationally
[4]. However, the percentage completing the vaccine series is even lower, especially among
boys. The recommendation of the Advisory Committee on Immunization Practices for a two
dose HPV vaccine series, for adolescents who do not have certain immunocompromising
conditions and begin vaccination before age 15, will provide an opportunity to improve
immunization coverage and achieve protection against vaccine-preventable HPV-related
cancers [19].

In addition, better vaccination coverage is needed as teens in Massachusetts continue to be
sexually active. In Massachusetts, the percentage of high school students reporting having
sex did not change from 2003 to 2013 [20]. While the percentage of students having sex
with four or more partners and the percentage of students having sex before age 13
decreased from 1993 to 2015, the need for HPV vaccination before the start of sexual
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activity and sexual education regarding HPV and other sexually transmitted infections
remains important (Appendix 3) [12].

This study contains some limitations that should be considered when interpreting the
findings. Data on cancer incidence may be under-reported in areas of Massachusetts close to
neighboring states. However, the MCR has a reciprocal reporting agreement with 41 states,
which should help reduce the problem of under-reporting. When data are analyzed by cancer
site and another characteristic small numbers reduce precision; as a result, differences in sub
group rates may be due to chance. The MCR does not contain information on whether HPV
DNA is present in cancer tissues so the proportion attributable to HPV is assumed to be the
same as the results of a genotyping study [1]. While the assumptions made to apply these
data were stated in the methods and Appendix Table 2, we can see that our study has fewer
non-Hispanic black cases, more male cases, and more cases diagnosed at an older age (age
70+) than the genotype paper [1]. Non-Hispanic blacks tend to have a lower prevalence of
HPV than non-Hispanic whites, so this would lead our estimates to be too low [1]. People
diagnosed at an older age tend to have a lower HPV prevalence so this would lead our
estimate to be too high [1]. Many studies of oropharyngeal cancer in Massachusetts show
lower prevalence of HPV positive cases than the national studies [21-25]. However, these
studies tend to be smaller, may represent people treated in Boston rather than people who
live in Massachusetts, and tend to not be population-based. If the HPV positive prevalence in
Massachusetts is truly lower than the national study then our numbers attributable are over-
estimates. Lastly, we did not adjust for hysterectomy prevalence when calculating rates of
cervical cancer. From the data available in the Massachusetts BRFSS, we were not able to
get the prevalence of hysterectomies by age and race for 2004-2014. Additionally there was
a change in BRFSS methodology in 2011 that precluded combining data from before and
after 2011. A different study using MCR data and modeling hysterectomy prevalence shows
that adjusting for hysterectomies increases the rate of cervical cancer [26]. Thus cervical
cancer rates presented in this analysis are likely underestimates of the corrected rates, due to
a population denominator that is too large since women with hysterectomies have not been
removed, and depending on the trends in hysterectomy by race/ethnicity may underestimate
the level of disparity in cervical cancer incidence and mortality.

Massachusetts has a strong public health program working on HPV vaccination and HPV-
associated cancers. The MDPH Comprehensive Cancer Control and Prevention Network has
developed a plan which includes evidence-based strategies for both decreasing the number
of HPV-associated cancers and improving HPV immunization coverage in both males and
females [27]. In addition, the Cervical Cancer Working Group, Oral HPV Prevention Task
Force, and other MDPH program partners have an integrated multidisciplinary approach to
education, immunization, screening and care, and are dedicated to the reduction of HPV-
associated cancer in Massachusetts [28]. Historical reports of cancers in Massachusetts can
be found on the Massachusetts Cancer Registry website through the statewide and special
reports [29].

In Massachusetts, while the incidence rate of oropharyngeal cancer has been rising among
males and is higher than the rate in the US, the incidence rate of cervical cancer has been
decreasing among females and is lower than the rate in the US. These findings are useful to
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state public health departments to support the promotion of HPV vaccination among both
girls and boys. It also supports patient and provider efforts to promote cancer prevention,
especially for HPV-associated cancers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Trends in cervical and oropharyngeal cancer incidence (2004-2014) and mortality rates

(2008-2014) in Massachusetts

Rates are age-adjusted to the 2000 US standard population. The annual percent change
(APC) values for the trends in incidence and mortality rates are presented in the legend.
Statistically significant trend (p<0.05) in the APC are denoted with an *.
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Estimated annual average number of cancers attributable to HPV for cervical and oropharyngeal cancer in
Massachusetts from 2004 to 2014

Estimated attributableto Estimated attributable Estimated attributableto HPV
any HPV type Number to HPV 16/18 Number 16/18/31/33/45/52/58 Number
Cancer Average Annual Number (%) (%) (%)
Cervical 199 180 (90.6) 130 (66.2) 160 (80.9)
Oropharyngeal 363 250 (70.1) 220 (60.2) 240 (65.9)
Males 284 210 (72.4) 180 (63.4) 190 (67.8)
Females 79 50 (63.3) 40 (50.8) 50 (60.3)

Number estimated to be attributable to HPV is rounded to the nearest 10, percentages from source [1], average annual number is total from 2004—

2014 divided by 11
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Appendix Table 3

Cervical cancer stage at diagnosis by age and race/ethnicity in Massachusetts, 2004-2014

Stage| Stagell Stagelll Stage |V
Number (%) Number (%) Number (%) Number (%)
Total 1,075 (50.1) 729 (34.0) 284 (13.2) 57 (2.7)
Age Group (Years)
20-29 76 (72.4) 23(21.9) - -
30-39 295 (70.6) 100 (23.9) 16 (3.8) -
40-49 328 (60.2) 157 (28.8) 49 (9.0) 11 (2.0)
50-59 198 (43.7) 174 (38.4) 72 (15.9) -
60-69 112 (33.7) 143 (43.1) 71(21.4) -
70-79 54 (28.7) 78 (41.5) 43 (22.9) 13 (6.9)
280 35(24.1) 63 (43.5) 34 (23.5) 13(9.0)
Race/Ethnicity
White, Non-Hispanic 817 (49.8) 552 (33.6) 232 (14.1) 41 (2.5)
Black, Non-Hispanic 86 (44.8) 66 (34.4) 30 (15.6) 10 (5.2)
Asian 62 (53.5.1) 38(32.8.6) 13 (11.2) -
Hispanic 110 (56.4) 73 (37.4) - -

Cells with counts under 10 people are not shown, SEER summary stages are presented, percentages are the percent of total cases with that stage for
the subgroup provided in each row, numbers may not add up due rounding and missing race/ethnicity values
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