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ONCOGENIC HUMAN PAPILLOMAVIRUS
(HPV) has a causal role in nearly all cervical cancers and in many vulvar, vaginal, penile, anal, and oropharyngeal cancers.1 Most HPV infections clear within
1-2 years, but those that persist can progresstoprecancerorcancer.IntheUnited
States, public health prevention of cervical cancer includes both secondary prevention through cervical cancer screeningandprimarypreventionthroughHPV
vaccination. Transmission of HPV also
can be reduced through condom use and
limiting the number of sexual partners.
Twovaccines(bivalentandquadrivalent)
are available to protect against HPV types
16 and 18, which are responsible for 70%
of cervical cancers. HPV 16 also is the
most common HPV type found in the
other five cancers often associated with
HPV.2 To assess the incidence of HPVassociated cancers (i.e., cancers at specific anatomic sites and with specific cell
types in which HPV DNA frequently is
found), CDC analyzed 2004-2008 data
fromtheNationalProgramofCancerRegistries (NPCR) and the Surveillance, Epidemiology, and End Results (SEER) program. During 2004-2008, an average of
33,369 HPV-associated cancers were diagnosed annually (rate: 10.8 per 100,000
population), including 12,080 among
males (8.1 per 100,000) and 21,290
among females (13.2). Multiplying the
countsforHPV-associatedcancersbypercentages attributable to HPV,3 CDC estimated that approximately 26,000 new
cancersattributabletoHPVoccurredeach
year,including18,000amongfemalesand

8,000 among males. Population-based
cancer registries are important surveillance tools to measure the impact on cancer rates of public health interventions
such as vaccination and screening.
CDC analyzed NPCR and SEER data
on cancers diagnosed during 2004-2008
in 50 states and the District of Columbia
(data covering 100% of the U.S. population are now available through expansion
of NPCR).4 Case definitions based on expert consensus were used to examine the
burden of invasive cancers at anatomic
sites (cervix, vulva, vagina, penis, anus,
and oropharynx5) and for cell types (carcinoma of the cervix and squamous cells
for the other sites) in which HPV DNA is
frequentlyfound.Inclusionoforopharyngeal cancers as HPV-associated was further limited to specific sites where HPV
is most likely to be found: base of tongue,
tonsils, and “other oropharynx.”5
Cancer data were analyzed by sex, age,
race, Hispanic ethnicity, and state of residence. Race categories included white,
black, Asian/Pacific Islander, and American Indian/Alaska Native; ‘‘all races’’ included other and unknown categories.
American Indian/Alaska Native data
were enhanced by linkage with Indian
Health Service administrative records.4
Hispanic ethnicity included persons of
any race who were identified as being
Hispanic in the medical record or by use
of an algorithm.*4 Age-adjusted incidence rates were calculated per 100,000
persons in SEER*Stat† and were standardized to the 2000 U.S. Standard
Population. Significant differences in
rates were limited to comparisons at
p⬍0.05. Because HPV-associated cancers defined by cell type and specific anatomic site might include cancers not
caused by HPV, and because cancer registries typically do not capture information on HPV infection status, for this
analysis, the average annual number of
HPV-associated cancers was multiplied by the percentage of each cancer
type found attributable to HPV based on
genotyping studies.3
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What is already known
on this topic?
Persistent human papillomavirus
(HPV) infection causes almost all cervical cancers and many vulvar, vaginal, penile, anal, and oropharyngeal cancers. The incidence of these
cancers is influenced by sexual behaviors that lead to transmission of
HPV, programs that screen for precancerous lesions, and the use of a
recently introduced HPV vaccine.
What is added by this report?
An average of 33,369 HPV-associated cancers were diagnosed annually in the United States during 20042008 (10.8 per 100,000): 12,080
among males (8.1 per 100,000) and
21,290 among females (13.2). Of
these, CDC estimates that 26,000 can
be attributed to HPV: 18,000 among
females and 8,000 among males.
What are the implications
for public health practice?
Ongoing surveillance of HPVassociated cancers using highquality population-based cancer registry data and consistent methodology
is needed to monitor the impact of
HPV vaccines, changes in cervical cancer screening practices, and changes
in risk behaviors. Cervical cancer rates
have decreased in the United States,
largely as a result of the success of
screening, but disparities still remain. HPV vaccine likely will help decrease cervical cancer rates further and
reduce the disparities. Other HPVassociated cancers do not have approved screening programs; therefore, HPV vaccines are important
prevention tools to reduce the incidence of noncervical cancers.

Overall, an average of 33,369 HPVassociated cancers (10.8 per 100,000
population) were diagnosed annually:
21,290 among females (13.2) and 12,080
among males (8.1). Cervical cancer was
the most common of these cancers, with
an average of 11,967 cases annually; oroJAMA, August 1, 2012—Vol 308, No. 5
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pharyngeal cancer was the second most
common, with an average of 11,726 cases
annually (2,370 among females and
9,356 among males) (TABLE). The rate
of anal cancer among females (1.8 per
100,000) was higher than among males
(1.2). The rate of oropharyngeal cancer among males (6.2) was four times
that among females (1.4). Rates of cervical and penile cancer were higher
among blacks (9.9) and Hispanics
(11.3), when compared with whites
(7.4) and non-Hispanics (7.4); however, the rate of vulvar cancer was lower
among blacks (1.4) and Hispanics (1.2)
than among whites (1.9) and nonHispanics (1.9). Anal cancer in females was highest among whites (2.0),
whereas rates in males were highest
among blacks (1.6). For both sexes,
rates of oropharyngeal cancer were
higher among whites (males: 6.4, females: 1.4) and blacks (males: 6.3, females: 1.4) than other races.
Ratesvariedbystate,withratesofHPVassociatedcancerscombinedrangingfrom
8.5 per 100,000 (Utah) to 16.3 (West Virginia)amongfemales,andfrom4.9(Utah)
to 11.6 (District of Columbia) among
males. Although rates varied by anatomic
site, some states had lower or higher rates
across cancer sites. Maryland, Colorado,
and Utah had cancer rates in the lowest
tertile for most or all HPV-associated cancers, whereas Kentucky, Louisiana, and
Tennessee had rates in the highest tertile
for most of the cancer sites.‡
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Multiplying the number of HPVassociated cancers by the percentages attributable to HPV,3 CDC estimated that
approximately26,000newcancersattributable to HPV occurred each year: 18,000
among females and 8,000 among males
(Table). Cervical and oropharyngeal cancerswerethemostcommonofthese,with
an estimated 11,500 cervical cancers and
7,400 oropharyngeal cancers (5,900
among men and 1,500 among women).
Reported by: Xiaocheng Wu, MD, Louisiana Tumor Registry. Meg Watson, MPH, Reda Wilson, MPH, Mona
Saraiya, MD, Div of Cancer Prevention and Control; Jennifer L. Cleveland, DDS, Div of Oral Health, National
Center for Chronic Disease Prevention and Health Promotion; Lauri Markowitz, MD, Div of STD Prevention,
National Center for HIV/AIDS, Viral Hepatitis, STD, and
TB Prevention, CDC. Corresponding contributor: Meg
Watson, eze5@cdc.gov, 770-488-3097.

CDC Editorial Note: The results of this
analysis determined that an estimated average of 21,290 HPV-associated cancers occurred among females each year
during 2004-2008, making these cancers combined more common than ovarian cancers and nearly as common as
melanoma among females.§ The combined burden among men was smaller,
with an average of 12,080 cases per year,
roughly equivalent to the number of invasive brain cancers occurring annually among men. Many HPV-associated
cancers likely are preventable through
the use of HPV vaccine.
Two vaccines (bivalent and quadrivalent) are available to protect against HPV
.16 and 18, the types that cause most cer-
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vical and other anogenital cancers as well
assomeoropharyngealcancers.Datafrom
clinical trials have shown that both vaccines prevent cervical precancers; quadrivalentvaccinealsohasbeenshowntoprevent vaginal, vulvar, and anal precancers.
BecauseHPV16isresponsibleforthemajority of noncervical cancers caused by
HPV, the vaccines also might protect
againstotherHPV-associatedcancers.The
Advisory Committee on Immunization
Practices recommends routine vaccination of females aged 11 or 12 years with
3 doses of either vaccine and routine vaccination of males aged 11 or 12 years with
3dosesofquadrivalentvaccine**.6 Catchup vaccination is recommended for females through age 26 years and for males
through age 21 years. In 2010, 32% of females aged 13-17 years had received 3
doses of HPV vaccine¶.2
Most cases of invasive cervical cancer
are preventable with regular screening for
precancerous lesions (e.g., by Papanicolaou test) and follow-up of abnormal results. A recent analysis of data from the
National Health Interview Survey found
an overall cervical cancer screening rate
of 83%, with lower rates among Asian,
AmericanIndian/AlaskaNative,Hispanic,
and foreign-born women.7 Higher rates
of cervical cancer among black and Hispanic women might be the result, in part,
of reduced access to screening and/or
follow-up care.8 If smaller percentages of
adolescent girls in the same demographic groups receive HPV vaccine, dispari-
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ties in cervical cancers might increase.2
Cervical cancer screening guidelines recently changed in the United States, with
guidelinesnowrecommendingscreening
intervals of 3 years, if screening with a Papanicolaou (Pap) test alone for women
agedⱖ21years,or5yearsifscreeningwith
a Pap test and an HPV DNA test, which
is an option for women aged ⱖ30 years.9
Reasons for variations in rates of noncervical HPV-associated cancers by race/
ethnicity and state are not clear but might
be attributable, in part, to demographics, screening practices, tobacco use, or
other factors related to HPV infection or
persistence. Although analysis of oropharyngeal cancers was limited to cancer at specific anatomic sites most likely
to be HPV-associated, variations in incidence of these cancers might be attributable to variations in smoking and alcohol use rather than, or in combination
with, HPV infection. Studies on whether
oral HPV infection interacts with these
exposures to further increase the risk for
oropharyngeal cancer are inconclusive.10 Population-based screening for
noncervical HPV-associated cancers generally is not recommended.
The findings in this report are subject to at least three limitations. First, although population-based cancer registries provide a reliable system for
counting invasive cancers, they typically do not capture information on HPV
status or risk factors such as smoking.
Not all cancers termed “HPV-associated” reflect actual HPV infections, and
the numbers judged to be HPVattributable are only estimates. Second,
reporting of race and ethnicity uses data
from medical records, which might be
inaccurate in a small proportion of cases.
Finally, current requirements for reporting cancer registry data are rigorous and
require multiple steps; therefore, the
most recent data are several years old.
Of the 33,369 cancers that occur each
year in the United States at anatomic sites
associated with HPV, approximately
26,000canbeattributedtoHPVandmight
be preventable through the use of HPV
vaccine. Ongoing surveillance of HPVassociated cancers using high-quality
population-based registries is needed to

monitor trends in cancer incidence that
might result from increasing use of HPV
vaccines, changes in cervical cancer
screeningpractices,andchangesinbehaviors that increase risk for HPV infection,
persistence, or progression.
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ON APRIL 20, 2010, THE COLORADO DEpartment of Public Health and Environment (CDPHE) was notified by correctional authorities regarding three inmates
with bloody diarrhea at a minimumsecurity correctional facility. The facility, which houses approximately 500 inmates, is a designated work center where
inmates are employed or receive vocational training. Approximately 70 inmates work at an onsite dairy, which provides milk to all state-run correctional
facilities in Colorado. CDPHE immediately began an investigation and was later
assisted by the High Plains Intermountain Center for Agricultural Health and
Safety at Colorado State University and
by CDC. This report describes the results of the investigation, which determined that the illnesses were caused by
Shiga toxin—producing Escherichia coli
O111 (STEC O111) infections. During
April—July, 10 inmates at the facility received a diagnosis of laboratoryconfirmed STEC O111 infection, and a
retrospective prevalence study of 100 inmates found that, during March—
April, 14 other inmates had experienced diarrheal illness suspected of being
STEC O111 infection. Pulsed-field gel
electrophoresis (PFGE) testing indicated that STEC O111 isolates from inmates matched STEC O111 isolates from
cattle at the onsite dairy. An environmental investigation determined that inmates employed at the dairy might have
acquired STEC O111 infection on the job
or transported contaminated clothing or
other items into the main correctional faJAMA, August 1, 2012—Vol 308, No. 5
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