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Abstract

Long-term survivors of pediatric and young adult (PAYA) cancers have a high incidence of subsequent neoplasms, but few
risk factors other than cancer treatment have been identified. We aimed to describe the burden of human papillomavirus
(HPV)-associated malignancies among survivors of PAYA cancers to assess whether HPV infections might be a reasonable
area of future etiologic research on subsequent malignancies in this population. We used longitudinal data from 9
population-based registries of the Surveillance, Epidemiology, and End Results program collected between 1973 and 2010
to assemble a cohort of individuals who were diagnosed with any cancer between the ages of 0 and 29 years and survived
at least 5 years post-diagnosis. We estimated sex-specific standardized incidence ratios (SIRs) with corresponding 95%
confidence limits (CL) of HPV-associated subsequent malignancies (cervical, vaginal, vulvar, penile, anal, tongue, tonsillar,
and oropharyngeal). Our study population comprised 64,547 long-term survivors of PAYA cancers diagnosed between 1973
and 2010. Compared with females in the general US population, female PAYA cancer survivors had a 40% relative excess of
HPV-associated malignancies overall (SIR=1.4, 95% CL: 1.2, 1.8). Compared with males in the general US population, male
PAYA cancer survivors had a 150% relative excess of HPV-associated malignancies overall (SIR=2.5, 95% CL: 1.9, 3.4). Our
findings suggest an excess of HPV-associated malignancies among PAYA cancer survivors compared with the general US
population. We hypothesize that a portion of subsequent malignancies among PAYA cancer survivors may be directly
attributable to HPV infection. This hypothesis warrants exploration in future studies.
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Introduction Persistent infection with oncogenic human papillomavirus
(HPV) types, particularly HPV-16 and -18, is a well-established
cause of cervical cancer [20]. The development of vaginal, vulvar,
) ! - penile, anal, and oropharyngeal cancers is also partially attribut-
various organ systems relative to what would be expected in the able to oncogenic HPV types [21-25]. The proportion of PAYA
general population [1-8]. Subsequent malignancies among PAYA cancer survivors who engage in high-risk sexual behaviors that
cancer survivors are primarily related to curative treatment, increase the risk of HPV infection is comparable to the general
particularly radiation [9]. Nevertheless, treatment alone does not population [26,27], which suggests that HPV infection could be a
account for all subsequent malignancies. Genetic predisposition risk factor for subsequent malignancies among PAYA cancer
has been the main alternate hypothesis for explaining excess survivors. One approach for generating evidence about whether
HPV infection may be a risk factor for subsequent malignancies
among PAYA cancer survivors is to describe the burden of HPV-
associated malignancies (i.e. malignancies for which HPV infection
is an etiologic factor) in this population, which is currently
unknown. Therefore, we aimed to describe the burden of HPV-
associated malignancies among long-term survivors of PAYA
cancers by estimating the cumulative incidence of such malignan-

Long-term survivors of pediatric and young adult (PAYA)
cancers have an excess incidence of subsequent malignancies in

subsequent malignancies, but several genetic association studies
among survivors of PAYA cancers suggest that common
polymorphisms have little influence on the incidence of subsequent
malignancies [10-19]. Consequently, hypothesis-generating stud-
ies may be useful for identifying additional factors to explore in
relation to subsequent malignancies among PAYA cancer
SUrvivors.
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cies and comparing the incidence relative to the general United
States (US) population.

Methods

Study Population

We used longitudinal data from 9 population-based registries of
the Surveillance, Epidemiology, and End Results (SEER) program
[28] collected between 1973 and 2010 to assemble a cohort of
individuals who were diagnosed with any cancer between the ages
of 0 and 29 years and survived at least 5 years post-diagnosis.
Although data from 13 SEER registries are available to analyze
subsequent malignancies, these data only cover the period between
1992 and 2010, which truncates the duration of follow-up. A
shorter follow-up could result in an underestimate of the burden of
HPV-associated malignancies because of insufficient duration for
the natural course of disease. The 9 SEER registries include
Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San
Francisco-Oakland, Seattle-Puget Sound, and Utah [29]. These
registries comprise ~10% of the US population with nearly 100%
case ascertainment in the coverage area using active case-finding
methods [29]. The SEER program is well-known for its
representativeness of the US population and data completeness,
comparability, accuracy, and timeliness [29]. Case data include
baseline demographics, primary cancer site, first-course therapy
(e.g. type of radiation therapy), and follow-up information on
subsequent malignancies and vital status [28]. Our maximum age
for young adult survivors (up to age 29 years when diagnosed with
first malignancy) was based on the definition of young adults
according to a recent SEER monograph on adolescent and young
adult cancers [30].

Ethics Statement

The publicly available de-identified SEER data used for this
analysis are exempt from institutional review board approval
(Code of Federal Regulation 46.101 b(4) [31]).

Outcomes

Our outcomes of interest were restricted to subsequent
malignancies for which current evidence suggests an etiologic
relation with HPV (i.e. HPV-associated malignancies): cervical,
vaginal, vulvar, penile, anal, oropharyngeal, tongue, and tonsillar
cancers [21-25]. These outcomes were identified in the SEER
data using the variable “Site recode B ICD-O-3/WHO 2008,”
which classifies cancers according to location and International
Classification of Diseases of Oncology version 3 (ICD-O-3) and is
updated with the World Health Organization (WHO) Classifica-
tion or Tumors of Haematopoietic and Lymphoid Tissues [32]. In
addition to these individual outcomes, we aggregated outcomes
based on general anatomy to yield categories for HPV-associated
anogenital malignancies (cervical, vaginal, vulvar, penile, and anal)
and HPV-associated head and neck malignancies (oropharyngeal,
tongue, and tonsillar). PAYA survivors contributed person-time to
the cohort from diagnosis of the first cancer until incidence of
HPV-associated malignancy, death, time until lost to follow-up, or
the end of the study period (December 31, 2010), whichever
occurred first.

Data Analysis

We used person-time and outcome data for PAYA cancer
survivors to estimate the cumulative incidence of all HPV-
associated subsequent malignancies based on Fine and Gray’s
proportional subdistribution hazard model to account for the
competing risk of death [33]. Person-time and outcome data for
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PAYA cancer survivors (i.e. observed number of HPV-associated
malignancies) and corresponding data for the general US
population standardized by age, race, and calendar-year (i.e.
expected number of HPV-associated malignancies) were used to
estimate sex-specific standardized incidence ratios (SIRs) with an
assumed Poisson distribution for site-specific HPV-associated
malignancies and for the two aggregated subgroups. We estimated
95% Wald confidence limits (CL), a large sample method
[34]P2*2* for the SIR when the expected number of cases
was =5 and mid-P-value CL, a small sample method [34]P2°% 2%,
when the expected number of cases was <<5.

Sensitivity Analysis

PAYA cancer survivors may interact with the healthcare system
more often than the general US population (e.g. 87% of 5-year
survivors of pediatric cancer reported general medical contact
[35]), which could alter disease detection rates between the two
groups and manifest as differential outcome misclassification. We
explored the potential impact of outcome misclassification for
PAYA cancer survivors and the general US population in a
sensitivity analysis using a range of values for sensitivity (Se) and
false-positive rate (Fr; the number of false-positive diagnoses per
person-year) for HPV-associated malignancies overall. The
adjusted counts of observed and expected cases of HPV-associated

malignancies overall were computed using the following formulae
[34]6(],19713:

APAYA :(A;AYA — Fr1T*)/Se

EUS = ETJS —Fr1T*)/Se

where A* and E* are the original unadjusted numbers, and 7% is
person-years. Given the SEER program’s extensive efforts to
confirm diagnoses of submitted cases [29], Fr is expected to be
near 0 (i.e. no false-positive diagnoses would be expected).
Therefore, the above formulae reduce to Apaya =A*paya/Se
and FEyg = E*ys/Se [34]P'359, and the SIRs adjusted for misclas-
sification were computed as Apaya/ Eus.

Results

Our study population comprised 64,547 long-term survivors of
PAYA cancers diagnosed between 1973 and 2010 in the US.
Table 1 summarizes the characteristics of our study population.
Briefly, the majority of PAYA cancer survivors were female (53%),
and White survivors comprised the largest racial subgroup (84%).
For primary malignancies that occurred among females and
males, the most common was Hodgkin lymphoma (12%). The
cumulative incidence of all HPV-associated subsequent malignan-
cies was 0.71% (95% CL: 0.50%, 0.97%), with a median duration
of follow-up of 17 years (interquartile range [IQR] =10-25 years).
The median age at diagnosis of a subsequent malignancy
commonly associated with HPV infection was 38 vyears
(IQR =32-46).

Table 2 summarizes the overall, site-specific, and radiation-
specific SIRs of HPV-associated malignancies for female PAYA
cancer survivors. Compared with females in the general US
population, female PAYA cancer survivors had a 40% relative
excess of all HPV-associated malignancies (SIR=1.4, 95% CL:
1.2, 1.8), largely attributable subsequent head and neck cancers
(overall SIR=3.3, 95% CL: 2.2, 5.2). We observed a relative
excess of all site-specific HPV-associated malignancies except
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Table 1. Characteristics of pediatric and young adult (PAYA) cancer survivors diagnosed between 1973 and 2010 in the United

Characteristic

Age at diagnosis; n (%)
0-9 years

10-19 years

20-29 years

Female; n (%)

Race; n (%)

White

Black

Other

Primary cancer diagnosis; n (%)
Brain or central nervous system
Breast”

Cervical®

Head and neck

Hodgkin lymphoma
Non-Hodgkin lymphoma
Leukemia

Melanoma (cutaneous)
Ovarian?

Sarcoma

Testicular®

Thyroid

Other

Radiation; n (%)

Years of follow-up; median (IQR)

Age at diagnosis of HPV-associated subsequent malignancy; median (IQR)

Cumulative incidence of HPV-associated subsequent malignancies (95% confidence limits)

12,000 (19)
13,245 (21)
39,302 (61)
34,299 (53)

54,385 (84)
5117 (7.9)
5,045 (7.8)

5,889 (9.1)
1,959 (5.7)
2,619 (7.6)
1,437 (2.2)
7,838 (12)
3,472 (5.4)
6,676 (10)
6,778 (11)
1,670 (4.9)
1,721 (2.8)
6,523 (22)
6,888 (11)
11,077 (17)
19,780 (31)
17 (10-25)
0.71% (0.50%, 0.97%)
38 (32-46)

?Among females;

bAmong males;

“Interquartile range.
doi:10.1371/journal.pone.0070349.t001

cervical cancer (SIR =1.0,95% CL: 0.77, 1.3) and oropharyngeal
cancer (no observed cases) among female PAYA cancer survivors.
A relative excess of all site-specific malignancies persisted for
female PAYA cancer survivors regardless of first-course radiation
status except for cervical cancer among females not treated with
radiation (SIR =0.88, 95% CL: 0.63, 1.2), tonsillar cancer among
females not treated with radiation (SIR=0.88, 95% CL: 0.04,
4.3), and oropharyngeal cancer (no observed cases). For HPV-
associated anogenital malignancies (overall SIR=1.3, 95% CL:
1.0, 1.6), the highest relative excess for female PAYA cancer
survivors was observed for vaginal cancer (SIR=6.1, 95% CL:
3.0, 11). For HPV-associated head and neck malignancies, the
highest relative excess for female PAYA cancer survivors was
observed for tongue cancer (SIR =3.8, 95% CL: 2.2, 6.0).

Table 3 summarizes the overall, site-specific, and radiation-
specific SIRs of HPV-associated malignancies for male PAYA
cancer survivors. Compared with males in the general US
population, male PAYA cancer survivors had a 150% relative
excess of all HPV-associated malignancies (SIR =2.5, 95% CL:
1.9, 3.4). We observed a relative excess of all site-specific HPV-
associated malignancies among male PAYA cancer survivors
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except for oropharyngeal cancer (no observed cases). The relative
excess persisted regardless of first-course radiation status except for
penile cancer (no observed cases among males PAYA cancer
survivors without first-course radiation therapy). For HPV-
associated anogenital malignancies (overall SIR =3.2, 95% CL:
1.7, 5.4), the highest relative excess for male PAYA cancer
survivors was observed for penile cancer (SIR =4.1, 95% CL: 1.0,
11). For HPV-associated head and neck malignancies (overall
SIR =2.3, 95% CL: 1.7, 3.3), the highest relative excess for male
PAYA cancer survivors was observed for tongue cancer (SIR = 2.8,
95% CL: 1.9, 4.3).

Table 4 summarizes the results of our sensitivity analysis which
explored the potential impact of outcome misclassification on our
SIR estimates for HPV-associated malignancies. A difference
=30% in sensitivity of cancer detection between female PAYA
cancer survivors and females in the general US population would
nullify or reverse the observed relative excess of HPV-associated
malignancies overall. In contrast, our results suggest that the
relative excess of HPV-associated malignancies overall would
persist even with a 30% difference in sensitivity of cancer detection
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between male PAYA cancer survivors and males in the general US

population.

Discussion

Our hypothesis-generating study aimed to describe the burden

of HPV-associated malignancies among long-term PAYA cancer
survivors. The cumulative incidence of all subsequent HPV-
associated malignancies among PAYA cancer survivors was
0.71%, which suggests a modest absolute burden of disease. Our
results also suggest that female and male PAYA cancer survivors
have a relative excess of most HPV-associated malignancies

PLOS ONE | www.plosone.org

Table 2. Standardized incidence ratios (SIRs) for human papillomavirus (HPV)-associated malignancies among female survivors of
pediatric and young adult (PAYA) cancers, 1973 to 2010.
95% CL®

Cancer type Observed Expected SIR LL® uL?

HPV-associated cancers® Overall® 105 72.64 1.4 1.2 1.8
No radiation 64 53.16 1.2 0.93 15
Radiation? 41 19.48 2.1 1.6 29

Anogenital cancers Overall 85 66.64 13 1.0 1.6
No radiation 52 48.63 1.1 0.81 1.4
Radiation 33 18.01 1.8 1.3 25

Anal" Overall 7 4.36 1.6 0.70 3.2
No radiation 5 3.31 15 0.55 33
Radiation 2 1.05 1.9 0.32 6.3

Cervical Overall 55 55.05 1.0 0.77 13
No radiation 35 39.90 0.88 0.63 12
Radiation 20 15.15 13 0.85 2.0

Vaginal Overall 9 1.48 6.1 3.0 1
No radiation 5 1.12 4.5 1.6 9.9
Radiation 4 0.36 1 35 27

Vulvar Overall 14 5.75 2.4 14 4.1
No radiation 7 4.30 1.6 0.71 3.2
Radiation 7 1.45 4.8 2.1 9.5

Head and neck Overall 20 6.00 33 22 5.2
No radiation 12 4.53 2.6 1.4 4.5
Radiation 8 1.47 54 25 10

Tongue Overall 16 4.25 38 22 6.0
No radiation 11 3.18 35 1.8 6.0
Radiation 5 1.07 47 17 10

Tonsillar Overall 4 1.49 2.7 0.85 6.5
No radiation 1 1.14 0.88 0.04 43
Radiation 3 0.35 8.6 22 23

Oropharyngeal Overall 0 0.26 0 0 Undefined
No radiation 0 0.21 0 0 Undefined
Radiation 0 0.05 0 0 Undefined

?Includes anal, cervical, vaginal, vulvar, tongue, tonsillar, and oropharyngeal cancers;

bCL= Confidence Limit;

‘LL= Lower Limit;

dUL= Upper Limit;

€n=34,299 female cancer survivors;

fn=24,310 female cancer survivors not treated with radiation;

9n=9,989 female cancer survivors treated with radiation;

MIncludes anus, anal canal, and anorectum.

doi:10.1371/journal.pone.0070349.t002

compared with the general US population. In particular, a relative
excess of head and neck malignancies compared with the general
population is consistent between male and female PAYA cancer
survivors. Furthermore, the relative excess of most site-specific
HPV-associated malignancies persists regardless of first-course
radiation status among female and male PAYA cancer survivors.

Despite cervical cancer representing approximately half of all
subsequent HPV-associated malignancies among female PAYA
cancer survivors, our results suggest that cervical cancer incidence
is similar between female PAYA cancer survivors and the general
population. One plausible explanation is that cervical cancer is
screen-detectable and cervical cancer screening rates are similar
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between female PAYA cancer survivors and females in the general
US population [36], which may prevent progression to invasive
disease equally between the groups. An alternate explanation is
that the duration of follow-up was insufficient for cervical cancer
incidence among younger female PAYA cancer survivors. For
example, the median duration of follow-up in our study was 17
years, which equates to a 9 year old female being age 26 years at
the end of follow-up. This age of follow-up is considerably younger
than the mean age of cervical cancer incidence (48 years [37]).
Continued follow-up of this cohort may provide further insight.
Additional sources of uncertainty should be considered when
interpreting our results. One a priori consideration included
potential outcome misclassification because of differential rates
of cancer detection between PAYA cancer survivors and the
general population, which was explored in a sensitivity analysis.
The results of our sensitivity analysis suggest that the difference in
sensitivity of cancer detection would have to be at least 30% lower
among females in the general US population than among female
PAYA cancer survivors to nullify the relative excess of HPV-
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Table 3. Standardized incidence ratios (SIRs) for human papillomavirus (HPV)-associated malignancies among male survivors of
pediatric and young adult (PAYA) cancers, 1973 to 2010.
95% CL®
Cancer type Observed Expected SIR LL® uL?
HPV-associated cancers® Overall® 45 17.95 25 1.9 34
No radiation 30 11.95 25 1.8 3.6
Radiation? 15 6.00 2.5 1.5 4.1
Anogenital cancers Overall 12 3.81 3.2 1.7 54
No radiation 7 253 2.8 1.2 55
Radiation 5 1.28 39 14 8.7
Anal" Overall 9 3.08 29 14 54
No radiation 7 2.04 34 1.5 6.8
Radiation 2 1.04 19 0.32 6.4
Penile Overall 3 0.73 4.1 1.0 1
No radiation 0 0.49 0 0 Undefined
Radiation 3 0.24 13 3.2 34
Head and neck Overall 33 14.14 23 1.7 33
No radiation 23 9.42 24 1.6 37
Radiation 10 4.72 2.1 1.1 3.8
Tongue Overall 22 7.73 2.8 1.9 43
No radiation 17 5.14 33 2.1 53
Radiation 5 2.59 1.9 0.71 43
Tonsillar Overall 1 5.72 19 1.1 35
No radiation 6 3.82 1.6 0.64 33
Radiation 5 1.9 2.6 0.96 5.8
Oropharyngeal Overall 0 0.69 0 0 Undefined
No radiation 0 0.46 0 0 Undefined
Radiation 0 0.23 0 0 Undefined
?Includes anal, penile, tongue, tonsillar, and oropharyngeal cancers;
PCL= Confidence Limit;
‘LL= Lower Limit.
dUL= Upper Limit;
€n=30,248 male cancer survivors;
n=20,457 male cancer survivors not treated with radiation;
9n=9,791 male cancer survivors treated with radiation;
MIncludes anus, anal canal, and anorectum.
doi:10.1371/journal.pone.0070349.t003

associated malignancies overall. The difference required to nullify
the relative excess would have to be even more extreme than 30%
between male PAYA cancer survivors and males in the general US
population. We speculate that such large differences in the
sensitivity of detecting HPV-associated malignancies between
PAYA cancer survivors and the general US population are
unlikely given that screening is available for cervical cancer and
the symptoms associated with the other HPV-associated malig-
nancies are likely to prompt medical attention. Nonetheless, the
actual detection rates of HPV-associated malignancies among
PAYA cancer survivors and the general US population are
unknown. Consequently, the results of our sensitivity analysis offer
simulated quantitative evidence that the relative excess of HPV-
associated malignancies overall observed in our study is unlikely to
be fully explained by outcome misclassification, particularly for
male PAYA cancer survivors.

The SEER data used in our analysis include information about
radiation as first-course therapy, but information is unavailable
about the use of radiation to treat a recurrent cancer [38,39]. This
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issue is more relevant to the stratified estimates for PAYA cancer
survivors not treated with radiation. In particular, PAYA cancer
survivors treated with radiation for cancer recurrence, but not for
first-course therapy, could have a misclassified radiation therapy
status. If classification errors in therapeutic radiation exposure are
related to the true values of HPV-associated malignancies among
these survivors, such differential misclassification could result in an
overestimate of the corresponding SIR. Nonetheless, cancer
recurrence is the most common cause of death among pediatric
cancer survivors, and often occurs between 5 and 9 years post-
diagnosis [40], which could preclude the development of an HPV-
associated malignancy. Consequently, we speculate that our
estimates may not be overly sensitive to bias from differential
misclassification of radiation status.

PLOS ONE | www.plosone.org

Table 4. Assessment of sensitivity to potential outcome misclassification when estimating the relative excess of HPV-associated
malignancies among pediatric and young adult (PAYA) cancer survivors compared with the general United States (US) population.
Scenario PAYA cases General US population SIR®
Sensitivity False-positive rate® Sensitivity False-positive rate
Females
1 1.0 0 1.0 0 1.4
2 1.0 0 0.90 0 13
3 1.0 0 0.80 0 1.2
4 1.0 0 0.70 0 1.0
5 1.0 0 0.60 0 0.87
6 1.0 0 0.50 0 0.72
7 0.90 0 0.90 0 1.4
8 0.90 0 0.80 0 13
9 0.90 0 0.70 0 1.1
10 0.90 0 0.60 0 0.96
11 0.90 0 0.50 0 0.80
12 0.80 0 0.80 0 1.4
13 0.80 0 0.70 0 1.3
14 0.80 0 0.60 0 1.1
15 0.80 0 0.50 0 0.90
Males
1 1.0 0 1.0 0 25
2 1.0 0 0.90 0 23
3 1.0 0 0.80 0 2.0
4 1.0 0 0.70 0 1.8
5 1.0 0 0.60 0 1.5
6 1.0 0 0.50 0 13
7 0.90 0 0.90 0 25
8 0.90 0 0.80 0 22
9 0.90 0 0.70 0 1.9
10 0.90 0 0.60 0 1.7
11 0.90 0 0.50 0 1.4
12 0.80 0 0.80 0 25
13 0.80 0 0.70 0 22
14 0.80 0 0.60 0 1.9
15 0.80 0 0.50 0 1.6
?Standardized incidence ratio after applying classification rates for PAYA cases and the general US population;
Assumed to be negligible because of an extensive confirmation process for cases submitted to the SEER program.
doi:10.1371/journal.pone.0070349.t004

The SEER program’s high case ascertainment rates for initial
cancers within population-based coverage areas reduce the
potential for underestimating the expected number of cases in
the general US population when estimating an SIR [29]. An often-
cited concern is that the complete ascertainment of subsequent
cancers among cancer survivors is limited to individuals who
remain in the region covered by the SEER registries where the
initial cancer was diagnosed [38,39]. Individuals who emigrate
from the SEER region and have a subsequent cancer may thus be
misclassified as not having a subsequent cancer, an issue that may
be relevant given our young and mobile study population. Recent
empirical evidence suggests that bias from emigration may not be
a serious concern when using SEER data for pediatric cancer
survivors [41]. Even if it were a concern, misclassification of
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subsequent cancer status because of emigration would downward-
bias our SIR estimates of HPV-associated subsequent cancers
among PAYA cancer survivors (i.e. if complete information on
subsequent malignancies were available, the observed number of
cases and thus the SIR could actually increase).

In summary, our findings suggest an excess of HPV-associated
malignancies among PAYA cancer survivors. This relative excess
is not fully attributable to radiation therapy, particularly among
males. The relative excess of subsequent malignancies such as
those of the head and neck could be partly explained by factors
such as smoking [42], but HPV infection has gradually replaced
smoking as the major risk factor of concern for head and neck
malignancies [43]. Furthermore, childhood cancer survivors
report modestly lower rates of smoking than the general US
population [44].
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Given the available evidence, we hypothesize that a portion of
subsequent malignancies among PAYA cancer survivors may be
directly attributable to HPV infection. HPV infections, based on
direct measurements among individuals, have been associated with
subsequent malignancies among adult cancer survivors [45], but
similar evidence based on measurement of HPV infection status is
not available among PAYA cancer survivors. Our findings may
thus be useful for stimulating research to explore the relation
between HPV infections and subsequent malignancies among
long-term survivors of PAYA cancers.

Author Contributions

Conceived and designed the experiments: RPO JGG. Analyzed the data:
RPO TDM BEJ. Wrote the paper: RPO JET TNOP JLK TDM BEJ JGG.

20. Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer JA, et al. (1999)
Human papillomavirus is a necessary cause of invasive cervical cancer
worldwide. J Pathol 189: 12-19.

21. IARC (2007) IARC Monographs on the Evaluation of Carcinogenic Risks to
Humans: Human Papillomaviruses. Lyon: World Health Organization Press.

22. Arbyn M, de Sanjose S, Saraiya M, Sideri M, Palefsky J, et al. (2012)
EUROGIN 2011 roadmap on prevention and treatment of HPV-related
disease. Int J Cancer 131: 1969-1982.

23. de Martel C, Ferlay J, Franceschi S, Vignat J, Bray F, et al. (2012) Global burden
of cancers attributable to infections in 2008: a review and synthetic analysis.
Lancet Oncol 13: 607-615.

24. Centers for Disease Control and Prevention (2012) Human papillomavirus-
associated cancers - United States, 2004-2008. MMWR Morb Mortal Wkly Rep
61: 256-261.

25. Jemal A, Simard EP, Dorell C, Noone AM, Markowitz LE, et al. (2013) Annual
Report to the Nation on the Status of Cancer, 1975-2009, Featuring the Burden
and Trends in Human Papillomavirus (HPV)-Associated Cancers and HPV
Vaccination Coverage Levels. J Natl Cancer Inst.

26. Klosky JL, Howell CR, Li Z, Foster RH, Mertens AC, et al. (2012) Risky health
behavior among adolescents in the childhood cancer survivor study cohort.
J Pediatr Psychol 37: 634-646.

27. Murphy D, Klosky JL, Termuhlen A, Sawczyn KK, Quinn GP (2012) The need
for reproductive and sexual health discussions with adolescent and young adult
cancer patients. Contraception.

28. National Cancer Institute Surveillance Epidemiology and End Results
Databases. Available: http://seer.cancer.gov/data/seerstat/nov2011/. Ac-
cessed: 2012 December 17.

29. Park HS, Lloyd S, Decker RH, Wilson LD, Yu JB (2012) Overview of the
Surveillance, Epidemiology, and End Results database: evolution, data variables,
and quality assurance. Curr Probl Cancer 36: 183-190.

30. Bleyer A, O’Leary M, Barr R, Ries LAG (2006) Cancer Epidemiology in Older
Adolescents and Young Adults 15 to 29 Years of Age, Including SEER
Incidence and Survival: 1975-2000. NIH Pub. No. 06-5767. Bethesda, MD.

31. United States Department of Health & Human Services Code of Federal
Regulations. Title 45 Public Welfare, Part 46: Protection of Human Subjects.
Available: http://www.hhs.gov/ohrp/policy/ohrpregulations.pdf. Accessed
2013 January 3.

32. National Cancer Institute Surveillance Epidemiology and End results Site
Recode B ICD-O-3 Definition. Available: http://seer.cancer.gov/siterecode_b/
icdo3_d12192003/. Accessed 2012 December 17.

33. Lau B, Cole SR, Gange SJ (2009) Competing risk regression models for
epidemiologic data. Am J Epidemiol 170: 244-256.

34. Rothman KJ, Greenland S, Lash TL (2008) Modern Epidemiology. Philadel-
phia, PA: Lippincott Williams & Wilkins.

35. Oeflinger KC, Mertens AC, Hudson MM, Gurney JG, Casillas J, et al. (2004)
Health care of young adult survivors of childhood cancer: a report from the
Childhood Cancer Survivor Study. Ann Fam Med 2: 61-70.

36. Yeazel MW, Oeflinger KC, Gurney JG, Mertens AC, Hudson MM, et al. (2004)
The cancer screening practices of adult survivors of childhood cancer: a report
from the Childhood Cancer Survivor Study. Cancer 100: 631-640.

37. Howlander N, Noone AM, Krapcho M, Neyman N, Aminou R, et al. (2012)
SEER Cancer Statistics Review, 19752009 (Vintage 2009 Populations).
Bethesda, MD: National Cancer Institute.

38. Park HS, Lloyd S, Decker RH, Wilson LD, Yu JB (2012) Limitations and biases
of the Surveillance, Epidemiology, and End Results database. Curr Probl
Cancer 36: 216-224.

39. Curtis RE, Ries LAG (2006) Methods. In: Curtis RE, Freedman DM, Ries
LAG, Hacker DG, Edwards BK et al., editors. New Malignancies Among
Cancer Survivors: SEER Cancer Registries, 1973-2000. Bethesda, MD:
National Cancer Institute.

August 2013 | Volume 8 | Issue 8 | 70349



40.

41.

42,

Mertens AC (2007) Cause of mortality in 5-year survivors of childhood cancer.
Pediatr Blood Cancer 48: 723-726.

Kovalchik SA, Pfeiffer RM (2012) Re: Assessment of impact of outmigration on
incidence of second primary neoplasms in childhood cancer survivors estimated
from SEER data. J Natl Cancer Inst 104: 1517-1518.

Sinha P, Logan HL, Mendenhall WM (2012) Human papillomavirus, smoking,
and head and neck cancer. Am J Otolaryngol 33: 130-136.

PLOS ONE | www.plosone.org

43.

44.

HPV-Associated Malignancies among Cancer Survivors

Jain KS, Sikora AG, Baxi SS, Morris LG (2013) Synchronous cancers in patients
with head and neck cancer: Risks in the era of human papillomavirus-associated
oropharyngeal cancer. Cancer.

Emmons K, Li FP, Whitton J, Mertens AC, Hutchinson R, et al. (2002)
Predictors of smoking initiation and cessation among childhood cancer survivors:
a report from the childhood cancer survivor study. J Clin Oncol 20: 1608-1616.

. Huang SF, Li HF, Liao CT, Wang HM, Chen IH, et al. (2012) Association of

HPV infections with second primary tumors in early-staged oral cavity cancer.

Oral Dis 18: 809-815.

August 2013 | Volume 8 | Issue 8 | 70349



