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Background: Since the number of cancer survivors is increasing, it is imperative that we better
understand the long-term consequences of these survivors. We assessed the risk of developing a

second primary malignant neoplasm (SPMN) after an index potentially-HPV-associated cancers

(P-HPV-AC).

Methods: We constructed a population-based cohort of patients with P-HPV-AC using
Surveillance, Epidemiology, and End Results registry data (2000-2015). We limited patients to
those with invasive P-HPV-AC [cervical, vagina, vulva, penile, anal, and oropharynx] based on the
International Classification of Diseases for Oncology, 3rd edition. Excess SPMN risks were
calculated based on standardized incidence ratios (SIRs) and excess absolute risks (EARS) per
10,000 person-years at risk (PYR).

Results: A total of 105,644 patients with an index P-HPV-AC were identified, and 7.8 %
developed a SPMN. In all P-HPV-AC patients, the overall SIR was 1.73 (95 % CI: 1.69-1.77) and
EAR of 70.72 per 10,000 PYR. All index P-HPV-AC sites showed statistically significant
increases in the risk of SPMN, except for anal cancer among men, compared with the general
population. The greatest increase in risk of SPMN was observed among patients diagnosed with an
index P-HPV-oropharyngeal cancer (SIR = 1.83; 95 % CI, 1.70-1.82 and SIR = 2.29; 95 % ClI,
2.12-2.47 for men and women, respectively). Men developed SPMN mostly in aero-digestive tract
whiles women developed SPMN both in aero-digestive tract and other HPV-associated cancer
sites.

Conclusions: P-HPV-AC survivors experienced excess risk of SPMN. These findings have the
potential to affect future surveillance practices and improve preventive healthcare for survivors of
P-HPV-ACs.

Keywords

HPV-associated cancers; Second primary malignancies; Cancer survivors; Second cancers; Human
papillomavirus; Risk and burden; SEER

Background

In the United States, human papillomavirus (HPV) is the most common sexually transmitted
infection. Annually, approximately 39,000 people are diagnosed with a potentially-HPV-
associated cancer (P-HPV-AC) [1]. Nearly all cervical cancers, 95 % of anal cancers, more
than 70 % of oropharyngeal, 65 % of vaginal, 50 % of vulva and 35 % of penile cancers can
be attributed to oncogenic HPV infection [2,3].

Improvements in cancer prevention, screening, and treatment has contributed to an increase
in the number of cancer survivors. As of January 2016, there were an estimated 15.5 million
cancer survivors in the United States. This is expected to increase to 20 million by the year
2024 [4]. As the number of survivors with P-HPV-AC increase, they face significant
medical, psychosocial and economic challenges, including the development of secondary
primary malignant neoplasms (SPMN) and other competing causes of death [5-8]. SPMN’s
are associated with lower five year survival rates for all age groups compared to primary
malignancies [9].
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We hypothesize that cancer survivors with primary P-HPV-AC continue to be exposed to
risk factors that also increase their risk of future aerodigestive tract and HPV-related cancers.
Studies have shown that patients continue to consume tobacco after diagnosis of head and
neck cancer (HNC) [10,11]. Smoking has also been shown to decrease the clearance of low
grade lesions [12]. Research has also demonstrated tobacco may be related to the increased
incidence and persistence of high-risk HPV in the oropharynx [13]. These might suggest that
among survivors of P-HPV-AC, the risk of a second primary aerodigestive tract cancer may
be as high if not higher than the risk of a second primary P-HPV-AC.

Given the increase in P-HPV-AC prevalence and improved survivorship, we need to better
understand the long-term consequences of P-HPV-AC. Identifying patients at increased risk
of developing SPMN may inform survivorship recommendations for those diagnosed with
P-HPV-AC. We analyze all SPMNs among survivors of P-HPV-AC in the US adult
population. We assessed the risk of developing a SPMN after an index P-HPV-AC, and
analyzed the sites where SPMN (HPV-AC vs. non-HPV-AC) most frequently occurred in
these patients.

Materials and methods

Data source and population

We constructed a retrospective cohort using data from the Surveillance, Epidemiology, and
End Results (SEER) Program database, which covers approximately 30 % of the US
population [14]. SEER is a nationally representative, publicly available, population-based
cancer database that contains over 8 million cancer cases and covers about 97% of all
incident cancers in its registry areas [15,16]. All primary and subsequent cancers, occurring
among residents of SEER areas are reportable, and the program has near-universal follow-up
[17]. The National Cancer Institute does not require institutional review board approval for
use of this de-identified data set.

We identified all patients (age > 20 years) diagnosed with an index P-HPV-AC between
2000 and 2015 (i.e., oropharynx, anal, cervical, vaginal, vulva, and penile). P-HPV-AC were
defined as invasive cancers of specific anatomic sites comprising specific cell types in which
HPV DNA is frequently found [18-20]. Oropharyngeal (which included oropharynx, tonsil,
base of tongue and Waldeyer’s ring), anal, vaginal, vulvar and penile cancers comprised of
squamous cell carcinomas, and cervical cancer comprised of all carcinomas. P-HPV-AC
were defined using the SEER site recode per International Classification of Diseases for
Oncology third edition [21] primary site and histology codes (eTable 1).

Definition of SPMN

Coding of multiple primaries followed the rules of the International Agency for Research on
Cancer (IARC). These rules define multiple primaries as two or more tumors arising in
different sites, or at the same site when the histology is different [22]. A SPMN was defined
as the first subsequent primary cancer occurring at least 2 months after first cancer diagnosis
[6,8,23-25]. As a result, the person-year at risk (PYR) for each individual started at 2
months of follow-up and ended at the date of SPMN diagnosis, last known vital status,
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death, or the end of the study period of follow-up (December 2015), whichever came first.
Extensions, recurrences, metastasis, third and subsequent cancers were excluded. We
conducted a sensitivity analyses using the 6-month definition of SPMN, which provided
very similar results to our main analyses.

2.3. Statistical analysis

The standard “person-year approach” to calculate relative and absolute excess risk of
developing SPMN was used [23,26]. Following this method, the number of observed
SPMNs (Observed) is compared to the number of expected cancers (Expected) if patients
with a first cancer had experienced the same rates as the general population. The number of
expected cancers was calculated for a cohort of patients of identical age, sex, race, and time
period. The expected number of SPMNs was calculated by multiplying sex-, age-, race-, and
calendar year-specific SEER cancer incidence rates (available at http://seer.cancer.gov) with
the accumulated person-years at risk. Standardized incidence ratios (SIR) [27], based on
cancer registry data [28], are a relative measure of the strength of the association between
two cancers. SIR was defined as the ratio of the observed to expected (Observed/Expected)
cancers. Confidence intervals (95 %) for SIR were calculated with Byar’s approximation to
the Poisson distribution [26]. SIRs whose 95 % CI excluded the value of 1.0 suggested that
the observed number of SPMNs were considered statistically significantly higher than the
expected number of SPMNs (2-sided £ < .05).

The excess absolute risk (EAR) [23] is an absolute measure of the burden of additional
cancer occurrences in a population and was calculated as the excess (Observed — Expected)
number of SPMNs per 10,000 PYR. SIR and EAR values were calculated in SEER*Stat
version 8.3.4 (Surveillance Research Program, National Cancer Institute). Other analyses
were performed using SAS version 9.4 statistical software (SAS Institute, Cary, NC).

3. Results

3.1

Patient population

We identified 105,644 patients (68,202 women and 37,442 men) with index P-HPV-ACs
diagnosed between 2000 and 2015, 8,203 of whom (7.8 %) developed SPMN. Mean age at
index cancer diagnosis was 55.2 + 14.8 years, and the median follow-up duration was 3.2
years (interquartile range = 1.0-7.6 years). Table 1 shows that 64.6 % of patients with index
P-HPV-ACs were women, 86.5 % were white and 47.6 % were married. Among 33,712 men
with index P-HPV-ACs, the majority presented with an index oropharynx cancer (89.6 %).
Among 63,710 women with index P-HPV-AC, 73.1 % presented with an index cervical
cancer.

3.2. Risk and burden of SPMN by index P-HPV-ACs characteristics

Among men, the risk of SPMN was significantly increased for all patient and tumor
characteristics (age, race, marital status, year of diagnosis, stage, and grade; [the SIRs
ranged from 1.35 to 2.65]) (Table 2). Similarly, among women, the risk of SPMN was
significantly increased for all patient and tumor characteristics (age, race, marital status, year
of diagnosis, stage, and grade; [the SIRs ranged from 1.56 to 2.25]).
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3.3. Risk and burden of SPMN

Table 3 shows that a total of 8,203 patients developed a SPMN, resulting in a SIR of 1.73
(95 % ClI, 1.69-1.77) and EAR of 70.7 cases per 10,000 PYR relative to the general
population. Among men, the relative risk of developing SPMN (3,719 observed) was (SIR =
1.71; 95 % CI: 1.66-1.77), corresponding to (EAR = 100.1 cases per 10,000 PYR). All
index P-HPV-AC sites showed statistically significant increases in the risk of SPMN, except
for anal cancer. The greatest increase in risk and burden of SPMN existed among patients
diagnosed with an index potentially-HPV-associated oropharyngeal (SIR = 1.76; 95 % ClI,
1.70-1.82; EAR = 103.4 per 10,000 PYR), followed by penile (SIR = 1.41; 95 % ClI, 1.27-
1.57; EAR = 76.8 per 10,000 PYR) cancers.

Among women, the relative risk of developing SPMN (4,484 observed) was (SIR = 1.74; 95
% ClI: 1.69-1.79), corresponding to (EAR = 57.1 cases per 10,000 PYR) compared with the
general population. All index P-HPV-AC sites showed a statistically significant increase in
the risk of SPMN. The greatest increases in risk of SPMN were among patients diagnosed
with an index potentially-HPV-associated oropharyngeal (SIR = 2.29; 95 % ClI, 2.12-2.47)
and vulvar (SIR = 2.29; 95 % Cl, 2.16-2.44), followed by vaginal (SIR = 1.85; 95 % ClI,
1.57-2.15); cervical (SIR = 1.50; 95 % CI, 1.44-1.56); and anal (SIR = 1.41; 95 % CI, 1.15-
1.72) cancers. The highest burden was also among patients diagnosed with an index
potentially-HPV-associated vulvar (150 per 10,000 PYR), followed by oropharynx (142 per
10,000 PYR), and vaginal (104 per 10,000 PYR) cancers.

3.4. Incidence and location of SPMNs

The location of common SPMNSs with significant risk and EAR = 0.5 are detailed in Tables 4
and 5. Among men, there was an increased risk of developing a SPMN in any site associated
with HPV (oropharynx, tonsil, penile and anal) [Table 4]. However, the majority of the
common SPMNs were non-HPV-associated. There were secondary cancers of the
aerodigestive tract (lung and bronchus, tongue, esophagus, larynx, hypopharynx), kidney
and renal pelvis, acute myeloid leukemia, and soft tissue including heart.

Women also presented with an increased risk of SPMN of the aerodigestive tract (lung and
bronchus, tongue, esophagus, larynx, hypopharynx) in addition to kidney and renal pelvis,
colorectal, liver and acute myeloid leukemia (Table 5). There was also an increased risk of
developing a SPMN in a site strongly associated with HPV (vulvar, vaginal, cervical, anal,
tonsil, and oropharynx). Detailed information on location of common SPMNSs by each index
potentially-HPV-associated cancer and stratified by sex is provided in eTable 2.

3.5. Risks and burden of SPMN by latency interval and year of index cancer diaghosis

Overall and for both sexes, the risk of SPMN was significantly elevated for all latency
periods compared with the general population except for index potentially HPV-associated
anal cancer (the SIR for latency periods ranges from 1.17 to 2.47) and individual cancer risk
declined with increasing latency (Table 6). Similarly, the risk of SPMN was significantly
elevated for year of diagnosis of index cancers among both sexes and overall except anal
cancer (the SIR for latency periods ranges from 1.28 to 2.68). Risk of SPMN was stronger
among patients diagnosed between 2010-2015 overall and for both sexes.
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4. Discussion

Our results show that patients with P-HPV-AC experienced an increased risk of SPMN
relative to the general population, with a SIR of 1.73 and 71 excess second cancers
developing per 10,000 PYR. Both men and women were at highest risk for SPMN with
initial diagnosis of an index potentially-HPV-oropharyngeal cancer diagnosis. Our findings
confirm that both women and men experienced an elevated risk of SPMNs among patients
with index potentially-HPV-oropharyngeal cancer [24,29]. There was an increased risk of
SPMN development of the aerodigestive tract as well as other HPV-associated SPMNs
among both sexes. Lung and bronchus secondary cancers had the highest burden in both
sexes. We also showed a persistently elevated risk of SPMNs across latency intervals and
year of diagnosis. It should be noted that HPV is difficult to differentiate from the
confounding risks of alcohol and tobacco consumption in oropharyngeal cancer. However,
since the 1990’s, rates of tobacco-related HNC cases have decreased while HPV-related
HNCs have increased, leading to a viral cancer epidemic [30,31]. Patients with initial
diagnosis of HNC frequently receive chemoradiotherapy, which places them at higher risk of
secondary malignancy to the local area exposed [32].

Among men, SPMN were most commonly found in the aerodigestive tract whereas for
women, SPMN were still localized to the aerodigestive tract and other HPV-associated sites.
The increased risk of aerodigestive tract SPMN can potentially be attributed to concurrent
tobacco/alcohol use or chemoradiation exposure [8,32]. Our research builds on previous
work by Neumann et al. conducted in France which showed that after primary P-HPV-AC, a
higher incidence of SPMN in the aerodigestive tract for males and in both the aerodigestive
tract and other HPV sites for females [24]. Other studies have suggested a higher incidence
of aerodigestive tract tumors in HNC, anal cancer, and cervical cancer [6,33-35]. To the best
of our knowledge, this is the first study to establish increased risk of aerodigestive tract
SPMN in penile, vaginal and vulva cancer. The smoking-cervical cancer hypothesis was first
proposed in 1977 after researchers saw a strong geographic correlation between cervical
cancer in women and lung cancer in men [36]. Since 1977, new research has shown that
smokers have a significantly higher level of carcinogens found in the cervix that are
potentially associated with the intracellular integration of the HPV virus into the human
genome, and decreased regional immunity [37,38]. We hypothesize that patients with
aerodigestive tract and HPV-associated cancers including penile, vaginal and vulva cancer
may also share the common risk factor of tobacco use.

Risk of SPMN was greater among patients diagnosed 2010-2015 compared to those
diagnosed between 2000 and 2004. The increase of SPMN in 2010-2015 can perhaps be
attributed to the rising disease burden of P-HPV-AC related to high risk sexual activity [39].
Also, for both genders, almost all P-HPV-AC sites presented with a significant increase in
the risk of SPMN relative to the general population within the first 5 years (with the
exception of anal cancer) and individual cancer risk declined with increasing latency. Future
work could focus on long term outcomes and risks of SPMN in patients with P-HPV-AC.
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4.1. Clinical implications

Clinical guidelines recommend that patients diagnosed with HPV-related HNC are
counselled on smoking cessation and alcohol use [40]. Screening for aerodigestive tract
secondary malignancy using low dose computed tomography for the chest is still only
recommended for patients with HNC and over 20 years of a pack-per-day history [40]. Few
clinical guidelines have incorporated consideration for SPMN in the post-treatment
surveillance of HPV-AC, especially because SPMN can arise in distant sites. There are few
guidelines for screening for local area non-HPV secondary malignancy. For cervical cancer,
vagina and vulva cancer, guidelines only describe local surveillance, despite increased
incidence of aerodigestive tract SPMN [41,42]. Furthermore, for anal and penile cancer,
follow-up guidelines terminates at 5 years, although secondary malignancy SIR does not
decrease significantly after 5 years [43,44]. Given the increased risk of secondary
aerodigestive tumors in survivors of P-HPV-AC, lifestyle counselling may be indicated for
all survivors of P-HPV-AC. Guidelines that considers the results of studies such as ours may
need to be adjusted to better address the increasing burden of SPMN.

4.2. Limitations & strengths

The inability to confirm HPV status in tumors through the SEER database is an important
limitation. We consequently restricted selection of primary tumor, defined as P-HPV-AC, to
morphological and topographical codes for which it is well established that HPVs are
involved [18-20]. This potential misclassification could have underestimated our SPMNSs.
Because the SEER database does not include risk factors such as tobacco, alcohol,
recreational drug use, and sexual activity, we were unable to control for these factors into
our analysis. Another potential limitation is the two-month lag used to define SPMN, but
this is based on established conventions analyzing SPMN [6,8,23-25,29]. We also
performed sensitivity analyses using the 6-month definition, which showed very similar
results to our main results. Moreover, although histological diagnosis of cancer and medical
coding have improved, there is a chance a SPMN could have been a coded as recurrence
which could lead to overestimation of SPMNs. Despite the aforementioned limitations,
strengths of our study include a large national sample size with near complete follow-up and
high-quality control as part of the SEER program. Risks were based on the large SEER
reference cohort thereby maximizing both internal and external validity.

5. Conclusions

P-HPV-AC survivors are at increased risk of developing SPMNSs, with about 1-in-12 patients
developing SPMN. For both sexes, patients with index-oropharyngeal cancer had the highest
increased risk of SPMN. Men developed SPMN mostly in aero-digestive tract while women
developed SPMN both in aero-digestive tract and other HPV-associated cancer sites. Public
health policy-makers and oncology care providers should focus on multidisciplinary
preventive medicine and improved surveillance for the increasing population of P-HPV-AC
survivors.
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