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IMPORTANCE Second primary malignant neoplasms (SPMNs) are the leading cause of death
in survivors of head and neck squamous cell carcinoma (HNSCC). Recently, human
papillomavirus (HPV) has emerged as a risk factor for oropharyngeal squamous cell
carcinoma and has different prognosis from classic tobacco/alcohol-associated HNSCC. This
suggests that there also may be different risks and burden of SPMNs among patients who's
HNSCC were from HPV or tobacco and/or alcohol.

OBJECTIVE To assess SPMN risks and burden in a large US cohort of patients with a first
potentially HPV-associated HNSCC vs non-HPV-associated HNSCC.

DESIGN, SETTING, AND PARTICIPANTS In this population-based retrospective cohort study,
109 512 adult patients diagnosed with HNSCC between 2000 and 2014 were identified from
the Surveillance, Epidemiology, and End Results registry.

EXPOSURES HPV-relatedness based on whether patients’ first HNSCC was potentially
associated with HPV. Patients were grouped into 2 cohorts: potentially HPV-associated
HNSCC, and non-HPV-associated HNSCC.

MAIN OUTCOMES AND MEASURES The primary outcome was incidence of SPMN (defined as
the first subsequent primary cancer occurring at least 2 months after first cancer diagnosis).
Excess SPMN risk was calculated using relative (standardized incidence ratios [SIRs]) and
absolute (excess absolute risk [EAR] per 10 000 person-years at risk [PYR]).

RESULTS A total of 109 512 patients with HNSCC (mean [SD] age, 61.9 [12.1] years; 83 305
[76.1%] men) were identified. The overall SIR was 2.18 (95% Cl, 2.14-2.22) corresponding to
160 excess cases per 10 000 PYR. The risk among patients with first potentially
HPV-associated HNSCC (SIR, 1.98; EAR, 114 excess cases per 10 000 PYR) was lower than
those with first non-HPV-associated HNSCC (SIR, 2.28; EAR, 188 excess cases per 10 000
PYR). Overall, the largest SIRs and EARs were observed for cancers of the head and neck,
lung, and esophagus. However, the risks of SPMN were lower among potentially
HPV-associated HNSCC patients.

CONCLUSIONS AND RELEVANCE Patients diagnosed with HNSCC experience excess risk of
SPMN, which was higher among those with non-HPV-associated HNSCC than from
potentially HPV-associated HNSCC. Clinicians should implement strategies that prevent or
detect SPMN early in patients with HNSCC.
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here was an estimated 63 000 new cases of head and

neck cancer in the United States in 2017, accounting for

about 4% of new cancers.! Patients with head and neck
squamous cell carcinoma (HNSCC) experience elevated risk of
developing second primary malignant neoplasms (SPMNs).2”
These are of increasing concern because the number of sur-
vivors of HNSCC has been growing owing to early detection
and advances in cancer treatments.® There are an estimated
430 000 HNSCC survivors in the United States, and the num-
ber is expected to continue torise.® The incidence of SPMN in
HNSCC patients is about 3% to 7% per year, with an estimated
20-year cumulative risk of 36%.> Approximately one-third of
HNSCC deaths are attributable to SPMNs. Second primary ma-
lignant neoplasms are the cause of death in 3 times as many
patients with HNSCC compared with those who die of meta-
static disease.!01?

Tobacco and excessive alcohol use, as well as human pap-
illomavirus (HPV) infection, are the main causal factors asso-
ciated with HNSCC, HPV being mostly associated with a sub-
set of patients with HNSCC called oropharyngeal squamous cell
carcinoma (SCC)."*>1> Although there has been a steady de-
crease in the incidence of HNSCC associated with tobacco and
alcohol, HPV-associated oropharyngeal SCC has increased
about 225% in the United States in the past 3 decades and is
projected to surpass cervical cancer as the most common HPV-
associated cancer by 2020.'® Human papillomavirus-
associated HNSCC, especially oropharyngeal SCC, affects young
males, whites, and has a good prognosis, whereas non-HPV-
associated HNSCC typically affects older patients and has poor
prognosis.'®1° Therefore, anatomical subsites of SPMNs fol-
lowing diagnosis of a first HPV-associated HNSCC may also be
different from a first non-HPV-associated HNSCC.

Patients with a first HNSCC have an elevated risk of de-
veloping an SPMN of the lung, esophagus, and head and neck
sites.?>7:20-22 However, studies have not examined the inci-
dence and sites of SPMNs stratified by a first HPV-associated
HNSCC compared with non-HPV-associated HNSCC. Describ-
ing subsite-specific risks of SPMNs may have implications for
the pattern and intensity of screening and other preventive ef-
forts in patients with HNSCC after diagnosis.

In this study, we quantified the risk of SPMN among pa-
tients with a first HPV-associated HNSCC vs non-HPV-
associated HNSCC, and described the anatomical sites of these
SPMNs.

Methods

Data Source and Population

A population-based cohort of all patients (>20 years) with a
first HNSCC diagnosed between 2000 and 2014 from the
National Cancer Institute Surveillance, Epidemiology, and
End Results (SEER) 18 database, which covers approxi-
mately 30% of the US population and includes cases diag-
nosed from 2000 to 2014, were used for this study.?* SEER
is a publicly available, nationally representative population-
based cancer database.?® It has been described as the pre-
mier cancer statistics source in the United States,?*2°> and
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Key Points

Question Are there differences in risks and burden of second
primary malignant neoplasm among patients with first potentially
HPV-associated head and neck squamous cell carcinoma (HNSCC)
compared with those with first non-HPV-associated HNSCC?

Findings In this cohort analysis of 109 512 patients with HNSCC,
the risk and burden of second primary malignant neoplasm was
high overall; however, the risk and burden among patients with
first potentially-HPV-associated HNSCC was lower than those with
first non-HPV-associated HNSCC.

Meaning Strategies that prevent or detect second primary
malignant neoplasm early in patients with HNSCC are warranted.

covers approximately 97% of all incident cancers in its regis-
try areas.?® All cancers, primary and subsequent, occurring
among residents of geographic registries comprising SEER
are reportable, and the program has near-universal
follow-up.?” Patients with HNSCC included invasive squa-
mous cell carcinoma (International Classification of Diseases
for Oncology, third edition [ICD-0-3]), histology codes (codes
8070-8076 and 8078),%® and topographic codes for head
and neck subsites (oral cavity, oropharynx, larynx, and
hypopharynx). Patients were excluded if the only documen-
tation of their cancer was from a death certificate or
autopsy, or if cause of death was unknown or listed as alive
but had no survival time. The National Cancer Institute does
not require institutional review board approval for use of
this deidentified data set.

SPMN Identification

Coding of multiple primary tumors followed the common set
of rules proposed by the International Agency for Research on
Cancer (IARC). These rules define multiple primary tumors as
2 or more tumors arising in different sites, or at the same site
when the histologic findings are different.?® An SPMN was de-
fined as the first subsequent primary cancer occurring at least
2 months after first cancer diagnosis, similar to other
studies.”?!-3° Consequently, the person-year at risk (PYR) for
each individual began at 2 months of follow-up, and ended at
the date of SPMN diagnosis, last known vital status, death, or
the end of the study period of follow-up (December 2014);
whichever came first. Extensions, recurrences, metastasis, and
third and subsequent cancers were not included.

HPV-Relatedness in Patients With HNSCC

HPV-relatedness was based on whether patients’ first HNSCC
was potentially associated with HPV. Since the SEER data-
base does not record HPV status, patients with a first poten-
tially HPV-associated HNSCCs were identified using method-
ology previously described,*'>:3*2 which is based on ICD-
O-3 topography: oropharynx (C100-109), tonsil (lingual and
palatine; C024, and C090-099, respectively), base of tongue
(C019), and Waldeyer’s ring (C142). Patients with a first non-
HPV-associated HNSCC were other ICD-0-3 sites, including oral
cavity (tongue, C020-023); gum, C030-039; palate, CO50-
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059; other mouth areas, C060-069; lip, CO00-009; and floor
of mouth, C040-049), hypopharynx (C130-139), and larynx
(C320-329).

Statistical Analyses

The standard person-year approach to describe relative and ab-
solute excess risk of developing SPMN was used.?*3 Follow-
ing this method, the number of observed SPMNs was com-
pared with the number of expected cancers if patients with a
first HNSCC had experienced the same cancer rates as the gen-
eral population. The number of expected SPMNs was calcu-
lated for a noncancer patient cohort of identical age, sex, race,
and time period. Expected numbers of secondary cancers was
estimated 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. Stan-
dardized incidence ratio (SIR), described by Schoenberg and
Myers># and adapted to cancer registry analysis by Begg,>® is
arelative measure of the strength of association between 2 can-
cers. The SIR was defined as the ratio of observed to expected
SPMNs. Confidence intervals for SIRs were calculated with
Byar’s approximation to the Poisson distribution.?® The ex-
cess absolute risk (EAR)?! is an absolute measure of the bur-
den of additional cancer occurrences in a given population. The
EAR was calculated as the excess (observed to expected) num-
ber of SPMNs per 10 000 PYR.

Because the typical HNSCC survivor with a first HPV-
associated oropharyngeal SCC tends to be a white male in their
20s to 50s,16:18:36-38 3 gensitivity analysis was conducted se-
lecting only patients that fit the age, race, and sex criteria above
to examine the incidence of SPMNs. All tests were 2-tailed and
a was set at .05. The SIR and EAR values were calculated in
SEER Stat (version 8.3.4, Surveillance Research Program, Na-
tional Cancer Institute). Other analyses were performed using
SAS statistical software (version 9.4, SAS Institute).

. |
Results

Patient Population

Inall, 109 512 patients with first HNSCC were identified in the
SEER registry between 2000 and 2014. Table 1 shows that mean
(SD) age at first HNSCC diagnosis was 61.9 (12.1) years, and the
mean (SD) time between the first HNSCC and SPMN was 3.9
(3.7) years. Median follow-up time for patients with HNSCC was
31 months, 83305 (76.1%) were men, and 91 699 (83.7%) were
white. Among 109 512 patients with first HNSCC, 13 517 (12.3%)
developed SPMN (9.6% for patients diagnosed with a first po-
tentially HPV-associated HNSCC and 14.0% for patients with
a first non-HPV-associated HNSCC).

Risk of Solid Tumor SPMN

Table 2 shows that 12 618 patients developed an SPMN, com-
pared with 6519 expected cancers if these patients had had the
same risk of cancer as the general population. The SIR of de-
veloping an SPMN in all HNSCC patients was 2.07 (95% CI, 2.04-
2.11) and the EAR was 164.3 cases per 10 000 PYR. The SIR of
SPMN in first potentially HPV-associated HNSCC patients was
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1.88 (95% CI, 1.83-1.94; corresponding to an EAR of 116.1 cases
per 10 000 PYR), was lower than patients with first non-HPV-
associated HNSCC (SIR, 2.16; 95% CI, 2.12-2.21; correspond-
ingto EAR, 193.9 cases per 10 000 PYR). Patients with first non-
HPV-associated HNSCC had 77 more cases per 10 000 PYR than
those with first potentially HPV-associated HNSCC. The risk
of SPMN was significantly increased for patients with first hy-
popharynx cancer, younger age, female sex, and those diag-
nosed initially with distant tumors.

Incidence and Location of SPMN Among First Potentially
HPV-Associated HNSCC

Table 3 and the Figure show that 3742 SPMNs were observed
among patients diagnosed with first potentially HPV-
associated HNSCC, leading to a SIR 0f 1.98 (95% CI, 1.91-2.04)
and an EAR of 114.48 excess cases per 10 000 PYR. The high-
est SIR of SPMN was observed for head and neck cancers: gum
and other mouth (SIR, 21.56; 95% CI, 18.32-25.21), floor of
mouth (SIR, 18.29; 95% CI, 14.17-23.22), tongue (SIR, 16.18; 95%
CI, 14.52-17.99), and hypopharynx (SIR, 11.16; 95% CI, 8.28-
14.71). After head and neck sites, the other cancers with higher
SIRs were for second primary esophageal cancer (SIR, 5.47; 95%
CI, 4.66-6.38), followed by lung and bronchus cancer (SIR, 3.63;
95% CI, 3.41-3.85), and thyroid cancer (SIR, 2.95; 95% CI, 2.35-
3.67). The excess burden of disease, as measured by EAR in
number of excess cases per 10 000 PYR, was highest for lung
and bronchus (EAR, 47.5), followed by tongue (EAR, 20.0), gum
and other mouth (EAR, 9.3), and esophagus (EAR, 8.2)
(Figure, A).

The sensitivity analysis (eTable 1in the Supplement) by lim-
iting the study population to white males in their 20s to 50s
showed that the same anatomical sites were at elevated risks
of developing SPMN.

Incidence and Location of SPMN

Among First Non-HPV-Associated HNSCC

In all, 8876 SPMNs were observed among patients diagnosed
with first non-HPV-associated HNSCC (Table 3), leading to an
SIR 0f 2.28 (95% ClI, 2.23-2.32) and EAR 0f 188.38 excess cases
per 10 000 PYR. The highest SIR of SPMN was observed for sec-
ond head and neck cancers: gum and other mouth (SIR, 32.58;
95% CI, 29.75-35.62), floor of mouth (SIR, 29.92; 95% CI, 25.78-
34.53), hypopharynx (SIR, 18.12; 95% CI, 15.34-21.25), and
tongue (SIR, 16.91; 95% CI, 15.55-18.35). After second head and
neck sites, the other cancers with higher SIRs were second pri-
mary esophageal cancer (SIR, 6.26; 95% CI, 5.63-6.93), fol-
lowed by lung and bronchus cancer (SIR, 4.47; 95% CI, 4.31-
4.63), and thyroid cancer (SIR, 3.02; 95% CI, 2.53-3.57). The
excess burden of disease, as measured by EAR in number of
excess cases per 10 000 PYR, was highest for lung and bron-
chus (EAR, 87.2), followed by tongue (EAR, 20.4), gum and
other mouth (EAR, 17.8), and finally esophagus (EAR, 11.6)
(Figure, B).

Incidence and Location of SPMN by Anatomical Subsite

Table 4 shows that the SIR of a second solid tumor at any site
was highest for patients with a first cancer of the hypophar-
ynx (SIR, 3.05; 95% CI, 2.81-3.29), and lowest for a first oro-
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Table 1. Patient and Tumor Characteristics, Overall and by HPV Relatedness, SEER 2000 to 2014

Frequency, No. (%)?

First Potentially First Non-HPV-Associated
Total HPV-Associated HNSCC ~ HNSCC

Characteristic (n=109512) (n=41682) (n =67830)
HPV relatedness

First potentially HPV-associated 41682 (38.1) NA NA

HNSCC

First non-HPV-associated 67830 (61.9) NA NA

HNSCC
Anatomic sites

Oropharynx 41682 (38.1) NA NA

Oral cavity 30464 (27.8) NA NA

Larynx 31802 (29.0) NA NA

Hypopharynx 5564 (5.08) NA NA
Second primary tumor

No 95995 (87.7) 37686 (90.4) 58309 (86.0)

Yes 13517 (12.3) 3996 (9.6) 9521 (14.0)
Age at index HNSCC diagnosis, y

<49 15860 (14.5) 7347 (17.6) 8513 (12.6)

50-59 33049 (30.2) 15242 (36.6) 17807 (26.2)

60-69 31676 (28.9) 11887 (28.5) 19789 (29.2)

270 28927 (26.4) 7206 (17.3) 21721 (32.0)
Sex

Female 26207 (23.9) 8254 (19.8) 17953 (26.5)

Male 83305 (76.1) 33428 (80.2) 49877 (73.5)
Race

White 91699 (83.7) 35804 (85.9) 55895 (82.4)

Black 12158 (11.1) 4009 (9.6) 8149 (12.0)

Other 5655 (5.2) 1869 (4.5) 3786 (5.6)
Marital status at HNSCC diagnosis

Married 56974 (52.0) 22835 (54.8) 34139 (50.3)

Divorced/separated 15187 (13.9) 6083 (14.6) 9104 (13.4)

Widowed 10272 (9.4) 2671 (6.4) 7601 (11.2)

Never married 19742 (18.0) 7668 (18.4) 12074 (17.8)

Unknown 7337 (6.7) 2425 (5.8) 4912 (7.2)
Year of diagnosis of first HNSCC

2000 to 2004 34224 (31.2) 10857 (26.0) 23367 (34.4)

2005 to 2009 36534 (33.4) 14157 (34.0) 22377 (33.0)

2010 to 2014 38754 (35.4) 16 668 (40.0) 22086 (32.6)
Histologic grade

Well 14649 (13.4) 2549 (6.1) 12100 (17.8)

Moderately 45674 (41.7) 14 409 (34.6) 31265 (46.1)

Poor 26764 (24.4) 15056 (36.1) 11708 (17.3)

Undifferentiated/unknown 22425 (20.5) 9668 (23.2) 12757 (18.8)
Stage

Localized 41826 (38.2) 6137 (14.7) 35689 (52.6)

Regional 46322 (42.3) 26910 (64.6) 19412 (28.6)

Distant 17233 (15.7) 7192 (17.2) 10041 (14.8) Abbreviations: HNSCC, head and

Unstaged/unknown 4131 (3.8) 1443 (3.5) 2688 (4.0) neck squamous cell carcinoma; HPV,
Surgery performed human papillomavirus; NA, not

Yes 54981 (50.5) 17182 (41.4) 37799 (56.0) gz%i:;ti’ﬁ;zsf;j‘é;‘:jeg'::j;

No 53995 (49.5) 2030 (58.6) 29720 (44.0)

2P <.001forall.

pharynx (SIR, 1.98; 95% CI, 1.91-2.04) SCC. Similarly, the ab-  and lowest for a first oropharynx (EAR, 114.5) SCC. The sites
solute number of excess second solid cancers per 10 000 PYR  with higher SPMN risk were similar among all sites even though
was highest in patients with a first hypopharynx (EAR, 303.1), theratesand excess risks varied. They were mainly second head
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Table 2. Risk of Solid Tumor SPMN According to the Characteristics of the First HNSCC in 12 618 Patients, SEER 2000 to 2014

Characteristic Observed Expected PYR SIR Rate (95% Cl) EAR per 10 000 PYR
ALLHNSCC patients 12618 6519.42 425793.49 2.18 (2.14-2.22) 160.34
HPV-relatedness
First potentially HPV-associated 3996 2120.94 161538.00 1.88 (1.83-1.94) 116.08
HNSCC
First non-HPV-associated 9521 4398.48 264 255.48 2.16 (2.12-2.21) 193.85
HNSCC
Anatomic sites
Oropharynx 3996 2120.94 161538.00 1.88 (1.83-1.94) 116.08
Larynx 4635 2288.18 129327.93 2.03 (1.97-2.08) 181.46
Oral cavity 4217 1875.17 120792.16 2.25(2.18-2.32) 193.87
Hypopharynx 669 235.12 14135.39 2.85 (2.63-3.07) 306.95
Age at index HNSCC diagnosis, y
<49 1264 351.12 81423.47 3.60 (3.40-3.80) 112.12
50-59 3785 1523.29 138734.03 2.48 (2.41-2.57) 163.02
60-69 4606 2349.34 117776.61 1.96 (1.90-2.02) 191.61
270 3862 2295.67 87859.39 1.68 (1.63-1.74) 178.28
Sex
Male 10403 5308.88 326375.27 1.96 (1.92-2.00) 156.08
Female 3114 1210.54 99418.21 2.57 (2.48-2.66) 191.46
Race
White 11510 5675.76 366507.63 2.03 (1.99-2.07) 159.18
Black 1503 611.10 37408.02 2.46 (2.34-2.59) 238.42
Other 502 177.75 18113.23 2.58 (2.58-3.08) 179.01
Marital status at HNSCC diagnosis
Married 7528 3919.39 248968.45 1.92 (1.88-1.96) 144.94
Divorced/separated/widowed 3060 1362.00 82461.23 2.25(2.17-2.33) 205.92
Never married 2121 804.02 66199.91 2.64 (2.53-2.75) 198.94
Unknown 808 434.01 28163.90 1.86 (1.74-1.99) 132.79
Follow-up
2moto<ly 2369 1141.65 79218.86 2.08 (1.99-2.16) 154.93
lyto<5y 6788 3250.73 216 689.35 2.09 (2.04-2.14) 163.24
5yto<10y 3619 1728.80 106793.78 2.09 (2.03-2.16) 176.99
210y 741 398.24 23091.49 1.83 (1.73-2.00) 148.44
Year of diagnosis of first HNSCC
2000 to 2004 6445 3216.18 199 344.70 2.00 (1.96-2.05) 161.97
2005 to 2009 4962 2340.54 157 967.48 2.12 (2.06-2.18) 165.95
2010 to 2014 2110 962.70 68481.31 2.19 (2.10-2.29) 167.53
Histologic grade
Well 2025 1077.49 65905.33 1.88 (1.80-1.96) 143.77
Moderately 6001 2664.55 174 807.39 2.25(2.20-2.31) 190.86
Poor 2839 1424.75 99121.66 1.99 (1.92-2.07) 142.68
Undifferentiated/unknown 2652 1352.64 85959.10 1.96 (1.89-2.04) 151.16
Stage
Localized 6613 3361.49 199430.93 1.97 (1.92-2.02) 163.04
Regional 4968 2301.29 168134.36 2.16 (2.10-2.22) 158.61
Distant 1433 593.83 41649.55 2.41 (2.29-2.54) 201.48
Unstaged/unknown 503 262.81 16578.65 1.91 (1.75-2.09) 144.88
Surgery performed
Yes 7567 3690.99 246741.46 2.05 (2.00-2.10) 157.09
No 5819 2769.61 175 087.55 2.10 (2.05-2.16) 174.16
Unknown 131 58.83 3964.48 2.23 (1.86-2.64) 182.05
Abbreviations: EAR, excess absolute risk; HNSCC, head and neck squamous cell Surveillance, Epidemiology, and End Results; SIR, standardized incidence ratio;
carcinoma; HPV, human papillomavirus; PYR, person-year at risk; SEER, SPMN, second primary malignant neoplasm.
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Table 3. Anatomic Site of SPMN According to First HNSCC by
HPV-Relatedness in 12 618 Patients, SEER 2000 to 2014

Site of SPMN? Observed SIR Rate (95% Cl)

First potentially HPV-associated

HNSCC
All solid tumors 3742 1.98 (1.91-2.04)
Gum and other mouth 157 21.56 (18.32-25.21)
Floor of mouth 67 18.29 (14.17-23.22)
Other oral cavity and pharynx 28 17.26 (11.47-24.95)
Tongue 345 16.18 (14.52-17.99)
Oropharynx 35 11.99 (8.35-16.68)
Hypopharynx 50 11.16 (8.28-14.71)
Pharynx 107 10.85 (8.89-13.11)

Nasopharynx 22 8.92 (5.59-13.50)
Esophagus 162 5.47 (4.66-6.38)
Tonsil 71 5.11 (3.99-6.44)
Larynx 92 3.94 (3.18-4.83)
Lung and bronchus 1059 3.63 (3.41-3.85)

Thyroid 81
First non-HPV-associated HNSCC

2.95 (2.35-3.67)

All solid tumors 8876 2.28 (2.23-2.32)
Gum and other mouth 485 32.58 (29.75-35.62)
Floor of mouth 187 29.92 (25.78-34.53)
Other oral cavity and pharynx 68 23.66 (18.37-29.99)
Hypopharynx 151 18.12 (15.34-21.25)
Tongue 574 16.91 (15.55-18.35)
Lip 130 14.83 (12.39-17.61)
Oropharynx 67 14.1 (10.92-17.90)
Pharynx 242 14.02 (12.31-15.90)
Larynx 311 7.02 (6.26-7.85)
Tonsil 128 6.87 (5.73-8.17)
Esophagus 365 6.26 (5.63-6.93)
Salivary gland 56 4.53 (3.42-5.88)
Lung and bronchus 2969 4.47 (4.31-4.63)
Thyroid 137 3.02 (2.53-3.57)
Liver 150 1.94 (1.65-2.28)
Stomach 116 1.46 (1.21-1.76)
Colorectal cancer 402 1.29 (1.17-1.43)
Urinary bladder 368 1.28 (1.15-1.42)

Abbreviations: HNSCC, head and neck squamous cell carcinoma; HPV, human
papillomavirus; SEER, Surveillance, Epidemiology, and End Results; SIR,
standardized incidence ratio; SPMN, second primary malignant neoplasm.

@ Second primary malignant neoplasms are those with at least 1excess case per
10 000 person-year at risk.

and neck (gum and other mouth, floor of mouth, tongue, lip,
pharynx, larynx, oropharynx, and hypopharynx), esopha-
gus, lung and bronchus, thyroid, colorectal, liver, and stom-
ach cancers.

|
Discussion

To our knowledge, this is the first population-based analysis
of SPMN risk in the United States that examined differences
in SPMN by HPV relatedness of the first HNSCC. The burden
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Figure. Excess Absolute Risk of Second Primary Malignant Neoplasm,
by HPV-Relatedness: SEER 2000 to 2014
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HNSCC indicates head and neck squamous cell carcinoma; HPV, human
papillomavirus. Second primary malignant neoplasms are those with at least 2
excess cases per 10 000 person-year at risk. SEER indicates Surveillance,
Epidemiology, and End Results.

of SPMN was high in patients with HNSCC, with 160 excess sec-
ond solid tumors developing per 10 000 PYR. The anatomic
sites—head and neck, lung, esophagus—at elevated risk for
SPMN were the same irrespective of HPV relatedness of the first
HNSCC. However, the risks and excess of SPMNs were lower
among patients with a first potentially HPV-associated HN-
SCC (114 excess per 10 000 PYR) than those with a first non-
HPV-associated HNSCC (188 excess per 10 000 PYR). The lower
relative risk and absolute excess among patients with a first
potentially HPV-associated HNSCC could be explained by the
fact that most patients with HPV-positive SCC tend to have bet-
ter prognosis and are less likely to use tobacco and alcohol.!®-1”

Among patients with first potentially HPV-associated HN-
SCC, lung cancer accounted for the largest proportion of ex-
cess second cancer burden followed by tongue, gum, and
esophagus, which is consistent with previous findings.?* There
were strongly elevated risk ratios for the development of a head
and neck SPMN (gum, floor of mouth, tongue), with SIR val-
ues greater than 15. Oncogenic HPV types are associated with
cervical, anal, vaginal, vulvar, and penile cancers.!**° A pre-
vious study reported an association between oropharyngeal
SCC and the risk of second cancers in these sites,*° but the
present study did not find significantly elevated risks in these
sites, consistent with what Neumann et al found.* These could
be owing to the low prevalence of these cancers in the United
States. Also, it could be that the burden of smoking is high
among HNSCC patients*-*? irrespective of HPV status, which
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Table 4. Anatomic Site of SPMN According to Site of First HNSCC in 12 618 Patients, SEER 2000 to 2014

Site of First

HNSCC Site of SPMN?® Observed SIR Rate (95% CI) EAR Per 10 000 PYR

AlLHNSCC
All solid tumors 12618 2.18 (2.14-2.22) 160.34
Lung and bronchus 4028 4.21 (4.08-4.35) 72.15
Tongue 919 16.63 (15.57-17.74) 20.29
Gum and other mouth 642 28.96 (26.77-31.29) 14.56
Esophagus 527 5.99 (5.49-6.52) 10.31
Larynx 403 5.96 (5.39-6.57) 7.88
Pharynx 349 12.87 (11.55-14.29) 7.56
Floor of mouth 254 25.62 (22.57-28.97) 5.73
Hypopharynx 201 15.68 (13.59-18.01) 4.42
Tonsil 199 6.12 (5.30-7.03) 3.91
Thyroid 218 2.99 (2.61-3.42) 3.41
Lip 144 11.14 (9.39-13.11) 3.08
Oropharynx 102 13.30 (10.84-16.14) 2.22
Other oral cavity and 96 21.35 (17.29-26.07) 2.15
pharynx
Colorectal cancer 533 1.20 (1.10-1.31) 2.09
Liver 207 1.68 (1.46-1.93) 1.98
Urinary bladder 477 1.16 (1.06-1.27) 1.53
Stomach 169 1.47 (1.26-1.71) 1.28
Salivary gland 72 3.99 (3.12-5.03) 1.27

Oropharynx
All solid tumors 3742 1.98 (1.91-2.04) 114.48
Lung and bronchus 1059 3.63 (3.41-3.85) 47.49
Tongue 345 16.18 (14.52-17.99) 20.04
Gum and other mouth 157 21.56 (18.32-25.21) 9.27
Esophagus 162 5.47 (4.66-6.38) 8.19
Pharynx 107 10.85 (8.89-13.11) 6.01
Larynx 92 3.94 (3.18-4.83) 4.25
Floor of mouth 67 18.29 (14.17-23.22) 3.92
Tonsil 71 5.11 (3.99-6.44) 3.53
Thyroid 81 2.95 (2.35-3.67) 3.32
Hypopharynx 50 11.16 (8.28-14.71) 2.82
Oropharynx 35 11.99 (8.35-16.68) 1.99
Other oral cavity and 28 17.26 (11.47-24.95) 1.63
pharynx
Nasopharynx 22 8.92 (5.59-13.50) 1.21

Oral cavity
All solid tumors 3903 2.36 (2.28-2.43) 186.07
Lung and bronchus 895 3.18 (2.98-3.40) 50.80
Gum and other mouth 425 64.35 (58.37-70.77) 34.64
Tongue 420 29.85 (27.06-32.85) 33.61
Floor of mouth 144 56.28 (47.47-66.27) 11.71
Esophagus 146 6.27 (5.29-7.37) 10.16
Lip 113 29.72 (24.50-35.74) 9.04
Pharynx 105 15.62 (12.77-18.91) 8.14
Larynx 101 6.00 (4.88-7.29) 6.97
Tonsil 77 10.23 (8.08-12.79) 5.75
Hypopharynx 56 17.70 (13.37-22.99) 4.37
Salivary gland 44 8.23 (5.98-11.05) 3.20
Thyroid 58 2.67 (2.03-3.45) 3.00
Oropharynx 36 19.47 (13.63-26.95) 2.83

(continued)
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Table 4. Anatomic Site of SPMN According to Site of First HNSCC in 12 618 Patients, SEER 2000 to 2014
(continued)

734

Site of First
HNSCC Site of SPMN? Observed SIR Rate (95% Cl) EAR Per 10000 PYR
Colorectal cancer 165 1.20 (1.02-1.40) 2.26
Other oral cavity and 27 23.48 (15.47-34.17) 2.14
pharynx
Liver 52 1.68 (1.26-2.21) 1.75
Larynx
All solid tumors 4335 2.13 (2.07-2.20) 177.99
Lung and bronchus 1804 5.19 (4.95-5.44) 112.62
Larynx 184 7.39 (6.36-8.54) 12.30
Esophagus 165 5.19 (4.42-6.04) 10.30
Tongue 125 6.96 (5.79-8.29) 8.28
Pharynx 116 12.20 (10.08-14.63) 8.23
Hypopharynx 82 17.53 (13.94-21.76) 5.98
Urinary system 312 1.29 (1.15-1.44) 5.44
Urinary bladder 216 1.40 (1.22-1.60) 4.81
Thyroid 72 3.37 (2.64-4.24) 3.92
Colorectal cancer 203 1.29 (1.12-1.48) 3.55
Gum and other mouth 49 6.53 (4.83-8.64) 3.21
Liver 81 1.94 (1.54-2.41) 3.04
Other oral cavity and 37 23.70 (16.68-32.67) 2.74
pharynx
Tonsil 43 4.30 (3.11-5.79) 2.55
Floor of mouth 31 9.31 (6.32-13.21) 2.14
Hypopharynx
All solid tumors 638 3.04 (2.81-3.29) 303.08
Lung and bronchus 270 7.63 (6.75-8.60) 165.99
Esophagus 54 16.72 (12.56-21.82) 35.92
Tongue 29 15.16 (10.15-21.78) 19.16
Larynx 26 10.15 (6.63-14.87) 16.58
Pharynx 21 20.38 (12.61-31.15) 14.13
Colorectal cancer 34 2.12 (1.47-2.96) 12.68
Hypopharynx 13 26.23 (13.96-44.86) 8.85
Liver 17 3.74 (2.18-5.98) 8.81
Floor of mouth 12 33.28 (17.18-58.14) 8.23
Gum and other mouth 11 14.12 (7.04-25.26) 7.23 Abbreviations: EAR, excess absolute
Stomach 13 3.01 (1.60-5.14) 6.14 risk; HNSCC, head and neck
Trarml 3 7.23 (3.11-14.25) 4.88 squamous cell c_arcinoma.- PYR,
person-year at risk; SEER,
Kidney 14 1.77 (0.97-2.97) 4.31 Surveillance, Epidemiology, and End
Oropharynx 6 21.59 (7.89-47.00) 4.05 Results; SIR, standardized incidence
Thyroid 7 3.05 (1.22-6.28) 3.33 ratio; SPMN, second primary
malignant neoplasm.
Other oral cavity and 4 24.51 (6.59-62.75) 2.71 N . i
pharynx Second primary malignant
Urinary bladder 18 1.22 (0.72-1.93) 232 feoplasims are those with at least 1

excess case per 10 000 PYR.

might explain why tobacco-associated cancers such as lung,
rather than HPV-associated anogenital cancers, made up most
of the SPMNs found in this study.

Among patients with first non-HPV-associated HNSCC,
there were strongly elevated risk ratios for the development of
ahead and neck SPMN (gum and floor of mouth), with SIR val-
ues of 30 or higher. Second primary lung, tongue, gum, and
esophagus cancers accounted for the largest proportion of ex-
cess second cancer burden; a finding consistent with previ-
ously published population-based studies including an inter-
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national multicenter study from 13 population-based cancer
registries.*>720 When looking at subsites separately, patients
with index hypopharyngeal SCC had relative risks for SPMN that
were highest of any subsite (SIR, 3.0) as well as excess risk (EAR,
303). All subsites—oral cavity, laryngeal, and hypopharyngeal
SCCs—were strongly associated with SPMNs in the head and neck
with SIRs being as high as 64 for gum among patients with oral
cavity SCC. However, largest proportions of excess SPMNs were
observed in the lung for all subsites followed by head and neck
and esophagus; possibly owing to tobacco and alcohol use. To-
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bacco and alcohol consumption are estimated to be respon-
sible for 72% of head and neck cancers in the general
population.*® The association of the first HNSCC with SPMNs,
particularly with head and neck cancers, has been described in
the context of a field cancerization effect,** in which carcino-
genic effects from tobacco and alcohol on the aerodigestive tract
may simultaneously act on other parts, this is believed to el-
evate epithelial cancer risk through the head and neck, lung, and
esophagus. Smoking and drinking habits of patients before the
first primary diagnosis play a role in the SPMN occurrence; it
will be important to inform cancer patients who continued to-
bacco or tobacco-related and alcohol use habits of their in-
crease risk of SPMNs, including lung cancer, which subse-
quently leads to poorer survival.

Implications

Our findings have implications for cancer survivors, clini-
cians, and public health practitioners. Second primary malig-
nat neoplasms are associated with a poor prognosis, are the
leading cause of long-term morbidity and mortality’®'* and
represent a considerable obstacle to improvements in sur-
vival in patients with HNSCC.*> Better understanding of the
threat of SPMN to cancer survivorship is important to influ-
ence clinical guidelines in the treatment of patients with HN-
SCC. The identification of anatomic sites at high risk of SPMNs
may be useful for screening, prevention strategies, and coun-
seling. Our study findings are in alignment with current Na-
tional Comprehensive Cancer Network?*® guidelines to screen
first HNSCC patients at risk for SPMNs. In addition, our study
shows that the risks of SPMNs are elevated independent of po-
tential HPV-association of first HNSCC, hence, clinical guide-
lines should reflect that follow-up recommendations for SPMN
surveillance should cover all first HNSCC anatomical sites, in-
cluding those primarily associated with HPV. Future studies
targeting the prevention of SPMNs in cancer survivors are
needed as well as the development of specific risk prediction
tools for SPMNs detection.

Although we similarly investigated SPMN in the HNSCC
population, our study is different from Morris et al® in impor-
tant ways. First, we used the latest SEER data (up to 2014),
thereby ensuring that the latest information on HPV-
associated HNSCC was captured. This is very important given
the changing landscape in the etiology of HNSCC in the United
States. There also has been a gradual shift from tobacco to HPV
as the leading cause of HNSCC with HPV-associated HNSCC
being the leading HPV-associated cancer in the United States.*”
Our study describes how SPMN has developed in this popu-
lation since 2006, the last year of data used by Morris and
colleagues.® Second, Morris et al followed patients from 1975
to 2006. However, HPV’s role in HNSCC was relatively un-
known until the mid-80s when it became known that HPV may
be associated with SCC.*8 A recent study showed that the steep
increase in the incidence of HPV-associated HNSCC may have
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happened in the late 90s or early 2000s.*° It is important to
note that our cohort spanned from 2000 to 2014. Therefore,
if HPV relatedness is associated with the development of
SPMNSs, our study period was designed to accurately capture
this association. In contrast, the late 70s or early 80s featured
in Morris et al’s® study could not have captured this notewor-
thy association of HPV relatedness.

Limitations and Strengths

A limitation of this study is the lack of information about
HPV status in SEER. We therefore used anatomical sites that
are well established for HPV-associated oropharyngeal
SCC.1#15:3132 Bacause only 70% to 72% of cancers of these
sites are HPV positive,'®47 this could have resulted in over-
estimation of SPMN risks among patients with first poten-
tially HPV-associated HNSCC. However, our sensitivity
analysis provided similar results to the main analysis; even
though not every patient in the sensitivity analysis would
be HPV positive. In addition, our findings are similar to
those of 2 single-institution studies that used actual HPV
status in patients with oropharyngeal SCC.!7->° Likewise,
SEER registry data do not record risk factors such as tobacco
and/or alcohol use, and we were therefore unable to incor-
porate these factors into a wider analysis of risk factors for
SPMN. Another limitation is the 2-month delay used to
define SPMN. We performed sensitivity analyses also using
the 6-month definition which provided very similar results
to our main results. Finally, we were limited to clinical crite-
ria for SPMN and therefore there could be misclassifica-
tions. Lung metastases may be misclassified as SPMNs or
vice versa leading to overestimation of SPMN risks. Despite
these limitations, strengths of our study included a large
sample size, near complete follow-up, and the high quality
control of the SEER program.?!-2” Risks were calculated
using a large SEER reference cohort, thus maximizing both
internal validity and generalizability of results.

.|
Conclusions

Patients with first potentially HPV-associated HNSCC and also
those with non-HPV-associated HNSCC are at increased risks
of developing SPMN in the head and neck region as well as lung
and esophagus even though the risk and burden were lower
among those with potentially HPV-associated HNSCC. These
findings could be useful for clinicians in the diagnosis and pre-
vention of subsequent cancers in these patients. Efforts made
by public health policy makers and oncology care profession-
als should be sustained to develop effective smoking cessa-
tion interventions. Future studies should evaluate if there are
differences in risks of SPMN among patients with HNSCC in
earlier years vs later years owing to shifting risk profiles among
patients with HNSCC.
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