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Abstract

Background Patients with head and neck squamous cell
carcinoma (HNSCC) are at significantly elevated risk of
second primary malignancies (SPM), most commonly
within the head and neck, lung, and esophagus (HNLE). Our
objectives were to quantify the excess risk of SPM across all
anatomic sites in which SPM risk is meaningfully elevated,
including non-HNLE sites, in a large cohort of US patients.
Methods Population-based analysis of 75,087 patients
with HNSCC in the SEER program, quantifying excess
SPM risk by integrating relative (standardized incidence
ratio; SIR) and absolute (excess absolute risk per 10,000
person-years at risk; EAR) statistics.

Results In HNSCC patients, the SIR of a second primary
solid cancer was 2.2 (95% CI 2.1-2.2), corresponding to
EAR of 167.7 additional cases per 10,000 person-years at
risk. Over 1 year, 60 patients would need to be followed to
observe one excess SPM. Lung cancer burden was most
markedly elevated in absolute terms (EAR = 75.2),

L. G. T. Morris (X)) - S. G. Patel - I. Ganly

Head and Neck Service, Department of Surgery, Memorial
Sloan-Kettering Cancer Center, 1275 York Avenue, New York,
NY 10021, USA

e-mail: morrisl@mskcc.org

L. G. T. Morris
Department of Biostatistics, Mailman School of Public Health,
Columbia University, New York, NY, USA

A. G. Sikora
Department of Otolaryngology-Head and Neck Surgery, Mount
Sinai School of Medicine, New York, NY, USA

R. B. Hayes

Division of Epidemiology, New York University Cancer
Institute, New York University School of Medicine, New York,
NY, USA

followed by HN (EAR = 59.8), esophageal (EAR = 14.2),
and colorectal (EAR = 4.3) cancers. Lesser but significant
excess risks were also observed for cancers of the bladder,
liver, stomach, pancreas, kidney, salivary glands, naso-
pharynx, uterine cervix, and lymphoma.

Conclusions Data from a large population-based US
cohort reveals that HNSCC patients experience markedly
excess risk of SPM, predominantly in the HNLE sites.
Furthermore, the risk of SPM is also meaningfully ele-
vated, although to a lesser degree, in multiple other
tobacco-associated sites.

Keywords Second primary - Malignancy - Cancer - Head
and neck - Lung - Esophagus - Colon

Introduction

The elevated risk of second primary malignancy (SPM) in
patients with head and neck squamous cell carcinoma
(HNSCC) is well established. The incidence of SPM in this
population has been estimated at 2-6% per year [1-4].
Recent pooled international epidemiologic analyses have
reported a cumulative SPM incidence of 36% at 20 years
among patients with HNSCC [5]. Despite the advances in
locoregional control achieved with modern surgery and
chemoradiation, survival with HNSCC has not meaning-
fully improved, in part due to the continuing risk of
development of SPMs in these patients. SPMs represent the
leading long-term cause of mortality in head and neck
cancer patients [6]. Approximately one-third of HNSCC
deaths are attributable to SPMs [2, 3], triple the number of
deaths due to distant metastases [7].

SPMs arising in the upper aerodigestive tract after
HNSCC illustrate concepts of “field cancerization,” first
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proposed by Slaughter in 1953, in which environmental
carcinogens such as tobacco and alcohol may induce a field
of mucosa afflicted with premalignant disease, and are
believed to elevate epithelial cancer risk throughout the
head and neck, lungs, and esophagus [8, 9]. More gener-
ally, SPMs also provide useful information regarding
common etiologies and epidemiological trends [10, 11].

The canonical sites of elevated SPM risk after an index
HNSCC are the head and neck, lung, and esophagus
(HNLE sites) [2-5, 8, 10, 12-18]. More recent epidemi-
ologic data support a weaker association with SPMs of the
cervix and anogenital region, likely related to oncogenic
human papillomavirus (HPV) [5, 19]. Investigators in the
13-cis-retinoic acid chemoprevention trial also observed a
notable incidence of SPM in the bladder, another tobacco-
related site, although an elevated risk of bladder cancer
after HNSCC has not been demonstrated [20, 21]. Other
sites with elevated SPM risk attributable to HNSCC have
not been defined. A recent pooled analysis of international
cancer registry data suggested that several other non-
HNLE sites associated with tobacco or alcohol exposure
may carry elevated SPM risk, although individual risk data
for specific anatomic sites were not analyzed [5].

To date, SPM risk after HNSCC has not been analyzed
in a large population-based cohort in the United States, and
the excess risk of SPM in contemporary US patients has
not been comprehensively described. Also, it remains
unknown whether there are non-HNLE anatomic sites at
elevated risk of SPM in HNSCC patients. The objectives of
our study were to describe SPM excess risk in a US cancer
registry and to identify anatomic sites (beyond HNLE) in
which SPM risk is meaningfully elevated following an
index HNSCC.

Methods
Cases in the SEER program

The National Cancer Institute’s Surveillance, Epidemiol-
ogy, and End Results (SEER) program is considered the
gold standard cancer registry, having collected data con-
tinuously since 1973 and now capturing 26% of the United
States population. Cancer incidence registries are popula-
tion-based data sets, facilitating epidemiologic analysis of
the incidence of second primary malignancy. All cancers,
primary and subsequent, occurring among residents of the
defined geographic registries comprising the SEER pro-
gram are reportable. Near-universal follow-up is achieved
by actively tracing all patients. However, second cancers
developing in patients who migrate out of a SEER registry
may not be reliably captured. An additional limitation of
national cancer incidence registries, including SEER, is
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lack of information on risk factors such as tobacco use,
alcohol use, or human papillomavirus status. Quality con-
trol is an integral part of the SEER program, and com-
parison studies have confirmed that pathologic, surgical,
and radiation data are accurately recorded [22, 23]. The
National Cancer Institute does not require institutional
board approval for use of this deidentified data set.

The population for this study was drawn from the nine
original SEER registries, comprising the states of Con-
necticut, Jowa, New Mexico, Utah and Hawaii, and the
metropolitan areas of Detroit, San Francisco-Oakland,
Seattle, and Atlanta. These geographic areas have been
reported to represent a cross-section of the United States
population with respect to race, ethnicity, income, and
educational level. Patients included in the SEER program
between 1975 and 2006 were included, extending follow-
up for SPM to up to 31 years.

All patients with an index invasive squamous cell car-
cinoma (International Classification of Diseases for
Oncology, 3rd edition [24] (ICD-O-3) histology codes
8070-8076, 8078) arising from subsites of the head and
neck (oral cavity, oropharynx, larynx, and hypopharynx)
were included. The oral cavity included ICD-O-3 codes
corresponding to the upper and lower lip mucosa, oral
tongue, upper and lower gums, floor of mouth, hard palate,
and buccal mucosa. Oropharynx included the base of ton-
gue, tonsils, soft palate, uvula, and posterior pharyngeal
wall. Larynx included the supraglottis, glottis, and sub-
glottis. Hypopharynx included the pyriform sinuses, post-
cricoid region, and posterior hypopharyngeal wall.

Definition of SPM risk

A second primary malignancy was defined as a subsequent
invasive cancer developing after an index HNSCC. Mul-
tiple cancers within any of 194 anatomic sites were coded
as SPMs only if several requirements were met, in accor-
dance with Warren and Gates criteria [25] as modified by
the National Cancer Institute [26]. We included only
metachronous cancers, defined as those diagnosed at least
six months after index HNSCC diagnosis. If the second
cancer was of non-squamous cell origin, or developed in a
different location (as defined by a different first or second
digit in the ICD-O-3 topography code), it was coded as an
SPM. If the second cancer was both SCC and developed in
the same region as the index cancer, it was only coded as
an SPM if more than 60 months had passed since the index
diagnosis. If the primary medical records defined the sec-
ond cancer as either recurrent or metastatic, it was not
included. These criteria are intended to be conservative and
to minimize classification of recurrences as SPMs. How-
ever, rare cases may be misclassified, as in clinical prac-
tice; for example, recurrences occurring at the margin of a
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prior treated cancer, but in a separate topographic subsite,
may be coded as SPMs. Lung metastases may be mis-
classified as second primary lung cancers, or vice versa.

Crude incidence of SPM was calculated in order to
allow comparison with prior studies [6, 21]. However, the
crude incidence of SPM is not completely informative, as it
simply reflects the number of cancers developing in the
cohort, not the excess risk of cancer due to the index
HNSCC. Therefore, the risk of SPM was defined as the
standardized incidence ratio (SIR), first described by
Schoenberg and Myers [27] and adapted to SEER registry
analysis by Begg [28]. SIR is the ratio of observed to
expected (O/E) second cancers, where the number of
cancers expected is calculated for a reference SEER cohort
of identical age, gender, race, and time period.

The excess absolute risk (EAR) represents the absolute
number of additional second cancers attributable to the
index HNSCC. EAR is calculated as the excess
(observed—expected) number of second cancers in patients
with an index HNSCC diagnosis, per 10,000 person-years
at risk (PYR) [26]. Patients are actively followed in SEER
and remain “at risk” until dying or lost to follow-up, so
that multiple cancers (second, third, and subsequent can-
cers) are counted as they arise. For example, a patient with
HNSCC who develops a second primary tumor in the lung
and a third primary tumor in the esophagus would con-
tribute to excess risk for each site.

Both SIR and EAR account for the number of patients at
risk, as patients are lost to follow-up or die. While SIR is a
relative measure of the strength of association between two
cancers, EAR is an absolute measure of the clinical burden
of additional cancer cases in a given population. The
number needed to follow (NNF) is calculated as 10,000/
EAR and represents the number of patients who would
need to be followed for one year, assuming constant risk,
in order to observe one additional case of SPM beyond the
expected number of SPMs.

Statistical methods

Standardized incidence ratios were calculated using the
formula above and 95% confidence intervals using Byar’s
approximation to the Poisson distribution [29]. The SIR
was considered significantly elevated if the 95% confi-
dence intervals excluded 1.0.

To identify the most clinically meaningful anatomic
sites of SPM, both relative and absolute statistics are
needed. A common site for second cancers, such as the
breast or prostate, may not be at elevated risk due to the
index HNSCC. Conversely, the risk of a certain second
cancer may be significantly associated with HNSCC, but be
of such low prevalence such that it is clinically unimpor-
tant, e.g., anogenital squamous cell carcinoma [19].

Therefore, an integrative approach was used to identify
clinically meaningful SPMs associated with HNSCC. First,
four sites with prior epidemiologic evidence supporting
elevated risk after HNSCC were included: head and neck,
lung, esophagus, and uterine cervix [5]. Then, the
remaining anatomic sites were screened for sites with SIR
significantly greater than 1.0 and EAR greater than 1.0 per
10,000 PYR. The EAR threshold was chosen to correspond
approximately to a minimum of one excess case observed
in 1,000 patients followed for a decade. A list of clinically
meaningful SPMs was constructed for each HNSCC sub-
site and NNF calculated for each.

All SIR and EAR values were calculated in SEER*Stat
release 6.5.2 (July 2009; NCI Cancer Statistics Branch,
Bethesda, MD). Additional statistical analyses were per-
formed using SAS 9.2 (March 2008; SAS Institute, Cary,
NO).

Results

A total of 75,087 cases of HNSCC were identified in the
SEER registry between 1975 and 2006. Patient and tumor
characteristics are summarized in Table 1. Median follow-
up time for HNSCC cases was 69.1 months, and 1,140
patients (1.5%) were lost to follow-up. Median age was
63.4 years.

Table 1 Patient and tumor characteristics

Characteristic Number of patients (n = 75,087)
Sex

Male 56,766 (75.6%)

Female 18,321 (24.4%)

Racial group

White 64,650 (86.1%)

Black 7,809 (10.4%)

Other 2,628 (3.5%)
N and M classification

NO MO 35,291 (47.0%)

N + MO 31,837 (42.4%)

Any N M1 8,034 (10.7%)

Treatment modality

35,435 (54.1%)

23,158 (35.3%)
6,942 (10.6%)

Surgery alone
Surgery + radiation therapy
Radiation therapy alone

Histologic grade

Well 17,077 (24.5%)
Moderately 33,163 (47.5%)
Poor 17,978 (25.8%)
Undifferentiated 1,529 (2.2%)
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Table 2 Crude incidence of second primary malignancy

Characteristic Number of patients

(n = 75,087)

Incidence of SPM, n (% of patients)
Patients with any number of SPMs
Patients with 1 SPM
Patients with 2 SPMs
Patients with 3 or more SPMs

Location of SPM, n (% of SPMs)
Head and neck
Oral cavity

17,441 (23.2%)
14,720 (19.6%)
2,103 (2.8%)

618 (0.8%)

3,696 (22.6%)
2,135 (13.1%)

Oropharynx 826 (5.1%)
Larynx 422 (2.6%)
Hypopharynx 313 (1.9%)
Lung and bronchus 5,394 (33.0%)
Esophagus 861 (5.3%)
Colorectal 1,376 (8.4%)
Bladder 725 (4.4%)
Kidney 254 (1.6%)
Skin 293 (1.8%)
Cervix 29 (0.2%)

The crude non-actuarial incidence of second primary
malignancy (SPM) was then calculated. Among patients
with an index diagnosis of HNSCC, 23.2% developed one
or more multiple primary cancers: 19.6% developed one
subsequent cancer, 2.8% developed 2 subsequent cancers,
and 0.8% developed 3 or more subsequent cancers. The
incidence and location of common SPMs are detailed in
Table 2. The most common location of SPM was the lung
(33.0% of SPMs), followed by the head and neck (22.6% of
SPMs).

Crude SPM incidence data do not adjust for the expected
number of second cancers in a reference population and do
not adjust for the number of patients at risk. Therefore, the
standardized incidence ratio (SIR) and excess absolute risk
(EAR) of SPM were calculated. The landscape of relative
and absolute SPM risk profiles across 194 anatomic sites is
depicted in Fig. 1, which plots the SIR of each subsequent
cancer site against the number of expected cases in the
HNSCC cohort of 75,087 patients. The most meaningful
SPM sites as determined by SIR > 1.0 and EAR > 1.0 are
displayed in Fig. 2.

Detailed information according to the subsite of the
index HNSCC is provided in Table 3. Among patients with
an index HNSCC, 16,605s primary solid cancers were
observed over 535,469 person-years at risk. The expected
value in a reference cohort was 7,617. Therefore, the SIR
of a second primary solid tumor was 2.2 (95% CI 2.1-2.2),
corresponding to 167.7 excess second solid cancers per
10,000 person-years at risk. The majority (89.0%) of the
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Fig. 1 Scatterplot of the risk of SPM across 194 anatomic sites, with
standardized incidence ratio (SIR) plotted against the expected
number of cases in the cohort of 75,087 HNSCC cases. Cancers in
anatomic sites above the curvilinear line had SIR > 1.0 and
EAR > 1.0 per 10,000 person-years at risk. Cancers in sites below
the line either did not have significantly elevated SIR or were of such
low prevalence that elevated SIR did not translate to >1.0 excess
cases per 10,000 PYR

total excess number of second cancers was attributable to
excess second cancers arising in the HNLE sites.

The highest relative risk of SPM was observed for
second head and neck cancers, with a standardized inci-
dence ratio of 12.4 (95% CI 12.0-12.7). The next highest
SIR was for second primary esophageal cancer, with an
SIR of 8.4 (95% CI 7.9-8.9), followed by lung cancer, with
an SIR of 3.8 (95% CI 3.7-3.9). The excess burden of
disease, as measured by EAR, was highest for lung (75.2
excess cases per 10,000 PYR), followed by head and neck
(59.8 excess cases per 10,000 PYR), and then esophagus
(14.2 excess cases per 10,000 PYR).

The SPM site with the 4th highest number of excess
cases, after the HNLE sites, was colorectal cancer.
Although the elevation in relative risk was modest com-
pared to HNLE sites [SIR = 1.2 (95% CI 1.1-1.3)], the
background prevalence of colorectal cancer in the United
States is high, leading to 4.3 excess colorectal cancer cases
per 10,000 PYR. Other anatomic sites with meaningfully
elevated risk of SPM among all patients with HNSCC
included the bladder, liver, stomach, salivary glands, and
lymphoma.
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While the SIR for cancer of the uterine cervix was
significantly elevated at 1.7 (95% CI 1.2-2.4), this elevated
relative risk in the context of a low background prevalence
of cervical cancer translated to only 0.25 excess cases per
10,000 PYR, which failed to reach the threshold for a
clinically meaningful SPM. Cervical cancer was most
significantly associated with primary HNSCC of the oro-
pharynx [SIR = 2.8 (95% CI 1.3-5.3)], but because of the
low prevalence of cervical cancer, the burden of excess
cases remained low (0.5 excess cases per 10,000 PYR).

Excess risk of a second solid cancer was elevated in both
women (SIR = 2.9, 95% CI 2.8-3.0; EAR = 188.4) and
men (SIR = 2.0, 95% CI 2.0-2.1; EAR = 163.4). Further
context for EAR values is provided by the number needed
to follow (NNF), representing the number of patients who
would need to followed for one year in order to observe
one additional SPM at that site. These values are detailed in
Table 4 for the same list of SPM sites. Among SPM sites
with meaningful elevation in risk, the NNF values range
widely. Among all HNSCC patients, one additional second
solid tumor was identified for every 60 patients followed
for one year. One additional lung cancer was identified for
every 133 patients, one additional head and neck cancer for
every 167 patients, and one additional esophageal cancer
for every 702 patients followed for one year. For colorectal
cancer, the figure was 2,315; for cervical cancer, the figure
was 40,000.

Discussion
In this population-based cohort study, we comprehensively

describe excess risks of second primary malignancy after
an index head and neck cancer using both relative and

40 60 80 100 120 140 160 180
Excess absolute risk per 10,000 person-years at risk

absolute statistics. We also report novel associations
between HNSCC and the occurrence of subsequent cancers
across numerous anatomic sites. To our knowledge, this is
the first large-scale population-based analysis of SPM risk
profiles in US patients, and the only systematic analysis of
excess risk of SPM arising in sites other than the canonical
sites (head and neck, lung, and esophagus). The burden of
SPM is high in HNSCC patients in the United States, with
168 excess second solid tumors developing per 10,000
person-years at risk. HNLE sites accounted for 89% of
SPMs, with lung cancer accounting for the largest pro-
portion of excess second cancer burden. This is in contrast
to the traditional belief that second head and neck cancers
are the most common SPMs in patients with an index
HNSCC [18]. SPM risk was higher in female patients,
consistent with the higher prevalence of ever-smoking in
women developing HNSCC [30].

After the HNLE sites, the next SPM at elevated risk was
colorectal cancer. Meaningfully elevated but lower risks of
SPM were identified in several other sites (bladder, liver,
stomach, salivary glands, and lymphoma). The breast and
prostate were common sites of SPM, but the risk of each
cancer was not elevated above the expected number of
these cancers in a comparable reference population. In this
analysis, we report that colorectal cancer represents the
fourth most common second primary cancer associated
with HNSCC, after the HNLE sites. While the elevation in
risk was modest (SIR = 1.2) compared to HNLE second
cancers, a 20% excess risk in a more highly prevalent
cancer was able to translate to a meaningful number of
additional cancer cases.

Colorectal cancer risk has only recently been defini-
tively linked to tobacco exposure in a large prospective
study by the American Cancer Society [31] and has now
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Table 3 Anatomic sites with elevated risk of second primary
malignancy, by site of index head and neck cancer

Observed SIR EAR

All H and N primaries (PYR = 535,469)

All solid tumors 16,605 2.18 (2.15-2.21) 167.74
Lung and bronchus 6,229 3.75 (3.66-3.85) 75.22
HN 4,592 12.38 (12.03-12.74) 59.76
Oral cavity/pharynx 4,026 15.25 (14.78-15.73) 54.29
Oropharynx 143 18.22 (15.36-21.47) 1.83
Larynx 634 5.03 (4.64-5.43) 6.44
Hypopharynx 451 16.53 (15.04-18.13) 5.54
Esophagus 1,054 8.35 (7.86-8.87) 14.24
Colorectal 1,529 1.19 (1.14-1.26) 4.32
Bladder 791 1.23 (1.15-1.32) 2.62
Liver 191 2.19 (1.89-2.52) 1.68
Lymphoma 438 1.20 (1.09-1.32) 1.22
Stomach 282 1.29 (1.15-1.45) 1.07
Salivary gland 83 3.52 (2.81-4.37) 1.07
Cervix 36 1.74 (1.22-2.41) 0.25
Index site: oral cavity (PYR = 109,453)

All solid tumors 3,878 2.82 (2.74-2.90) 228.73
HN 1,668 26.16 (24.92-27.44) 11591
Oral cavity/pharynx 1,476 31.68 (30.08-33.33) 105.21
Oropharynx 38 28.04 (19.84-38.49) 2.73
Larynx 216 10.50 (9.14-11.99) 12.56
Hypopharynx 132 28.56 (23.90-33.87) 8.73
Lung and bronchus 1,160 3.96 (3.74-4.20) 69.07
Esophagus 319 15.05 (13.44-16.80) 22.95
Colorectal 305 1.26 (1.12-1.41) 52

Liver 49 3.17 (2.34-4.19) 2.75
Stomach 61 1.55 (1.19-2.00) 1.86
Pancreas 64 1.31 (1.01-1.67) 1.2

Salivary gland 19 4.56 (2.75-7.13) 1.36
Cervix 11 1.62 (0.81-2.90) 0.35

Index site: oropharynx (PYR = 71,058)

All solid tumors 2,240 2.99 (2.88-3.10) 209.78
HN 917 22.21 (20.80-23.70) 83.73
Oral cavity/pharynx 797 26.73 (24.9-28.65) 75.46
Oropharynx 38 40.16 (28.42-55.12) 3.56
Larynx 128 9.42 (7.86-11.20) 9.06
Hypopharynx 117 38.93 (32.20-46.66) 9.19
Lung and bronchus 839 4.86 (4.54-5.20) 79.59
Esophagus 216 15.70 (13.68-17.94) 20.95
Colorectal 167 1.30 (1.11-1.51) 4.96
Liver 34 3.29 (2.28-4.60) 2.55
Lymphoma 61 1.52 (1.16-1.95) 2.4

Breast 94 1.28 (1.03-1.56) 2.37
Stomach 38 1.78 (1.26-2.44) 2.03
Kidney 38 1.51 (1.07-2.07) 1.22
Pancreas 38 1.42 (1.01-1.95) 1.54
Salivary gland 11 4.47 (2.23-8.00) 1.09
Cervix 7 2.80 (1.28-5.32) 0.54
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Table 3 continued

Observed SIR EAR

Index site: larynx (PYR = 199,952)

All solid tumors 6,154 1.92 (1.88-1.97) 147.78
Lung and bronchus 2,799 4.07 (3.92-4.22) 93.83
HN 889 5.80 (5.42-6.19) 29.34
Oral cavity/pharynx 776 7.25 (6.74-7.77) 26.47
Oropharynx 37 11.24 (7.92-15.49) 1.32
Larynx 121 2.24 (1.86-2.68) 2.83
Hypopharynx 114 9.81 (8.09-11.78) 3.73
Esophagus 251 4.69 (4.12-5.30) 8.65
Colorectal 602 1.20 (1.10-1.30) 4.69
Kidney 129 1.45 (1.21-1.72) 1.71
Bladder 354 1.39 (1.20-1.49) 4.29
Thyroid 91 5.38 (4.33-6.60) 1.06
Liver 68 1.89 (1.47-2.39) 1.48
Lymphoma 177 1.25 (1.07-1.44) 1.54
Cervix 10 1.72 (0.82-3.16) 0.19
Index site: hypopharynx (PYR = 19,570)

All solid tumors 844 3.47 (3.27-3.68) 307.06
Lung and bronchus 372 6.06 (5.46-6.71) 139.52
HN 268 18.94 (16.74-21.35) 83.73
Oral cavity/pharynx 236 23.69 (20.76-26.91) 80.27
Oropharynx 10 32.15 (15.42-59.12) 2.48
Larynx 38 7.79 (5.51-10.69) 5.34
Hypopharynx 13 11.68 (6.22-19.97) 4.67
Esophagus 136 28.63 (24.02-33.87) 51.78
Colorectal 64 1.42 (1.09-1.82) 7.28
Liver 15 4.54 (2.54-7.49) 4.39
Stomach 19 2.37 (1.42-3.70) 4

Thyroid 24 14.49 (9.29-21.57) 11.42
Pancreas 22 2.42 (1.52-3.67) 5.39
Trachea 3 4.46 (8.76-124.09) 1

Adrenal gland 3 28.37 (5.85-82.92) 1.48
Cervix 0 0 0

PYR person-years at risk, SIR standardized incidence ratio, CI confidence
interval, EAR excess absolute risk per 10,000 PYR

been added to the International Agency for Research on
Cancer list of tobacco-related cancers [32]. Other IARC-
designated tobacco-associated cancers that were also
identified as elevated SPM risk in this study were cancers
of the nasopharynx, stomach, liver, pancreas, kidney, and
bladder, although absolute risk numbers for each of these
sites were lower than for HNLE and colorectal cancers.
The risk of subsequent lymphoma was also elevated in this
study. Although lymphoma is not currently designated by
IARC as a tobacco-associated cancer, Hodgkin’s lym-
phoma has been recently linked with tobacco exposure in
several large case—control studies [33-36].

The elevated risk of cervical cancer in HNSCC patients
was also recently reported in an international cancer
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Table 4 Number of patients needed to follow for one year in order to Table 4 continued

observe one additional SPM

NNF
NNF
Index site: oropharynx

All H and N sites All solid tumors 48
All solid tumors 60 HN 119
Lung and bronchus 133 Oral cavity/pharynx 133
HN 167 Oropharynx 2,809
Oral cavity/pharynx 184 Larynx 1,104
Oropharynx 5,464 Hypopharynx 1,088
Larynx 1,553 Lung and bronchus 126
Hypopharynx 1,805 Esophagus 477
Esophagus 702 Colorectal 2,016
Colorectal 2,315 Liver 3,922
Bladder 3.817 Lymphoma 4,167
Liver 5,952 Breast 4,219
Lymphoma 8,197 Stomach 4,926
Stomach 9,346 Pancreas 6,494
Salivary gland 9,346 Kidney 8,197
Cervix 40,000 Salivary gland 9,174

Index site: oral cavity Cervix 18,519
All solid tumors 44 Index site: hypopharynx
HN 86 All solid tumors 33
Oral cavity/pharynx 95 Lung and bronchus 72
Oropharynx 3,663 HN 119
Larynx 796 Oral cavity/pharynx 125
Hypopharynx 1,145 Oropharynx 4,032
Lung and bronchus 145 Larynx 1,873
Esophagus 436 Hypopharynx 2,141
Colorectal 1,923 Esophagus 193
Liver 3,636 Thyroid 876
Stomach 5,376 Colorectal 1,374
Salivary gland 7,353 Pancreas 1,855
Pancreas 8,333 Liver 2,278
Cervix 28,571 Stomach 2,500

Index site: larynx Adrenal gland 6,757
All solid tumors 68 Trachea 10,000
Lung and bronchus 107 NNF b ded to foll
HN 341 number needed to follow
Oral cavity/pharynx 378
Oropharynx 7576 registry study [5]. Causal links are likely to include both
Larynx 3534 tobacco and human papillomavirus. In this study, we report
Hypopharynx 2,681 a similar elevation in risk, strongest among patients with
Esophagus L.I56 oropharyngeal SCC. However, the low prevalence of cer-
Colorectal 2,132 vical cancer in the United States renders the clinical
Bladder 2,331 magnitude of this SPM quite small, approximately 0.5
Kidney 5,848 excess cases per 10,000 person-years at risk.
Lymphoma 6,494 The NNF statistic, or number of patients that would be
Liver 6,757  needed to follow for one year in order to diagnose one
Thyroid 9,434  additional SPM, provides context to the EAR results. For
Cervix 52,632 example, because hypopharynx SCC carries a high risk of
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SPM, the NNF for a subsequent solid tumor is 33, and the
NNF to observe an additional lung cancer is 72. In contrast,
the NNF to observe an additional colorectal cancer is 1,374
and an additional stomach cancer is 2,500. NNF statistics
may be helpful in informing the design of prospective
studies of screening in high-risk patients, but cannot of
themselves prove the efficacy of any screening technique.

Our study does have some limitations. First, there are
limitations to data recorded in the SEER registry. A small
percentage of recurrences in an adjacent anatomic location
could theoretically be misclassified as SPM. As in clinical
practice, lung metastases may be misclassified as second
primary lung cancers, and vice versa. We attempted to
minimize misclassification in this study with the strict
application of modified Warren and Gates criteria for SPM
[25, 26]. Because cancer patients are subject to increased
medical surveillance, asymptomatic and indolent cancers
may be identified at a higher rate, leading to the appearance
of elevated SPM risk. Most commonly, this occurs in “in-
cidentalomas” of the thyroid and prostate, neither of which
were a major source of SPMs in this study. Migration of
patients out of a SEER geographic registry will lead to an
underestimation of SPM risk. However, this phenomenon is
most common among children and young adults, who make
up a small percentage of HNSCC patients. Finally, SEER
data do not record cancer risk factors such as tobacco use,
alcohol use, and human papillomavirus status, and we were
therefore unable to incorporate these factors into a wider
analysis of risk factors for SPM.

A final caveat is that the very definition of SPM is likely
to be refined in the near future. Contemporary research has
expanded upon the molecular background of field cancer-
ization, revealing that abnormalities such as TP53 gene
mutation, loss of heterozygosity, and high Ki-67 prolifer-
ation index are present in histologically normal mucosa
adjacent to a head and neck tumor. It is likely that some
cancers currently considered second HNLE cancers are in
fact recurrences within an area of preexisting genetic field
cancerization [9, 37]. For the purposes of this study, we
were necessarily limited to clinical criteria for SPM.

Methodologic strengths of this study include large
sample size, near complete follow-up, and high-quality
control of the SEER program, which is considered the
standard for quality among international cancer registries
[26]. Biases attendant to institutional referral patterns and
incomplete follow-up are minimized in a population-based
study. Large sample size allows the identification of mul-
tiple SPMs with elevated risk in the HNSCC patient pop-
ulation, including more subtle risks not previously
recognized in smaller studies. Risks are calculated relative
to large SEER reference cohorts, thus maximizing both
internal validity and generalizability of results. We advo-
cate integration of both SIR and EAR measures in order to

@ Springer

filter data to identify the most clinically meaningful SPM
risks.

In conclusion, multiple primary cancers in patients with
an index HNSCC are common in the United States and
represent a significant obstacle to improvements in sur-
vival. Multiple investigators have demonstrated that SPMs
negatively impact survival in HNSCC patients [16, 38, 39].
In addition to the well-described elevations in risk of SPMs
of the head and neck, lung, and esophagus, our population-
based analysis reveals significant elevations in the risk of
colorectal cancer and of several other tobacco-related
cancers. These findings underscore the broad public health
consequences of tobacco use, which not only causes single
cancers, but eventuates in long-term increased risk of a
large number of multiple primary cancers. Continued
tobacco use after the index HNSCC diagnosis has been
shown to increase SPM risk [21, 40, 41] and would pre-
sumably increase the risk at all of these diverse sites. These
findings may have impact on follow-up surveillance strat-
egies in HNSCC patients. In high-risk patients, screening
technologies, such as neck or chest computed tomography,
endoscopy, or imaging beyond the canonical HNLE sites
such as positron-emission tomography, may be more
rationally applied. The hypotheses generated by these data
will be helpful in informing future investigations of sur-
veillance strategies in HNSCC patients.
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