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Abstract
Purpose  Lung cancer is common and lethal, and can occur in survivors of previous cancers. We sought to describe the inci-
dence and mortality attributable to second primary lung cancers (SPLC) among survivors of other cancers, and to identify 
survivors at highest risk.
Methods  We identified adults diagnosed with a localized malignancy from non-pulmonary cancer sites from surveillance, 
epidemiology, and end results (SEER) data from 1992 to 2008. We explored factors associated with the incidence and death 
from SPLC using bivariable and multivariable models. Finally, we compared standardized incidence rates for SPLC in our 
cohort with the control arm of the National Lung Screening Trial (NLST), a randomized lung cancer screening trial.
Results  We identified 1,450,837 survivors of non-pulmonary cancers, of whom 25,472 developed SPLC at a mean (SD) 
follow-up of 5.7 (3.6) years. Over half (57%) of patients with SPLC died of the disease. Survivors of cancer of the hypophar-
ynx, oropharynx, tonsil, and larynx, experienced SPLC at standardized incidence rates which greatly exceeded that observed 
in the control arm of the NLST (572/100,000 person-years). Additionally, survivors of bladder and esophageal cancer had 
rates that approached the NLST control arm rate. Increasing age and being divorced/widowed/separated were independent 
risk factors for SPLC in most primary cancer types.
Conclusion  The incidence of SPLC in survivors of certain primary cancers greatly exceeds the rate observed in the control 
arm of the NLST. Further study could help determine if screening for lung cancer in these cancer survivors could prevent 
death from lung cancer.

Keywords  SEER program · Lung neoplasms · Second primary neoplasms · Epidemiology · Survivors · Screening

Introduction

In the last 30 years, 5-year survival following a diagnosis of 
cancer has increased over 20% points in the United States, 
with a concomitant steady decline in the cancer death rate. 

These gains have resulted in 1.7 million deaths averted as of 
2012 [1]. The population of cancer survivors in the United 
States continues to grow, and is estimated to exceed 20 mil-
lion by 2026 [2]. Many of these survivors will live in excess 
of 10 years following their diagnosis. It has been estimated 
that cancer survivors have a 14% higher risk of developing 
a second malignancy than would be expected in the general 
population [3]. We recently reported that in a United States 
population-based cohort of cancer survivors, 8% of cancer 
survivors developed a second primary malignancy [4]. Sec-
ond primary lung cancer (SPLC) was the most common, 
representing 25% of these second primary malignancies, 
and was the cause of death in 12% of our cohort of cancers 
survivors.

Lung cancer is the leading cause of cancer death among 
men and the second leading cause of cancer death among 
women worldwide [5]. While the 5-year survival rate in the 
United States for lung cancer is only 19% [6], early-stage 
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disease demonstrates far more favorable outcomes, owing 
to the strong association between stage at diagnosis and sur-
vival [6]. In an attempt to identify early-stage disease when 
interventions may be curative, various lung cancer screen-
ing strategies have been evaluated. In 2011, the National 
Lung Screening Trial (NLST), a randomized, prospective 
screening trial of patients with a strong smoking history, 
demonstrated a 20% relative reduction in death from lung 
cancer in patients who underwent screening with three 
annual chest CTs [7]. Based on these results, most clinical 
guidelines including those from the American Cancer Soci-
ety, National Comprehensive Cancer Network, and United 
States Preventative Services Task Force now recommend 
annual screening for specified populations of current and 
former heavy smokers.

In our practice, we have observed a high rate of SPLC in 
survivors of bladder cancer. This observation, along with 
the well-established relationship between tobacco smoke 
exposure and both pulmonary and non-pulmonary malig-
nancies [8], prompted our interest in exploring the inci-
dence rate and mortality attributable to SPLC in survivors 
of cancer. This investigation was undertaken in light of the 
demonstrable survival gains attained by the NLST lung can-
cer screening protocol in high-risk patients. We sought to 
explore SPLC incidence rates within our cancer survivor 
population in order to evaluate whether any sub-populations 
of cancer survivors demonstrate incidence rates of SPLC 
sufficiently high to consider lung cancer screening in that 
sub-population.

Materials and methods

Dataset

We obtained data from the April 2013 release of the publicly 
available SEER database. This release from the SEER pro-
gram compiled information on cancer incidence and survival 
rate from 18 population-based cancer registries throughout 
the United States and covered approximately 28% of the gen-
eral population [6].

Patient cohort

We identified all patients diagnosed with a primary malig-
nancy among eight of the highest-incident non-pulmonary 
cancer sites in both genders (i.e., prostate, breast, colon, 
rectum, bladder, uterus, kidney, and melanoma) as well 
as additional sites known to be strongly associated with 
tobacco smoke (oropharynx, hypopharynx, larynx, tonsil, 
esophagus) [1]. We excluded cases of locally advanced or 

metastatic disease (n = 989,989 excluded) so as to avoid 
misclassification of pulmonary metastases as SPLC. While 
data were available through 2011, we limited our cohort 
to patients diagnosed from 1992 to 2008 (n = 1,438,093 
excluded) in order to ensure 3 years of follow-up after 
a cancer diagnosis. We subsequently excluded cases in 
which the second primary malignancy was diagnosed 
within 1 year of the first malignancy (n = 4,774 excluded) 
in order to prevent misclassification of metastatic pri-
mary malignancies as second primary malignancies. 
Finally, we limited our analysis to patients ≥ 18 years of 
age (n = 11,315 excluded). From this cohort, individuals 
with a pathologic diagnosis of primary lung cancer were 
identified and denoted as the SPLC group. Cancer cases 
were categorized by site using International Classifica-
tion of Diseases for Oncology, Second Edition (ICD-O-2) 
codes [9].

Primary outcome and co‑variates of interest

Our primary outcome was the diagnosis of a SPLC, based 
on a diagnosis of one of the incident cancer types followed 
by a diagnosis of lung cancer. Our secondary outcomes of 
interest were death from a primary malignancy or SPLC, 
and standardized incidence rate of SPLC (weighted for age, 
sex, and race based on the distributions of these variables 
present in the NLST). Patient demographics included age 
in years (18–50, 51–65, 66–80, and > 80), marital status 
(single, married/domestic partner, divorced/widowed/sepa-
rated, unknown), race (white, black, unknown, and other—
includes American Indian, Alaskan Native, Asian/Pacific 
Islander), gender (male, female), and year of diagnosis 
(1992–1996, 1997–2000, 2001–2004, 2005–2008). SEER 
merged ZIP code level data for education level and annual 
household income from 2008 United States Census data. 
Individual-level data were imputed from the percentage of 
patients holding a bachelor’s degree and the median annual 
household income in each patient’s ZIP code, which was 
then stratified into quartiles. Tumor characteristics included 
grade (well differentiated, moderately differentiated, poorly 
differentiated, undifferentiated, unknown/not applicable) and 
stage (in situ and/or localized, regional, distant, unstaged, 
and unknown).

Statistical analysis

We generated descriptive statistics for our cohort and 
evaluated the association between co-variates of inter-
est and development of SPLC using Chi-square and two-
sided t tests. Next, we employed a competing risk regres-
sion analysis to generate cumulative incidence estimates of 



467Cancer Causes & Control (2019) 30:465–475	

1 3

Table 1   Cohort demographics stratified by second lung cancer (n = 1,450,837)

Characteristic Second primary lung No second primary lung p value

n = 25,472 n = 1,425,365

No % No %

Age at diagnosis
 18–50 963 3.8 235,342 16.5% < 0.0001
 51–65 8,198 32.2 513,293 36.0%
 66–80 14,553 57.1 536,458 37.6%
 80 + 1,758 6.9 140,272 9.8%

Sex
 Male 16,863 66.2 793,925 55.7% < 0.0001
 Female 8,609 33.8 631,440 44.3%

Race
 White 21,698 85.2 1,189,929 83.5% < 0.0001
 Black 2,726 10.7 131,968 9.3%
 Other 1,041 4.1 80,315 5.6%
 Unknown 7 0.0 23,153 23,153

SEER location by census region
 West 12,066 47.4 759,266 53.3% < 0.0001
 South 4,413 17.3 248,027 17.4%
 Northeast 4,250 16.7 235,237 16.5%
 Midwest 4,743 18.6 182,835 12.8%

Marital status
 Single 2,136 8.4 151,097 10.6% < 0.0001
 Married/domestic 

partner
15,878 62.3 884,806 62.1%

 Divorced/wid-
owed/separated

5,759 22.6 275,007 19.3%

 Unknown 1,699 6.7 114,455 8.0%
Year of diagnosis
 1992–1996 5,482 21.5 181,346 12.7% < 0.0001
 1997–2000 6,838 26.8 270,179 19.0%
 2001–2004 8,743 34.3 471,946 33.1%
 2005–2008 4,409 17.3 501,894 35.2%

Primary cancer
 Prostate 9,861 38.7 511,486 35.9% < 0.0001
 Breast 4,723 18.5 341,394 24.0%
 Colorectal 2,810 11.0 149,970 10.5%
 Bladder 3,986 15.6 107,963 7.6%
 Melanoma 1,155 4.5 120,591 8.5%
 Endometrial 819 3.2 74,082 5.2%
 Kidney 850 3.3 55,114 3.9%
 Thyroid 273 1.1 46,727 3.3%
 Tonsil 61 0.2 1,350 0.1%
 Oropharynx 27 0.1 262 0.0%
 Hypopharynx 20 0.1 292 0.0%
 Esophagus 117 0.5 8,001 0.6%
 Larynx 770 3.0 8,133 0.6%

Grade
 Well differentiated 3,398 13.3 185,288 13.0% < 0.0001
 Moderately dif-

ferentiated
12,396 48.7 624,732 43.8%
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SPLC in the population, with death from any other cause 
as the competing risk. Those without SPLC or the compet-
ing risk during the follow-up period were right censored, 
and because all patients were followed until the end of data 
collection in 2011, this censoring was non-informative. For 
death from SPLC, we displayed the survival rate distribu-
tion estimate using the Kaplan–Meier method. We then 
estimated hazard ratios using a separate multivariable Cox 
proportional hazard model for each primary cancer site that 
incorporated our co-variates of interest (age, race, marital 
status, tumor grade, stage, % with bachelor’s degree, and 
median annual household income). We also calculated dis-
tributions of cause of death in all patients, and in patients 

with multiple malignancies, stratified by first cancer site, 
and whether cause of death was due to primary or secondary 
malignancy. We calculated standardized incidence rates for 
the entire cohort, as well as stratified by primary tumor site. 
Crude rates were then weighted for age, race, and gender 
based on the distribution of these variables in the NLST. 
In addition, we generated incidence rates of SPLC for each 
primary tumor type in an index individual who, based on 
the hazard ratios calculated in the Cox multivariable model, 
would be considered the average risk for SPLC. All statisti-
cal tests were performed at the 5% significance level and 
conducted in SAS 9.4 (SAS Institute Inc., Cary, NC). This 

Also available but not displayed
No. number
%Received degree, %household income, and metro/suburban/rural location

Table 1   (continued)

Characteristic Second primary lung No second primary lung p value

n = 25,472 n = 1,425,365

No % No %

 Poorly differenti-
ated

5,475 21.5 319,606 22.4%

 Undifferentiated 511 2.0 23,172 1.6%
 Unknown/not 

applicable
3,692 14.5 272,567 19.1%

Fig. 1   Estimated cumulative 
incidence of second primary 
lung cancer with death from 
other causes as competing 
risk, by primary cancer site 
(n = 1,450,837). Figure 1 
depicts the estimated cumu-
lative incidence of second 
primary lung cancer following 
a diagnosis of a primary cancer, 
by each of the primary cancer 
sites. Performed as a competing 
risk analysis, with death from 
any cause as competing risk. 
Events occurring during the first 
year of follow-up were excluded 
in order to prevent misclas-
sification of metastatic primary 
malignancies as second primary 
malignancies
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study was deemed to be exempt by the IRB of the University 
of California, Los Angeles (UCLA).

Results

We identified 1,450,837 patients with first incident cancers 
diagnosed between 1992 and 2008 that met our inclusion 
criteria, amongst whom 25,472 developed a SPLC (Table 1). 
Mean (SD) follow-up was 7.7 (4.2) years and 5.7 (3.6) years 
for those who did and did not develop a SPLC, respectively 
(p < 0.0001). Competing risk analysis demonstrated that sur-
vivors of hypopharynx, oropharynx, larynx, tonsil, bladder, 
and esophageal cancers demonstrated the highest estimated 
cumulative incidence of SPLC (Fig. 1). For example, we 
estimated that at 10-years of follow-up, approximately 10% 
of laryngeal cancer survivors will have developed a SPLC, 
while just over 2.5% of bladder cancer survivors will have 
developed SPLC. Multivariable models generated for each 
first cancer site demonstrated that increasing age was an 
independent risk factor for the development of SPLC in all 
of the first cancer sites evaluated except oropharynx and 
esophagus (Table 2). Other variables did not consistently 
demonstrate independent increased risk for the development 
of SPLC across all first cancer sites; however, male gender 
and being divorced/widowed/separated both conferred an 
increased risk for developing a SPLC in the majority of the 
primary sites evaluated. When comparing the characteris-
tics between those that developed a SPLC and those that 
were censored, we found differences in age, sex, and marital 
status across the majority of the primary cancer sites, and 
their subsequent cumulative incidences from inclusion in the 
competing risks models were also significant.

Of the 25,472 patients who developed SPLC, 19,938 
died during follow-up, and of these, 14,476 died of lung 
cancer (Supplemental Table 1). Thus, 57% of the patients 
who developed SPLC died of the disease, and SPLC repre-
sented 73% of the deaths in cohort of patients who devel-
oped SPLC. For those who did not develop SPLC, the most 
common cause of death was a non-cancer cause of death, 
with 62% of deaths accounted for by non-cancer etiologies. 
Figure 2 demonstrates Kaplan–Meier survival estimates in 
patients with SPLC. Multivariable models generated for 
each first cancer site demonstrated that while across many of 
the first cancer sites, age > 80 years old was a risk factor for 
death from SPLC, this was not consistent amongst all first 
cancer sites and was not demonstrated in any of the head and 
neck cancers, and the remaining co-variates demonstrated 
either no or an inconsistent association with the risk of death 
from SPLC (Table 3).

Standardized incidence rates were calculated for the 
entire cohort, as well as stratified by primary tumor site. 
These incidence rates were then weighted separately for age, 

sex, and race based on the distributions of those variables 
found in the study participants of the National Lung Screen-
ing Trial (NLST) [7]. The crude and adjusted standardized 
incidence rates are summarized in Fig. 3. We observed that 
survivors of cancers of the hypopharynx, oropharynx, lar-
ynx, and tonsil demonstrated standardized incidence rates 
far exceeding those seen in the control arm of the NLST. 
Survivors of bladder and esophageal cancer exhibited inci-
dence rates that approached those observed in the control 
arm of the NLST.

Discussion

In this population-based cohort study of cancer survivors, we 
made several notable observations. First, there was signifi-
cant variation in the incidence of SPLC in survivors of can-
cer when stratifying by site of first malignancy. Survivors of 
cancer of the larynx, oropharynx, bladder, tonsil, hypophar-
ynx, and esophagus developed SPLC at higher rates than 
survivors of other cancers. For virtually all primary cancer 
types, increasing age predicted an increased risk for develop-
ing SPLC. Secondly, more than three-quarters of the patients 
who developed SPLC died during follow-up, with SPLC 
responsible for almost three-quarters of these deaths. For 
those patients who developed SPLC, the site of their primary 
tumor did not appear to strongly influence survival rate from 
SPLC. Finally, and most importantly, when comparing the 
standardized incidence rate of lung cancer in our cohort with 
those in the NLST, we found that survivors of cancer of the 
tonsil, oropharynx, hypopharynx, and larynx, demonstrated 
standardized incidence rates that exceeded those seen in the 
control arm of the NLST, which screened for lung cancer 
in a high-risk population with a significant smoking his-
tory [7]. Bladder and esophageal cancer survivors, while 
not exceeding the rate seen in the NLST (572 per 100,000 
person-years), had rates that were comparable (512 and 450, 
respectively). These findings suggest that there may be iden-
tifiable sub-populations of cancer survivors who may be at 
extremely high risk for the development of SPLC, and in 
whom screening may prevent death from lung cancer.

While both genetic predisposition and the subsequent car-
cinogenic effects of cancer treatments have both been cited 
as potential mechanisms to explain epidemiologic clustering 
of multiple primary cancer types, the predominant explana-
tion for the excess risk of SPLC in cancers of the head and 
neck and urinary bladder is the well-established risk factor 
implicated in all of these cancers, namely, tobacco smoke. 
Carcinogenic agents within tobacco smoke are known to be 
the predominant cause of lung cancer in the United States, 
and are estimated to be responsible for approximately 65% 
of bladder cancer risk in men and 20–30% in women [10]. 
Prior studies of SEER data have estimated that tobacco/
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alcohol-related cancer sites accounted for over 35% of the 
total excess subsequent cancers [3]. The present study places 
this epidemiologic association between tobacco smoke, can-
cers of the head and neck, and lung cancer within the context 
of the findings of the NLST, in which screening using three 
annual low-dose chest CTs reduced the risk of death from 
lung cancer by 20% in current and former heavy smokers, 
when compared to three annual chest radiographs [7]. This 
finding demonstrates that screening interventions in a popu-
lation at sufficiently high risk produced a mortality reduc-
tion, likely owing to the strong stage-dependent survival 
rate exhibited by lung cancer [6]. Because of the known 
relationships between smoking intensity (cigarettes per day), 
duration (number of years smoking), time since quitting, and 
lung cancer risk [11], the NLST inclusion criteria utilized 
pack-years, time since quitting, and age as criteria for identi-
fying a high-risk cohort. The cohort identified with these cri-
teria developed lung cancer at 572 cases per 100,000 person-
years when screened with radiographs, and 645 cases per 
100,000 person-years when screened with chest CT. In our 
cohort of survivors of head and neck cancers, in whom no 
information regarding either smoking history or lung cancer 
screening was available, the incidence of lung cancer vastly 
exceeded that observed in the NLST.

Whether this incidence rate in our population could have 
been entirely accounted for by smoking history alone cannot 
be determined by SEER data, which do not include smok-
ing history. Further investigation will be required to deter-
mine whether a history of head and neck or bladder cancer, 

independent of tobacco smoke exposure, is an independ-
ent risk factor for the development of SPLC. If this is the 
case, survivors of head and neck cancers or bladder cancer 
who also have a strong history of smoking could represent 
an extremely high-risk group, in which screening could 
be especially beneficial. At present, the American Cancer 
Society recommends that survivors of head and neck cancer 
be screened for second primary lung cancer according to 
National Comprehensive Cancer Network recommendations 
with low-dose annual chest CT based on smoking history 
[12]. However, the guidelines acknowledge that there are 
individuals who would not have met the NLST criteria but 
are at similar risk, and that these individuals be screened as 
well [13]. Investigators have demonstrated that accurate lung 
cancer prediction models are significantly more sensitive in 
identifying individuals who will be diagnosed with lung can-
cer and would save more lives than the NLST criteria [14, 
15]. Tammemagi et al. [16] have published a risk calculator 
for clinical use which can predict individuals at the highest 
risk, and while it incorporates a personal history of cancer, 
it is not specific for cancers of the head and neck or urinary 
bladder [14]. The findings of our study suggest that patients 
with a history of head and neck cancer, particularly in those 
aged 66–80, may be at sufficiently high risk to warrant lung 
cancer screening independent of the details of their smok-
ing history.

Several other risk factors, increasing age, male gen-
der, and being divorced/widowed/separated were found to 
independently predict an increased risk for SPLC in many 

Fig. 2   Kaplan–Meier survival 
estimates in patients with 
second primary lung cancer* 
(n = 25,472). *Note the Y-axis 
begins at 0.3. Figure 2 depicts 
Kaplan–Meier survival esti-
mates in patients with second 
primary lung cancer, by primary 
cancer site. Events were consid-
ered death from second primary 
lung cancer. Time zero calcu-
lated as year of second primary 
lung cancer diagnosis
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of the first cancer types we examined. The most probable 
explanation for these findings is the association of these 
risk factors with exposure to tobacco smoke, for which we 
were unable to control. Males in both the United States and 
abroad smoke at higher rates than females [17, 18], and dem-
onstrated higher incidence rates of lung cancer in the United 
States during the timeframe of our study. Americans who are 
divorced/widowed/or separated smoke at higher rates than 
those who are married [17, 19, 20] and as such marital status 
may also have served as a surrogate marker for smoking in 
our study. The incidence of lung cancer is known to demon-
strate an age-dependent incidence pattern, with those ≥ 70 
demonstrating the highest incidence rates [1], an observation 
which was recapitulated in our study.

Bladder cancer is predominantly a localized, superficial 
disease with excellent treatment options for the majority of 
patients, with 5-year survival rates exceeding 75% [6]. Many 
of these patients will live for decades following their diag-
nosis [21]. Those patients who are actively smoking at the 
time of their bladder cancer diagnosis represent a high-yield 
opportunity for smoking cessation intervention, which if 
successful will reduce the risk of bladder cancer recurrence 
[22], but also their risk of developing lung cancer, both of 
which demonstrate progressive decrease in risk over time 
following smoking cessation [3, 23]. A diagnosis of bladder 
cancer is known to be a teachable moment in which smok-
ing cessation intervention can increase both the number of 
attempts to quit as well as the 1-year quit rate [24].

Our study findings must be considered in light of inher-
ent data and study design limitations. First, the rate of 
the development of SPLC was ascertained by identifying 
patients diagnosed with lung cancer amongst survivors of 
other common non-pulmonary malignancies. Misclassifi-
cation of a metastasis from the primary as an SPLC could 
have occurred. We attempted to avoid this by limiting the 
cohort to cases of SPLC that occurred > 1 year from the 
diagnosis of the primary tumor, and by limiting our cohort 
to those with exclusively localized first cancers. Taken in 
total, we believe these exclusions likely lead to an overall 
underestimate of SPLC incidence for the following reason: 
a diagnosis of cancer is typically accompanied by a brief 
period of intensive diagnostic intervention, during which it 
is likely that an unknown number of synchronous primary 
lung cancers would be diagnosed. These SPLC, while rep-
resentative of the phenomena we sought to describe, were 
excluded from our analysis in order to provide a conservative 
estimate. Given the nature of SEER data, we were unable to 
evaluate for several important co-variates that were likely 
related to both the development of first and second cancers. 
Smoking status is the most notable of these; however, prior 
cancer treatments such as chemotherapy and radiation ther-
apy should also be considered.

Ta
bl

e 
3  

(c
on

tin
ue

d)

Pr
im

ar
y 

si
te

To
ns

il
n =

 57
O

ro
ph

ar
yn

x
n =

 25
H

yp
op

ha
ry

nx
n =

 20
Es

op
ha

gu
s

n =
 11

4
La

ry
nx

n =
 73

9

 B
la

ck
0.

35
 (0

.0
9–

1.
43

)*
0.

19
 (0

.0
2–

1.
53

)*
–†

2.
09

 (0
.9

2–
4.

75
)*

0.
92

 (0
.7

0–
1.

20
)*

 O
th

er
–†

M
ar

ita
l s

ta
tu

s
 M

ar
rie

d/
do

m
es

tic
 p

ar
tn

er
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

 D
iv

or
ce

/w
id

ow
/s

ep
ar

at
ed

1.
95

 (0
.8

0–
4.

80
)

1.
27

 (0
.3

6–
4.

48
)

0.
88

 (0
.1

9–
4.

10
)

0.
92

 (0
.4

2–
2.

01
)

1.
24

 (1
.0

1–
1.

53
)

 S
in

gl
e

0.
46

 (0
.0

5–
4.

10
)

2.
28

 (0
.4

7–
11

.0
2)

1.
33

 (0
.2

3–
7.

66
)

0.
51

 (0
.1

9–
1.

36
)

1.
03

 (0
.7

4–
1.

42
)

A
ls

o 
in

cl
ud

ed
 in

 th
e 

m
od

el
s w

er
e 

%
 re

ce
iv

ed
 c

ol
le

ge
 d

eg
re

e 
to

 %
 h

ou
se

ho
ld

 in
co

m
e 

to
 p

rim
ar

y 
tu

m
or

 g
ra

de
. A

ss
oc

ia
tio

ns
 b

et
w

ee
n 

va
ria

bl
e 

str
at

a 
an

d 
ha

za
rd

 ra
tio

s w
er

e 
in

co
ns

ist
en

t a
cr

os
s p

ri-
m

ar
y 

tu
m

or
 si

te
s a

nd
 w

er
e 

th
us

 o
m

itt
ed

 fo
r s

im
pl

ic
ity

B
ol

de
d 

re
su

lts
 a

re
 st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

 to
 th

e 
<

 0.
05

 le
ve

l
*S

tra
ta

 h
av

e 
be

en
 c

om
bi

ne
d 

du
e 

to
 sm

al
l n

um
be

rs
 o

f e
ve

nt
s. 

C
el

l b
or

de
rs

 a
re

 u
se

d 
to

 h
ig

hl
ig

ht
 c

om
bi

ne
d 

str
at

a
†I

ns
uffi

ci
en

t n
um

be
r o

f e
ve

nt
s t

o 
pe

rfo
rm

 a
na

ly
si

s



474	 Cancer Causes & Control (2019) 30:465–475

1 3

Conclusions

In this population-based study of US cancer survivors, those 
with a prior diagnosis of cancer of the hypopharynx, oro-
pharynx, larynx, and tonsil demonstrated standardized inci-
dence rates that far exceeded those seen in the control arm 
of the NLST. In addition, those with a prior diagnosis of 
bladder or esophageal cancer exhibited incidence rates that 
approached those observed in the control arm of the NLST. 
Whether tobacco smoke exposure could account entirely 
for this risk is unknown, and warrants further study. Fur-
ther efforts to identify those patients at highest risk for lung 
cancer may consider a personal history of head and neck 
cancer or bladder cancer as a potential candidate risk factor 
for evaluation.
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